APPARATUS AND METHOD FOR M XI NG FLUI DS, COMPRI SI NG

M XI NG OF AT LEAST ONE FLU D WTH A NEAR-CRI TI CAL OR
weLREER3€kI TI CAL CARRI ER FLUI D FI ELD OF THE | NVENTIUSR06/022507

[0001] The present invention generally relates to a

nmet hod and apparatus for mxing fluids. Mre
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different fluid properties, including, but not Iimted

to, density, concentration and tenperature into a bulk
carrier fluid at nedrEHPIOEIHEINVENKIONCri ti cal

conditions. The invention finds application in such

commer ci al processes as sem conductor wafer

fabrication. BACKGROUND OF THE | NVENTI ON [ 0002]

ViP9®ls neakhecpriesentdhventidn geperatly i¢laeslto il mithodmdeapparatus

O . ti ssing of
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race conta
SRR B Gierra s Eipobiiuasbr welet st | onal
m xi ng devi ces and systens including static (bead)

beds, inpellerb systens/ devi ces, and saddl e m xi ng
syst errs?gevi ces?gg&ﬂ(%%ow‘“?eogﬂ'ﬂﬁew\ﬁ%ﬂﬂhhr ge surface

areas and/or | arge dead space volunes that retain

i t d/or fluids whereby | ow contam nant
EBReL" or o Varioes besroribalsnspunsraibpaldiists hivedednpybnased for

NEXt-EAERIBN BHEcEAHS 8 BrRcARRARS. RS 4l EHilpl dubstrates
given their valuable chemical properties. However, a current challenge in the
implementation of such fluids is the need for (i) rapid mixing within a short
distance or low volume of the mixing device, (i) minimization of dead space
volumes, and (iii) trace contaminant level rinsing for ultra-clean substrates.
Conventional mixing devices and systems including static (bead) beds, impeller-
based systems/devices, and saddle mixing systems/devices, or the like suffer
from large surface areas and/or large dead space volumes that retain
constituents and/or fluids whereby low contaminant levels are difficult or slow to
achieve. Accordingly, new systems and devices are needed permitting fully
streamlined and rapid mixing of fluids that address these critical manufacturing
and fabrication requirements applicable for next-generation processing of
semiconductor, wafer, and/or chip substrates.



stream ined and rapid m xing of fluids that address
these critical manufacturing and fabrication
woeusiisewent s appl i cabl e for next-generati on pPOTASS06422507
of sem conductor, wafer, and/or chip
substrat es. SUMMARY COF THE | NVENTI ON [ 0003] In one

aspect, the inventg GWIMEI??GE?“E%WN'I*IGN' dly mxing a

quid or a plurali ur ds conpr|3|ng t he step of
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di,oxi.de. [0005] I n another enbodi nent, density
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flow of the carrier fluid. [0006] |n another

eHigodHisrenpluraiity ghijuids in hefblidsiregmitsergby domiing tid substantially

oriented parallel to the direction of flow of the
chempgendusumiged floido7] | n anot her enbodi ment, a
convective velocity is directionally opposed to the
di@@ i on dm anlepwpagimentetheaartie flufd edmbrised @@ajonl dioxide.
anot her enbodi nent, a density gradient is generated in
cE§M)0dhct i odn anothen embodierent,a demsityi grédiernisalifeetiovetin opposed
fluid(s) in the fluid stream
to the direction of flow of the carrier fluid.
[0006] In another embodiment, a convective velocity is directionally
oriented parallel to the direction of flow of the carrier fluid.
[0007] In another embodiment, a convective velocity is directionally
opposed to the direction of flow of the carrier fluid.
[0008] In another embodiment, a density gradient is generated in
conjunction with a concentration difference between fluid(s) in the fluid stream.
[0009] In another embodiment, a density gradient is generated in
conjunction with a temperature difference between fluid(s) in the fluid stream.
[0010] In yet another embodiment, at least one of a plurality of fluids in a

fluid stream comprises a solute, e.g., a surfactant and/or a co-surfactant,

introduced in a substantially liquefied form.



[0009] In another enbodi ment, a density gradient is

generated in conjunction with a tenperature difference
woetosaasrei | ui d(s) in the fluid stream [0010] PATARSR006/022507

anot her enbodi nent, at |east one of a plurality of

fluids in a fluid streamconprises a solute, e.g., a
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fluid or a plurality of fluids, the density gradient
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ﬁlﬁ’ly m xes the fluid or the plurality of fluids
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[0012] In an enbodi nent of the invention, the m xing
apgpeamt thatceapy suixea thexiflaig mctfieoplunaliij/ngf dluids forming the
plurality of substantially vertically di sposed m xi ng
s eéybsiantially hermmoenalsymioeddlued t oget her. [0013] In yet
anot her enbodi nent, the m xing section is configured
i 10@12]oi | . Ih@dIsthbddimget ofdhe tnventienitieslimivimg appdratus comprises
m xi ng section has an angul ar
a mixing section having a plurality of substantially vertically disposed mixing

segments operatively coupled together.

[0013] In yet another embodiment, the mixing section is configured in a
coil.

[0014] In yet another embodiment, the mixing section has an angular
shape.

[0015] In yet another embodiment, the mixing section has a rectangular
shape.

[0016] In yet another embodiment, the mixing section comprises a single

mixing segment substantially vertically disposed generating a density gradient in

either an upward or a downward direction.



shape. [0015] In yet another enbodi nent, the m xing

woﬁ@@{%%} has a rectangul ar shape. [0016] In
enbodi ment, the m xing section conprises a ﬁé@g%mgm

m xi ng segment substantially vertically disposed
generating a density gradient in either an upward or a
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illustrates a mxing section for mxing of fluids

Hawéntigna substantially sinusoi dal shape, according to

yet anot her enbodi ment of the i [
[0019] FIG. 2a illustrates a mixing ar;])\égpatttljg I?s'ec’tion) configured in the

form of a coil for mixing of fluids, according to an embodiment of the invention.
[0020] FIG. 2b illustrates a mixing apparatus configured in the form of a
coil for mixing of fluids, according to yet another embodiment of the invention.
[0021] FIG. 3 illustrates a mixing section for mixing of fluids having a
substantially sinusoidal shape, according to yet another embodiment of the
invention.

[0022] FIG. 4 illustrates a mixing section for mixing of fluids having a
substantially angular shape, according to still yet another embodiment of the
invention.

[0023] FIG. 5 illustrates a mixing member for mixing of fluids having a
rectangular shape, according to still yet another embodiment of the invention.

[0024] FIG. 6 illustrates a complete mixing system, according toan

embodiment of the invention.



[0022] FIG 4 illustrates a m xing section for m xing

of fluids having a substantially angul ar shape,
weacowridsney to still yet anot her enbodi nent of PO®/US2006/022507

invention. [0023] FIG 5 illustrates a m xing nmemnber

for m xing of fluids having a rectangul ar shape,

according to still yet another enbodi nent of the

invention. [0024] FIG 6 illustrates a conplete m xing
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i ntended. [0026] The term "gradient" as used herein

r erasest inyentinn igigaualle aeeliceblechaegeitions of kethsaminarand well as
cal cul ated paraneter (e.g., density, velocity,
t &irbdent fipve, Thum oedimitationsgrethereleintendadds as a
function of a second neasured or cal cul ated paraneter
(40026] ti melheptayint i‘oradient” as disedl viagreine reférsdien dhie iffgirence or
respect to tenperature at a constant concentration).

| change iihl astmessuvedl eorarplcalated dearaimelergi@di, edensityn Vsdocity,
defined as the difference or change in density "p" (a
temperature, concentration) between fluids as a function of a second measured

or calculated parameter (e.g., time, position, or a derivative of density with
respect to temperature at a constant concentration). In one illustrative example,

[ )

a density gradient can be defined as the difference or change in density “p” (a

first parameter) between two fluids as a function of the change in distance “x” or
“L” (a second parameter), expressed mathematically as dp/dx or dp/dL. In
another example, a concentration gradient can be defined as the difference in
concentration of a specified solute between two fluids as a function of the
change in distance, i.e., 8C/dx or aC/dL.

