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1 Device for neasuring the purity of ultrapure water
The invention relates to a device for analyzing the

| evel of purity of a liquid obtained after
purification 5 treatnment and in particular that of
so-cal l ed ultrapure water {less than 10 parts per
billion (ppb)) inplenenting that nethod. The nethod
general ly enpl oyed for purifying water, or any other

l'i quhdy; PEJERS MeLbBuPas§agRet ProuEN @ffﬁlﬁiapégedﬁatéﬁ
including filtration and purification nmeans, of the

type activated carbon filtering, ion exchange resin,
filter TH@ QhveaYebse resansks thi ld efdvige Aftoﬁ henolytetg the

i rst,treatnment, nean he. uItra
g%ﬁ? Ak 9%¥§t¥eﬁ& 6%315%%l$s % harhe erlze ﬁ@ﬁglflcatlon
tesasmemttyu&iosn partdcuderevidrmieqodl stocald.ezl MOl epgpure
til ontain s%ﬂ@ U -
Qgéggd ﬁf%th% ééEgJ d V|cg9?%n§ﬁ}cﬁhﬂ%ose orb%%?%tlng
Cbﬁbomﬁﬁboére oxidized in order to ionize them

D“'ngTBE'%é@ﬁd&“%éﬁbﬁiﬁi@rQﬁﬁl@ye&oﬁﬁgwﬁﬁ%ﬁﬂjing water,
degraded and the

ons. of ,carbon_are then
PR ERY fUrRof Lt4rbon BFOxPEeYghs, BRISEAS ﬁ%#%%éhﬂ%eglrSt
d@vm@beflﬁ@lu@%ﬂgbuﬁﬂﬁhﬂﬁﬁkﬁlIans HCOR-£icEhiion means, of
ion is,obtained assa fro of -
gﬁ?ra (%51 eft© Féﬁ%% ? by aéﬁln%l %?od%n gérOX| e e FeSt
Ehllrtdrpmgl fdrcateorr st epswonss stsliarpodi shitnghesouheet of
%ﬁger jrs Egﬁh@ﬂt'HeaQEpu @n ﬁ@?aﬁﬁ?gaﬁ&ﬁfﬁ?Santalns

I ons created dur the preceding step
and vt hey cw s Jtﬂwecwwﬁ%w R¥ 3 heeqhtlivity close

dri ngr tdisn stepdiheter gang c2 canpasndsdthaktwene sehtains
degr aded durln% t he oxi dati hase are ot af fect ed.
96 9PRLFenBPRROREC Het drini A8 (HE fgupiaﬁﬁeslf oY@ e SeCONd

@Q&ab@eﬁxatwhhehemmdﬁétdﬂgﬁﬁﬁ@cesmpoﬁnesnathodmudlzed in

conmonl enpl.oyed . nea t AV

SaEre 19 ot PAES GHIdat | B Hihnsh Tanren SR e oromnic
kiompedinids tdmee dessaﬁvéda@drﬁﬁwedabwmﬂe0§a§aéﬁﬁﬂ9n¢re then
Er%se%% the nHH@erﬂééhOffb'EQEQBHatgléQﬂée %ﬂgsth%%lch is

etermnes the resistivit
dissolved in water to form bicarbonate ions HCO3" This

oxidation 1is obtained by ©passage in front of an
ultraviolet lamp or by adding hydrogen peroxide.

The third purification step consists in polishing
the water, i.e. passing it through an ion exchange resin
that blocks the ions created during the preceding step
and thus completes the purification of the water. During
this step the organic compounds that were not degraded
during the oxidation phase are not affected.

It remains to determine the purity of the water
obtained at the end of this process. One method commonly
employed measures its resistivity at the outlet from the
oxidation means, which 1is directly 1linked to the
dissolved carbon dioxide gas content, i.e. to the number
of bicarbonate ions, and then determines the resistivity
that it would have 1if the oxidation process had been

continued until the wend, i.e. if all its organic
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that it would have if the oxidation process had been
continued until the end, i.e. if all its organic 2
conmpounds had been degraded. This process,
necessitating an infinite tinme period, can obviously
not be used and it is thekefore necessary to enpl oy
nmet hods of estimating this limt resistivity. 5 There
is already known, in particular fromthe MIIlipore

gQﬁ@%h%Bbo%dEuE@énEﬁg 81484. ardeyigeoaddk A nBBEBSEtating
for analyzin t e pur| of water, t hat utlllze t he

a@inf figrdmdd i ARy YT WarRet bRt sBerd RRd it
U}%Stiéﬁéﬁéﬁnﬂﬂe d@\mtsrs@am stdesmfl dyhemexhddti @t neansmating
t estlnate thls reS|st|V|ty at infinity. This
ﬁ%ﬁﬁo& TeSHS T ddditde in a first or reference node

to neagueeethes resisadyi thnaifi f erigncedydtivedm it hgrom the

&.?ﬁﬂk?'ggr ga%b@n ?)Wﬁﬁﬁfeﬁﬁb58gf5@f Qpedev1ce and a
OoXl da

i on nean on wat e | es that have been

ogréeed faor arar i a i s %ﬁefhaé oki datpbntAst nBhhsize the

eihi MRS af@sié/tpi@ﬂiﬂlyo@f the qbder Adetwldsn the
20, 30, 40, 50 and 60 seconds. ¥ exgrapolcﬁ%on from
bte t8¢

RS e It afREASTFRRSs SPok S Twagans =0
teher infsas Sthist yeolistheivgt ert obhaineédywollhd shenafihed uses

f t I
PiraTLRPAS SREPTHLERL | T5, e dfod! hoble Saripibure cne
W@Sﬂwmmaﬁer@m bst vhen MENFEQAD tpresyr apdde and  the
qgﬁﬁﬁhﬁ%%mkniigg BﬁbhﬂgﬁtéQfdaE¥@%69@6%sgkﬁpzﬁaﬁéggﬁhmples

