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SUMMARY OF THE INVENTION
[0005] In one aspect, the invention features a system for carbonation of deionized water.
The system includes a deionized water source, a carbon dioxide gas source, a contactor, at least
one sensor, and a feed-forward loop. The contactor can be in fluid communication with the
water source and the gas source. The contactor can generate carbonated deionized (DI-CO2)

water and can have an outlet for outputting the carbonated deionized water. The at least one
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[0010] In various embodiments, the method can include adjusting at least four mass flow
controllers. In some embodiments, the method can include sensing with at least three sensors.
In certain embodiments, the method can include adjusting the conductivity of the carbonated

deionized water with a by-pass unit.
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uS/cm and back.
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Figure 5 is a detailed block diagram of another embodiment of the system for generating
DI-CO2 water.

Figure 6 is a detailed block diagram of yet another embodiment of the system for
generating DI-CO2 water.

Figure 7 is a cross-section of an embodiment of the contactor.
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[0021] Figure 1 shows an embodiment of a system used to carbonate ultra-pure DI water

(i.e., add CO2 to the DI water). System 101 typically includes a source of electrical power
supply 105, a gas module 110, a contactor 115, and a sensor module 120. System 101 can also
include a control module 125.

[0022] The gas module 110 can be connected to one or more sources of gases such as CO2
and Nitrogen. Gas module 110 can include a plurality of variable valves, filters and mass flow
controllers to monitor and/or control the flow rate and amount of each gas entering and exiting
the gas module 110. The gases can exit the gas module 110 separately or can be pre-mixed
before exiting. Upon exiting the gas module 110, the gases can be delivered to contactor 115.
[0023] Contactor 115 typically includes at least one inlet for the gases, at least one inlet for
DI water, at least one outlet to release excess gas and at least one outlet to release DI-CO2 water.

The gases can be injected, or purged into the contactor 115. The contactor 115 can be
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[0028] Figure 4 shows an exemplary embodiment of a device used to carbonate ultra-pure DI

water (i.e., add CO2 to the DI water). The device includes a gas module C1 in fluid
communication with a contactor B1. The gas module C1 includes two inlets for gases, variable
valves V51-V54, V58, and V59, and four mass flow controllers MFC 51-MFC54. Gas module
C1 also includes a feedback loop/mechanism where MFC52-MFC54 are mutually connected via
V57.




nodul e 120 and gas nodul e 110. Control nodule 125 can

i nclude a processor, a keypad and a display. The
wpe@ses®or can be for exanple, a m croprocessoPCDUSH07/081633

computer. Control nodule cap.allow automatic control

and/or nonitoring of each valve, nmass flow controller

[002ond %ef@&{%cld 16 WSt s Qan alkRE for ¥@keéBon Gﬁﬁ§ pafrllrg&lers of gases
controller sensor in system 101 can al so

exitipggasmsidple lndm exanple, fnobe epbadigent éhczmsmé’v@r%@m g more of the
MFCR R BRRL degiad§ &Scfﬁme]{ﬂin tho ShiGAN bW rate %thir&fdnu 46 cBrrbdY these

pass uni { dition to contactor . y pass
devutmins, afg@backrodpmgh b@l echidpd within itheygap fnodule \¢é§o anty update ogrgrol

mecﬁaglsgglgﬂhgama&gvg{t- ontrol the paranmeters of D water

ssin e unit. The val ves and sensors can
[0030e ofbe ME€d cambrxtheradprsted omannallyl oedutbylaﬁchﬁycﬁhﬁ M&Cs control the

gas Wt%l chla% teg]t%atﬁgg% 1 nofyeﬁlrr(?(:}ftheT %Bf) ciXé e%xte;iggBL]) getg Ialssolved in

o
the Diovmca(ahd)me&l'(ﬁe &tedesmtmg \WILCO2 Wstedk “KubBlevigt &r THiepregents uneven

rel eased fro ntactor .,115. Anot ) vant,age . of
concrafREaa i) 10" PR ERATE Dopies NP IHERRd GLHghe gos modie
with F@mc&g by rﬁﬂlbbﬂoﬁ;MFE m?iln@ dah g?) uﬁlﬁmd 0] 57 dé»(tjgﬁnehmdxfdeﬁwother flow
w conducti v ow of the DI - wat er
contfpflg O ganecpiraf 9‘]““% drtees Bas howed Aitdrerl e fthe MFCs
tocoafrolaucs a@momagasTlh&uﬂka@ﬁs exiting the gas nodul e can
di rect %/%Yenter the contactor 115 or can _be mixed with