[0027] The carrier fluid (or bulk fluid) of the invention is a gas at standard

temperature and pressure (STP) having a density above the critical density of

the carrier fluid, encompassing both “near-critical” and “supercritical” fluids, as



first paraneter) between two fluids as a function of
the change in distance "x" or "L" (a second
woanwmssel) , expressed mathematical |y as dp/ dxPOT/US2006/022507
3p/5L. In another exanple, a concentration gradient
can be defined as the difference in concentration of a
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a gas at standard tenperature and pressure
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conditions (T = 3 1 0C, P = 72.9 atm (or 1,071 psi),
Pibook, 7 1st ed., 1990, pg. 6-49) applicable to

uf acturi ng concerns. [0028] The fl uids of
t iﬁ&é)"r’sahvent F&W 11ds ok fhedryridion) alsq paeoRASSHiglUIdschaYéiny reduced
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V\fpgﬁgerq{ur%s the heas of steatemiban abeut 09 Where Tt isethe measured
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can further incorporate various
critical and supercritical fluids of the invention can further incorporate various

reagents and solutes therein. Solutes, including, but not limited to, e.g.,
surfactants, co-surfactants, chemical agents, and/or other reactive reagents as
described, e.g., in co-pending application (U.S. Application No. 10/783,249) are
suitable for use in conjunction with the invention, incorporated herein by
reference in its entirety. Other compounds, e.g., as disclosed by Francis (J.
Phys. Chem., 58, 1099-1114, 1954), may also find application as constituents of
the fluids of the present invention. No limitations are intended.

[0029] Surfactants and co-surfactants include, but are not limited fo, COo-
philic, anionic, cationic, non-ionic, zwitterionic, reverse-micelle-forming, and

combinations thereof. Anionic surfactants include, but are not limited to, e.g.,



reagents and solutes therein. Solutes, including, but

not limted to, e.g., surfactants, co-surfactants,
wohessi1esd61 agent s, and/ or ot her reactive reagenPeTA$2006/022507
descri bed, e.g., in co-pending application (U S.
Application No. 10/783,249) are suitable for use in
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@II um bi s- (Cﬁ)éigt hyl - hexyl ) sul fosucci nates, anmoni um
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thereof Cationic surfactants include, but are not

| R0k IUNelianah eguivglentsnireofimZaitiasionige eversp auiselie forming
Non-ionic reverse mcelle form ng surfactants include,
bRitrfagtants includpnbutcaretnst limitgd to.t évg., tthaentogpbatidyl-choline class
oxi de- dodecyl -et her cl ass of conpounds, substituted

oefr icoRPPYRES, t Rebsiibfted aderivativies i thaedof.equidlv &lretibsal  equivalents
thereof. Zwitterionic reverse mcelle formng

dheregbt &Raversenvicatiefortming av-suriattants indlede, thut ze@e ot limited to,
al pha- phosphati dyl - chol i ne cl ass

e.g., alkyl acid phosphates, alkyl acid sulfonates, alkyl alcohols, perfluoroalkyi

alcohals, dialkyl sulfosuccinate surfactants, derivatives, salts, and functional
equivalents thereof. Reverse-micelle-forming co-surfactants include, but are not
limited to, e.g., sodium bis-(2-ethyl-hexyl) sulfosuccinates, ammonium bis-(2-
ethyl-hexyl) sulfosuccinates, and equivalents thereof. Chemical agents include,
but are not limited to, e.g., ethanolamine (HOCH,CH2NHy), hydroxylamine (HO-
NH,), peroxides, organic peroxides (R-O-O-R’), hydrogen peroxide (HoO,),
alcohols, water, and/or other reactive constituents.

[0030] Surfactants and/or other solutes can be pre-mixed for on-demand

injection in a liquid form with various co-solvents including, but not limited to,



of conpounds, substituted derivatives thereof, and
functional equival ents thereof.
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L

stream, i.e., dx/dt. Convective velocities induced in fluid 14 can be correlated to,
and/or related by, Grashof numbers “G,” of the fluids being mixed or other fluids
introduced thereto. The Graéhof number is a dimensionless number from fluid
dynamics which approximates the ratio of the buoyant force to the viscous force

acting on a fluid, as defined by equation [1]:

2

3 2

Gr =(D P gé’(CS _CO) [1]
y7;

where “g” is the gravitational constant: “C" (psi) is the volumetric expansion

coefficient with concentration (having units 1/concentration) given by the
8



fgo?La_glggd reservoir 38 into fluid 14. Introduction
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carrier fluid 14; and "nf is the viscosity of carrier
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More particularly, density differences are selected in
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e substantial velocities (velocity gradients

| AR TirangporIPHBnotrienal, Jahd Véilgyek S@ns,tNQ\aqu’k,?ﬁQ@Q, pg. 646).
the invention provide

Rates of mixing (mass transfer) are known to correlate with Grashof numbers as
described, e.g., by Joye et al. (Ind. Eng. Chem. Res. 1989, 28, 1899 — 1903; Int.
J. Heat and Fluid Flow 17: 468-473, 1996; Ind. Eng. Chem. Res. 1996, 35, 2399
— 2403). For example, in near-critical and supercritical fluids, viscosities are from
5 to 50 times lower than for convention liquids. In addition, the volume
expansion coefficient for near-critical and supercritical fluids is from 5 to 20 times
higher than for conventional liquids. Given the low viscosity of near-critical and
supercritical fluids of the invention, and the large volumetric expansion coefficient
(psi), Grashof values for these fluids are about 3 orders of magnitude greater

than for conventional liquids. Thus, at a minimum, rates of mixing for the



for rapid m xing, as described hereinafter. [0032]

Various nmass transfer properties of fluids are
wdebdienesicie. g., by Bird et al. (in "Transport PCT/US2006/022507

Phenonena", John WIley & Sons, New York, 1960, pg.

646). Rates of mxing (mass transfer) are known to
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f e fluids are ahout .3 orders of gni tude
o0 leE Bratedsndbf, oy Mk SpPaaRusor TR GveRion,will now be

j, U 1 rates of m xJj for theinvention are
%%Sﬁ%gé&nt&;e%(echgg? "S%%%%h%fz% when conpared to
r of mxing in conventional liquids. [0033] In
g@f?g‘rih , aﬁ(%n %F‘ 'E%Sfiﬁtﬁfeﬁsmw BRPArAWSe2 f(seatipn) farpmixing of
the art, densit ar adients and velocities are a
£ {Hids s RosineLtoresy mpedimrepbefifeinvestion. Mixingisegtioha? cemprises
limted to, esiugp sol ute concentration, tenperature.
TR NURe ofi sukelepfialynvertiealy dispesesl mixiegitsegments 24 coupled
i ntended by reference to specific density and/or
Viepeibet.i @4-: de sceoibe Mixieg seetiona22ihess ray tatgiplangthu@.),odsdee ratio
invention will now be described with reference to FIG
AARinandpGrolpmetiobiau ratel (Q) avitingus tesiderseaimé RNy sufficient
afppar atus 22 (section) for mxing of

or rapid streamline mixing. The aspect ratio of mixing section 22 is given by

equation [2]:
W)
A t Ratio = —=
spect Ratio 0 [2]

where L is the length and D is the inner bore diameter, respectively. Aspect
ratios are selected having values greater than about 100. More particularly,
aspect ratios are selected having values greater than about 500. Average

Residence Time is determined from equation [3]:

. . {2
Residence T| =2
e Time % [3]

where V is the total volume (mL) and Q is the volumetric flow rate (mL/min) of

mixing section 22, respectively. Residence time is selected in the range from
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fluids, according to an enbodi nent of the invention.
M xi ng section 22 conprises any nunber of
weubstastsial |y vertically di sposed miXing segnmearas2696/022507
coupl ed together, e.g., in a coil. Mxing section 22
has a total length (L), aspect ratio (AR), and/or

v @buonted.0il ¢nihl (08 §é4) @o EEbutdf O\hifi Ndore b%b&ﬁﬁﬂ&eregl'dgﬁce time is
(RT) sufficient for rapid streanline mxing.

t I
S s g T S O o

aR@niBvihg ré‘g]gnt,,ﬁﬂ bfﬁlﬂag di aneter, respectively. Aspect
rati os are sel ec avi ng val ues greater than about

