.;e3e.**+L-.z-V.6.T.jq$Y AP ggmigﬁkf§F+ME¢§UBbNG ELECTRI C CONDUCTI VI TY The
present invention relates to par at us nmeasuring electric
conductivity, and specifically } appar atus for

~electric,.conductivity capable ﬁ? EB‘ 'ctrlc conductﬂmmmmmmwmwmmn
substance to be neasured Stablﬁgﬁ?ﬁ? gﬁf y at all tinmes. Bagkgrund

of the Invention Electric cond ecially enployed as a scale to

measure a concentration of ions capable of mgrating in an
solution, and an apparatus for measuring electric conductlvﬂEMNMHM‘mmﬂm
measure i on concentrations in .many kinds of aqueous sol utions. «Aooz-
apparatus for neasuring electric cserdueichvidny, generally, determ nes an
increase or a decrease of the ion concentration of an aqueous sol ution by
measuring the resi st ag@arAfust Fok AElsRAUS: SOtaRIOToRMICTTVTY bet ween an

el ectric conductivity detection electrode and an electric current supply

el ectrode connected to a MBI ¢S is Fe0ONYRNt i onal apparatus for
measuring el ectric conductivity is constltuted for exanpl e, as depicted in
Figure 9. In &k apPUMt UsvehOlonMRardteh N ahesﬁp@wuﬁom@kawmyg X tcstiewn in
Figure 9, a power source electrode 104 and a detection el ectrode 105 for
det ect i ng-&l@et 1416y CORMNICIJeRE tiadl dieIROSEAoARAr aphiRitueachr otdieuringl ati ve
toa fluid 103 to %e measured which flows into a neasurenent tube 102 or
which is si#ed i BorddieciasUegmBné bribeeaklRingArld6idansbadictvaltyags ias
applied to the power source supply el ectrode 104, for exanple, froma power
source (NQlpsthAM ko lbe measured stably and accurately at all times.

Background Art of the Invention

Electric conductivity is especially employed as a scale to measure a
concentration of ions capable of migrating in an aqueous solution, and an
apparatus for measuring electric conductivity is used to measure ion
concentrations in many kinds of aqueous solutions. An apparatus for
measuring electric conductivity, generally, determines an increase or a
decrease of the ion concentration of an aqueous solution by measuring the
resistance of the aqueous solution existing between an electric
conductivity detection electrode and an electric current supply electrode
connected to a power source.

Namely, a conventional apparatus for measuring electric conductivity
is constituted, for example, as depicted in Figure 9. In an apparatus for
measuring electric conductivity 101 shown in Figure 9, a power source
electrode 104 and a detection electrode 105 for detecting electric
conductivity are disposed apart from each other relative to a fluid 103 to
‘be measured which flows into a measurement tube 102 or which is stored in
the measurement tube 102. An AC constant voltage is applied to the power

source supply electrode 104, for example, from a power source (not shown)



.through an anplifier 106. An electric current fromthe detection el ectrode
105 for detecting electric conductivity is output through an electric
current anplifier 107, and is served for neasuring electric conductivity.

- The neasurenent tube 102 is conposed of an insulation material (for
exanpl e, a polyvinyl chloride tube) at at |east abovedescribed portion for
nmeasuring electric conductivity, but the nmeasurenent tube is usually in a
substantially grounded condition (a grounded point 108) at any position of
extending portion of the tube. In the apparatus for neasuring electric
conductivity 101 thus constructed, since a resistance corresponding to an
el ectric gpoduct by ypPfrithe 166Ui d 203 kotbe MRasekedre Sire beiteeennt he
el ectrodes 104 and 105, a snall electric current flowi ng fromthe power

source el geikpde 104 ko thecelBet bi&teondushivitytyletLcikpi erestgroda 105
via the resistance is anplified by the electric current anplifier 107, and

an out put.&icgpad theesf ramiisidetien aed a8 Seral UGo€ Ok£aPN1IMId1gct i ct he
el ectric conductivity of the fluid to be neasured. However, in the

appar at us §RiticHRASY! | NEhe| Rk &netONBUSS | M2t Vi s1Q3mftasiNgr S hidsulation
constitution, since the neasurenment tube 102 is substantially grounded at
any positjarr0f1 t hereXxk:ansdicnd apebijanyt heneeice aniel eat r ke Tadsteabode-om t he
el ectric conductivity detection electrode 105 flows into the electric
current agpldriib&l pdPhonantd Abasubendsan@thidRonduct iRl dyerotl 86 hbgsuttitdrent
flows into the grounded point 108. Nanmely, fromthe electric conductivity

det ecti ony@leeqhr Ql@1105in & GUbsERAtid189K§HRNEEL Wosd1HIbE M dreSded point
i ndependently of the electric current for neasuring electric conductivity.

2 Si nce1gdieapasiyt b t96n b gemuingdesbripobmbr 8 twenot fixed, and
therefore the resistance between the el ectrode 105 and the grounded point
108 varies, and shBCeppasiakl @keclhéiayr r@sttfibowongudietingenidinesamsl ows
into the electric current anplifier 107 via the earth, the | eaked electric
current flLowiRacddomihe abeveswpserdbeskpheniy edemnl@bedteit hengiaundsd
point 108 is a factor varying the electric current detected fromthe
el ectric gpngdCEiniiat Yorles ast harueteekiNdepdiBen Therakot@det hosexistience of
such a | eaked electric current causes the measurenent accuracy of the
el ectric gogguat kyidtyit ocheehteduerthy Fiint hee, pdae ¥auricat émrteddet hed | waked
el ectric current induces not only reduction of the measurenent accuracy of
the el ect (& SRREMES icbhlivethbiityalsteteat taktngael 10agHr etk dakstahcd his
el ectric conductivity. Accordingly, it is an object of the present
invention £, ey Bf @R PP&HALUSLHCHt NRASUEFIN] 18h eChid CanC @uEbET isdighal
capabl e of measuring electric conductivity with a high accuracy by
measur i ng t8LRG4Hh C 160Ngitethitetly £f @ sulbsd areerdspongeasures sébhltyiat a
condition with no variability at all times. Further, it is another object
t o neasur eogheelvity epndyctiwiittyy 54 abhyraad accurately especially through
the entire neasuring period even when organi c substances are contained in a
substance to bguéRasukgdrhaVidpardmki fgr tiesabiove «ldesatitbechducghriagcuoacy
measur enent possi ble. To acconplish the above-described objects, the
present i mueitd ORukEl at esohscidttappar aides foe Neassudenente! eabd | 02  is
conductivity conprising three el ectrodes brought into contact wwth a
subst ance gt9s e iBasugedindtd a3 any tddseeiopl ecttredestdnachigigontion diedrect) on
el ectrode for detecting electric conductivity of the substance to be
measur ed, zanghdoapi AGustHnk eftorSHRPLYetl-e€ bndes i ditypasedt om bnddirsdedess of
the el ectric conductivity detection electrode with respective distances, an
AC curr entrigfis tHigosan®e fbase cbeingnapaidiedidro 1bhe dndoaAGeusmenttisapph y
el ectrodes (a first apparatus for neasuring electric conductivity). A
subst ance gma1 e Beasui€dtursergeitdal yrcanhaqueatedsedinti 008, bdvedy gdsaous or
slurry-1ike substance can al so be neasured.

the electric conductivity detection electrode 105, a current leakage

occurs more or less, independently of the electric current for measuring

electric conductivity.