I ronnent Pr ot ect1 on gency It 1Is
gdusi Hlave doorit v iRed rEPd t Fer 1pesi §EMgpt yoafhe oxidation

{ﬁgﬁﬂﬂ;VTﬁ@eeRQB?hr@r%gmé%(%F@Oﬁyﬁfggllyz@fCGﬂkenbrdér of
rererence wa econa or ur | cat
artal y&i's fdde s gﬁeﬁ““ﬁ U PN whFEhSE FFQBE?Elon from

veterchsvpassediatda grves ddourbte tdrdeghrokndavheh the

means_to determn its_conten gan onnou
iU s an qih%& towggr%f S?EQE %g aWé&l%r?RQ Mrter an
rxnﬁﬂnmieuﬂﬂpﬁﬂur@Tﬁﬂm@s|st$V|t? aﬂﬂf§h§n§érb©étwééms were

the ypstyg rgfgc‘?&ﬁj dgwnstr eam sides of: Lhe m@c’féﬁf‘rti@ OBbrogram,
neans i s sur ed contlnuously and the to

such as the MINTEQAZ program described ln the publication
EPA/600/3-91/021 (1991) of the Us Environmental
Protection Agency, 1t is possible to determine from the
resistivity at infinity the total organic carbon (TOC)
content in the reference water.

A second or purification or analysis mode 1s then
used during which ultrapure water 1is passed at a given
flowrate through oxidation means to determine its content
of organic compound impurities and thus to verify that
its purity remains nominal. The resistivity difference
between the upstream and downstream sides of the
oxidation means 1is measured continuously and the total
gquantity of organic compounds is deduced therefrom by
means of an assumed linear relationship between the
resistivity difference measured in the purification mode
and the resistivity difference at infinity estimated in

the reference mode.
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quantity of organic conmpounds is deduced therefrom by
means of an assuned |linear relationship between the 35
resistivity difference neasured in the purification
node and the resistivity difference at infinity
estimated in the referencg node. 3 The invention
ains to propose a device for analyzing the quantity of

organi ¢ conpounds existing in a liquid at the outl et
fro"]aTHB“f'd%@ﬂﬂﬂbﬂeVEQﬁsth%b' r6@6§éecﬁn0méﬁﬂce for
and easier to use. To this end the device of t

BREHETN (9P BRASHING R Ko G | St es ing in

QaRpPAUNds: exhst bngleft & rdm qui gurstdcbaasonl tdeapuee that is
water, at the outl et froma Opurlflcatlon devi ce

F‘r?fleu&cﬁé‘ofrﬁc r P88 FASEF HSansS" oxi dation neans and
pol i shifpg rkdiss, ot t Hete | mdwdes 10f medle forvention for

gﬁ@ﬁ%&lﬁ%ek%%'&ﬁ%ﬁ%lﬁ@téE(%raﬁﬁf% é&hﬁ@ﬁﬁﬁ@g@§lsﬁbﬁg in a

r eof i's characterized in that
ﬁ@&sll}ldl,ngslﬁ@an@si nel bgerBaty WiieTesfbt iti% yonedShr iffp™ 2

%@ﬂlﬁ%@éﬂl@ﬂth@bv@@%ne@hbmgdﬂﬁénslﬁﬁubéﬂﬂésj fllter means,
Circulation control rreans a\? cﬁ)row ded t
EF R

op: MEERS prBfi HreL At G Sof tPpg; gincludes
helamget dheneauit olg poiait refishevity tef meaas anddehermine

inlet t of, the_oxidati.o -

aﬁ]j]tenopl Ell!r% W%ﬁ?a{f onOlc thegR$F nggk?v\een that said
outa setr ipoj nltneaflSt hendivder Orméa'nsoaﬁd retih‘l@ﬁlmléty p@ﬁﬁﬁurlng
Qfe 1hihe, ﬁ&shﬁtHﬁkﬁy ??ﬁﬁ@é% anso%ﬁg)flé&@heﬁkéﬁlatlon

circulation of t ent e outlet point of
tapa 1t éream@ar@sr%mmw@q%fétatp@mﬁ asteP etk t6xi dat i on

reans \Ahltﬂﬁ%lm{lﬁ;hlt Qlltrlc@?a%}lb@lﬁl @]itl lom@f ﬁlhﬁdf|bétdlel$n the
et ween € outl et pol of the Tilter ns, an f he
iR MM of Ofhd e Js]tt}‘?ﬁtli}eﬁ%%\sapfjng&ceelltr} Rpgnt of

reeticdst ittt iora meags ewlcel bt aHOtHSri hengr obkenbatobn of the

t@g@r aj nv‘g?enc nteregl?€ ence o t{]ge ﬂ@l%%é$ﬁs and

Ue of thé" di WEEeNn a nu
geld s,nlaml prostt iafpdriteartd i steiduices st 9ihee llgi vian

gpei rconpligXitie t heseygeklisnacspunt,f okl aihangs &l the
outlet point of the filter means and the inlet point of
the oxidation means whilst prohibiting circulation of the
fluid between the outlet point of the filter means and
the inlet point of the resistivity measuring cell.

The reduction to a single cell avoids the problems
of uncertainty encountered, notably when the calculation
uses the value of the difference between a number of
cells, and most importantly reduces costs since, given
their complexity, these cells account for a large part of
the overall cost of the device.