[0031he B shiggren Figarod. Rlgvasican sy thasspnieionP ! vipsy3 and gases from gas

mod@e CARhR&RerRfia VDbl eIOLZhiBRerd 53 L D3kad e w8t REARAELR G om
response tinme required to go from high

enteringrigiedhe DI waten ling: n e coiaqienBle @mbmx;cilwdq i nHxaghwvifh thoDbfvater
untillaRsifd aﬁ%m"é@tﬁz c%ﬂ&nffétﬁ)% iy gdhggcd [8R35ch GHeris FerR VWS rom

an exenpl ary enbodi nent of vice used to carbonate
B1 thrpeghzaanpytes IIMC%@lérvw(hghébarrlerdd, gagortfR2 laed Bilvaédlers) sensor Q1

is coﬂk%teg%y aq‘ﬁle'l R)Cthé"?ﬁ 2e03 ogﬁ 51[?.1», Elpg.ﬁo}f%f Ihe lﬁI ctO2 w?ter fam the

onmuni atlon W a con acto
contacmrlcardwet thoouigh b étaén firerthag disdsles tha sénad (el aml \mévss V89, V62, V80.

The %E%rﬁoﬁk}ﬁ\ﬁiudegge%s&{? R%faar%](slgrgse sor %Wlt(gr(s) érrét%{gs tgi:(ﬁow rate
and deasyp Qrendidtoiscontdiethe tdﬂﬁﬁ&&rb/ﬁ%dbnaluoavhyubm& D§-CO2 water. The
C ecte [ 57. 9] .,A feedhac I Sm.C
sns LSRG, B A0 BB RS SRR £
cont@Kiobp Miict aﬂow@ﬁi,u b@grﬁg/vemmgrof ﬂ?é&:ﬁﬁltb@or BN (Qh@ncﬁﬂtm WahBI8S be in
shown, i n Fi %8 %{ & MFCs ‘y
com@}n?lgqﬂopmégq M QR st E ShVE f‘Flﬂileﬁ iirpcAly of Vigy control

modmatf&nﬁ@mé@fdrmd I00p/@hifah, these deviations, a
back | gop can be included within the gas m)dule

l003%lo a’é‘ he fs:e@;&ryﬁ@ oSN Wb PRHRStES of Ssctipbs adjusted (for .g.,
by clMEif tH¥&low rate on one or more of the MFC) based upon the measurements taken at the

sensor Q1 and the sensor FR21 and a desired CO2 set point. Sensor Q1 typically contains a
metal electrode which can be kept in direct contact with the water flowing through it. The
information gathered in the sensor module is relayed to the control module to adjust the amount
of gases released from gas module C1. The control module can also allow for purging of the
contactor B1. In certain embodiments, the control module further controls the feedback
mechanism to adjust/correct deviations from initially calibrated values of the parameters set in

gas module C1.




[0030] The MFCs can be either adjusted manually or
automatically. The MFCs control the gas flow to such
w@apoogs®mnt that nost if not all of the carbon PCDKENET7/081633
entering Bl gets dissolved ign the DI mater and
therefore the resulting DI-CO2 water is "bubble free.’
[00331 S TRE RXERES aHNRUBMIGR @Mfr@ltthé)@§2 E&%m@%n iP@E D102 water
poor cleaning properties. Wile Figure 4 illustrates a
by mgaioringatamelgirs sych asthe rpsratuge ylowuatsend mndwmltMnF@rsexeranle an
operggr &ttfu% (ile%/ﬁ:g carl fbe Cfl?erctoﬁ{r& 6&%% BRBYR1f %o g&‘é\f/mlcr%rocessor a
controll'ers or concentration netering devic
desingd €62iset poind ¢ tlef outflow ponseidiatipoef €02 ownifedsity of tb@Bl water.
ngh&?éﬁ?éﬁ%ﬁllﬁ%‘(&f 'C?Dtngrfilﬁlggﬁniqghrt] cglll éﬁl@%ﬁ%l%) Atf%g’at%%i ﬁ]owtes into
the caﬂdctg:dibmdfrmﬂmg amormmtmlesdmtlooamg epitl ef 4.9 ioaleM); lawer V2.