-In this first apparatus for nmeasuring electric conductivity, although it is
preferred that a constant voltage with the sane electric potential is
applied to the above-described two AC current supply el ectrodes, the

-potentials of the voltages applied to the two AC current supply el ectrodes
may be different fromeach other. However, even in the |latter case, the
vol tages applied to the respective AC current supply electrodes are to be
predet ermi ned constant voltages. E~rther, an apparatus for measuring
el ectric conductivity according to the present invention conprises three
el ectrodes brought into contact with a substance to be neasured, the three
el ectrodes i ngilddi REe apslakest | O el iroaiiedd goittet BBt iiRg rekegtitdd; and
conductivity of the sugstance to be neasured, an AC current supply
el ect r oder -8 BASE Bhd T8 a8 EE @ebfiednh ene le@ 6dirioBe COBAMERT ithé ttotiRieachHdimmn
el ectrode with a distance, and a grounded el ectrode di sposed on the other
side of tHi® eheGs! i sncaniichi iy srbestd enrehectlbndey vetieed €Heft anee (a
second apparatus for neasuring electric conductivity). In this second
appar at us; {tQr tie asetirng ety kfpIGeNEIadT WiihYhhel darith, 4he DHRberdledidibat a
constant voltage is applied to the above-described AC current supply
el ect r odecurkrnt he1duh kit £raRd tBE CRete aRBAF Beld S 85edt@5ASTRAS UKLd NEhee | o tiided
conductivity as descri bed above, when organi c substances and the |ike are
cont ai nedydimta 1881bS¢ afCeadtor bearEaguERs, c 128Vt ager«an deeedtakeraf thee
photocatal ytic activity of titanium oxi de which deconposes organic
subst anceg) 2k ridhecaupaivinydcepditibg i d1¢cofodei LN uThaeirde:,i rhorddstémeef f ace
the influence on the neasurenent of electric conductivity exerted by
adhesi on of ¥R 0% PleaRéy @fleOFI@NEGrSHD SARABEE Tht OndaBarekeat tdedeacyubf ates.
Nanely, each of the above-described three el ectrodes can be constructed so
that its gl&et{9OBneWLians LS teofdmdedy RudthbanichEnvaxi4leoh ayetheneykeded on
a surface of an el ectrode body made of a conductive netal. It is preferred
that |ightiddirddicatidid MRARSs irvt braposRdcaigal &S tthé heatideahtl Be@udade drayer
to exhibit a photocatalytic activity on the titanium oxide |ayer. For
exanpl e, an&L ot i RAdERIvDEe el ayed,scabesehf bhencppaddatdasa has thespace
for storing a substance to be neasured defined between respective el ectrode
surfaces efedthec abexa-tdessr.i bed three el ectrodes, and light irradiating
means that irradiates |light onto the respective el ectrode surfaces. In
t hese apparatuses for neasuripageRls@ed bif ccheonguetion ty, it is preferred that
the light irradiated by the above-described light irradiating neans has a
wavel engt h whinedbihq1gs abaut af qUIetocat ahytdresant invdnyi@f tbhprdviti@ninum
oxi de | ayer. For exanple, light with a wavel ength from about 300 to about
400 nm cagphfaei®! eyed.meAsuriBgnselbetricr r edidatdingty i ghpabla |dfghiesnuntee
conposed o? means for irradiating 5

electric conductivity with a high accuracy by measuring electric

conductivity of a substance to be measured stably at a condition with no
variability at all times.

Further, it is another object to measure electric conductivity stably
and accurately especially through the entire measuring period even when
organic substances are contained in a substance to be measured, while
making the above-described high-accuracy measurement possible.

To accomplish the above-described objects, the present invention
relates to an apparatus for measuring electric conductivity comprising

three electrodes brought into contact with a substance to be measured, the



.ultraviolet rays and the |like such as a black light may be directly

enpl oyed, and a.light guiding material (for exanple, an optical fiber, or
tube and the |like conprising a light guiding raw material) to guide |ight
-froma light source provided as neans for irradiating |light nay al so be
enpl oyed. Further, the light froma light guiding material nmay be added to
light irradiated directly froma |ight source. Further, the above-described
space for storing a substance to be neasured nay be defined by a |ight
transmtting material, and it nay be constituted so that the light fromthe
light irradiating neans is irradiated onto an el ectrode surface through the
i ght transpit thogateriabiiy sxamlettighass)ectddehi socaseiektiag
titani um oxi de coating |ayer capable of transmtting light is provided on
the surfacg &frthecdiditt twiansnad tinag simdtanial tatoel iBasirde, f agd ngot e space
for storing a substance to be neasured (a surface in contact with

sol ut On)cuﬁQH@Sisglfbl@f ST QR PbdesS UiShasee SoNBotie shidee 60 tthe s esutfaee of
the light transmtting nmaterial can be prevented by super-hydrophilicity

and or gani&5,88GR 0P QRIcLEQRNPERREFSAL A kBt Ord Bestlantad)i UM mxXicderdnayer .
Further, the above-described el ectrode can be produced by, for exanple, the

fol I owi ng,#18}80Gme NHABL Yoeiflg BBIRG eaRnbeeMd QYeknvhaiBl <ABctabass rade

surface consists of a titanium oxide |layer formed by a surface treatnent

such as spytterbigarl abk Qﬁea@ﬁriﬂ@eeiédﬁEi@%oﬂd@tﬁ.{rﬁg/@.OfA anbeteet radeecbody
made of a conductive netal. Alternatively, a nethod can al so be enpl oyed
wher ei N ape£LE&1 r1edgesdisl 8¢ earlTBdgedh Solutt dd)i Wit OXi decbay el ssufgriad by
provi di ng oxygen to a surface of an el ectrode body nade of titanium As the
met hod f og, <@L ga@ h kb &l MERsoxégde | ayer by 6 provi di ng oxygen, a nethod
based on air oxidation other than a nethod utilizing electrolysis can be
enpl oyed. In thenfirSt-apRRAAIUS foRr ndRasiiy 80:RLEE bbhduce ORdye tdlhygh
according to the present invention as described above, the electric

conduct i Vit ¥ Jdgteeti-0 @hect redscdre dbiingsad thetrnesand WeACieusdteAtiauppl y
el ectrodes, and an AC current of the sanme phase is applied to the two AC

current supplyy e4EGl’ @HESaboveBesthitRaconstact bt &R1¢! &ktiddes, the
conductivity detection electrode is electrically shielded by the two AC

current sypRinyi£lLect rodeso1aggdNsppany @ onndas AOkirreft &xpsty Bledtbadsde of
the positions where these three el ectrodes are di sposed. Therefore, no

resi st ancga@)eStisrAaetNe &Roh @Bl SGlek| C HoREWHICT &ydnt Yn dRleeCitten &lsect tirde and
an out si de grounded portion, and substantially any | eaked electric current

does not fvbﬁﬂgtag' %p%@%&@@ ntheA§eﬁ)eE@§dé| e aRr&lteslgdly Slectedtest e BBAsUri Ng
el ectric conductivity can be obtained stably at all tines fromthe electric

CondUCtiVb}&kﬂg5@§@HQﬂx@£@ﬁib&ﬂﬁgaand any scattering of the nmeasured data
of the electric conductivity can be prevented, and a hi ghaccuracy

measur ement  OfuitiRr el &CtdpberHOBdEE inkhdutihe CRBEr ROSShdMceiviftyr bl®irdingn t he
second apparatus for neasuring electric conductivity according to the
present i RYefd QRescHNERIRi A LHpFieBE tirse@ppletttbdes Whyhtonatel astaade of
the two el ectrodes di sposed on both sides of the electric conductivity

det ecti onyehieChr QilBs@det M8 A afealifld, r atle ithreé ounedoddsheineaadirgn a

bet ween these two el ectrodes is set in a formation of so-called resistive
di vi si on whichtibs Cleatee byr thecaliagt siceteianduadiceititydef etiei stbtlecs r ode
di sposed t herebetween. And, since a constant voltage is applied to the
above- desghihedeifeg) et AOEQrretUsidpey RObEHoHAl dispodeieorDbherside ofgEmINded
el ectrode is always zero, the resistance between the electric conductivity
det ect i on c@b&GH FEOosdankivi be @rectide deiebesideomizncandikeaideyeshaata grampsd ant
val ue substantially having no variation. Therefore, even if the nmeasurenent
tube for thectebast whspseRdust i tid Yotirri Bide gounted «esthiki ofonatctanyty
position of its extending portion, because the abovedescri bed ot her

el ect r ode gesedtach bbyecgieandadnbeaf anecaheackd ngedohe greuaded foi ntaaf-itde
measur enent tube, and the electric potential is focibly reduced to zero at
t he positiactafict bpgatectitpde, there is no roomto allow a resistance of
high variability to enter between the electric conductivity detection

el ectrode and thhenhiy eussied appidatudfforheemamy elestrit ueduddrsegquent Ly, an
el ectric current for neasuring electric conductivity can be obtained from
the electric conductivity detection electrode stably at all times, and any
scattering of the neasured data of the electric conductivity can be
prevented, and a hi gh-accuracy neasurenent of the electric conductivity

beconmes possi bl e.
4



1

Thus, in the apparatus for nmeasuring electric conductivity according to the
present invention, since the AC current supply el ectrodes are di sposed, or
the AC current supply el ectrode and the grounded el ectrode are di sposed on
the both.sides of the detection electrode for detecting electric
conductivity, and the electric conductivity detection el ectrode between
both el ectrodes can be electrically shiel ded adequately agai nst an outside
grounded portion, any disturbance can be prevented from being generated in
an electric current extracted fromthe electric conductivity detection