According to preferred features, intended to
simplify the production of the liquid circuit:

- said resistivity measuring cell is positioned in
series in the circuit between the outlet point of the

oxidation means and the inlet point of the polishing

means;y;
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30 the overall cost of the device. According to
preferred features, intended to sinplify the
production of the liquid circuit: - said resistivity
nmeasuring cell is positioned in series in the circuit
bet ween the outlet point of, the 35 oxidation neans
and the inlet point of the polishing neans; 4 -

outl et point of the filter neans is connected to said

resistividy 1G8l l,byn@ Seangh %ﬁﬁ%@ﬂ3MéHHH'§én@oﬁnected to
check valve that 1s gpen only if the pressyre at the

sl it r@aé%évatbréf@elf% ney @al%an%h Cﬂﬁ&u&&@?fﬂ%?ﬂn@f a
dhdde fhliter tmansikss @p‘me@m@ 1o tdhe i pkekspoentat the

of the oxidation nea | e analysis valve
RIS P58 orE S BT U BYed: - the

t wo- po&Iﬁhnyauﬂl&i|§D£ntL@Ieuh©nfiheerdmaﬁ85réanﬁ@h@@cted
Qo tDRSLANINGROLP! A Lhe BLAUER 110 fLLSYI by ~a! BSmple
anaIyS|s the nmeasuring neans are _connected
teonagl Yooirt 1o Lvendv icdl cﬁﬂcamqmt@mqs A Eadiang £ 1t ol

nodul e adapted tQocppRRRdoRPERhNgGeand | 0si figavda the the
anaIyS|s valve in a predefined sequence and a_ 15

G e Bh IR e Oddaptied £b2EbtTectPiHetr stif\f t yranch
\%?ﬁ&hfﬁOﬂWSald measuri ng ceII to deduce the purlty of

t he wat er herefron1|n rea The di_scl e

t he inVénFF Ehe S esvﬁ ? mf?% th %enle§%gﬁp |on([r§£a
zrqnmﬁ@ﬂg@dtgnbmdunﬁmma@|aed caOCHéaén@afU@1l%ylm39Uding a
'%%Hﬂ 'ﬂgdﬁiéuﬁ&é?%bS”t@”%&Mﬁéﬁdr&géﬂfﬂgeaﬁg E@%51ng of
appen n the draw ngs: - ure
dil’a@ra&iﬂil@iY%l%rm@l‘a?t hat ep Eﬁﬁﬁﬁﬁéaﬁiﬂonséé\lflﬁ@@e -and &

fiouse £ i $n a i gareamaebptcwat €6 Qﬁ511é@@tHﬂﬁe &%Slstlv1ty
devi ce of one enbodi nent | of thiﬁlnventl -

i s utvers sptiss HERAGTHRE Fécrlease of uFﬁetheg purlty of
rese stawé t yeidré eomaterrda omamny. val ue, in the

The disclosure of the invention continues next with

]%lS are

the description of a preferred embodiment given
hereinafter by way of nonlimiting illustration and with
reference to the appended drawings. In the drawings:

- figure 1 is a diagram of a prior art water
purification device;

- figure 2 1is a diagram of a water purification
device of one embodiment of the invention;

- figure 3 1is a curve representing the decrease of
the resistivity of the water from any value, in the
reference mode, as a function of the time spent in the
reactor, using a prior art approximation method; and

- figure 4 is a curve representing the decrease of
the resistivity of the water from any value, in the
reference mode, as a function of the time spent in the
reactor, using an approximation method for the invention.

Figure 1 shows a prior art water purification
device comprising, in series, filter means 1, oxidation
means 2 and water polishing means 3. Two cells for

measuring the resistivity of the water 4 are inserted
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reference node, as a function of the tinme spent in the
reactor, using a prior art approximtion nmethod; and
30 - figure 4 is a curve representing the decrease of
the resistivity of the water fromany value, in the
reference node, as a function of the tinme spent in the
reactor, using an approximation nmethod for the

i nventi on. Figure 1 shows a prior art water

RHE'f%%%t g%@ dew QQHS}%hp%ﬁ@rbé%ié@3®fftﬁéefllter

) OXI tion ans 2 and water polishing neans
geatio lcaprs atokhempasdeingtt kéer e gatdrry T6AENE -

W?t SL %@tr Ff%D@ff: ﬁr{éaﬁas i nt Otyb@cguyun%orrﬁsdaﬁctolfve:fylters
a e outlet.o e Tl nd at the .o et
BRstho Tii Hat 1 OHE HaRE RO TRIT | T3r ¢ HBSRe A ARREEAI Ty The
@@m@uwy(ﬁMﬁﬂﬂﬂpﬂrs basedopat Achi vathddrcardhen stucdhdas mark
b y r
T
fal Immlmacm@ ahpromieathds 18 pobi tyrdofa app? bt hateyyclose

agglatreq@sblykjymplose to or equal to 18.2
he oxi dati on neans 2 consi st of a mercur

10 vapﬁﬁr@M“U%ﬁpQ%ﬂﬂ%ﬁW¥b PRaPAe T angeSiSom 285 & ometcury
254 Jranqret elraﬁnp Thesavaterng hain f 1 one thaeggh them 185 to

rlflcatl evice, 1s exposed hi s adlatl on for
g% g§§sfronf5 to 't %ec%ﬁ& The® %||§mﬁ%fgh the
mmmrfjidqummxﬁdwaqanmﬁsﬁxpﬁsedlt@nthﬂs exdhahgenr éskntime

aneslrloéio L%errw@tetr Vﬂf'ztohsaec{oh'}@ purity of the order of

er enters e device through the inlet
poi nt Ehe(ﬁOliﬂhIHQtﬁﬁaﬁéaﬁ% tMhecolY ecopeiift L odn ion

theHdd é”re@f@n§nﬁs 9@@%%@‘%%%B&awptﬁeatqﬂﬁgi'ﬁbﬁity of
pol nt 41 of the 20 flrst resistivity cell 4, th

G ST BF Wi ch 5% © ddithected to a three-way vaI ve 16.
Thi s t hree-wayhtead &/ et hd 6dies i eenreaiedhort Hdhei onet hﬁ@ﬁnt 11

(B DL RO BE O 6, Gl o, moans &0 g o
|Hteaﬁ’ﬂllSI8§ amtrercieehVbinga pipe to the inlet point 41 of the
first resistivity «cell 4, the outlet of which 1is
connected to a three-way valve 16. This three-way valve
16 is connected on the one hand to the inlet point 21 of
the oxidation means and on the other hand to an
evacuation circuit (not shown). It causes water leaving
the filter means to enter the oxidation means 2 or
evacuates it from the circuit.