ht L5 can be to ev se .
concrfiibns el e waths R Tonf ot il G2 B BiEienyt ina
less ﬂhdlc saliittoar(e di, pHioflié.6io8 grehted Toictitrdl ke ODI:puV\ﬁbr& Ithe(Ljda’ht'alr:]toﬁB 1, the

ncenIr tion i s achi eye The
syste) o ga e Lor g PSR g e P s T O gt and
condubtividRalied ofth@odtfl@A brehdaured arid%lecﬁr@rﬁ&@lly séftZd tha BehtroR néBule for
V81 .. A sensor i S connecé ed pargl lel to tt(]
a detﬂmlwn&g £ Bput G goneentration (s g, W 1) trae ths capmpdis (dr
[003ﬁ]r'10mlﬁ RRitFoANS 86HHtRIling b dak Moghle (! Mb &R dForNard rﬁedhhﬁlﬁn gon also be
i ncl udes the sensor Q and val ves V89, V62,

involygd inguirging omysatingthe Aesiet d9r s, éumarbmorcyheng@r%%% set
poinfi Bai]asm&ﬂy cf? n?écﬂ%mlﬁ i atneh idvWidpRt & EOEESRRIOL pétke vent can be

nonitors rols the tenperature and conduct|V|ty of

openghto YoNt GCpss\gat €12: OXYRenGies gart ap andexrese OI9 seypoint ehanige).
FHRABH ' >

Purg S)m a%goﬁct%E)rO FJﬁ b\é%%t?(ﬁﬁyﬁ?ﬁo%{g\gca thrbd L%ggl ng?{\;{)l ?gteljn In
variquf emhedimonts the tporge |f the Gbntagtel BIR20 be acnt@lllsd)mbmxailyi by the operator

C ' jon with the mass flow controllers
OPeWﬁ%gﬁ either directly or via a control nodul e
[0035b r mFipyresS $heed aﬁ@hmxﬂnplw ptnbednimami o ndeyiGOBEY tnguaerate DI-CO2

h
waepfis SRRl FR ARt e R AR TR Lo R i
variabieevabies N6t &/ 505 4 MFEs MAC)5 IEMBGSM atplawo ighefilpeaitr s0and 1. As
sno el S SRt oo LR P e S e Brresping
two s@maie gat enlctso hachbi thdtwaBpdiste katfls dah delive the gamtﬂaecm water
' t.he wat er flgﬁég%throuhlt he informati

prlorgtgteﬁtgp%th? fFontacterg lipgry pst cﬁmsmi;l@ ?@Hrapg qf| Hf@lves such as Vla,

Vib omt N2b, m%h GVSBOE@éH déﬁbery B&h 3aPalsy 1naﬁd@@§6ﬁllfy%f§§§&§ such as
gas_nod The control nodul e can also al

MSaf M|5b Fﬂgfi dRAg TB? sqnp@s casrheassdp Mpiton agd/opgqngiolparameters such as flow
rate &l”ﬁ?&%%mé 'gasteg‘ Sasglﬂ H{r&l rﬂge?sykt@mf ' {in nBBMRNE, sdd®utlet can

f eedback nechani sm correct deviations from
direqt Hietgaginta the alwmreab@fare\ﬂwmstheﬁorttmrpad thewthsr gutlpbean; direct the

gas into the contactor. An advantage of mixing the CO2 gas and DI water prior to entering the

contactor is a shorter response time to change from one conductivity of the DI-CO2 water to
another. Another advantage is the accuracy of the concentration of CO2 in the DI-CO2 water
and the conductivity of the DI-CO2 water exiting the contactor. The two separate loops in the
gas module C1 provide an additional feedback mechanism to allow more control of the

parameters of the gas entering and exiting the gas module C1.




gas nodule C .[0033] The feed-forward nechani sm can
control the CO2 concentration in the DI -CO2 water by
wormBnadng paraneters such as the tenperat ur ePCT/US2407/081633
rate and conductivity. For gxanple, an operator of the
devi ce can use the control nodule to enter/select in a
[003@}; nmp ngﬁfe/ LR RASIRS %)?é?ﬁplar? eﬁilgédlﬁlglqi o@%ev:]@et us@@{orhtartfo 4te ultra-

e outfl ow concentration or conductivit
pure { avapr (igatadd CORjte e DItk rin rtlas ¢robpsliro¢nt,@ap module ﬁ‘é nmludes two

gas lm%%ﬂat %ﬁl te Jsd fobd ggpagfﬁ ggsegguc A %%gen%% cfdz‘??’)&dslfsgBﬁﬁ in Figure

Into the contactor resu nmor e aci
6, vagiahlevaloss \¥-434, apd-MECs MIEC8rMFESb3re mutially connected to form a loop.