el ectrode, and therefore, the electric conductivity of a substance to be
measur ed GalfeBRJITRASUN £ okt dhta vH1 tHye A€ € UAHILY edi NEE che hebdre-ddBRa Shiice BENt
condition being always stabilized. Further, in such first and second

appar at us@grbRf sopsiISUeidigredeactri c conductivity, if the electrodes having
titanium oxide |l ayers on their surfaces are used, the photocatal ytic
activity of tidanhem exisde ikl exbidiidt edpdratuseadi adr ngebdughihg widlhctaric
appropri ate wavel ength (for exanple, an ultraviolet ray) to the titanium
oxi de | ayedriucOivgepias sestibatabovd) @Rt actaniict ubshendest ani the ditkeearkeayer s
or existing in the water near the |ayers are deconposed, and the adhesion
or adsor ptér2Ritdriaoh t@sthecd itbabe umeniar bayersgd sapr by erdked. ofutheher ,
since at first water filnms are forned on the el ectrode surfaces by the
super - hydsiepbihi=aitic t hativibe lift anitariexi e deay@rish hakeom@een iokgirie
deconposition of the organic substances is del ayed, the adhesion itself can
be suppresggdandheref ahe, stpe-ali@ebhorde:syréacesaatien alxmays inabnteai ed at a
desirabl e surface condition w thout adhesion or adsorption of the organic
subst ancessraapdeidhe ndeshe@ldre thdrfcasaraentidfi ebedtsianionbactiedtsteabttyedat al |
times without requiring any periodical cleaning and the |ike. Therefore,

W t hout r B¢ Wichési@nacPabssadkiad o€l @gahitg sabsthheseteahe odecsiideasesaced.ectric
conductivity can be nmeasured stably and accurately at all tines, and

repeat abi | i t ynglelt/he qacguracy thé tdpevereastriee@nttheas eeensdeed cant tbeno
probl ens. grief explanation of the drawings Figure 1 is a schematic bl ock
di agr am ofotragRar ab Ushat Oftsmeasttiodg Sheats iis comekdcbiva ttyitasoor dkivg to a
first enmbodi nent of the present invention. Figure 2 is an expl oded

per spect i Y&yaH @abiideano@Xanglrgale ofWhgr eléctao@oOrdddgnmidy ofeasashdugtiteect ri c
conductivity of an apparatus for neasuring electric conductivity according
to the present. i nyeRrt pbosFerSed ARst rlighedimadating eehns clsc dhsuwstd doaynstet er .
Figure 3 is an enlarged perspective view of an electric conductivity
measur i ngtpé eciv=aden Afxitibe 18)@cttol exaonduct iphbtocamelericdeptictied om Ehegur e
2. Figure 4 is a schematic block diagram of an apparatus for neasuring

el ectric eorhichi vkide acger di ngot Oeganpepnd eoixadicrenh obnt he prdogad,
invention. Figure 5 is an expl oded perspective view of another exanple

wher ei N awp&fdinOthd @ppdMassiHasga edpaee r i eondugta wubytapke atv &ppasaatiosi f or
measuring electric conductivity according to the present invention is

const r uct @df gdaetebec resect OVt etédttoty sueferes of the above-described three

electrodes, and light irradiating means that irradiates light onto the
respective electrode surfaces.

In these apparatuses for measuring electric conductivity, it is
preferred that the light irradiated by the above-described light
irradiating means has a wavelength which brings about a photocatalytic
activity of the titanium oxide layer. For example, light with a
wavelength from about 300 to about 400 nm can be employed. As means for

irradiating 1light, a light source composed of means for irradiating



.Figure 6 is a chart indicating a neasurenment result of Exanple 1. Figure 7
is a chart -indicating a neasurenent result of Exanple 2. Figure 8 is a
chart indicating a neasurenent result of Conparative Exanple 1. Figure 9 is
a schematic bl ock diagram of a conventional apparatus for measuring

el ectric conductivity. The Best node for carrriny out the Invention
Hereinafter, desirable enbodi nents of the present invention wll be

expl ained referring to Figures. Figure 1 shows an apparatus for measuring
electric 10 conductivity according to a first enbodi ment of the present
invention. In this apparatus 31 for neasuring electric conductivity, three
el ectrodeg t34viclist 38yAréndbrayghikd nduehcept ackladi Night | wiyd B3 dicedtay
measured which is sent into an insul ated neasurenent tube 32, or which is
stored i Neddigydmpassd &Meidht! Yhriidd. matbeidinnes: ekaglepdes opOALi SikeR, or
detection electrode 34 for detecting electric conductivity, and two AC
current supRl ¥nelastrigdesond?isidg &iSppsefiiomdedh ratedsl pftot beidel enghti ¢
conductivity detection electrode 34 at respective distances . An AC current
of the sapRmphasegid EhureCpRSiand awohbage rof ihadsairg pageatisl also aepl i ed
to the two AC current supply el ectrodes 35, 36 through an anplifier 37. The
electric &@ﬂ@?&i.i Virtytrde] egel oigrel egdnt adeigid sidiagnesterhlt faymeeheédHdr i C,
current anmplifier 38, and an anplified electric current is output as a

val ue cortespgrdiiRgadiatén detaaliyi tromondught wbtinceof the fluid 33 to be
measured through the electric current anplifier 38. A portion for measuring
el ectric condpgitngt} Yerien dob6c-apparidbds sgdeec dor betadngt at stisdanse aw eleectri c
conductivity nmeter 1, for exanple, as shown in Figure 2. In this electric
conduct i VinkasurBd efaylbe adereh@Cioyi & Toypduetdnent tringasiteris] , ebettitoday 4e
wherein the el ectrode surface is formed by a titanium oxide |ayer 3

provi ded gghsaiseidiace ofnaan wleectighee rhaslytie nBtgitofirgagiandugt nsnsnetsal , as
shown in Figure 3, is used. The titaniumoxide layer 3 is forned by a
surface llyradikedf NBL (FUCHLRSrSRULIRELRY, tHioath Nghandidhite driakeyitoingn

el ectrode body made of a conductive netal, or is fornmed by oxidizing the
surface ofatdigael getradephqdyidsyaderothid kasd, unr arhetaxiugladdica ddating
conducted by electrolysis or air oxidation. The electric conductivity
measuri ngi1glactdzpaas drakeanssetkiag elqat riedesowiaed espairdi Bgrizeet bf ethe

el ectrodes 34, 35, 36 shown in Figure 1, and are attached to an el ectrode
hol der 5 nege: Arafditbily abtonamaerital site afactnglitheonpadeefer t Stmréhect r ode
surfaces are exposed as shown in Figure 2. Three el ectrodes 4 are disposed
in araw sgmstahbe el echeasesdda atrkadb it chabht siide sotatishi | widaesAGnCcof 1 ent
supply el ectrodes connected to a power source, and the el ectrode 4c at the
center posiéirQR S@3shndedt &5 ahe deikectd anielsaetaceder ftiaclighni gnasitaisensor
for detecting electric conductivity. Electrode holder 5 is fixed at a
predet er myaesk-ip0Si taoN K reubslerat By 6. sigerthelrsphistestye Gndi nbeganicd or
introducing a fluid to be nmeasured (for exanple, an aqueous sol ution),

outl et 8 futorosctiahgbmgetie abdnibed tanthe kovanhoh exide angerlO for measuring
el ectric conductivity are provided. In the electrode holder 5, flow hole 11
and 12 are provitied, and tahevdldevertibke tledtsodd spasede t prabundinbgat €omi t h
the flow hole 9 of the substrate, and the flow hole 12 is disposed to
communi categamplleh £hedWohmdwénd Gre@tfiod .he Namdist, r atnethod speche \eebioyeAd harednt o be
measured introduced frominlet 7 is sent into a space 14 for storing a
subst ance #n0 hectwas usa@tkacehcetkisss def | aetditmitiheoxide layer formed by a

surface treatment such as sputtering, plating or the like on a surface of
an electrode body made of a conductive metal. Alternatively, a method can
also be employed wherein an electrode surface made of a titanium oxide
layer is formed by providing oxygen to a surface of an electrode body made

of titanium. As the method for forming a titanium oxide layer by



.12 side of the electrode surfaces of the respective el ectrodes 4, through
an inside path 13 of the substrate 6, the flow hole 9, and the flow hole 11
of electrode holder 5. The space 14 for storing a substance to be neasured
-fornms a flow path for measuring electric conductivity of the fluid to be
measured. The fluid fromthe space 14 for storing a substance to be
nmeasured is discharged fromoutlet 8 through the flow hole 12 of el ectrode
hol der 5, the flow hole 10 of the substrate 6, and an inside path 15. In
the substrate 6, through holes 16a, 16b, 16c are opened at positions
corresponding to the respective el ectrodes 4a, 4b, 4c, and necessary