The outlet point of the oxidation means 22 1is
connected by a pipe to the inlet point 41 of the second
resistivity cell 4, the outlet point 42 of which 1is
itself connected to the inlet point 31 of the polishing
means. The ultrapure water obtained is then available at
the outlet point 32 of the polishing means.

Figure 2 shows a water purification device of one
embodiment of the invention, comprising 1in series as
above filter means 1, oxidation means 2 and water
polishing means 3. This éircuit differs from the prior

art circuit in that it includes only one measuring cell



10

15

20

25

30

35

25 the filter nmeans to enter the oxidation nmeans 2 or
evacuates it fromthe circuit. The outlet point of the
oxi dation neans 22 is connected by a pipe to the
inlet point 41 of the second resistivity cell 4, the
outl et point 42 of which ig 30 itself connected to the
inlet point 31 of the polishing neans. The ultrapure
mater obtained is then available at the outlet point

%&Jé@% poLi %'ﬂ%s%eeﬁa OURE 2uzhews @om@ eb2 of the

ricfication deV|ce one enbodi nent of

pﬁwéﬁw@ﬁ eSS |2sua@gi s et e a0 s %de%/% "¢ replishing

H@éﬁ% L oxh@athorhaBang 2 ameedaiey Polirshileg ieansplaced
Thi s ‘circuit differs fro thqﬂﬁrlor art, circuit i

Bitat AT GAES VST G e RSBt Lo syl and

bmoseﬂleshbatWeeneehecostﬂgtapdlaa52érotothee

OXIdatWo@ege%&§t%§§m1& é%i keEhBOEQHt%} %EJJEE}S lelded

pollshlng means 3, at the three-wa
bs twephacedo by&aﬂ8|nph@ amély@nsﬁwagvése W@tlﬁh@moanalYSlS

RAsi;Li ops. ppenaRd 5 chesed, skhahd Sofesamicast | ¥oardng a

easier to use. Water at the outlet of the filter means
PyPaisi dedlrBeiheen I3RS pi PeESChA¥ ofthi CRSgoedeFostIvity

h@%s@&@ﬁ&ﬁ'éélNahVelﬁ aAscradoy eyaand a $%Qmm¢aﬁéd to open
i ch, fornl%g gg pass circuit, goes directly to the
PESVS PyicEy 16 né i'ng cell 4 via a check valve 5

cal i br #bedrt & rapertheabioMe e oerdras nl vad ueirdated, f eomirely

he fil.t.er means s di ed, 1L el b ongQn
He an§Iy5|s 35IJé“% %iﬁ% % &%gééoxédat¥%?ﬁ%%an§8 the
ox idiertéom yneams He qﬁemei%@lscew Zhg/ireasurhed bFahthd via

%%rCQMﬁnﬁﬂy'@P@gufﬁtQq&hﬁp@@e%gtﬁak%% ShaMienyaihe 5. When

analysis valve 6_1s in e open positio it allows
Ithgui ana by pessVEdvEhE &G(ﬁﬂl%ﬁenﬁgﬁ§ HQﬁ%Hﬁ%%Su?E phlows

tiheraraned @lars%mﬁof@hbs Andidtierchesknyal @ s pesmimse in
closed. |If the anal #s val ve 6 s closeg aﬁ

6?@%3%?%“%% FLE&S4t 1t br gHeh S cTit and 4IRS che&RMaLns
vdlosedh openshe alnadwisig watlere t 6 pass:hoosetdwe the pressure

r%%égIlﬂtythg§gEEch1rcult and the check valve 5 opens,
allowing water to pass to the resistivity measuring
cell 4.

Figure 2 also shows control means for the water
purification device, which include a control and
calculation unit 7 and a display device 8 adapted to
provide the operator in real time with information on the
purity level obtained. This control and calculation unit
7 controls the position of the analysis valve 6 by means
of a control module 9 and processes information supplied
by the resistivity measuring cell 4 in a calculation
module 10. The calculation module 10 executes the water
purity calculation method and transmits the result
obtained to the display device 8.