Ase a[%{wﬁgktcraﬁyat?ess é@% k/ 1aﬁ3ﬂ: aRI \)’ﬁ anid MEES 12 Th %?s%s can be

rate result PN alessc ac
mixedoh aitliésirad pr@pgytipn plhbr(lé exitlﬁg Khe gay madud )Conﬁ@toc Bihthagdn duitlet that

t f t C the system can, uti.l.i zes

can BthRtlc 4404 0F A PORE THRiriPishd bltee ot ok 05 B itk omip B s
modiile mﬂemmﬁ@raaﬁblea@amdmotﬂna/atmysphaieues of the outflow are
caII nt to the control nodyle

s B  S TS I ER oGt Lo
include séisors LAGWLY ahd) AL Ttlféiﬂbdd‘tfbn@éﬁnweﬂﬂgblfi—’lt(ﬂparah@t@ﬁ%hcﬂ 43 flow rate,
as no e

addition to controllin
PrespRRAIPONAT 6T ke eBP R b BE BB i b cPrirobpglntp allow

for a@tbmﬁﬁ‘d‘&dn&& dridén Sé/ﬁaﬁlﬁﬁlly EétiroREA TN Rivasthidd dTeh a'aﬂatss W i9When a
nthe C2 s point is drastically change

whe
high valupe ©f Rig Dyaier wewweéwémﬁhﬁrmswar&gee@lefbm%smmt igwhen a low
concEitfatién Mﬁ'ikt)z fAhe DEWORER %gsnteg V%o%ﬁﬁﬁ%tgg%%f - t% pass unit is the

en/air at start u excess CO? set

speeg w&g gdich thm gogilyegivisy Oﬁtg@Db§Q2aftﬂt@ icaigpe @nngddérogohw\@ﬂun@dhxgh
condﬁ&f\/ﬁw hlgﬁ"vé)lﬁwg ijiee U&ﬂu&tpﬂ{ GRNLiEOlersystem In various

nmbodi nents t purge o he contactor Bl can be
[003%10 nt Apart &dmmuapasy urbyB$ hdigipehaoof pertérngn alspbe djigected via a

sl ORI EAULS Py 0 WIS NGB Al s pr v
can Henmt(td mﬂeﬁlb (ﬂl+@@?nWatelgaﬁmgUhh,doata@or forattetxtle sordonéivigg prior to
Xitii n n fluyi.d.,conmmuni cation with 4 vari able val ves V5

© rlg- %%%1%%4 and two gas filters filter
[0039%0 atAdn@ﬂ.vohAﬁe sifdiwatérrin Hiegarge obabou®0 -S 8PB/eh €arl RASved

can. be r med cont ni n ¢ch and_resultin
o 55 ey s @ Beedtue LR SLAET ccBoEn Pl Be Db s
emb@ithérité, SheQampe@e tHe\hith violeneFFDItvitdrdgn bd abo@i 32r— 5 1L/Min. LR various
[ nt act Each del j very path can incl ude

embiperi. Apqut 40 5o pio¢ DI ater s boifloweq isouthahe B, Vo

[004@nd Vﬁ@gas Eﬁﬂhledﬂyb%@ll}ym&ﬁtdf nfeddls /LB S dtiiﬂleééq{%ela The valves,
(g urality of sensors such as Msa, Mbb, and The

%6?@?0@§W imewn dethoseskilisa i e ar et By cemmer%qlly available valves,
MFC33h@EERsRs $eg§ﬂh%}s @ismgﬁlfb‘f‘é LaAbEuld. FhE %a%bg eﬁxdq{qafdﬁgﬁgQﬁfﬁass

passing through the system In cert
through pipss e tabing madeipfreetresierissigiant metalponesalpiloysatPelyiseit tbing or

pxpe§ Jlf'narlde%ﬁo%% ﬁ'léltlﬂ PVHH) i’?ﬁ,t WC,W PEP@C’PIE]Q €. P'@é,t 4tce.tcax? AL be used
wherever possible.