1q963 re DA fHeC isint ye %ﬁt ra‘?glggé %‘i@ rﬁ&!nﬁcggg%ent 26 is

aV| ng val ues greater t an a

6&15%&9 toT'g@ﬁexla?e ql%%eg: %é;drpgﬁ%ai ?ﬁw[‘nf' (&0 east one

ence Tine =
(Wﬁ?ﬁ%""@tﬁf 538@5%9 b i W'&% i c%sg foLiRg uP)
t rong
t'é\g‘)alll.{.ls;traﬁgée t%d T'ﬁwﬁhzﬂ%ﬁdﬁ% ﬁ(Lr%net\ﬁtﬂ )P(? f?%g%ﬁétg ﬁwd 14
 fferbibsct oRRoB st creaideuy 0;989?%2?9@% ﬁaw?ofrb?tﬁlf Ay 14
g&.w@@tog Mw%@%@éﬁ% SHEHCRD oriedusins 3 howvelocty

t wn) and at | east one
ve&or (vs 5 oquea e% slu sta tlalgy vertlcally)down. Direction of flow of bulk fluid

14 changes in mixing segment 28 whereby vector 10 of the density gradient
orients substantially vertically down, inducing a new velocity vector 12 oriented
substantially vertically down, but is not limited thereto. In the instant
configuration, mixing section 22 has a length (L) of about 24 inches, an inner
diameter of about 0.060 inches, and an inner volume of about 1.11 mL, yielding
an aspect ratio of 400 and a residence time of about 2.6 seconds, but is not
limited thereto.. As will be readily understood by those of skill in the art,
dimensions are variable to achieve rapid mixing as described herein. No
limitations are intended. For example, mixing segments 24 may be coupled in
series without limitation, yielding additional coils for mixing that yield a
substantially homogeneous mixed fluid. In an alternate configuration (not
shown), mixing section 22 may comprise a single vertical mixing segment 24
positioned to generate flow in either an upward or a downward direction, again

not being limited thereto.
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m xi ng segment 28 is positioned to generate flowin a
second direction (e.g., up). As illustrated in the
woizgueries7eint roducti on (injection) of fluid 16 PATAWS2006/022507
fluid 14 generates a density gradient directionally
opposed to the flow of bulk fluid 14 having a vector

036] or i efFiG: RS UIDStrates i 2 hixing ipbhkdid L2URect } Rixing of
gngeavf]vel ocity vector (v) 12 Ogl gr?t ed subs antlcﬂ’glﬂ5 ng

vV @uidsC actordm@d aRbthef dhtddftherdt! o ilkihiforf.! lgbﬂ}gl?ﬁctlon 22

changes in mxing segnent 28 whereby vector

debmipti¥ed bAg inBAtbeP of %UB oc:| t gtv%?ﬁda@ 'd{sg\ﬁ@é(ﬁ 'nﬁ?lkéysegments 24

down, inducing a new ve vect o

: S%Bt?réléﬁ‘ttb thet, Y& LhGRLbY. 1L in e’n?bd?:f%eM troduced to
F H st B8 dorogi

t hereto. t he™i"nstant con ion, i

S Pl e o R T v
?ggl:‘lll alﬁlc%pgvla% di 'cﬁ rﬁj' [?ﬁréﬁgctﬁ%p lﬁi?g{l(‘}@ gf Qf&i (ﬁoﬁi wﬂo fuid 14
RS DR R bS5 R i
w6510 A0 Sl PRI o gt st
B 1 0 R B 3 0 1o
i LS S b Sy S5

e a single verti caI m Xi ng segnent 24
ﬁ‘gﬂ Y‘?ﬁ'g@%r%e"ﬂuéwgl i eNgWevelgaityipveater ot2 goriented

d ward direction, ain not being limted

ﬂ&éﬁr&'a bM%ré]:a'm @Wrz ut i peitlimitesstharato. Vixingaggomearttsi24 may
(section) for mxing of fluids, according to

a%tcﬁté?'egmc?@ﬂﬁ%ml”@ﬂf ? Imiatiany afeldiog . aduitional ceitscfor onixi2d that

conprises any nunber of substantially vertically

dylglg@,gdpsﬁarw.ah)g hemggemnrausadixed fluid. No limitations are intended. For

example, in an alternate configuration (not shown), mixing section 22 can
comprise a single substantially vertical mixing segment 24 positioned to generate
flow in either an upward or a downward direction, again not being limited theiqto.
[0037] FIG. 3 illustrates a mixing section 22 for mixing fluids in conjunétion
with a mixing device or system, according to yet another embodiment of the
invention. Mixing section 22 is of a sinusoidal form comprising any number of
substantially vertically disposed mixing segments 24 coupled together, but is not
limited thereto. At least one mixing segment 26 is positioned to generate fluid
flow in a first direction (e.g., up or down) and at least one mixing segment 28 is

positioned to generate fluid flow in a second direction thereby achieving thorough
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coupl ed together, e.g., in acoil. In the instant
enbodi nent, fluids introduced to m xing section 22
wenvwri3ficxi ng segment 26 with a fluid flow in RCT/US2006/022507
substantially vertically upward direction.
Introduction (injection) of fluid 16 into fluid 14
geRarabRSmkirde N8 thy | i hBRC ki i i
 pnaiBbREmARE 1R (e il Efibodinb Rt BN AP RARAE sblion 22
Slg =Y tgecal i j alolr-y 0ci t .
o SRR Lo 26 Bt 0, SRR LB B Yoty
Dit.e6L.1:0 fluyj I ; [ 1 X nt ..
Wﬁé%ﬁ%ﬁt Ha\ﬁ{I%ré 1‘089%)? @m’eﬁ]dﬁlglﬁﬁéd h 3 éhggaﬁtfﬁlgﬁ}/?ﬂgaﬁly down

eby vec y gradien

S AL, e Eohe oSO SR pertas
5o M S DREF gl MR S pH 2 whroy
nARGBLARRY UL grer g eR et Rl e Bridoe & now
A e SR L AL T

substapti al | erti.cal m xing segnment 24 positioned to
olban Blernale o BUiion 0t SHoN RN ENG APRA IS A leontidured such
di r?%t [ ?rh agai n not being limted thereto. [0037] _
Fifgt Tiyid(s) eripprng devige M2« fiow fiset dn e Aownwagst dirgction generating a
fluids in conjunction with a m xing device or system
aBenTlyi 9rgdient yith vaster ABroriamirstinne stbsiantially viertiaaily iugrdirection
M xing section 22 is of a sinusoidal formconprising
alfugiigh ey velgeiky yAetoR|2y ofiertted dala pubisteplialydvertisaliygdown
segnents 24 coupl ed together, but is not limted

t Hisecdiop. Pwirs| ehgnixipgesegmenty 24 gnentbe2&ouplegosi sedes dvithout
to generate fluid flowin a first direction (e.g., up
olimiafion) thascexéendirgatite sinesoidali appassysmant (#8pagating the density
positioned to generate fluid flowin a second

dgragiisnt and velecép yeclarthpattermydésvoibed b psial untighe flaidis troughly
In the instant enbodinent, fluids entering m xing
seitedoforing a substantially homogeneous mixed fluid. No limitations are

hereby intended.

[0038] FIG. 4 illustrates a mixing apparatus 22 (section) for mixing fluids in
conjunction with a mixing device or system, according to yet another
embodiment of the invention. Mixing section 22 is of an angular shape
comprising any number of substantially vertically disposed mixing segments 24
coupled together. At least one mixing segment 26 is positioned to generate fluid
flow in a first direction with another mixing segment 28 positioned to generate
flow in a second direction, mixing segments 26 and 28 disposed at an angle “0"

with respect to one another whereby thorough mixing is achieved. Acute values
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enter m xing segnent 26 flowi ng in an upward

direction, generating a density gradient having a
woeatcassip) 10 oriented in a substantially verpCTaiskop6/022507

down direction and inducing a new velocity vector (v)

12 oriented substantially vertically down. Direction

oA PR g PR TI nc
SR P e ol T b Bhu = o

0. In an,alternate confi

kR, 1o2BEe ngp$§ﬁa%'t¥sg?§'%f Ry Bt g Rfented in @
2
dﬁﬁ%ﬁ%&ﬁaﬁ JesrlY eREM it eyt fidusera nvoye TR aroL ) 12

ori.e in a,.subst ally vertically up directjon

i naﬂﬂﬁﬁgs@sw crearel Vet ot s Ty Sevarass figelon in mixng
subst ant | vertically down d| rect| on. Pairs
TPSHENS 2B ruAlereby ey T R lp| Rr ARG OipERosHbstantaly
limtation thus extending the sinusoidal apparatus and
pVefsait v dndusingga v yelgplé)d vester 4R cripatest pestartially vertically
patterns described herein until the fluid is

t ABWBURIHIIg Nl liraited Beratadn ansaliesiala cpaliguyatimmingt sleawry), mixing
m xed fluid. No limtations are hereby intended.