As in the prior art, the method for measuring the
purity of water comprises a first measurement of the
resistivity of the water at the outlet of the filter

means followed by the use of two distinct operating modes
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cell 4. Figure 2 also shows control neans for the

wat er purification device, which include a contro
and 25 calculation unit 7 and a display device 8
adapted to provide the operator in real tine with
information on the purity,level obtained. This
control and cal cul ation unlt 7 controls the position
of the analysis valve 6 by neans of a control nodul e

9 randyar 0§§§§9§c59£9ﬁ Magd Pi-sUPR] | 8¢ B39 hd haiode and an

resi stivi measuring cell 4 in a calculation _nodu
062 176 S 1R at Fon SHAAURE S0 cERPeS L hbtacdr the vater

@lmqolpwed@altkgplamégmlmeéhogleam tI,anamtantamgsnesuAauve 6 is
ai ne 0 i S evi ce n the prior
ekl o o et G i g dh LR o £RE eneck
canprel sesicardasest; medsur enelnte of oppdres rmﬁest|Vhey pfessure
t he ter_.at : I h it fal | oo
Byt et A IR PrelindSetbrn et aen 7 1) Pheliauid
m;mcml@é;telsonlrdevln@ebranﬁéf etgireel thodka afRBearrhestal yatse S

mde o, eval pade bheipesksbirknir foddle waderthe analy51s
supplle by the filter neans _1, the ana“é5|s val v

v LSl osedCRMier t hee pPBSSEr ¥2di St he RIFRYF e %%Ja%uﬁ?tlon of
tthh% chegkid vial vehknwreases, clheuyal,ve:kfmepsewbenetmet its

p ure reaches the n n 0 val.ue and the
ofr?mﬁhnhnchF@SWa3%L |ﬂOTE %raﬁ%ﬁ”‘lréﬁl?s%kgf'
tdmahysmﬂ<“&ﬂwaaﬁs opananahysmgomwde am ianaefsrenpede. In

qp%%r%ggg‘tﬂg?gnalx%hﬁveYalv Qgﬁﬁu %he %ﬂﬁ&&j during

Bt events’ circulation of i qui
st cciriqsd |, Hee pr @sgdostsat @@élngnl@@lﬂ@naﬂﬁﬁhg water

helQw dhe PQ"%H@ d%%ﬂgﬂﬂbﬂ”ﬁ@§ﬂéecoﬁh@nuégwﬁﬁﬂ§e exposed
valve Is open continuously in analy node.

et driende’ morfela ity ethe | ?n?%h%%ﬁsvﬁ E§eﬂsdEL?HgOpened to
Méﬁhﬂfﬁfadﬁﬁkédnﬁap@fl@dstd@nmu;sMﬂuﬁgt&mﬂMa&erTﬁSnks to

Sibasaont b ERET Y AdEPERT THE ahaers varge FEerence
tﬂuﬂuknxﬂ&ﬂbnmnneﬁﬂuherevmﬂumzmhmafethEOrEheSHEHSUVlné the
%Atj,er a-ghazpksfu%n%tltol?le éfgnd}{é C%%nley f"ltffhea{semsptehge in the
periods, the erence

oxidation means.

The configuration with a check wvalve 5 and an
analysis valve 6 means that a single measuring cell 4 can
be used to measure the resistivity at the outlet of the
filter means 1 and at the outlet of the oxidation means
2. This is reflected firstly in a major saving in the
cost of producing the device and secondly by greater ease
of use, the three-way valves of the prior art being
complicated to use under the Thydraulic operating
conditions of the device.

Figure 3 shows a number of points indicating the
resistivity of the water at the outlet of the oxidation
means 2 as a function of the time that it has spent in
those means. Figure 3 also gives a curve approximating
those points by an exponential function of the type
o(t) = pw + (po - p=) e ¥". Figure 4 gives the resistivity

value of the same points and an approximation curve
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nodul e determ nes the evolution of the resistivity of
the 20 water as a function of the tine it has spent in
the oxidation neans. The configuration with a check
valve 5 and an analysis valve 6 neans that a single
measuring cell 4 can be uged to neasure the
resistivity at the outlet of the 25 filter neans 1 and
at the outlet of the oxidation neans 2. This is

g%%%@dlg rstlyikdqa @&ﬂ@héﬁ%ﬁ%ﬂg hRatheneGast dfinction,
uci n e devi ce and secondly by greater ease of

M@éChtﬁéntﬁﬁeéEWéﬁsﬁéﬁﬁésaéffpﬁéoﬁﬁlor art being
eqEpl kel ed (g usp.ungdes tthsslbaédtawl b6 2REN) atusagt, i’éggth

condi ti ons of the devi ce. ho
BOEREs Astrde cAET nGitthieerty 8SF° S%I Og%e }A‘éﬁneijl o%?l “ﬁ%e at

atitel edr0fih hefoxa datmear nfeanstﬂ)rasaadf umed-t Onen@cfh (the is a
funct&%%t ﬂévbﬁ %%%nt t@g%§%"530§1r5395%§t§o§'%ﬁf the

grves a curve a prOXInH ose ol nts
@m@n@mau alaﬁmctqweﬁquhélft@peto p(fti) pupﬁw (pgponential

Ff@nc%ltdn . afhbous e ¢ ghyes, d he r?@kSt’il’Yét)ﬁ:erﬁéﬁ_Jd&LOf of the
he sane points and an approxi mati on curve pro%gced

W%%%@%é&p&ﬁ@ﬁﬁ dhandURrrhesr) %c@?oﬁre%ﬁ s the

%xt%iﬁ} %lgﬁf ra%preewieefi@a fraldcsn pind )a 3 ipat (fmmc-tlpﬁr)
e +

Pi nt er cept Ien
wher e 6§4%H§ A it %p%g % b?% e§|%%%r %%lon of the
@Vﬂjmj_@)rﬁtof5 t e mengsrtmrflta/ | apear ffuncttll@n apd the UV

%Fpég atl @?thﬁﬁgﬁls é% {?ﬁi n h?f'nghéheUValygagtBQ has
portion o t he SCI SSa axl s correspon I N to
@hﬁﬁﬁ¥Q/M§Qﬁﬂwﬂﬂ|Rﬂrt$Lﬁhﬁto@r%nHHaCQQF@@toWlihf6 e water

they repmi adeseetebihgo ag§fés§§d§ét§oﬂheﬁﬁetWﬁjﬁ%ﬂ@tpﬁﬁt of
can be treated as the 10 sum of an exgonentl

it Wi antP ke 3 | Het? 2EReenbnthThRIEPGUre 4 chRGevpLer of
ﬂgﬁdﬁﬂ Eﬂuﬂﬁnﬂﬂﬁﬁl(ﬁhéﬁ thee eg@hutaa@dofbyhethe photo-

ALY 38 lunstgn ofiihe UL LT oA T on
;ﬁndxnmmagaarémdm(thaatmmﬁphethe\Mﬂkﬂ ﬂ@waﬁ@papélmatlon
%HRL? ?gdhgegh%ﬁrrggbaqﬂﬁp aJFSs%hQS@reE%%%t%%.1451ng the
least-squares method.