el ectric Wkesimyf %xgéﬂd,eq QtndAf vhie tdr aughohitlhesonl Ghed 6ihan16CmetHd@ space
14 for storing a substance to be neasured, in this enbodinent, is defined
by a sheetrihi ki gpatddepgiyhis @Rtoa ekprReparent glass plate 18 provided as a
light transmtting material which is disposed to confront el ectrode hol der
5 with a gap wi anpagkisBOapbiratuds ESr Regf@fingkikbadicacsnduati iy adadediegat i ng
| ayer is provided to such an extent that the light transmtting property is
not i npai §ethnealsBsdr® thersusd age REctiiagsapival etld @rctiis sbamckaeityg t he
space 14 for storing a substance to be neasured. The electric conductivity

of the flgidctidowidgrbie SRAGBpbded Betwdenr titd 8 SURELEARGEPIY0 eDe-tiBa@sY T €d,
i s neasured. El ectrode hol der g, packing 17 and gl ass plate 18 are fixed to

a cover body =20 20N -GRRnsULf 2GR Shee Bfassubstiphieed ty thel tvo 1 cAridredow 21
for transmtting light is opened on cover body 20. Through this w ndow 21,
13 lightydiomdib@hboakd r adipgt idhgls MRaRs 128t Wi, Chink S edespasedondlictiichiryl S
irradiated. Light irradiated is shed on titaniumoxide |layers 3 that form
the el ect sadecsay basasoad ikherdcespect i veniel&et ppdes 4@ adbcurdent Rusiigh

gl ass plate 18 fromthe w ndow 21. Light having a wavel ength that brings
about a phRi@eadd ¥d iAWV htdtnaéd tgobBItnUBX 13X Ge duByRleSoB the paliecdrad as
the light to be irradiated. For exanple, an ultraviolet ray with a

speci fi edymavel@ass hifdar c2xavmhes aranadigbestgth fRlkéngep hbi Resistange of
300 to 400 nnm) can be enployed, and as light irradiating nmeans 22, for
exanpl e, agyfrackdti@ thatelcbtad at@Bualitiayi gélctidy Setafrhie ugRd.ard n the
apparatus 31 for neasuring electric conductivity according to the first
enbodi ment;1Qf; ab hgrRMm8SE Port IV NLh@ NsiibRhcakel, idnyFigikee dlasric hagient
formation of the present invention, an electric conductivity detection

el ectrodegdd i sotel £chr i GRaLREtGhdE]l defs agaidsti®g o usIdedrRoi Atrraki chorwoul d
exi st at any position of the extending portion of nmeasurenent tube 32 by
two AC Cufefdit-iSdRkYc8lesdindes,i8p, cadbbe Whtanayr etaiigpased 10nineet Brad des
of the electric conductivity detection electrode 34, and to which AC
current okhd SaeriRhaseiucsiwitpphdedtidiarbbitrosd, NGad aargoBsAtaREINOICE atee AC
current with a sanme potential is applied to the two AC current supply

el ect r odegeRRired6datandr tihe pnicenid abndidtiergnesas deepr@entéd)e apd ecthific-
conductivity detection electrode 34 and the AC current supply el ectrode 35,
36 are al waMsrabRimbahRaentlbrpiRdel &t fednatsiiant barhee possitist antial Iy no
el ectric resistance exists between the electric conductivity detection

el ectrode 34 a(gcr@R, 1th the second apparatus for measuring electric conductivity

according to the present invention, since an AC current is applied to only
one electrode of the two electrodes disposed on both sides of the electric
conductivity detection electrode and the other electrode is grounded, the
portion between these two electrodes is set in a formation of so-called
resistive division which is created by the electric conductivity detection
electrode disposed therebetween. And, since a constant voltage is applied

to the above-described one electrode, and the potential of the other



.outside grounded point. Therefore, a resistance between an electric
conductivity detection el ectrode and an outside grounded point, and an
affection to an output electric current fromthe electric conductivity
detection electrode originating froma variation of the resistance, in a
conventional apparatus as explained using Figure 8, disappear substantially
conpletely. In other words, |eaked electric current fromthe electric
conductivity detection electrode 34 to the outside grounded point does not
exist at all. As a result, the output electric current fromthe electric
conductivity detection electrode 34 is always extracted at a condition with
no di st uransded aNdcseatt e i NGaghdzatdl i atd aRs0ftdnbe paRssd ethedaliactdtie to

t he di sturbance are prevented, thereby ensuring a stable and hi ghaccuracy
Measur emesnaQét 19h 8 tdek 6ctGORdbIG -t Midey afd tilkl giduiiBSd JTUEdREE , canf bk heixgar tion
for nmeasuring electric conductivity of this apparatus 31 for neasuring

el ectric £oRdeskdid Yal e S@ghhtiuhed rasiddao alaetitiion. CanesEbieyi byermeter 1
shown in Figure 2, by irradiating light fromlight irradiating neans 22,
titani um@e deakayaest StiieoVicdednen eldersar taerstdfityhesr s pacigirvended

el ectrodes 4a, 4b, 4c exhibit a photocatalytic activity. Therefore, even
when or gagdngi sisthangsys @isetipnbal ped ddtemdinbupertionbeoarrasurond &bomwt-ng in
the space 14 for storing a substance to be neasured, because the organic
subst ancegsak SrdeceHRosSRAtByaet he fRbi1gCatcnyéd Befdriel ¥édcyiingetra drburiden
exchange takes place on the el ectrode 15 surfaces during the measurenent
of el ect (rj;Ld‘ineoaﬁlU%é VindasurdrRat neasndiat itve erapic sitbatiances dveibly
prevented from adhering or being adsorbed onto the el ectrode surfaces. As a
result, arfREEQHLHers! SANHRYPOEitiBE & ekl klecitbdedCaBets ROhor e6Hui red any

| onger, and electric conductivity can be nmeasured stably and accurately at
all ti mesgmictvhautredidtagbeant NEghFvateh 11 1ye oo dneébdi betivgerof timicheatric

hi gh-accuracy nmeasurenent can al so be ensured. Further, if a titanium oxide
coating | @Riuct SriBy Qsteedd opreliehercair 4aC enofyrolraiss galiat erlthconeddusesdrde
facing the space 14 for storing a substance to be neasured, the adhesion or
adsor pti opyf, or gadtseqedesy ancas éredthis surfage séfle messalisg plevericed,
and accunul ation of the organic substances in the space 14 for storing a
subst ancecdRubeiARAS WAL dbd SolfheNeNt Bdn ther ehyetitd ndaidactigrithedetection

hi gh-accuracy neasurenent. Figure 4 shows an apparatus for measuring

el ectric gnnduedd iiniyaseendi figekp dhdSGOREaEiRbOG BENtheOfredsied aSE NIf
invention. In this apparatus 41 for neasuring electric conductivity, three
el ectrodesnd4,e145:ri46 bsrRuetitvitpt aaponbactpratdrtea, f landd 43 Highbecoeasur ed
are provided against the fluid 43 to be neasured as a substance to be
measur ed, médRtreteéhtSentthe M1ecarici esidhat iedt reasohieenpsdsiblde 42, or that is
stored in the neasurenent tube 42. The three el ectrodes conprise a

det ecti on el ectuigyden dhel afpadet &C tbAgneakeringi €leeonttebhdtict yvitanaddording ent
supply el ectrode 44 di sposed on one side of the electric conductivity

det ecti ontd 6the epBbrOAEnA4tfdn, a sihhat atee Acardridengr supslgd cdbenbredearks

di sposed on the other side of the electric conductivity detection el ectrode
44 at a dusippes, A phedst enfiditd sAplgUeIettods mHpphd egoatded ebBRStai
voltage to the AC current supply electrode 45 through an anmplifier 47. The
el ectric esddiichbsdd yndeieebtiorsigkecss atle dekecsiaorhenireds tioratet@ceity i C
current anplifier 48, and an anplified electric current is extracted as a
val ue cor eespendi aghduetivieyelapat the etoaiiet tarduytiofity hietbttiod 4Bedte@odse
measured through the electric current anplifier 48. This apparatus 41 for
measur i ngbetwehrbdthcendueddedi tan barelatiad chel yC enistl Hédl theeknasean aghigst rarc
conductivity nmeter, for exanple, simlar to that shown in Figure 2. In the
appar at us oddsifder gpRaskedi prtabrect ryc disndiahde/i dan dec prekienged of tohe being
above-descri bed second enbodi nent, an AC current with a constant voltage is
suppl i ed Geneakyd time aAeledtrienturepplextedeetr bode 4y eléarge oxomdectigliect r ode
46 is forcibly nmade zero in potential by grounding, and these el ectrodes
45, 46 ar @cthapose@dlestbos,h sndleshafefttrr etlect eicctrindootiduetiyitdetodctd on

el ectrode 44. Therefore, the portion between the electrodes 45, 46 is in a
condi ti onsabstapecatd @d nesuséd wandby irshourddnwigtreet high ecicpenacy fusiemathieon,

di vided by electric conductivity detection electrode 44. In the circuit

bet ween these el ectrodes 45, 46, a predeterm ned AC current with a constant
voltage is applied to the electrode 45, and the potential of the el ectrode
46 is always nmade forcibly to be zero due to grounding, and this condition
is always stable. Nanely, even if any extending portion of the measurenent
tube 42 is grounded, there is no roomwhi8h allows a resistance to enter
bet ween the grounded point and the electric conductivity detection