[ ePRBptus| 22 istcpnfigused suds that fiujd(sigertppieg aevise 22 flow first in a
(section) for mxing fluids in conjunction with a
niewnyargedirastion gepgratingna density dradiertt diayiey avexdtoret0 oriented in
enbodi nent of the invention. Mxing section 22 is of

an subgtandiallys ivepicalty mpr disdatign aand imdusimg afnew velocity vector 12
substantially vertically disposed m xing segnents 24
corqrited i agabstantiallivettizaly dowe direationy Pah@nafmhixing se@ments 24
positioned to generate fluid flowin a first direction

wirtaly laen @obpled ninxsergsswigiigntiintitipaséiemneg the HguRF apParatus
thereby providing for repeating density gradient and velocity patterns described
herein until the fluid is thoroughly mixed providing a substantially homogeneous
mixed fluid. No limitations are hereby intended. Other configurations as will be
envisioned by those of skill in the art are encompassed herein. No limitations
are intended.
[0039] FIG. 5 illustrates a mixing apparatus 22 (section) for mixing fluids in
conjunction with a mixing device or system, according to yet another
embodiment of the invention. Mixing section 22 is of a rectangular shape
comprising any number of substantially vertically disposed mixing segments 24
coupled together. At least one mixing segment 26 is positioned to generate fluid

flow in a first direction (e.g., up or down) and at least one mixing segment 28 is
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flowin a second direction, m xing segnents 26 and 28

di sposed at an angle "q" with respect to one anot her
wohereabyzet hor ough m xi ng is achi eved. Acute vaPaesalen06/022507

"q" are preferred but are not limted thereto. In the

i nstant enbodi nent, fluids entering m xi ng section 22

epb&fiortBd o en %ﬂé‘ﬂ[]fd o i h é’\%‘[dﬁﬂd 'dﬂe@tldILP d%cskni Sx)cﬁé)gﬂhereby

generatl ng ‘a enS| fy gradi avi ng
e e

Zgﬁc?%in@.“]ney RShG, S‘é?}“éﬁ%??*@ym@nﬁéw@&?ﬁ% g Ggnerating a

t Bgn*@@%%%ﬂ%* FlF ket B Dl @ta'o?l'ai%@rg@ v 'vgﬁcamy down

t verticall not |im:t
c By éﬂﬂnlnﬁHc'gptaePﬁm\Ze'%%wfvwra&vb 37 Chested b angubstantally
appar at us,. 22 i ured sych that f] uid(s)
VPR R0R, rkBus” FI o fVefes " vt Thigctiment 29
ge | a _den gradi ent having a vector
oY"F r‘?? d'q? Negfog u§§% ﬁ?ﬁ fepaity %fﬁl?mc%[lqn% e avbsé@mtladm vertically
nd ndyci n new velocity vector 12 oriented in a
(b ArBREGs P g, 8| 1 wHIRRIRAVPLet (18, Grispiad  of substantially
mX| ng segnents 24 may be coupled in series wthout
I Y?ﬁ'?aa'b’l N redirentiannguttin aohligitec thesgiparlaansalieneate ppnfiguration
prow d| ng for repeating density gradient and velocity
%déﬂﬁéﬁg Bepanaiisedisgenfigured suth that fiuisi(s) entering device
thoroughl m xed providing a substantially honbgeneous
e dlgwr fingk dn a\ldOWhWﬁtdadier@nagemdn@m@y dertséy qradied having a
configurations as will be envisioned by those of skill
i YeotorelQuotiented ierec sulpsiartiatly ertieally uplalirection ahd dduciigea new
intended. [0039] FIG 5 illustrates a m xi ng appar at us
2eel¢ciycveado) 1Roorientad nig 4 | subdtantiallyc asitically idownwWdiréctn., As
m xi ng device or system according to yet another
described previously, mixing segments 24 may be coupled in series without

limitation extending the rectangular apparatus thereby providing for repeating
density gradient and velocity patterns until the fluid is thoroughly mixed providing
a substantially homogeneous mixed fluid. Other configurations as will be
envisioned by those of skill in the art are encompassed herein. No limitations
are intended. As with other configurations, mixing section 22 has a length,
aspect ratio, flow rate, and residence time sufficient to achieve mixing, as
described herein. A complete mixing system will now be described with
reference to FIG. 6.

[0040] FIG. 6 illustrates a complete mixing system 100, according to an

embodiment of the invention. In the figure, mixing system 100 comprises a
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enbodi nent of the invention. MXxing section 22 is of a
rect angul ar shape conprising any nunber of

weubstiastsial | y vertically di sposed m xi ng segnearas2006/022507
coupl ed together. At |east one m xing segnent 26 is
positioned to generate fluid flowin a first direction

( BoSjunctiéh \MOF fn FLEMRY v@mg?gw%a%ﬁ%??ﬁ §Heﬂg1§(? géﬁ%néﬁs were

[ spositioned to genera a secon

dhiRRRE Vi std RetaPd 1 Du% ai gt%l B OHQW\/@SQ flflds were
ftad 1Y 1e3 Bitld’s

i s achleve |ns ant e od I imen

PR SR AREEP2 onter m xing segren 26

rection generating a density

h 1
I S NS B %f‘&{ﬁUﬁ%%iﬁ Ef'v' C@P téefm#dofa rlkpREDete
”@*‘%ﬁ’%ﬁ" Al UG PR Bl (v Siegs. he., Tholorere,
2 b h t
oMEL AR A R UL T Ay o
§E,v%ri9%ﬁ'x'z\<@wfaeﬁ'@éﬁ 133281100 8kl vt Xcilsé’lg%'déém were
direction, but is not limted thereto. In an alternate
ce?ﬁm'iﬁﬁ it AdP- %mwntsqfo%§ migidighlegoraiefiugrensopang & ~1.6 glcc)
on |8ured such that fluid(s) entering device 22 flow

f (HGECi2258) dbGAwaheaminale GhasktigeNED ar iqtaerasudiahlsi cgrier or co-

grad| ent having a vector 10 oriented in a

s §@luendntieldinpyary éppicximnate Lp surectent:seivenidsalutivnciongrall p ~1.5
new vel ocity vector 12 oriented in a substantially

veice), bt isynetdimitesi thecetp orfor Axathpts rotherd-aiosof eurfagtant:solvent
m xi ng segnents 24 may be coupled in series wthout

| maytke Used avithendlimiatidne ireatiditign atheagpdacitints dritdoreleactive
providing for repeating density gradient and velocity
peeeigentssmay el caniteinéd,ue.d., ias ddseribeqirl yopexdidg ippyicationg(U.S.
a substantially honbgeneous m xed fluid. O her
cApplicgtioratNoor /783, 249)) lanbieuset ih Soajuactidny with aise pefsediKinvention

in the art are enconpassed herein. No limtations

including, e.g., PFPE-phosphate/AOT in a co-solvent comprising
polychlorotrifluoroethylene in halocarbon oil, PFPE-phosphate/AOT in a co-
solvent comprising trifluoro-trichloro ethane (CFC-113®). Other surfactants
and/or reactive reagents may be premixed in a suitable co-solvent for on-
demand injection, including e.g., PFPE-ammonium carboxylate/ hydroxylamine
in  HCFC-225®, PFPE-ammonium  carboxylate/  hydroxylamine in
polychlorotrifluoroethylene (halocarbon oil). No limitations are hereby intended.
[0043] While the present invention has been described herein with

reference to particular and/or preferred embodiments, it should be understood

that the invention is not limited thereto. Various alternatives in form and detail
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are intended. As with other configurations, m xing

wo ®6§13saA 22 has a length, aspect ratio, flow
resi dence time sufficient to achi eve m xi ng,@iﬁzm’%mzsm

descri bed herein. A conplete m xing syst i
_ _ . emw ||
described with reference to FIG 69 [%040] FI G gow e

AP VAN ALY HOITRT PORET A TR ot g

I on. eflgure, m Xi ng

ZSI%; Et@,%)rpg% g&ﬁi&}gh{tﬁg Ss§%§{—:? gnhq%g%l' Oﬁ}li%\‘}é1 BedtRhr 8 Wageoperatively