The process leading to measurement of the purity of
the water obtained after it passes through  the
purification device is described next.

The first operation is to measure the resistivity
of the water at the outlet of the filter means 1, by
closing the analysis valve 6. The water then flows via
the branch circuit and the check valve 5 directly into
the resistivity measuring cell 4, which gives the value
of the resistivity of the water at the outlet of the
filter means 1. This value pupy remains a priori constant
throughout the purification operation as it dependé only
on characteristics of the liquid before purification.

Next a series of operations 1in a so-called
reference mode begins. The aim of this mode is to
determine the resistivity at infinity p-rer of water that

will serve as a reference fluid for the remainder of the
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the curve takes into account the presence in the water
of organic conpounds that are generated by the photo-
ioni zation of these materials or by dissolving carbon
di oxi de gas fromthe atnosphere. This new

approxi mati on 20 curve redyces 'by 50%the adj ustnent

effected using the |east-squares nethod. The process

| eadi ng to neasurenent of the purity of the water

tainesthafiter tie Pasaesstar euakd he jpudddcatiosirly, for
evice Is described next. 25 The first operatign is to
FEEs Uridng hieC r 88PSEFGI 19t et PORE St e dt§ heXbat FepRofieans

#EQHWﬂéﬁrwﬁE@ﬁ?F&mibg f@bmﬁkm&tﬂﬂﬂﬁﬁﬁﬂméﬂﬁsyahﬁEeﬁ.which
e water _t hen 0 Vi the branch circujt th .

ek 9&@&¥S%SdiV8$§Fy ?nt%s fﬂé”$§£isﬁﬁﬁfiyvﬁgggur?ﬁgalns
edldsedf @hiche gbuesithéavaliliers30 binehegwsidt prdt yiof then
f/o%eedl\é@persoat tltlgf’ %éeeg %fe.ttali%edf' Hlert ar@ﬁ(i]dat-rimns means

ue papw remains a priori constant throughout the
pursisfacat 1oke opehat | 6sastividepemessoriiyng orcell 47 the

charagtieriSf i¢s1.0f thethiguidrbef are REdFdLRt 408. then the
Next a seri‘es of operations in a so-called

. S .
r%ﬁ%ﬁeﬂ%%rﬂﬁa%nbéﬁiﬁiafﬂﬁgeﬁﬁ?bﬁ'tﬁﬁ§yﬁ8§eéﬁ?t51me spent
dsf efd neatde Testiséi ykigaaionhnhéanty PhREE ob waterdned in

that wll serve.as a reference fluid for .
r{hﬁﬁ nd8¥ of thé§° neasliremen g?n¥ e(ﬁﬁaf%gﬁgt&gﬁ&g 6> ¢

i BuropEirobr DEf Iyind oandt e driess itcm r eptlaceqwaserare used to
or e int i ) ) . L ng
RIS et e | 7o CraE B R 0 ol b P P LE TR a chese
e MEE$ 18 8l ddedrathios Wialdy & el 7iss Bl el bgedsf r fynction
%: lt\%glt'eler fﬂ%@é tildsnﬁtkpﬁ] I @@t_ag@ltehs then re@pened 30 of the
er retained in the oxidation _neans passes
iRRIPMHE F2si St vi Ehmeastting el P4, tzhé"’"REFF) T {Po = Perer)
r&sisti Wyl y. vial tepQf..thi)s. maler 115 (@oor déd candretriseunknown
ane operatkgﬁgis started_again, y&ngpthe tie

the 'f O . ara 8TS. Pepk: gar -

spent- 1078y the r PPATRE 0K §at onMeans. CTHEY e FErerert
cirtdi med iquttdilis paynd sET i ke off umsdsemenents, ofengtn. This
[ecli¢%ﬁgg%g?g'Sgé%uggkﬁgﬁnogagﬁﬁ%tégg e ES$SkON necessary
to carry out experiments with at least six different
durations. This determines in particular the parameter
p-rzr Which gives the value of the resistivity that the
water would have if it had remained an infinite time in
the oxidation means, in other words if all its organic
components had been degraded into bicarbonate ions.

The knowledge of these two values (values pyy Of
the resistivity at the outlet of the filter means and
value p.pgr Of the resistivity at infinity after complete
oxidation) provide for starting the phase of analyzing
the water coming from the purification device and of
knowing at all times 1its concentration in carbon atoms,
i.e. its purity level. To this end the analysis valve is
left open continuously.