I T A A I )



-whereby, the electric current extracted fromthe detection el ectrode 44
does not shift and does not vary. Therefore, the output electric current
fromthe electric conductivity detection electrode 44 can be extracted at a
-condition with no disturbance at all tunes, and scattering and variation
originating fromthe di sturbance can be prevented, and a stable and

hi gh- accuracy neasurenent of electric conductivity can be ensured at al
times. Further, if the portion for nmeasuring electric conductivity of this
apparatus 41 for nmeasuring electric conductivity is constituted as electric
conductivity neter 1 shown in Figure 2, operation and advantages sim | ar

t o_ t hoseydsButdientfonerEnhivied flivagd semiaodieent can be obtained, and nore
st abl e nmeasurenent, capabl e of preventing adhesi on and adsorption of
organi ¢ subst@erss, BECAMRSFPESSAR Secdridr bfiRiratudee por heduriey ereasuri ng

el ectric conductivity of an apparatus for nmeasuring electric conductivity
accor di Nng-drauthieripy esﬁnttﬂen\é&&iﬂraﬂes'ﬂk%ﬁ)lﬁ@ntﬂenﬂﬁnmﬂélt Etheré Obn etaipl e, as
an electric conductivity neter 51 shown in Figure 5, in order to nmake it
smal | er angrhbdngre Udedi henel pedtiocst0@otticadtdivity net etitahiwhowwiden iki gure
5, three electrodes 52a, 52b, 52c are provided, and for exanple, the

el ect r odes;p2Bi tby Arrhdidtis; desntanete ansdppketredtasapawagtis Up@t ykagle,

el ectrodes connected to a power source, and the el ectrode 52c di sposed

bet ween themiisaionst iyl eo ahea tieingah i didel egergderbamet sanitageas ia
sensor for detecting an electric conductivity. 18 Through hol es 53a, 53b,
53c are opeRred: alithheneC entarlm pxitié argend drhexisespedhi viee eheet medesths2a,
52b, 52c, and titanium oxide |ayers are provided on the inner surfaces of
the respecdyjeve BB €Sedotiposed3Dand3the SRIBEEIB® D4aadSchpriddcthebdel nadectef a
light transmitting insulation material (for exanple, 4-fluoride ethylene)
are di sposa@noi ket siagess ak pherehespechinties| etheodes fha, wh2ly, £6@s, and
the respective el ectrodes and spacers are stacked alternately. Through

hol es 55a83rbFbrmdeben edebdRrofeRadfaaks by Bhé epeshitrlphpidi tphaof tiepacer s
54a, 54b, 54c, 54d, respectively. Support materials 56a, 56b are di sposed
out si de ofitSPAGEN Sxi2¥éa 1abdd PRSE! | &rRAd 18t thot leinfestiandod ieackganivody
conprising the el ectrodes 52a, 52b, 52c and the spacers 54a, 54b, 54c, 54d
are sandwsghednédsoms hedihysd,dege kyhédienSUpROE tecarebe Isupbssddir oligdreliotegs 57a,
57b are opened also in the central portions of the respective support

mat er i al stfbaeldebbodeansifates the halegs Saintditted aite endkstfatdet HyefdBa for
introducing a fluid to be nmeasured, and one end of a tube 58b for

di schar gi Bgndi€od lWitHowrs edhesient ed apdrdtixedof reesperdanyel subsfarfdeow @t h of
a fluid to be neasured is fornmed by hol es 55a, 53a, 55b, 53c, 55c, 53b, 55d
connect edthy &bacdklagsidiace|enditdde sisSAainta2iemd Splanat the Speaserishéda,

54b, 54c, 54d. A fluid to be measured introduced through tube 58a is

di schar gededfir-onghatyibgeri8hicaf taeatingwiang ithsi dekeaf t fherefbeay pathoutThese
tubes 58a, 58b are conposed of a light 19

requiring a periodical cleaning of the electrode surfaces, electric
conductivity can be measured stably and accurately at all times, and
repeatability of the accuracy of the measurement can be ensured with no

problems.

ot ] , - the drawi

Figure 1 is a schematic block diagram of an apparatus for
measuring electric conductivity according to a first embodiment of
the present invention.

Figure 2 is an exploded perspective view of an example



.transmtting material (for exanple, 4-fluoride ethylene), and an
ultraviolet ray. with a predeterm ned wavel ength is irradiated from bl ack
l'ight 59 provided as nmeans for irradiating light. As the ultraviolet ray
-irradi ated repeats diffusion and reflection in tubes 58a, 58b while
transmtting the tubes, the ultraviolet ray is guided along the tubes 58a,
58b, and guided to the inner surfaces forned by titanium oxide |layers in
the respective el ectrodes 52a, 52b, 52c fromthe portions of holes 57a, 57b
at both sides. Further, as the respective spacers 54a, 54b, 54c, 54d are

al so conposed of a light transmtting material, the ultraviolet ray from

bl ack |i gitter=9iri s a r paditabed fort heeasinemgsueflacesiof edrduqtdddésys2af 52b,
52c after transmitting each spacer while utilizing diffusion and

refl ecti cappdasyeci alfby, nmasforimignge bactr ial econddet Enk wpaceprdbnpe to  the
relatively thin (for exanple, the thickness of each electrode is about 0.2
rrun, andetdmerthiiokressoaf ieactnspacared sisaboueldcmic dyecagsevihe hétar.
path formed by the respective el ectrodes and spacers becones relatively
short, even if ragpaetixTuliar &nghinliargasnigdispgataver ialewueolf asn arlepticcal
fiber is not used, a sufficient amount of |ight for neasurenent is

i rradi at egodiex priegdeensunedgebbettoshie uff fraeeslbyttbe tomhictguiidiyngedkong
light transmitting tubes 58a, 58b as described above, and by the |ight
gui di ng thepughed iightrilghiaaspi tting spacers 54a, 54b, 54c, 54d. Therefore,
in this enbodinent, a sinpler and smaller unit can be constructed. Exanples
The fol |l owi ng gxami-aatd ops werereaatied wckwidingrespest &0 tbpasppas atuses
for neasuring electric conductivity shown in 20 Figure 1 and Figure 4,
and perf op oROGE: AhedeRf MRS dehkai Pedy ocvAdifglioAR appanidtambddiinent of
measuring electric conductivity having three el ectrodes (all of three

el ect r odegp, oL e Ol grRdded),.shown in Figure 1 was constructed, a sodi um
chl oride solution having a conductivity of 240 a S was used as a sol ution
to be measuredpiandet he £l egh rbgp fONMICE Mdaktalvet RSOl i DibtMRS BAsH1ed.
The tenperature of the nmeasuring cell was controlled at 45 Crelative to

the room Legperat upe f 2%C bl NA-LLAR: O MBAMEIERNLonThE: {4 13 ah

the solution into the nmeasuring cell was set at 1 m/mn. The result is

shown in Ef gg%&@s PEVIPhEa S )y ARABLALYS [ndUBATYELDY R RGUIRE o the

. a A
conduct i vit aving three electrodes (one el ectrode of  one side was

grounded) SHOWN. | (L FLAW S 4 MBACODSLELEL AL P S0 LM o pildE oL Uk eB:
CFI VIYy (0] 5 u