[0041]  Asshown in Figure 7, the contactor is typically a vessel or a chamber that can
withstand high pressure. It can be made either of glass or quartz or metal or metal alloys such as

stainless steel, brass or polymers such as PTFE, PVDF, PFA, PVC, PP, PE, ECTFE, C-PVC, etc.




gas into the contactor. An advantage of m xing the CO2
gas and DI water prior to entering the contactor is a
WG b@soe0r esponse tinme to change from one condeCt/Us100%081633
of the DI-CO2 water to anotfigr. Another advantage is
the accuracy of the concentration of CO2 in the D -CO2
In so lefbo@finds htﬁe b §d ﬁ(écf&fro(ﬂi L ngtlo%oﬁ/ga&%{or@gf} tBé M8terials
e contactor. The two separate oops i n the gas
listedni@We C provide an additional feedback nechanismto
10 r f
10043 O AEEELE Bl S ap PR AL b bATBREr ke wit
high sirfacs ama pérhvetunex dhhﬂmgdeexfﬁm@bmrhembnal ednaecansde asdddor the

towef SRR High B o e R AL o7 bl o

wategjas i nlets that can be used for two separ ate gases

uch_as nitrogen Co2. .As sho i.n.Fi :
0435 1P e rh] &k BB om pchugh oA bt ppbi ey G2 flow rate from
the gadiihb@li¢ y10c0 ramp@dif&deﬁlperﬁtefewacm@@ter/ﬂoszeﬁqfuqtaﬁd gaRlu@diity as
e va

Sho“‘%ﬁte Fy thg%i‘ﬁsf‘(legﬁ [sho bﬁh% 0'8@? él nggF %@#ﬂt

temp@fahﬁ’és dn@ ﬁ%stﬁésl’aﬁd Fﬁ@r%oﬁ@%'sﬁecxf@@%bﬁcﬁfcmlty&a 231“60 pS/cm
out | et t at can release the sgases via V4 and Vbl.

lead ot e widle gas dasageqAngse Figues t0 awhiisorrelatipnihetvegn the conductwlty
of cam&%@ whier S1Q8r & tpePRurl €118 86 8%h LM Rk, ﬁfe%@ﬁtﬁh ®lcule 125

Contactor Bl can have a by-pass unit

can \@ﬁavme Hesireyl ganteC@2 flgzy rase Gam e datesoredithereinand é@rrsféﬁ tegypgrature,
condhﬁﬁq ov@ﬁlge %}ﬁtse{ f)@%’t vafds 89&%5&5113%9( é}feg&g:'a' b8 l'the Cf:ontrol module

para terss owrae pressure
125. | Tp péhier embpsliments thesortanl mnduler] 28 oanmmulawqupqmc thetnhelt COo2

| .
row g HERIRLE B U4 BhaiOTRAL STl el
enteradhi In qestamlnmhochmhmtghhwmnummoﬂuld seeds(ain eleatrenic signal to automatically
adjusvt\%gsumgcﬁ)l(lieo%vlﬁg gxh gagrlﬁcl)tu? eg Vlgon %ﬁ vta u%s %% f%sdsb F ontr§1 module
125 chade nsd. to ¥ahuadly atijostrthaphvandtas of gkestané Dl yapa siteriny dndios exiting
th t he i&sed with which the conductivity of the DI -CO2
©sy#¥R_ 1% an be changed from I ow vol ume-hi gh conductivity
[0044]0 hipihe ¥MbotiBedtGhovaONEigIrd ¥, obydlﬁﬁﬁt}vlhé‘asur;éﬁﬂ’eﬁta at QD3 &ken in
vol une,.o

Apart from.the by-pass unit h .of DI )
a byma?ﬁwe 3 raar-?‘a gﬁ%‘“gi t?‘% B‘F%Séfre\‘)?eafséresté A gquswénep}gggq degjn due
to m&tardaﬂeﬂmaabrvﬁoﬁﬁﬂe Mo &R Toind 188 Eoritict m%\%hsbmﬁ Exl-Htl‘iér

This DI water can be mxed with the

emb@tm?rrtﬁ & i pessiblsrip de o a?m%ramaq'qneffeeﬂfé%m B hing Cllryf‘ctbf at de DI-
COZtOQtl&X iThisAehythe eo,sa/@ﬁregpeaal éi&%&&% aORR reémbingl vol une

water in the ran about 20 - 80 L/m n can be
[004$1| oméﬁcertﬁmée@ﬁd@enﬁean ﬁ@ow preasise igapletopst thenlal waspraiplgt ean lead
to admn@ﬁﬂ ?fl:&rlgf;l]l%ﬁmge eh{?ﬁ;r?h gﬂ% ?Jus El@ﬁﬁsfe\éiﬁe Fnt?r%g‘ﬁ%r usgee ata cornnected
tool. A septaeatigh ofthe Q@Z%a5mje|9¥1¢n in two ar merejlinesaccordingly can be

advantageous in certain DI-CO2 water generation methods. For example, a small amount of
defined gas used to dilute the CO2 is preferable at low conductivity to avoid conductivity
fluctuation caused by bubbles at the gas inlet. In various embodiments, DI water flow
measurement can also be done at the water inlet.