_ _ conmponents were |inked
via standard 1/1 §-inc . stalnl S '
?3""";‘“33‘1 g?fqlpifjpa%‘ ‘Ol%‘f"ecego:ﬁ g’ét"é‘%?ﬁ‘?‘ﬁ g @g'tb P%*n*b'v“ﬂ?;%was
: _ n one exenplary syrfact ' i -
assessed pbeqmlamtleﬁdm%gﬁéi?‘“’\(/eﬁﬁa% %ﬁ%@lg aétngg_gglfl@améﬂ&, view
%Ji{)f actant (p ~1.5 g/cc) _éﬁ%(;l vay Sol exj sy dd&ﬂ : ‘i f
86 nascconfigyred Wil tWoq7x] ?ﬁt"'ébw%ﬁ’g\}tse royan which, mbang ©
(p ~ 1.0 g/cc) (Aldrich Chem cal Conpany.. E‘Aﬁéﬁ? Qint i
WHIUBBRO YyId (heB Fiewedd ¥iai B RSO AT PR b SIoP  e Boint lght
oo abpesnied oo GePoRRAET P2 S9PRRL M 3 S12ES8AL T18F°
(AGA Chemicals, Charlotte, NC) or o%gherw. l(.li t(?ble ("r% :
edlesdopic lens,cargbiovastangaed videg displaypt sesiigned gajpcent to view
surfactantsol vent sol ution (overall p ~1.5 g/cc but
icell 136! Réfrddtie indexrdifferences incurinisee ,ﬂUls‘ﬁl}é’i’efga‘t'?@y 6’553'""9"
surfactantsol vent may be used without |imtat|

A ickRfing @idtertiossiir tet manssnitied oags- e RElTAGR/S @ﬁ%fé Hif%rences
may be conbined, e.g., as described in co-pendin

apeld erbétores(it)oB.deppity igcadtienss inNan uomped, Huid) %\gn [omplete
in conjunction with the present invention including

Srg?(iyng PEREGPEO SN ERHASTE inthatransritied émage G pPsgved. Other

Pﬁﬂ@b&?ﬁéﬁé&%&s&oﬁbyag;gbdlmr;mpgarlng; ";‘,;?,‘;gd O thout imitation.
[0041] Mixing section 22 was further coupled to a fluid reservoir or vessel
38 containing a surfactant fluid 40 (described hereinafter) for on-demand
injection and mixing. Mixing section 22 was further coupled to pump 42 (e.g., a
model BBB-4 HPLC-style reciprocating piston pump, Eldex Laboratories, Inc.,
San Carlos, CA) for delivering fluid 40 to mixing section 22 at a rate in the range
from about 1 to 5 mL/min, but was not limited thereto. Pure densified CO2 44 (p
~0.89 g/cc) was delivered from feed source 46 (e.g., cylinder) to mixing section
22 via feed pump 47 (e.g., a microprocessor-controlled syringe pump, ISCO,
Inc., Lincoln, NB) at a rate of 25 mL/min under a pressure of 2500 psi and a

temperature of 25 °C through a combination “T” fitting 48 into mixing section 22

and into view cell 36. Mixing of fluid 40 and fluid 44 was ascertained in
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conprising trifluoro-trichloro ethane (CFC-1 13(r)).

O her surfactants and/or reactive reagents nay be
wonresi1sgdii n a suitabl e co-solvent for ondeman#CT/US2006/022507

injection, including e.g., PFPE-anmoni um carboxyl at e/

hydr oxyl am ne in HCFC-225(r), PFPE-anmoni um

o319 GPEE A A ramoa g g provag e imenton
| 3

ot 2 RpIBIG Rer SR sERS 2L Bt SORERS 26 Gk e of any form
RO AL, S, B S T

jted thereto, Various alternatives in form and
d&c 9engly AY QARG sdenal sihaps, inglyring CQHfP'WﬂE'HB%Fh%?O
Sj @mntlal_} vertical m xing _segnments 24 coupl ed

er e QhElgkingthezArt Bl fUge, PRefesiata figh combigiag and
operatively coupled to an optional view cell 36 for
vi f&ﬁﬁnﬂfﬁmﬁ@fu\'ﬁam& fiyids éﬂ@)ﬁeaQW%Cﬁ@Pﬂa@mﬁﬁé%@@@ﬂY ipracticed and
conjunction with refractive index neasurenents. In
p&eseriaddierein mqy belffesdiauisipuy and effartively eguivalent ways.
Va-inch optical w ndows through which m xing of
s fonexanelecappligaiien of thaseetoods desoribed hiersin on aicomyeercial scale
using a near-point |ight source 50 coupled to a video
c At gOomPrise)Uhigihotessiiteh pampsaani rrlnmgicg csystenis| asd/opitansfer
| ens, and to a standard video display 54 positioned
adjstemstfot movingwiramsiportdg, trResfeainy| vembinthgy inderhfigngnaewell as
in unm xed fluid(s) were visually observed as
f delivewiagiangl abplyiog vados mixedhuids fonsatibtie thiricaigsn applications,
Refractive index differences are a direct result of
der] ¢lgardngdhe minsing Ninaadditiom, xesnfdrelaldconviuRneOidp hekieg and/or
m xing is achieved, no distortions in the transmtted
i uameryibﬂlohsfde%a@bedchér@rn iy thabluethe®asitrdlied &§ £888inction with
adequacy of m xing may be used without limtation.

computer-controlled systems and/or devices.

[0045] Further, associated application and/or processing techniques for
utilizing mixed fluids of the invention described herein relative to substrate
surface processing, e.g., cleaning, will include those aspects envisioned by those
of skill in the art. In general, many changes and modifications may be made
without departing from the invention in its broader aspects. No limitations are

hereby intended.
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[0041] M xing section 22 was further coupled to a
fluid reservoir or vessel 38 containing a surfactant
woOloweti3861 ( descri bed hereinafter) for on-deman@CT/US2006/022507

injection and m xing. Mxing section 22 was further

coupled to punp 42 (e.g., a nodel BBB-4 HPLC-style

reci procating piston punp, E@ﬁé Laboratories, Inc.,

San Carlos, CA) for del i veS luid 40 to m xing

section 22 at arate in the range fromabout 1 to 5

n./mn, but was not |limted thereto. Pure densified
Glginglp -0.89 g/cc) was delivered from feed source

46 (e.g., cylinder) to mxing section 22 via feed punp

47 (e.g., a mcroprocessor-controlled syringe punp,

SCO, Inc., Lincoln, NB) at a rate of 25 nlL/m n under

alpra’ spparabss fosEpidmixingef flidse AYEPHESING:e of 25 0C

through a conmbination "T" fitting 48 into m xi ng

sectt masboneintetifertintradusingeeflvid @6 a plyrality @f Bpids inje @ near-

and fluid 44 was ascertained in 16may be made therein

wetittealier stpeactilica canrienfluit éorsping & fluidraireann penepgin ishig carrier

i nvention. For exanple, cross-sectional shape of

nfluid igja geg akbsiand@4d tempetaturefandpyessurerhavied adiengity ahave the

not limted to, annular, oval, square, rectangul ar,

t critevabderesity farcdaddyoaeibr flwid;, ot her "n-gonal " shape,

i ncl udi ng conbi nati ons thereof. [0044] Those of skill

i N taheutlet fonrdtlieding blsabstapiulgtHoaiagehbads mixedifluid) gndnd

interm xing of various fluids and reactive conponents

as @UnixRigtdaction apéﬂaﬁwi?&ed etidaveshid et lebst oreinle€and said

effected in nunerous and effectively equival ent ways.

Feutict ravibh&n idfe Hor@ bf SlibseintibiMeumfinMcsimersion lgeheiting a
herein on a comrercial scale may conpri se

hbghsity ' PaGEMaUgIATRFodURH o BNBAiN uiRYE? s8IdEplurdity/ P Hiuids, said
transfer systems for nmoving, transporting,
t fans QJr&diBth inGRIRY BicBAvectité GEIBLY) iRGaicstred® tha®Fapidly mixes

said fluid or said plurality of fluids forming said substantially homogenous mixed

fluid.

2. The apparatus of Claim 1, wherein said carrier fluid comprises a member
selected from the group consisting of carbon dioxide, ethane, ethylene,
propane, butane, sulfurhexafluoride, Freon®, nitrogen, ammonia, substituted
derivatives thereof, or combinations thereof.