havi ng a E6RaG was used as a solution to be neasured, and
the electric canductivity.of the utjon asur np e Gf
t he measuring %gﬁqurv?/as ®cohtrdl | é:algg% 4%9%%%35{5&% t%%%ugéﬁggl?n t%r%seirl%t tj)(r%e
of 25 C agxghelgi of neasurenent. The flow rate of the solution into the
measuri ng E8"P"Was set at 1 m/min. The result is shown in Figure 7.
Conpar ati ve Exampl e 1: _An, conventi_onal . appar s for [ e iC
conductivity hZP\[fTP%LﬁfetV\E ef2ct? o&%’?rghoﬁgﬁ%tﬁﬁéuré Qm%/\%ts giderﬁcolr:lg%‘%%t ed,
a sodiunlchlor&de sol ution having a conductivity of 240 a S was used as a
sol ution £&3BBLieasured, and the electric conductivity of the sol ution was
measured. The tenperature of the neasuring cell was controlled at 4SlC of
relative to thef THUA t Enpef atdir EYGF T251RILFA Y + Pre™ ot Akl ene Rt ¥ The
flowrate of the solution jnto the neasuring cell was set at 1 mM/mn. The
result isCORBRAREEAVE B 4n the above-described Exanple 1, as shown in
Figure 6, variations due to noi ses and_th% | i ke re Iessf and a stable 1
result coul d beFoHiE ndd ¥ t I aSAPGPRECuralys 1Ha8aMpl 81 2,2 a§ BREMA T
Figure 7, a shift in potential based on the offset caused by groundi ng one
el ect r ode 2RRITEHEEr ToH, MRS EOMSardG W R BXRMHE VL Yout vari ations due to
noi ses and the like were less, and a stable result could be obtained wth a
hi gh accuracy, simrgels ¢4 i nigxant, ene

1, as shown in Figure 8 a noise originating froma disturbance was picked
up as conpar edievkirtarbxgnmpksirboas cerbsanmehes 2f the preasnir ddvelatian gridat by
varied, and a stable result with a high accuracy could not be obtained.

Si nce t he psdiebangertihgConmpagatesve Exanple 1 was al nobst in correspondence
with the operation of connection/disconnection of the air conditioner and

t he switchi ng rapgirat i an ofhdwie sol engipthreftuthe fekkecimearagheyi cevativeic

| ocat ed nearby, the disturbance is considered to be noises originating from
t hese operations.

10



.22 I ndustrial Application of the Invention In the apparatus for neasuring
el ectric conductivity according to the present invention, electric
conductivity can be neasured stably and accurately in a condition with no
variation, for a substance to be neasured such as an aqueous solution, a
gaseous substance or a slurry-1like substance, especially for an aqueous
solution. Especially, ion concentration in an aqueous solution can be
measured with a high accuracy by this nmeasurenent of electric conductivity.
23 1.. An apparatus for nmeasuring electric conductivity conprising three
el ectrodes brought into contact with a substance to be nmeasured, said three

el ectrodesohdiedtidiing aadlatectione&l actriade faibddghreti g etret piresent
conductivity of the substance to be neasured, and two AC current supply

el ectr odesy¢l sPesed on ot khskdespphrsaid eliectbirC RoncluSinqvi tey cdeteet i on
el ectrode at respective distances, an AC current of the same phase being

applied t@osdidt W AC ChFEENE18UpPPbYe &l @al r oses. 32. akhke Bppagiad usnter
nmeasuring el ectric conduct|V|ty according to clam 1, wherein a constant

vol tage wibhcdhe wadre £l echifdcapotenbeaimebsuapl WRchoisakent WanAE aurrent
supply el ectrodes. 3. The apparatus for measuring electric conductivity

accordi ngi 4 SuTd@HdN heaBheert it easibeof 33ai bt hyReck! et r edesedi s ironsheuct ed
so that its electrode surface is forned by a titani um oxide | ayer provided

on a surfpsegs@ferdhie! eaigeddespody nade othse€onsiledtineienet alompdisdhea

apparatus for neasuring electric conductivity according to claim1l haV|ng a

space forgstoft ih & 19835arce 4t eobedsbastid eMiceBitScoedudtedsity, and
two AC current supply electrodes 35, 36 disposed on both sides
of the electric conductivity detection electrode 34 at
respective distances. An AC current of the same phase with a
constant voltage of the same potential is applied to the two AC
current supply electrodes 35, 36 through an amplifier 37. The
electric conductivity detection electrode 34 is connected to an
electric . current amplifier 38, and an amplified electric
current is output as a value corresponding to an electric
conductivity of the fluid 33‘ to be measured through the
electric current amplifier 38.

A portion for measuring electric conductivity in the
apparatus 31 can be constituted as an electric conductivity
meter 1, for example, as shown in Figure 2. In this electric
conductivity meter 1, an electric conductivity measuring
electrode 4, wherein the electrode surface is formed by a
titanium oxide layer 3 provided on a surface of an electrode

body 2 made of a conductive metal, as shown in Figure 3, is

used. The titanium oxide layer 3 is formed by a surface

11



- between respective el ectrode surfaces of said three el ectrodes, and neans
for irradiating.light onto the respective el ectrode surfaces. 5. The

apparatus for

measuring el ectric conductivity according to claim4, wherein

-light irradiated fromsaid light irradiating neans has a 24  wavel ength
whi ch brings about a photocatalytic activity of said titanium oxide |ayer.
6. The apparatus for neasuring electric conductivity according to claim4,
wherein said light irradiating neans conprises a light source. 7. The

apparatus for

measuring electric conductivity according to claim4, wherein

said light irradiating neans conprises a light guiding material which

gui des |ight,drp adiaht asoWhtedinfhe pRRANGt Usnd otnheeaSHE) NGB El @Rt ricC
conductivity according to claim4, wherein said space for storing a

subst ances { & S assd @ dmh8e defi Ned cbiaact i@t mbtansnokt ing meiwed aby and
light fromsaid light irradiating means is irradiated onto said el ectrode
surfaces thyouahsand khghhctransmd td ngvrauer baby 9. mdde @ppArabdsmt or
measuring electri'c conductivity according to claima8, wherein a titanium
oxi de coafj g, AV c2ARAPEENQhctEANSPiditdRGoh yghs 68 air oxidation.

The electric conductivity measuring electrodes 4 are used

as electrodes corresponding to three electrodes 34, 35, 36

shown in Figure 1, and are attached to an electrode holder 5

made

of an insulation material 1in a condition where the

electrode surfaces are exposed as shown in Figure 2. Three

electrodes 4 are disposed in a raw, and the electrodes 4a and

4b at both sides <constitute AC current supply electrodes

connected to a power source, and the electrode 4c¢ at the center

position constitutes an detection electrode functioning as a

sensor for detecting electric conductivity.

Electrode holder 5 is fixed at a predetermined position

of a substrate 6. In the substrate 6, inlet 7 for introducing

a fluid to be measured (for example, an aqueous solution),

outlet 8 for discharging the fluid, and flow holes 9 and 10 for

measuring electric conductivity are provided. In the

electrode holder 5, flow hole 11 and 12 are provided, and the

flow hole 11 is disposed to communicate with the flow hole 9 of
the substrate, and the flow hole 12 is disposed to communicate
with flow hole 10 of the substrate, respectively. A fluid to
be measured introduced from inlet 7 is sent into a space 14 for

storing a substance to be measured, which is defined on the

12



-provided on a surface of said light transmtting material of its side
facing said space for storing a substance to be neasured. 10. An apparatus
for measuring electric conductivity conprising three electrodes brought

~into contact with a substance to be nmeasured, said three el ectrodes
including a detection electrode for detecting electric conductivity of the

subst ance to be neasured, an AC current 25 supply el ectrode di sposed on
one side of said electric conductivity detection electrode at a di stance,
and a grounded el ectrode di sposed on the other side of said detection

el ectrode at a distance. 11. The apparatus for neasuring electric

conduct i vd {ye arc ol N 43 relydi BLibac¥besei tha £o5sdAitvev @llleageotissappl i ed
to said AC current supply electrode. 12. The apparatus for neasuring

el ectric Gonsdupt iad tdh-A6e0pdERY1B00 €] 8hE dQosthiedeLia) aaeh rabwsabdet by ee
el ectrodes is constructed so that its electrode surface is fornmed by a

titani um gxi dend ayedw HOM ded o a strbaeenefidan el ectrhedephedy 1aaderof a
conductive nmetal. 13. The apparatus for measuring electric conductivity

accordi ngs O Gl @i @ 1Qhdmie acspage hoasst&d i B@rassubstasee daxtberseasur ed
whi ch is defined between respective el ectrode surfaces of said three

el ect r odege s AN {pagte dt0fid réHidiRd thi P ©id orLhied r espeet imeaselreat r ode
surfaces. 14. The apparatus for neasuring electric conductivity according