[0046] In one embodiment, the gas control is achieved with mass-flow controllers. Due to a

square relationship between the conductivity and concentration as shown in Figure 9, a control




enbodi nents, about 40 - 45 L/mn of DI water can be
flowed through the system [0040] The gas nodule is
wo ypso#oby nmade of metal s such as stainless stRel/USZNB081633

val ves, MFCs, and sensors agfje known to those skilled
in the art and any commercial ly avail able valves, MCs

elem&1 %ith S0 W hdracteRGRS YoRliDe QFefé}‘Q(m: Al aoth@ bR diRAE 2 mddRanism
gases and liquids typically pass through pipes or

with switthad fles destristors and qosirelied peessuse et cqmﬁgwa%onownm?éWM (pulse wide

oo S AR B ER  , ERtr
optiopseid injbes mates Whp“bésal@h@ cqn@oUet]enyighed h\dﬂwC(Dh Fi gure 7,

[004.@he R {'l%ﬁ? allglesl‘ égyepz{té:oalyut%{% &e%’ ??i%%nt%ﬁ pﬂ)vgﬁggﬁﬁﬁe rfr%%: process
for clghrasgsearicopdantéraievicesie bakledricaligtindrt anbspheres Tbhdiamlved CO2

redu(‘%‘é%’eql 0 ?fltg{gftg{:_.,gl ?vé%ﬁ.fgg%@’ | q‘%\éﬁ?’l&sssﬁ acggzﬁggi-lr-xg.[zﬁ aﬁ\({[ggi’diﬁes

the DI Waad andbintases the zeta poiaatiabr ThesDIREO2 whated Bil@wsaio plauterathi (il’ﬂegrlty

oG55 a5 oBE B, |2 TBLA 5 021G, SR 21

oxidiké, |etcﬁdeTn‘dll stddb c&rﬁ&i@haﬂﬁg&h ml}gb su)rllfa&e"btt)‘ iliobrgWafetsl fl’ﬂg BI-DRAavater also
r volunme, Fi ers e of the abo ne
prGV%&ﬁ SorreFien efyActpls dy nﬁ? BPt-qieping stges- ﬁ‘%?d%’i" 85’ WiigECcat; alyg be used
in cofittlet AR AhiRBIBNMIARGRAg §dVEcek B Bol8hs Atothptiiefor E.h@se?&ﬁfé‘@l@livery
di oxi de and DI water. [0043] The control nodul e
systeglan i ncl ude stored data relating the input CO2 flow

[004!§]at evhfifidhi, %d%ﬁum%h%t&il Bngi@néhtRREH Wit is deseribed herein wil
erature, DI -CO2 water fl ow out put, and
occur:@ngq;e of erdingryzskillsih dherert wittoutdeparsing §omghe spirdan thg seops\es the
invertfdf. igédxlgﬁh%lgtt}{e Fedddh id dbt B bevigﬁ gd ontB/r gﬂ o r@cregiﬂ% I!]llustratlve
t enper at ur pressures an ows e
descripdions.f i ed conductivity range of 2 - 60 nS/cmlead to a
very w de gas dosage range. Figure 10 shows the
correl ation between the conductivity of carbonated
water at different tenperatures. In certain
enbodi ments, the control nodule 125 can verify the
desired input CO2 flowrate fromthe data stored
therein and fromthe tenperature, conductivity, flow
rate, and set point values electronically sent or
entered into the control nodule 125. In other
enbodi nents, the control nodule 125 can
cal cul ate/ extrapolate the input CO2 flowrate fromthe
data stored therein in conbination wth the val ues
el ectronically sent or entered. In certain
enbodi nents, the control nodule sends an el ectronic
signal to automatically adjust gas nodule 110. In
various enbodi nents, the values cal cul ated by the
control nodul e 125 can be used to manual |y adjust the
paraneters of gases and DI water entering and/or
exiting




the system 101. [0044] In the enbodi mrent shown in
Figure 4, conductivity nmeasurenents at Q are taken in
w@2@gpewsl | ine to a drain. I n general, the nmeaBCr/E8®NT/681633
are taken in a bypass line.jo the drain due to netal
contani nation fromthe el éctrodes formng the
conguctlwty sensor @ . In other enbodinents, it is
Wha““l%g’g bl e to do a contamination free nmeasurenent
in-line directly at the DICOQ2 outlet. This may be done
L owi t A syptees for cebeatwwé deigpizgd waier SUMPHFIBE met hod.
[agg‘bléionliad%rtér%ﬂr ?rrbodl ments, an additional pressure
regulator at the O water inlet can |lead to additional
) alwationydiovidegassentceat i on and t hus i ncrease the