Water that has passed through the filter means
passes with a given flowrate through the oxidation means

where it is subject to partial degradation of its organic
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deduce the best approxi mation curve passing through
these points in a diagramgiving the resistivity as a
function 15 of tine. There is then obtained the
resolution of the paraneters of the function p (t) =
pnREF + (po - P -REF) e-tyfgf + Pslope t +
Pintercept)ustart, iength(t), which were unknown

until now, i.e. the paraneters p-REF, po, T, Pslope,
Bbﬁb%h%%?% eﬁﬁﬂ gﬁéréugj?ffr@@i@%iﬁﬁ?gh@vﬁﬁﬂésimmcause of
ustart, |ength. i_S unction th ' six_unknown .
ﬁ&ﬁan%%%? PE nél:eesgﬁF ©nt oﬂco&?lr%ﬁ oS generated in

experi mapts mtthtlat |e@astetsi xofli fther epkiddarian omsans its

Thi_s _det er.m nes, j i cul r .er EF -
IRED Toad oL 21, LIS RLATRAL, IR ana s
wat énnaodbd hafe theitréatderemi eidnan b nfuAilpg t whech 1t
IBn?3nlle od dBLi QB IRARS. b Ni @LAGE AWOEAS Yy @hd bkSdation
organi ¢ conponents had been degraded into bicarbonate
63$.s Phe know edge of these two val ues (val ues porw

of theakesigstimidy atinghe oudiwdnadtidie fihvree ne@s the
and ., val ugdP REF of the resistivity at infini ty Tg;\fterWrite
CETHSET 3G oxi RIT ORI Bt ovi dBOFGH st ar tihg t He¥ phase

ef (tanal yzi ng (pthe-watere O ngiife onapecpimaticat i oapplied
evi ce f | A1 [ 0 t ' -
HRtice BRECL cANANAD Bk Sl L 5onent Rl ncian
theertaraf yshe ¢akve ifor | gie epehutsnti RdousdsisBity as a

vt er that,has; passed thaeughike ddd tielvdesas, PagRseSinto
wth a given flowate through the oxidati on neans

WS 18 sEMf edte HSF B | BP98e gt Hdat it 05T sincluding

Y10H i 1RatE0TRONGH S ANdivhes@-ddtsaylesi Beirei thecause the

evol ves begause of . the di Sﬁ0| ut | ont%{e tﬁ\g car ban
t he

G RATHE Gas GErRerdt edn "EhFE Y. Ut et Tof Temain
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tdre raxi datiicon waeant tthe resiestinvitthe prdfenmagumedicby

the measuri el angd..i ypetd on, of 1 . that
r esi de?@% tv:}%él%t F&uﬁeng%vsneﬁfgﬁr?etg coneti nrguecpgtf g%béle P ?
exposeer! t boi phadilat itdve byux hiey orf d&bhorvatifganst 2the outlet

Takinng the sipglerexpenenti aheburye formide parameter is
resistivity evolution nodel, we can wite ,
calculate by an analytical extrapolation method
explained below.

Designating by ko the ratio between the terms p(t)

t/T

“ the formula e ", for simplicity, we

and p. and by e
obtain:

1/ke = 1 + (pupw/p= = 1) e

By stating that this formula applies equally to the
reference mode, in the left-hand portion of 1its curve
(Ustart, lengtn(t) = 0) for the same residence time, we
obtain:

Krer = © (L) rer/pP~rer, and

e™® = (1 - Kger) /Krer X Perer/ (Pupw — Oerer) -

It is then possible to express kq as a function of
p. and parameters that are known through using the
reference mode (Krgr, Puew and P>grer) .

Using the residence time t as a working parameter

intended to tend toward infinity, it is possible, using a
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10 p(t) = pm+ (popw - pPo) e-t/T. The approxi mation,
applied here, which consists in retaining only the
exponential part of the curve for the evolution of
resistivity as a function of tinme and that coul d not
have been taken into account in the reference node
With reactors including 15 plastic material parts, is
accept abl e here because the exposure tines of the

Lt r.eac mai shost ,  whi 1S ot
PRefaal (AR P Ch IR n e FheLaltie fa fo. P evolve
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t he purification device. IS, paraneter is.calculate
B San tamdityt i At exPFapoItati oHP nié]PﬁoSXlgi‘?ﬂlé?Pné‘bea“S would
bekew. i Pegitgnaséingdmaik@ad heheatin Hetrwean tihe itrertes time,
p(t) .and p.. and by_e-.the formnul - t -
B o Pl e ek DY By plad gpneinued
ena iBy cotmatlietg .t hat this fornmula applies equally to

the reference nﬁgghoh? theslefdhand paHdon @ed t$y  the
curve ustart, en%th f) = 0) for the same residence
MINEE BRI nTNRREMGE by PagkREEPTP-REF, Vakdce f the

Telh st iKRER) JKREFE iR RER {RUPWrtaP-RERnié Esrbben (TOC)
possi bl e totﬁ§$r6§§ ka .as a.&ynction of _pPo %%F- b
FRAEFE e rS t WATETendwit 't A SuH Tasvn§ PRESSES 10 PPO-
ref er enogmerode (KREFanpwpvamnd pBsREE)Le. &ksi g tfhection of
residence tine t_as a kin er . J.nt.ended.

R Ay 1 Ty EOrS BOarD o Mg e o heed out
startdarthe t erratévielaret histl, 1ot cabselked angopwthe examples
enal Ve psuceessinvgly until the latter parameter

converges. There is obtained in this way the val ue of

the resistivity that the water in the oxidation neans
would 5 have if it had remained therein for an

infinite time, i.e. if oxidation of its organic

conmpounds had conti nued :
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until conplete. Standard nethods, for exanple that
used by the M NTEQA2 program then work back fromthe
value of the 10 resistivity at infinity to the tota
organi c carbon (TOC) content of the water, i.e. its
purity expressed in ppb. iNunerous variants are

possi ble as a function of circunstances, and in this
regard it nust be pointed out that the invention is
not limted to the exanptesiMd5 descri bed and shown.
12 CLAIMS 1. Device for analyzing the quantity of
organic conpound existing in a liquid, such as

uI trapire Wevéce Somt anke youriet theomeapurtyi odt i onganic

%%Hd“%%%ggh §er'¢§1 dﬂ ersﬂgﬁn%s(l)ltrapure water,

n;
OXI ation neans d2 I shing neans (3), further _
iarrc | Bide nop utddis ?mfo?r pﬁeaéapeﬁgoslhed%%%t mﬂqlwddfﬂg 1n