to claimdg. wheral reddnghtnd r spdiat ad from sabdihgght dugsadingiel ngo Means has
a wavel ength which brings about a photocatalytic activity of said titanium
oxi de | ay@fasured is discharged from outlet 8 through the flow hole 12
of electrode holder 5, the flow hole 10 of the substrate 6, and
an inside path 15.
In the substrate 6, through holes 16a, 16b, 1l6c are
opened at positions corresponding to the respective electrodes
4a, 4b, 4c, and necessary electric wires are pulled out of the
through holes 16a, 1l6b, léc.
The space 14 for storing a substance to be measured, in this
embodiment, is defined by a sheet-like packing 17, and a transparent glass
plate 18 provided as a light transmitting material which is disposed to
confront electrode holder 5 with a gap via packing 17. It is preferred
that a titanium oxide coating layer is provided to such an extent that the
light transmitting property is not impaired, also to the surface of glass
plate 18 on its side facing the space 14 for storing a substance to be
measured. The electric conductivity of the fluid, flowing in space 14 for
storing a substance to be measured, is measured.
Electrode holder 5, packing 17 and glass plate 18 are fixed to a

cover body 20 on one surface side of substrate 6 by bolts 19. A window 21

for transmitting light is opened on cover body 20. Through this window 21,

13



. 15. The apparatus for nmeasuring electric conductivity according to claim
13, wherein said light irradiating nmeans conprises a |light source. 26 16.
The apparatus for measuring electric conductivity according to claim 13,
-wherein said |ight irradiating nmeans conprises a |light guiding materi al

whi ch guides light froma |ight source. 17. The apparatus for neasuring
el-ectric conductivity according to claim 13, wherein said space for storing
a substance to be neasured is defined by a light transmtting naterial, and
light fromsaid light irradiating neans is irradi ated onto said el ectrode
surfaces through said light transmtting material. 18. The apparatus for
nmeasur i nquighectrid® COMBUGHTNETaY iRE CREdisN@2t avhibial 1y 1dispobed ebcsddei tani um
oxi de coating layer capable of transmtting |ight is provided on a surface
of said |ightidveaNsmibht Agrambesd ak Dkdidrstsipeuh agiag 1aph@d 3paee fom

storing a substance to be neasured.

the electrode surfaces of the respective electrodes 4a, 4b, 4c through
glass plate 18 from the window 21. Light having a wavelength that brings
about a photocatalytic activity of titanium oxide layers 3 is selected as
the light to be irradiated. For example, an ultraviolet ray with a
specified wavelength (for example, a wavelength falling within a range.of
300 to 400 nm) can be employed, and as light irradiating means 22, for
example, a black light that irradiates ultraviolet rays can be used.

In the apparatus 31 for measuring electric conductivity
according to the first embodiment of the present invention
indicated in Figure 1 as a basic formation of the present
invention, an electric conductivity detection electrode 34 1is
electrically shielded against a grounded point which would
exist at any position of the extending portion of measurement
tube 32 by two AC current supply electrodes 35, 36, which are
disposed on both sides of the electric conductivity detection
electrode 34, and to which AC current of a same phase is
supplied. Namely, since a constant voltage AC current with a
same potential is applied to the two AC current supply
electrodes 35, 36, and the potential differences between the
electric conductivity detection electrode 34 and the AC current
supply electrode 35, 36 are always maintained at predetermined
constant values, substantially no electric resistance exists

between the electric conductivity detection electrode 34 and an

14
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outside grounded point. Therefore, a resistance between an
electric conductivity detection electrode and an outside
grounded point, and an affection to an output electric current
from the electric conductivity detection electrode originating

from a variation of the resistance, in a conventional apparatus

as explained using Figure 8, disappear substantially completely.

In other words, leaked electric current from the electric
conductivity detection electrode 34 to the outside grounded
point does not exist at all. As a result, the output electric
current from the electric conductivity detection electrode 34

is always extracted at a condition with no disturbance, and

scattering and variation of the measured data due to the

disturbance are prevented, thereby ensuring a stable and high-
accuracy measurement of electric conductivity at all times.
Further, if the portion for measuring electric
conductivity of this apparatus 31 for measuring electric
conductivity is constituted as the electric conductivity meter
1 shown in Figure 2, by irradiating light from 1light
irradiating means 22, titanium oxide layers 3 provided on the
surfaces of the respective electrodes 4a, 4b, 4c exhibit a
photocatalytic activity. Therefore, even when organic
substances are contained in a fluid to be measured flowing in
the space 14 for storing a substance to be measured, because
the organic substances are decomposed by the photocatalytic

activity, even i1f ion exchange takes place on the electrode
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any longer, and electric conductivity can be measured stably
and accurately at all times without any cleaning. Further,
reproducibility of such a high-accuracy measurement can also be
ensured.

Further, if a titanium oxide coating layer is provided on
the surface of glass plate 18 on its side facing the space 14
for storing a substance to be measured, the adhesion or
adsorption of organic substances to this surface side is also
prevented, and accumulation of the organic substances in the
space 14 for storing a substance to be measured is prevented,
thereby maintaining the high-accuracy measurement.

Figure 4 shows an apparatus for measuring electric
conductivity according to a second embodiment of the present
invention. In this apparatus 41 for measuring electric
conductivity, three electrodes 44, 45, 46 brought into contact
with a fluid 43 to be measured are provided against the fluid
43 to be measured as a substance to be measured, that is sent
into an insulated measurement tube 42, or that is stored in the
measurement tube 42. The three electrodes comprise a detection

electrode 44 for detecting electric conductivity, an AC current supply

electrode 44 disposed on one side of the electric conductivity detection
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electrode 44 at a distance, and a grounded electrode 46 disposed on the
other side of the electric conductivity detection eleétrode 44 at a
distance. A predetermined AC current is supplied at a constant voltage to
the AC current supply electrode 45 through an amplifier 47. The electric
conductivity detection electrode 44 is connected to an electric current
amplifier 48, and an amplified electric current is extracted as a value
corresponding to the electric conductivity of the fluid 43 to be measured
through the electric current amplifier 48. This apparatus 41 for
measuring electric conductivity can also be constituted as an electric
conductivity meter, for example, similar to that shown in Figure 2.

In the apparatus 41 for measuring electric conductivity according to
the above-described second embodiment, an AC current with a constant
voltage is supplied to only the AC current supply electrode 45, the
grounded electrode 46 is forcibly made zero in potential by grounding, and
these electrodes 45, 46 are disposed on both sides of the electric
conductivity detection electrode 44. Therefore, the portion between the
electrodes 45, 46 is in a condition of so-called resistive division in
electric circuit formation, dividgd by electric conductivity detection
electrode 44. In the circuit between these electrodes 45, 46, a
predetermined AC current with a constant voltage is applied to the
electrode 45, and the potential of the electrode 46 is always made
forcibly to be zero due to grounding, and this condition is always stable.
Namely, even if any extending portion of the measurement tube 42 is
grounded, there is no room which allows a resistance to enter between the

grounded point and the electric conductivity detection electrode 44, and
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whereby, the electric current extracted from the detection electrode 44
does not shift and does not vary. Therefore, the output electric current
from the electric conductivity detection electrode 44 can be extracted at
a condition with no disturbance at all times, and scattering and
variafion originating from the disturbance can be prevented,
and a stable and high-accuracy measurement of electric
conductivity can be ensured at all times.

Further, if the portion for measuring electric
conductivity of this apparatus 41 for measuring electric
conductivity is constituted as electric conductivity meter 1
shown in Figure 2, operation and advantages similar to those in
the aforementioned first embodiment can be obtained, and more
stable measurement, capable of ©preventing adhesion and
adsorption of organic substances, becomes possible.

Further, the portion for measuring electric conductivity
of an apparatus for measuring electric conductivity according
to the present invention also can be constituted, for example,
as an electric conductivity meter 51 shown in Figure 5, in
order to make it smaller and thinner. In the electric
conductivity metef 51 shown in Figure 5, three electrodes 52a,
52b, 52c are provided, and for example, the electrode 52a, 52b
on both sides are constituted as power supplying electrodes
connected to a power source, and the electrode 52c disposed
between them is constituted as a detection electrode

functioning as a sensor for detecting an electric conductivity.
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Through holes 53a, 53b, 53¢ are opened at the central portions
of the respective electrodes 52a, 52b, 52c¢, and titanium oxide
layers are provided on the inner surfaces of the respective
holes 53a, 53b, 53c. Spacers 54a, 54b, 54c, 54d made of a
light transmitting insulation material (for example, 4-fluoride
ethylene) are disposed on both sides of the respective
electrodes 52a, 52b, 52¢, and the respective electrodes and
spacers are stacked alternately. Through holes 55a, 55b, b55c,
55d are opened also in the central portions of spacers 54a, 54b,
54c, 54d, respectively. Support materials ©56a, 56b are
disposed outside of spacers 54a, 54d positioned at both sides,
and a stacked body comprising the electrodes 52a, 52b, 52c and
the spacers 54a, 54b, 54c, 54d are sandwiched from both sides
by the support materials. Through holes 57a, 57b are opened
also 1n the central portions of the respective support
materials 56a, 56b, and into the holes 57a, 57b, one end of a
tube 58a for introducing a fluid to be measured, and one end of
a tube 58b for discharging the fluid are inserted and fixed,
respectively.