39 SR BGE in i AT EERRaHoR RS BRhifEcs HHBE B ource’ the
accegdhdeH %n@ﬁﬂné’ BarBEYAN AGSARS \kfﬁeﬁﬁ{dt l?a!vfhg% duldét for outputtlng

wat er generation nethods. For exanple, a small anou
of thefcarhedatgd deiopizdd wateri | ute the CO2 is preferable at

| pw. conducti vi t 0,avoi d conduct.i ctuati on

8 ERNSE st i SRip R Rt e el K sbiGsrtT parameters of
enbggdi cadhsted Bbionb@ fvatdroadneasur enent can al so be

done at the water inlet. [0046] |n one enbodinent, the

a8 feashforwardilgopimroavaeniogtion withsthe senser fos adiustinggonductivity of
D“eth%%a&oﬁgéééEi&oﬁ&%&‘waﬁe?%gﬁé?aéghmg QO@Q&OPO”"““ Pvity

and concentrati on

control el enent with such characterlstlcs woul d be

pr ef rabl e. tl;\)g anot her enbodi ment, a nechanism w
© S F ¢ ststem ghrlag { fyrghes campriging ahlerss Pn%ala&fé@g a?@r%leral fluid

commumc&ﬁ’&f Wﬁ# 'ﬂfétoéag'g Wl Bnd Wc()ﬁ’t%t% fo‘i"'cgf?tr l:nﬁ biufthhd ﬂow rate of carbon
contro ves can be enp oyed e range a

dioxide gay emtgrihgthecon@otot.i vity, one option is to i nj ect wat er
which is already controlled enriched with CO2. [0047]
The DI -CO2 water generated by the present invention

3. Pr ovhélfstcin PABRE? ir@Rr R6RPASAE h Hedbh&ABLP th communication with the
sem conduct or devices in an electrically inert

at least onmmrﬂmérthe atTeast anesmadsvitaw aaprollerifor edjustig thegn@umwftcyrbon
to a level hat revents.s
dioxide ga Laércg1 %VS a S\ﬁ? g?%congg P oef§ b(%]a(g%c[ée(fm%?ﬁ ?fc reases

the zeta potential. The DI -CO2 water allows to protect
t he |nte r|t of fragil e sem conductor devices. For

4. exarkpe sysiamn rﬁméemaaﬂng;ét lgass four anagp Hew opatrollers.
oxi di ze, etch and scrub contam nants fromthe surface
of silicon mafers. The DI -CO2 water also prevents

5. cor Thsbtenobf cheinal Surther cogptising weleast kleadnsengorst eps. The
DI -CO2 water can also be used in comrercially
avai | abl e wet cl eaning devices or tools as a conponent
or

O md T B S pr e T SR ory g B rerameters

from the atlesst ohdezhsorer ei n wi | |

7. The system of claim 1 wherein the parameters comprise flow rate, temperature and

conductivity of the carbonated deionized water.




occur to those of ordinary skill in the art w thout
departing fromthe spirit and the scope of the
w0 poogfsdoon. Accordingly, the invention is not POI/D82007/081633
limted only to the precedjng illustrative
descriptions. What is clained is: 1. A systen1for
onati on f dei qni.zed water conpri sing:

car
8. dei Eh? P @?mgbﬁmzf@r CRIPHSIRG glﬁﬂ?aﬁﬁ et lae’?ug%ommumcaﬂon with
the delomz%QWa@éi"’soﬁr)ce "’Eh@%ﬁtgc%loefnd'tﬂe bl sfofOQEyR cation with the
wat er source and the gas source , the contactor
generati ng car bonat ed del oni zed water and having an

outlet fo ti n r.banat ed dei oni. zed wat er;

9. 01 et oL BrnBH b SR ed PP s R i 1t e
%%ﬁ;ﬁilylﬁg)ﬁelmé&bsia&gt@@é&ﬁ&it&*S of the carbonated
dei oni zed water; and e) a f eed- f or war d | oop in