3. The apparatus of Claim 1, wherein said carrier fluid is a liquid having a

reduced temperature of greater than about 0.75.
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delivering and applying various m xed fluids for
various fabrication applications, e.g., cleaning and
woiosiagre1 | n addi ti on, conmercial conponents fBCTHISX00022507
and/ or delivery of fluids described herein may be
further controlled in conjunction wth
er cont r ol stens and

EaPH h TP hosRaLs o e dms%ar*ree%m.sa#f %raiﬁrgraf‘éf%éé@reﬁﬁ%a"v
ngﬁépg’ggé {4l diciors of G bt bapaiuds o face o O

processing, e.g., cleaning, will include those aspects
envi sioned by those of skill in the art. In general,
ny_changes and nodi fi cations may be nmade w t hout

al 1§ ARPAYMOf eI dferein said qonge%weé/&@pltwa@@tdyectlonal
No limtations are hereby intended. CLCAIMS W Caim 1.
An YRS erigatedgraralighfaithgidiresiiproef flowefdaid easrigh flud.ng:
at least one inlet for introducing a fluid or a
plurality of fluids into a nearcritical or
super-critical carrier fluid forming a fluid stream
wier Bienapnarafug of Siabm , wiedein said agaseciive yelsinisddirectionally
tenperature and pressure having a density above the
cri toRpesedEntietdirettion eflaw ofesaid earriét flliid; an outlet for
retrieving a substantially honogeneous m xed fl uid;
and, a m xing section operably di sposed between sai d
at least one inlet and said outlet having an inner

b@r eThef appabattusof Chdirmyl, whiefein saididersisy gradganiRrditectighally
density gradi ent upon introduction of said fluid or
sai thpploseditd $aid ebnidctivelselosityi ifl sarRInfid ytregradi ent
i nduci ng a convective velocity in said streamthat
rapi dly m xes
8. The apparatus of Claim 1, wherein said density gradient is generated in
conjunction with a concentration difference(s) between at least a first and a

second fluid in said fluid stream.

9. The apparatus of Claim 1, wherein said density gradient is generated in
conjunction with a temperature difference(s) between at least a first and a

second fluid in said fluid stream.

10. The apparatus of Claim 1, wherein said fluid or said plurality of fluids have a

residence time in said mixing section in the range from about 0.01 minutes to

about 1.0 minutes.
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said fluid or said plurality of fluids formng said

substanti ally honogenous m xed fluid. 2. The apparatus
wofodel1asmwi 1, wherein said carrier fluid conpri BE$/U82006/022507

menber selected fromthe group consisting of carbon

di oxi de, ethane, ethylene, propane, butane,

syl f ri . Frean(r), njtrogen,. anmonia,. .

s the SBelB e st%é{sﬁwesaé 7 BF S BBy L fuics have a

t her The a arat e ein said

car rE8peptt e S8 ALY 3efien h defanba e b aipaaour o

of %P L%] than about 0.75.4. The apparatus of Claim
See¥Sgensi ty gradient is directionally

opposed to the direction of flow of said carrier

fluid. 5. The apparatus of Caim1l, wherein said

ZEV tive v Iocitly has a directi onaI vector oriented

pafal'l 8|aptpar H%Ofoq;r"‘%t"rWHer@F“ $3i@ f{uigror saidplerality; of fluids are

fluid. The apparatus of Claim 1, wherein said

con\}'étE‘?qL\‘Féd weflewirate in weoraneefrpmnqw 18 pdrinitorabauh 40 L/min.

direction of flow of said carrier fluid. 7. The

apparatus of Claim1l, wherein said density gradient is

dlrectlonally opposed to said convective velocity in

saBd he@pgasatvseitlain 1Twhereiisaia fluld aysaidl plunaity, of fluids are

wherein said density gradient is generated in

conjinifasiticed aha flnwaatedn demtangeifiom dbdiit @5eniciedis Yo bisdutelenimin.

at least a first and a second fluid in said fluid

stream 9. The apparatus of Caim1l, wherein said

density gradient is generated in conjunction with a

t épdhatapperatis dfeClainc ¢( wheret sute mixing bedidh Hasfdn sdpean@tio

a second fluid in said fluid stream

greater than about 100.

15. The apparatus of Claim 1, wherein said mixing section has an aspect ratio

greater than about 500.

16. The apparatus of Claim 1, wherein said fluid or said plurality of fluids exhibit
a density difference compared to said carrier fluid in the range from about 0.5

percent to about 50 percent.

17. The apparatus of Claim 1, wherein said fluid or said plurality of fluids exhibit
a density difference compared to said carrier fluid in the range from about 1

percent to about 20 percent.
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10. The apparatus of Claim1, wherein said fluid or

said plurality of fluids have a residence tine in said
wai2niengsmsecti on in the range from about 0.01 nPOUAUSS0065022507

about 1.0 mnutes.11l. The apparatus of Claim1,

wherein said fluid or said plurality of fluids have a

residence tine S xin ect.ion in the r .
B eine U et ORTG 1y wRersi foid 5 g Sptien cPorerRRg  pluraty
app us of Claim1l, wherein said .

it I R marc&a%pfa?r“ﬁ Rt CoHPle
range from about 10 niL/mn to about qlij 13, The
appBRiRg:3 shePesaleRied frqmw@eeqrﬁuréawf'%tunal o). Myl
plurality of fluids are i ntroduced at a flowrate in

t hereciangilar, Fguiaioot compipations ihergofapout 1 L/ nin. 14.
The apparatus of Claim1l, wherein said m xing section
has an aspect ratio greater than about 100. 15. The
apparatus of Claim 1, wherein said m xing section has
at9. abipregpparatusof @@ﬁt brwheifein salsonixirgoepctias compdses a single
apparatus of Claiml, wherein said fluid or said

pl uméiding segrherit| aubsiantailyi ierticaly dispesed,wherebg seidcgradient is
conpared to said carrier fluid in the range from about
0. 5gemeratedtin ethaettmutpvedd pe acemtnwatd dirgdtenappar at us of
Caiml, wherein said fluid or said plurality of

fluids exhibit a density difference conpared to said
carrier fluid in the range from about 1 percent to

g Uthe24p paedta€ bi Clbim 17 vaerdipat labstonefof bl piurklitywdi diniels n
said m xing section conprises a plurality of

subsbraptised atVeakt bhi Galute/digssinssiach ¢o-solugntFedineoducing said
operatively coupled having a shape selected fromthe

gr oOypIUEORS Sulbstmhtiafy Kefied frmusoi dal |,

21. The apparatus of Claim 20, wherein the ratio of said solute to said co-

solvent is selected in the range from about 0.1:1 to about 10:1.

22. The apparatus of Claim 20, wherein the ratio of said solute to said co-solvent

is selected in the range from about 1:1 to about 5:1.

'23. The apparatus of Claim 20, wherein said co-solvent is selected from the
group consisting of dichloro-pentafluoro-propane, dichloro-pentafluoro-
pentane, polychlorotrifluoroethylene, trifluoro-trichloro ethane,

dihydrodecafluoropentane, diethylether, or combinations thereof.
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rectangul ar, angul ar, or conbinations thereof. 19. The
apparatus of Claim1l, wherein said m xing section
woanrids®s a single mxing segnent substanti al PgT/US2006/022507
vertically di sposed whereby said gradient is generated
in either an upward or a downward direction. 20. The
appa e g i, sai d.
?E. Al ?épegr%t% ogld(%lﬂn devﬁ{e?éln sgfd %t (Fc-?assR oﬁ% go@gq ¢qmprises a

g_ arali _ Icor‘rprl fses ar Teast o
30800 L, 2 SRR B 4G Bl AR e

of i . Wherein the ratio of said.s e to sal
cos ot Tk CPtotiS ettiBnl fitficric, ot Be-Rif s afmbd pifigctants
to abqut 10:-1 . 22. The apparatus Qf C aim 20, wherein
t he apgtqobsugf‘acgagit% agg cqmbr Og%f"@r =solvent is

selected in the range fromabout 1:1 to about 5:1 .