A flow path of a fluid to be measured is formed by holes
55a, 53a, 55b, 53¢, 55¢, 53b, 55d connected by stacking the
electrodes 52a, 52b, 52c¢ and the spacers 54a, 54b, 54c, 54d.
A fluid to be measured introduced through tube 58a 1is
discharged through tube 58b, after flowing inside of this flow

path. These tubes 58a, 58b are composed of a light
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transmitting material (for example, 4-fluoride ethylene), and
an ultravioclet ray with a predetermined wavelength is
irradiated from black 1light 59 ©provided as means for
irradiating 1light. As the ultraviolet ray irradiated repeats
diffusion and reflection in tubes 58a, 58b while transmitting the tubes,
the ultraviolet ray is guided along the tubes 58a, 58b, and guided to the
inner surfaces formed by titanium oxide layers in the respective
electrodes 52a, 52b, 52c from the portions of holes 57a, 57b at both sides.
Further, as the respective spacers 54a, 54b, 54c, 54d are also composed of
a light transmitting material, the ultraviolet ray from black light 59 is
irradiated to the inner surfaces of electrodes 52a, 52b, 52¢ after
transmitting each spacer while utilizing diffusion and reflection.
Especially, by forming each electrode and spacer to be relatively thin
(for example, the thickness of each electrode is about 0.2 mm, and the
thickness of each spacer is about 1 mm), because the flow path formed by
the respective electrodes and spacers becomes relatively short, even if a
particular light transmitting material such as an optical fiber is not
used, a sufficient amount of light for measurement is irradiated onto
predetermined electrode surfaces by the 1light guiding along Llight
transmitting tubes 58a, 58b as described above, and by the light guiding
through light transmitting spacers 54a, 54b, 54c, 54d. Therefore, in this
embodiment, a simpler and smaller unit can be constructed.

Examples
The following examinations were carried out with respect

to the apparatuses for measuring electric conductivity shown in
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Figure 1 and Figure 4, and performance thereof was determined.
Example 1:

An apparatus for measuring electric conductivity having
three electrodes (all of three electrodes were not grounded)
shown in Figure 1 was constructed, a sodium chloride solution
having a conductivity of 240 u S was used as a solution to be
measured, and the electric conductivity of the solution was
measured. The temperature of the measuring cell was
controlled at 45 C relative to the room temperature of 25 T)
at the time of measurement. The flow rate of the solution
into the measuring cell was set at 1 ml/min. The result is
shown in Figure 6.

Example 2:

An apparatus for measuring electric conductivity having
three electrodes (one electrode of one side was grounded) shown
in Figure 4 was constructed, a sodium chloride solution having
a conductivity of 240 u S was used as a solution to be measured,
and the electric conductivity of the solution was measured.
The temperature of the measuring cell was controlled at 45 C
relative to the room temperature of 25 ‘C at the time of
measurement. The flow rate of the solution into the measuring
cell was set at 1 ml/min. The result is shown in Figure 7.
Comparative Example 1:

An conventional apparatus for measuring electric

conductivity having two electrodes shown in Figure 9 was
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constructed, a sodium chloride solution having a conductivity
of 240 u S was used as a solution to be measured, and the
electric conductivity of the solution was measured. The
temperature of the measuring cell was controlled at 45 C
relative to the room temperature of 25 °C at the time of
measurement. The flow rate of the solution into the measuring
cell was set at 1 ml/min. The result is shown in Figure 8.

In the above-described Example 1, as shown in Figure 6,
variations due to noises and the like were less, and a stable
result could be obtained with a high accuracy. In Example 2,
as shown in Figure 7, a shift in potential based on the ocffset
caused by grounding one electrode was observed, as compared
with Example 1, but variations due fto noises and the like were
less, and a stable result could be obtained with a high
accuracy, similarly to the result of Example 1. In
Comparative Example 1, as shown in Figure 8, a noise
originating from a disturbance was picked up as compared with
Example 1 and Example 2, the measured data greatly varied, and
a stable result with a high accuracy could not be obtained.
Since the disturbance in Comparative Example 1 was almost in
correspondence with the operation of connection/disconnection
of the air conditioner and the switching operation of the
solenoid of the electromagnetic wvalve located nearby, the
disturbance is considered to be noises originating from these

operations.
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! ia] Application of the I .

In the apparatus for measuring electric conductivity according to the
present invention, electric conductivity can be measured stably and
accurately in a condition with no wvariation, for a substance to be
measured such as an aqueous solution, a gaseous substance or a slurry-like
substance, especially for an agueous solution. Especially, ion
concentration in an aqueous solution can be measured with a high accuracy

by this measurement of electric conductivity.
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CLAIMS
1.. BAn apparatus for measuring electric conductivity comprising three
electrodes brought into contact with a substance to be measured, said
three electrodes including a detection electrode for detecting
electric conductivity of the substance to be measured, and two AC
current supply electrodes disposed on both sides of said electric
conductivity detection electrode at respective distances, an AC current of

the same phase being applied to said two AC current supply electrodes.

2. The apparatus for measuring electric conductivity according to claim
1, wherein a constant voltage with the same electric potential is applied

to said two BC current supply electrodes.

3. The apparatus for measuring electric conductivity according to claim
1, wherein each of said three electrodes is constructed so that its
electrode surface is formed by a titanium oxide layer provided on a

surface of an electrode body made of a conductive metal.

4, The apparatus for measuring electric conductivity according to claim
1 having a space for storing a substance to be measured which is defined
between respective electrode surfaces of said three electrodes, and means

for irradiating light onto the respective electrode surfaces.

5. The apparatus for measuring electric conductivity according to claim

4, wherein light irradiated from said light irradiating means has a
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wavelength which brings about a photocatalytic activity of said titanium

oxide layer.

6. The apparatus for measuring electric conductivity according to claim

4, wherein saild light irradiating means comprises a light source.

7. The apparatus for measuring electric conductivity according to claim
4, wherein said light irradiating means comprises a light guiding material

which guides light from a light source.

8. The apparatus for measuring electric conductivity according to claim
4, wherein said space for storing a substance to be measured is defined by
a light transmitting material, and light from said light irradiating means
is irradiated onto said electrode surfaces through said light transmitting

material.

9. The apparatus for measuring electric conductivity according to claim
8, wherein a titanium oxide coating layer capable of transmitting light is
provided on a surface of said light transmitting material of its side

facing said space for storing a substance to be measured.

10. An apparatus for measuring electric conductivity comprising three
electrodes brought into contact with a substance to be measured, said
three electrodes including a detection electrode for detecting

electric conductivity of the substance to be measured, an AC current
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the other side of said detection electrode at a distance.

11. The apparatus for measuring electric conductivity according to claim
10, wherein a constant voltage is applied to said AC current supply

electrode.

12. The apparatus for measuring electric conductivity according to claim
10, wherein each of said three electrodes is constructed so that its
electrode surface is formed by a titanium oxide layer provided on a

surface of an electrode body made of a conductive metal.

13. The apparatus for measuring electric conductivity according to claim
10 having a space for storing a substance to be measured which is defined
between respective electrode surfaces of said three electrodes, and means

for irradiating light onto the respective electrode surfaces.

14. The apparatus for measuring electric conductivity according to claim
13, wherein light irradiated from said light irradiating means has a
wavelength which brings about a photocatalytic activity of said titanium

oxide layer.

15. The apparatus for measuring electric conductivity according to claim

13, wherein said light irradiating means comprises a light source.
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16. The apparatus for measuring electric conductivity according to claim
13, wherein said light irradiating means comprises a light guiding

material which guides light from a light source.

17. The apparatus for measuring electric conductivity according to claim
13, wherein said space for storing a substance to be measured is defined
by a light transmitting material, and light from said light irradiating
means 1s irradiated onto said electrode surfaces through said light

transmitting material.

18. The apparatus for measuring electric conductivity according to claim
17, wherein a titanium oxide coating layer capable of transmitting light
is provided on a surface of said light transmitting material of its side

facing said space for storing a substance to be measured.
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