&0 sermyivg carban mmclrdetg@e tehasontagtor; ad] ustl ng

ggﬂégnlrégt | Y 1t}1¥1t sttotﬁg ﬁ?ﬂ%{?? g)?:%glfgergﬁf ﬁ)lg H%vga‘ﬁ 8%1P1&12ﬁq Yater

f ur %&iﬁfat@@ﬁmhd: soriget@tand @RRing O em&téﬂ qlegontrol | er
| uid communi cati on with the gas source and the
@éﬁ?lﬁ?ﬁlhﬁg sdueliyityr ithe easbennirdrdeiomesdrwasgy hagedonthe sensed
car{; axi de gas entering the contactor. 3. The
system of ¢élaim2 further conprising a feedback | oop
ieh adjostimgrthe adnduativityt of thé earbondtebhddioninel watnswith afecd-foeward loop;
t Iﬂﬁf\st one mass flow controller for adjusting the
of carbon di oxide gas to achieve a specified
qpﬂgwmgl tHé &a&b&{atéml&ﬁﬁéaqnﬁsﬁ&f LokaRkd e&&u@ﬁﬁ%y frfm th&ontactor.
systemof claim2 further conprising at |east four
mass fl ow control lers. 5. The systemof claim1l

fur o | east three s

10 TS e fOTRE i 9 fitbsr P bgde cEnFiae Bpyicacagf Smgpmt of carbon
dioxide ga$ &@elivg the cbﬁ@ctbawaﬁat RAs ohé afisé Newabnir6lRg! one sensor.

7. The systemof claim 1l wherein the parameters

conprise flow rate, tenperature and conductivity of

1.t h eTﬁ%@&%ataggorr?lgxk gg Elgﬁxg 198 Her §om%m8n§ ¥$ﬁtleogl]n9g th& lcgﬁ(mctlvny of

pass uni

the carbonatedh‘dunnﬁed water withha féédbadle lc@pllﬁ edmwabhRatisiowith €he dtheéast one sensor
cont act or ﬁnd t he f\ | east one sensor. 9. A nethod of
andthea“ﬁ%ﬁ‘i@%f‘}aﬁ%g Y CHBEMEd dei oni zed water conprising: a)

suppl yi ng dei oni zed water to a contactor;

12.  The method of claim 10 further comprising at least four mass flow controllers.
13, The method of claim 9 further comprising at least three sensors.

14.  The method of claim 9 further comprising adjusting the conductivity of the

carbonated deionized water with a by-pass unit.

15.  The method of claim 9 further comprising adjusting the conductivity of the

carbonated deionized water based on the parameters received by a processor.




b) suppl yi ng carbon di oxi de gas to the contactor; c)
sensing, with at | east one sensor, paraneters of the
w@ a0080smved dei oni zed wat er generated in the cPCI/ES1007/081633
and exiting via a contactog outlet; d) controlling
conductivity of the carbon t'ed dei oni zed water based
adj ustjing the

d ters, . .
16 0 ondE Iy IIRdo LB S alBST CORTPEHIE o copbam digide gos with
the deioni%eﬁ%?a‘téﬁfri@ kgl sdﬁf&ﬂﬁllgg #Uefohih Wi %o iR opBERPNAL €d

ei oni zed water "of a specified conductivity fromthe
contactor. 10. The nethod of claim9 further
co I Si control ling.flow rate and .anount of carbon
177 G B Pistmog 2ECuig p i e Tos el b g Thechebongd
deionized Wak$ exitigpiieidhtaetor & in tHe fandd of Atdat PEIGM/@gcording to
claim 10 further conprising controlling the
conductivity of \ the carbonated dei oni zed water with
a f I ' icati-on. wih the at |east one .
18 d 5 REO R0l § B FROHE oo s priOhe specified
conductivifi?to ahbthenBtlbsdhaf aboues midfled ur t her conprising at | east
four mass flow controllers. 13. The nethod of claim?9
further conprising at |east three sensors. 14. The
met [ gl.m: 9 1k | Sl ' ' .

19 onang pRAnoRl el (RACRGD (RS Bl M b Al oigute
by-pass unit. 15. The nethod of claim9 further
conprising adjusting the conductivity of the
car bonat ed dei oni zed water based on the paraneters
recei ved by a processor.16. The nethod according to
claim9 further conprising mxing carbon dioxide gas
with the deionized water prior to supplying the
dei oni zed water to the contactor. 17. The nethod
according to claim9 wherein the conductivity of the
car bonat ed dei oni zed water exiting the contactor is in
t he range of about 2 - 50 uS/cm 18. The net hod
according to claim9 wherein response tinme to change
fromone specified conductivity to another is |ess
than about 5 m nutes. 19. The nethod of claim18
wherein the response tine is | ess than about 1 m nute.