23. The apparatus of Caim 20, wherein said co-sol vent

[ I fromith r nsj stin f
d?é-ﬁf%?eééf?gﬁ%?qf lgt{ﬁxigl_ %} g\ggﬁér’? sgidsgnion%’c gurfactants are selected
di chl or o- pent af | uor opent ane, .

pol JOR Bedireur corsigngrayfup@nated hydraeargons.ifigrripated surfactants,
et hane, di hydrodecafl uor opent ane, diethyl ether, or
con‘rﬁ'ﬁoﬁé'lupﬂﬂ%teﬂﬁéﬁé@iﬁn’fﬂfPFgﬁéua‘Q@’@ﬁ@t B&Pefcadrexytaten PFPE
wherein said at | east one solute conprises a

sur favnemumgarkexyiaies, AftRmphasphatetanids, PEME prosghates,
consi sting of CO2-philic, anionic, cationic,
nonfluorecarbonvdarhexylates, ©F Rfefuareearborc edrbexylatesi PIGPE
surfactants and co-surfactants, and conbi nations

t hesalidnates .PFReasppeiuh seifatated, uono2drbontsalfenates,ai d

ani onic surfactants are selected fromthe group
condlustocaponfphokpleates,alied shijuhatesasbdios, bisd( 2rethyhhéx)
surfactants, non-fluorinated surfactants, PFPE

sur saf¢suctinatdsFannumiun bis-@tethyl-HekikEsulfosuccinates, and

combinations thereof.

26. The apparatus of Claim 24, wherein said cationic surfactants are selected

from the class of tetra-octyl-ammonium fluoride compounds.
27. The apparatus of Claim 24, wherein said non-ionic reverse micelle forming

surfactants are selected from the class of poly-ethylene-oxide-dodecyl-ether

compounds, their substituted derivatives, and functional equivalents thereof.

23



amoni um car boxyl at es, PFPE phosphate acids, PFPE
phosphat es, fluorocarbon carboxyl ates, PFPE

wohowriog@mt bon car boxyl at es, PFPE sul f onat es, PPEEUS2006/022507
amoni um sul fonat es, fl uorocarbon sul f onat es,
fl uor ocar bon phosphat es, alkyl sulfonates, sodium

ook (ﬁff‘ fma@% SEsh %%@%@“%Wi isilse picle,
cat .fﬁﬁnlegguﬁf?%er?taaﬁgss\' 688 40 P Rl e osBoaGonoiine
Lo e, e S Bl A NS ag THaionalequivalints thereor.

mcelle formng surfactants are selected fromthe
cl ass of poly-ethyl ene-oxi de-dodecyl - et her conpounds,
their_substituted derivatives, and functiona
eddi VREARParatue PEGIRIM 34, Wherelhiaid FRvgsseomiasliaiferming co-
wherein said zwitterionic reverse mcelle formn %
sur fEfeaiRnt ae selastastiien the gieup isengistingsofilkyl acid phosphates,

al pha- phosphati dyl -chol i ne conpounds, their
subslk aeid sulienatesialkye sicohels, parfiearpalilaleahols, diaipd s
t hereof. 29. The apparatus of C aim 24, wherein said

r eveiufesurcinale surfasiantsglesivativesasaltsnasd fmstigral equivelents
fromthe group consisting of alkyl acid phosphates,
al kythergof.d sul f onates, al kyl al cohols, perfl uoroal kyl
al cohol s, dial kyl sul fosuccinate surfactants,
derivatives, salts, and functional equival ents
thereof. 30. The apparatus of C aim 24, wherein said

r 80ermhe-appaedtlieeof Okim 12d, wherelt satd saviesseamizetiedferniing co-
fromthe group consisting of sodium bis-(2-ethyl hexyl)
sul feusfaeiahtzadre SeletBOFor thdgoup Loasibig dfesodium bis-(2-ethyl-
sul fosucci nates, and

hexyl) sulfosuccinates, ammonium bis-(2-ethyl-hexyl) sulfosuccinates, and

equivalents thereof.

31. The apparatus of Claim 20, wherein said at least one of said plurality of fluids
further comprises a reactive chemical agent selected from the group
consisting of ethanolamine, hydroxylamine, peroxides, organic peroxides,

hydrogen peroxide, alcohols, water, or combinations thereof.

32. The apparatus of Claim 1, wherein said apparatus is a component of a

wafer manufacturing system or device.

33. A method for mixing a fluid or a plurality of fluids, comprising:
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equi val ents thereof. 3 1. The apparatus of C aim 20,

wherein said at |east one of said plurality of fluids
wouodshies7econpri ses a reactive chem cal agent setewSeme/022507

fromthe group consisting of ethanol am ne,

hydr oxyl am ne, peroxi des, organic peroxides, hydr ogen

d | t
e DR L
i's a conpanent _of gH ffer manuf act ur

devfaer id forming & guidisyean; Whﬁbe'%s"f" lfiag"e(#lug |B|auara§| 'ty

of fluids, conprising:introd C|n g}{%ﬂ Be critical
pl uptansarg {gPEIAIa SN 634 BRYIDG A s ve the critica
super-critical carrier fdeformn fl.ui F%nd
whedensitydan sai¢ saripefuid) whereinga %efg%ﬁf%ééd'%@té% asfr"%r ated upon
tenperature and pressure havi nﬂ a density above t %E

cri tntreductiperafiseid fuig osasaidpirality of fluids saidifensity gradient
density gradient is generated upon introduction of

sai thdbitingd ennvactivei elgsity rr@m@lvwzgﬂg pidi fluld osgaid Py pf
gradi ent inducing a convective velocity rapidly m xing
sai fuifls in shidistrearnd plurality of fluids in said stream

34. The nethod of Claim 33, wherein said carrier fluid
conprises a nmenber selected fromthe group consisting

of carbon di oxi de, ethane, ethylene, propane, butane,

s34 fThHeheztiiod s Glaie, 33 mdendin saidroarnierdlerd camipriseis @ member
substituted derivatives thereof, or conbinations

t hegeletted3om THeegrovp bousisting@f @arhod3ioxithe redhanes athylene,
carrier fluid has a reduced tenperature of greater

t hapra2eet bGars, sulibrheXhfuoriet hP@on®, Gitedgen3amnwinga, substituted
said density gradient is directionally

derivatives thereof, or combinations thereof.

35. The method of Claim 33, wherein said carrier fluid has a reduced

temperature of greater than about 0.75.

36. The method of Claim 33, wherein said density gradient is directionally

opposed to the direction of flow of said carrier fluid.

37. The method of Claim 33, wherein said convective velocity has a directional

vector oriented parallel to the direction of flow of said carrier fluid.

38. The method of Claim 33, wherein said convective velocity is directionally

opposed to the direction of flow of said carrier fluid.
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opposed to the direction of flow of said carrier

fluid. 37. The nethod of C aim 33, wherein said
woamsasticve vel ocity has a directional vector 8CTaISR®E/022507

parallel to the direction of flow of said carrier

fluid. 38. The nethod of O aim 33, wherein said

convective velocity is directionally opposed to the

direction of flow of said carrier fluid.39. The nethod

of,.Cl.aim ein._said densi,t adient,is, ..
oppcafethdreg SEElas Pheis B ko dhiodRhL i ireptonally
said fluid stream 40. qu. tho@ Pf. C%Iaim33, wher ei n
eai (PPHBRRY 1,584 BoifveRtve velgeidp SPE SR  unct i on wi t h
a concentration difference(s) between at |least a first
and a second fluid in said fluid stream 4 1. The

h of Claim33, wherein said density gradient is,
ggheﬁ%?éﬁewﬂg%ﬁh'm S Whekin faid d?@ﬁ'f)’e@@f’ﬁgb's generated in
di fference(s) between at |least a first and a second
f 1 uig@niurclen with pigpaeetiatign diffeienpe(s)petwesiatigasifirstand a
Caim33, wherein said fluid or said plurality of
f | uisgsonaiieddn paldiflyigrideam.me in said nixing section in
the range from about 0.01 m nutes to about 1.0
m nutes. 43. The nmethod of O aim 33, wherein said
fluid or said plurality of fluids have a residence

t Ae Theymedhatl of Glainy33,evherein said density gnagientis genrgreted iR
seconds to about 10 seconds. 44. The nmethod of Caim
33, aghpnetion wiih d téperitwe difterenqel(siretvesn aff leastus first andea
introduced into said streamat a flowrate in the
r angecbnafiuidlsaid plurality of fluide about 10 L/mn.5 1. The
met hod of Claim 33, wherein at |east one of said
plurality of fluids

42. The method of Claim 33, wherein said fluid or said plurality of fluids have a

residence time in said mixing section in the range from about 0.01 minutes to

about 1.0 minutes.