\é!%trtelﬁas: 0 fiﬂd@éfn NRehAg 1p<t1rl Ly &Jaealé?@{@nch.aeaetserl ezed and
i n_that sai neasurlng ans inc only one
PESIiSHIIS yTREASur { Ay’ eﬁOLIlrt(}hﬁr arfdlC]lLH%t %Fmect (g T°
earsand flthied clektultatioy cofftr abtereans arletermine the

provi ded, that are adapte pr.ghi cir at
ﬁﬁ? 'fF% G Bet weé %afﬁggeoﬁﬁﬁgt 6% n?h%f Sg#h hggsurlng
friclatner  imesnslg 1qnlaynd3rtd1ere$ﬂ%ttw115yp@$mm(mg @fillhé‘l and

t>§1 dﬁléen AT ch%néaag &f&mg{:ﬂl&n ebntrol

urd etmeen f%e out% point (12) of the filter
WS @ MPviked mhet ﬁéentad(a@lt) Dbfcthe resistivity

neasuan%r%%h%l&4)6196uiaﬁﬂbh0rb£e @héCuﬁﬂthnU@%Mé@% the
flui.d between th

oi nt of the t
RS TR (RS i Aol haor T3 B17C3R%: nd oritht TBE, inlet
qﬁﬁnﬁ:(Qalmhbfsthpr@&udetu@@ neiarcul 62) onhoist heuthoirdzing

bet ween t.he out | 1 '
and ¢ e 5 et:%&ﬁh " I d( é%W§gnr%£§s%?%§§§ ﬁgggﬁrﬁéé) of
aeld Cd}teZSmﬁaikade &vubrmhﬁ;t@l@taMﬂtDﬁoK4l of the

anal . ttahqneaqé{@qtrfgt ¥-&af1 ofganig conpounds exi sting
N a I qul
f1authorlze 01rculatlon of the fluid between the

outlet point (12) of the filter means (1) and the inlet
point (21) of the oxidation means (2) whilst prohibiting
circulation of the fluid between the outlet point (12) of
the filter means (1) and the inlet point (41) of the
resistivity measuring cell (4).

2. Device according to ‘claim 1 for analyzing the
gquantity of organic compounds existing in a liquid
wherein said resistivity measuring cell (4) 1is positioned
in series in the circuit between the outlet point (12) of
the oxidation means (2) and the inlet point (31) of the
polishing means (3).

3. Device according to claim 1 or 2 for analyzing
the guantity of organic compounds existing in a liquid
wherein the outlet point (12) of the filter means 1is
connected to said resistivity cell (4) by a branch
circuit comprising a check valve (5) that is open only if

the pressure at the inlet reaches a predefined value.
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wherein said resistivity nmeasuring cell (4) is

positioned in series in the circuit between the

outl et point (12) of the oxidation neans (2) and the
inlet point (31) of the 30 polishing neans (3). 3.

Device according to claimjk or 2 for analyzing the
guantity of organic conpounds existing in a liquid

wherein the outlet point (12) of the filter neans is
connecied hevsakd arceﬂdr&tmtj tt’oC%\'n'y (dhe byfa diraineh 35 to 3
circuit conpr|3|n a chec va%ve that is fﬁﬁy ¥t n
tPr eRelyradSurd at LR hY eftr &4 @% Prédet deXl g
val ue. 1ﬂ@U1d-wEEve¢e ateoraitrigett opaiyt oné2of odl dihes filter
ta. 3. fo an Iy uant i 0 a 0 d
gfagﬁlnG‘ |% a {Fﬁﬂe?grﬁ eﬁgg%? ?kﬁgﬁh?P%sz%f the
pheédiiiiber mams zn) biys acoﬁml@daﬂ@lvﬁea Weéfepoift with

t%l) o8 M%n% %{p@%t LoR PBAReJ(2) by a sinple analysis
val vg positions, apen and, cl osed,

5.
acc@?&ﬂﬁ@ @50&%%% toh Gt mattbreW At g pyrtth

Devi ce

@lfaQ[n analkyzi %éi’hﬁzm@nthéy cp,farﬂfjgaﬁl efcampeid compound
eX|s g in aI| eln 05|g|og Vg'%%fég is
f61§ Gt e oft t F%SﬁPS| FYPRBOSt 5+ P1n

paitnk tefl ctheﬂbsadchnstremmt516e Dévﬁ@@ &Unrn&mﬂg;pQﬂnt of
%5% %@%n%% ¢liging.l to 5 for analyzing the quantity

organi ¢ _conpounds existing in a liquid wherein the
anal ysibs v@levec@es)a@cr@rcﬂﬁeg 150rreaasw@1ﬁ@ Peansly4ys ate to S

%yy“%ﬂé¥b£fh§‘@@@tﬁghn%@@y H£H1é6m§oﬁﬁas ex1st1ng
i ncluding a control apted to co

dpentnglafdie ogbﬁﬁebp t*ﬁ}éearﬁ‘d’ll%/]sif%ls valald g 6)! |n ﬁnd the
me%@@fmra@d a@qaul%nce( 4and aa‘eCa|c©lm|n@blt@ld meduke €&8frol and

syplsd (o colleet 1B TRty wel uegligm Shoagid oo
t*&ﬂp&kmbnt@n(mxmﬂamd nepening and_ closing of the analysis
valve (6) in a predefined sequence and a ’calculation
module (10) adapted to collect the resistivity value from
said measuring-cell (4) to deduce the purity of the water

therefrom in real time.