43. The method of Claim 33, wherein said fluid or said plurality of fluids have a
residence time in said mixing section in the range from about 2 seconds to

about 10 seconds.
44. The method of Claim 33, wherein said fluid or said plurality of fluids are

introduced into said stream at a flow rate in the range from about 10 mL/min

to about 10 L/min.
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conprises at | east one solute dissolved in a
co-solvent for introducing said solute in a
weubwiiastsial |y |iquefied form 52. The net hod 8€T@SA06022507
5 1, wherein the ratio of said solute to said
co-solvent is selected in the range fromabout 0.1 :1
to about 10:1 . 53. The nethod of daim5 1, wherein
the ratio of said soI ute to said co-solvent is

3% SHeanalibr sl Cimai e BPRHG e s% B uige
Idlscqsﬂﬁlazﬁ'%teggﬁ[e t he %tp(gt‘%ﬁ@%% %tclo[] vent for introducing said
SIOIChl He & I%B{) ﬁ'&iﬂﬁffn‘a@?@rmt rifluoro-trichloro

ethane d|hydrodecafluoropentane di et hyl et her, or

conbi nations thereof. 55. The nmethod of Caim5 1,
wherein said at | east one solute is surfactaé

8 edreeethod il QRimg b el iesatingt a@d@el%&mql go-solvent
anionic, cationic, non-ionic, zwitterionic,

r evie seleciadde theerange fionyakeit Ogb1 ihakoudg:1.

co-surfactants, and conbi nations thereof. 56. The

nmet hod of Cl ai m55, wherein said anionic surfactants

are selected fromthe group consisting of fluorinated
153d Toe andibod of €lairo 51 nahergirsthefratia afrﬁaédq selgiertoseid es@vent is
surfactants, PFPE surfactants, PFPE carboxyl ates, PFPE
284éelectbe imtbe rangefror@lahiont B3 to aheutdi:h. said fluid or

said plurality of fluids are introduced into said
streamat a flowrate in the range from about 25

mM /mn to about 1 L/mn. 46. The nethod of C ai m 33,
\Waer e metiod dflQkich BT, virgirein phidrad-sdivertiis édledctds framethe group

consisting of dichloro-pentafluoro-propane, dichloro-pentafluoro-pentane,
polychlorotrifluoroethylene, trifluoro-trichloro ethane,

dihydrodecafluoropentane, diethylether, or combinations thereof.

55. The method of Claim 51, wherein said at least one solute is a surfactant
selected from the group consisting of CO-philic, anionic, cationic, non-ionic,
zwitterionic, reverse-micelle-forming surfactants and co-surfactants, and

combinations thereof.

56. The method of Claim 55, wherein said anionic surfactants are selected from
the group consisting of fluorinated hydrocarbons, fluorinated surfactants, non-

fluorinated surfactants, PFPE surfactants, PFPE carboxylates, PFPE
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introduced into said streamin a m xing device having

an aspect ratio of greater than about 100. 47. The
wortdsadswi Cl aim 33, wherein said fluid or sai #CT/US2006/022507

plurality of fluids are introduced into said streamin

a m xi ng device having an aspect rati o of greater t han

u 4 t "
Féd. g etnodior o 75 JREpRYseid Rulief JacHiFaRy B R ers
risi
ver IToRERS ik S 8RR re: g i iy ﬁ%'f’%‘*%&tr?fﬁ Biggmymi
subst nthll upward or a substantlally downwar d
dirg%g? é‘ "The method of O aim 33, wherein said
fluid or sald plurality of fluids exhibit a density
difference conpared to said carrier fluid in the range

fr bout 0,5, perc 0 abou per

i SR Fietess oGk Sanuheeh A G ok SaICHBUY B 1LidS are
plurality of fluids exhibit a density difference

conpHfasicedinig s3jd sHepMdR armixing q%Y'CFH@VF‘Sr@’eaS'rF}eGHa;QB&ut
1 percent to about 20 percent. 27amoni um
car 9Esajerdhar abppt0phosphat e aci ds, PFPE phosphat es,
fl uorocarbon carboxyl ates, PFPE fl uorocarbon
car boxyl at es, PFPE sul fonat es, PFPE amoni um
sul fonates, fluorocarbon sul fonates, fluorocarbon
phbs phatesthodipkGlaing 381 whererssaid Bdid wmsaid plurality of fluids are
bi s- (2-ethyl -hexyl) sul fosucci nates, anmoni um
bi sint@deted Inthexidisjresml ifi @svixingrdevies, haying aroaspectitations
t her eof .

greater than about 500.

48. The method of Claim 33, wherein said fluid or said plurality of fluids are
introduced into a mixing device comprising a tube substantially vertically
disposed for generating a flow in either a substantially upward or a

substantially downward direction.

49. The method of Claim 33, wherein said fluid or said plurality of fluids exhibit a
density difference compared to said carrier fluid in the range from about 0.5

percent to about 50 percent.

50. The method of Claim 33, wherein said fluid or said plurality of fluids exhibit a
density difference compared to said carrier fluid in the range from about 1

percent to about 20 percent.
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57. The nethod of C aim55, wherein said cationic
surfactants are selected fromthe cl ass of

woettsasswt yl - anmoni um fl uori de conpounds. 58. POE®/US2006/022507
nmet hod of C aim55, wherein said non-ionic reverse
mcelle formng surfactants are selected fromthe

fLZ%ﬁﬂ*%%ﬂ”ﬁ%ﬁ%@%%?FbE?—% '99&8%%%% BE SREpRAALS
equ :ﬂé{;‘rﬁgé}géatcg 8Fq35 %ng}g%orcgé ggﬂf’&é}?ﬁtﬁ %IFQE
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al kyl acid sul fonates, alkyl alcohols, perfluoroal kyl
al cGﬁ@P@at'@f'sa‘lhﬁgﬂo sul fosucci nate surfactants,
derivatives, salts, and functional equivalents

thereof.6 1. The method of O aim 55, wherein said
reverse-mcelle-formng cosurfactants are sel ected

f pomrbeaefrasef Clains 58+ Wingyeisr saibeatiomicsustactants awpl sedsojed from
sul fosucci nates, amoni um bi s-(2-et hyl - hexyl)

sul thesclags efdetsa-octyhdmempniwafleprids ednapeiids. 62. The

method of Claim5 1, wherein said at | east one of said
plurality of fluids further conprises a reactive

chem cal agent selected fromthe group consisting of
ebhaibé aratimel ofGldino 5§ wineneim, sgick non-ichisreversganicelle forming

per oxi des, hydrogen peroxi de, al cohols, water, or

conguriadtante sird beleetell frofBthe assraftpblycethflefd-akidedddecyl-ether
wherein said mxing is done in conjunction wth a

compounds, their substituted derivatives, and functional equivalents thereof.

59. The method of Claim 55, wherein said zwitterionic reverse micelle forming
surfactants are selected from the class of alpha-phosphatidyl-choline

compounds, their substituted derivatives, and functional equivalents thereof.

60. The method of Claim 55, wherein said reverse-micelle-forming co-
surfactants are selected from the group consisting of alkyl acid phosphates,
alkyl acid sulfonates, alkyl alcohols, perfluoroalkyl alcohols, dialkyl
sulfosuccinate surfactants, derivatives, salts, and functional equivalents

thereof.
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m xi ng system or device. 64. The nmethod of C aim 63,
wherein said m xing system or device is a conponent of

wa 2f18576i abri cati on or sem conduct or manuf act BCT/WE2006/022507
system or devi ce.

61. The method of Claim 55, wherein said reverse-micelle-forming co-
surfactants are selected from the group consisting of sodium bis-(2-ethyl-
hexyl) sulfosuccinates, ammonium bis-(2-ethyl-hexyl) sulfosuccinates, and

equivalents thereof.

62. The method of Claim 51, wherein said at least one of said plurality of fluids
further comprises a reactive chemical agent selected from the group
consisting of ethanolamine, hydroxylamine, peroxides, organic peroxides,

hydrogen peroxide, alcohols, water, or combinations thereof.

63. The method of Claim 33, wherein said mixing is done in conjunction with a

mixing system or device.

64. The method of Claim 63, wherein said mixing system or device is a

component of a wafer fabrication or semiconductor manufacturing system or

device.
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