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Technical Field of the Invention The present |nvent|on ree,ﬂmmﬁmj
el ectric conductoneter, and an el ectrode for neasuring el
conductivity and a nethod for producing the sane, and specifi cailsy, relates
to an apparatus capabl e of neasuring el ectric conducti vi ty nd
stably, at a good repeatability substantially w thout requi mgmm @“@MM
cleaning of the electrode surface, and a method for producing

background Art of the Invention Electric conductivity is especi @’

enpl oyed as a scale to neasure a cEREEHERFONon of ions capabl e of m grating
i n an aqueous solution, and an electric conductoneter is enployed to

measur e i BCEBHe EAVPRTPEISR ELEETRPOR | FEsMBEURRGeBFSTRE] GONYREIVITHe APect ri ¢
conductoneter has usually at | east two el ectrodes, and the electric

conductivity or resistance SFTEGY ERERUTCIH} GHF GMBr esent bet ween t he
el ectrodes is determ ned by neasurin

o e e

The present invention relates to an electric conductometer, and an
electrode for measuring electric conductivity and a method for producing
the same, and specifically, relates to an apparatus capable of measuring
electric conductivity accurately and stably, at a good repeatability
substantially without requiring any cleaning of the electrode surface, and
a method for producing the same.

(o] of the e

Electric conductivity is especially employed as a scale to measure a
concentration of ions capable of migrating in an agqueous solution, and an
electric conductometer is employed to measure ion concentrations in many
kinds of aqueous solutions. The electric conductometer has usually at
least two electrodes, and the electric conductivity or resistance of an
aqueous solution present between the electrodes is determined by measuring
the electric current or voltage between at least two electrodes in contact
with the aqueous solution.

The electrode of this electric conductometer is constructed usually
from an oxidation and corrosion resistant conductive metal such as
platinum black comprising fine particles of platinum, simply platinum,
platinum or gold plated conductive metals, or stainless steel, in order
not to be oxidized even when the electrode comes into contact with an

aqueous solution, and in order to ensure stability of the measurement by



the electric current or voltage between at |east two el ectrodes in contact
wi th the aqueous ‘solution. The el ectrode of this electric conductoneter is
constructed usually from an oxidation and corrosion resistant conductive
metal such as platinumblack comprising fine particles of platinum sinply
pl ati num platinumor gold plated conductive netals, or stainless steel, in
order not to be oxidized even when the el ectrode cones into contact wth an
aqueous solution, and in order to ensure stability of the neasurenent by 1
setting an area of the electrode to be broad. In such an electric
conductoneter, an electrode surface is usually cleaned regularly to perform
an accur at¥tARASHr 8FReneL tBecRlesErafinte BF JERR@: subst ances are generally
contained in an aqueous solution to be neasured, and are adhered or

adsor bed ont olarsUehedt roGetEifr FCRBEICLPPRE SR MY edeFeired nBHIERFS elso Mg ey

subst ances_ hei ghten the resistance at the el ectrode surface, and the

i ncrease FIFAPAS He@etaily e PRERP e 2SMIr At MPaT R SR s UPSAETR TR G593 HCe,
this electrode surface is regularly cleaned to avoid such i nconveni ence.
Such adhe¥fR5HaeSadcDIIFPFH LB BFFHRA I GBsIERERS SRASIFBRETY BWAdEFEH to be
an unavoi dabl e phenonenon in a conventional apparatus, because of the
nmeasur eme®td piish cAPrEEcdf OanaTREET | eNMorfuctiGrerEr, SUKECS s thihéfesied on
exchange is perforned on an el ectrode surface. In other words, in a

nmeasur emePRNERAE LAY (rEARGH AHRITADFESy he e aR e afreFRRCE| 8F i r@ct I®Bws in
a nmeasurenent systemnore or less, and the strength of the current is to be
neasur ed, S¥IE6Pdudhd vahe| dBEFGER, IRany, resAsEINERt MBYe MFElle 2P Gircarate
conductive netal is inevitably used. Therefore, in an el ectrode surface
made fr onTSASEHHUREL LURCSTRR LA, kR netSShredec FAREREST 45 pERTBrREH Ppaned to
ener gi zati on, nonconductive organi c substances are adhered or adsorbed onto
the el ect PEUE stHFacclCPHENBEeh SFUfesiPgreEr ador pEIBRELM t ik SFgamicc
substances occurs, the resistance increases and an ai ned el ectrode surface
for neasuf'@PeAPCSSadiist B8 f 6PRREdershdCaPea FresFTOLdERES RS gFERENnt " adcur acy
is sacrificed or a_neasurenent repeatability is |lost. Therefore, frequent

cl eani ngs YT ePREPTB] e FPPIREUS ur PSERSEr 5t eifi rPstermgDbi #ritfRlanct an

i nconveni ence. 2 , o ,
electric conductometer, that is, wherein ion exchange is performed on an

electrode surface.

In other words, in a measurement of electric conductivity, because an
electric current flows in a measurement system more or less, and the
strength of the current is to be measured, a conductive electrode, namely,
an electrode made from a conductive metal is inevitably used. Therefore,
in an electrode surface made from a conductive metal, when ion exchange is
performed by energization, nonconductive organic substances are adhered or
adsorbed onto the electrode surface. When such adhesion or adsorption of
the organic substances occurs, the resistance increases and an aimed
electrode surface for measurement cannot be formed, and as a result, the
measurement accuracy is sacrificed or a measurement repeatability is lost.
Therefore, frequent cleanings of the electrode surface are required to

avoid such an inconvenience.



Di scl osure of the Invention Accordingly, it is an object of the present
invention to provide an electric conductometer, which can automatically
prevent organi ¢ substances contained in a nmeasuring systemfrom adhering or
bei ng adsorbed onto an el ectrode surface, and which can nmeasure an el ectric
conductivity stably and accurately at all times substantially w thout
requiring any cleaning, and an el ectrode for neasuring the electric
conductivity and a nethod for producing the sanme. To acconplish the
above-descri bed object, an electrode for neasuring electric conductivity
according to the present invention is characterized in that an el ectrode
surface is forned by a titBARPGARPSNFRILI DS -LoF¥eaLsQRf ace of an el ectrode
Furt her, an el ectric conductoneter

body made from a conductive netal . ( ,
accordi ng to RPHOTBIEEENtLE ATeR ibAcEomdr FieSratenteSentify &P artovide an
conductivity neasuring el ectrodes each body of which is nmade froma

conduct i vel9REERF capdrdamatesurrace BR aMTPEI Lcal WoPFEENh\Preanict afistmeRi de

| ayer as an el ectrode surface, a space for storing a substance to be

neasur ed FIREEDENWR SFPASHELY E¥F 18U EXTUPPARESI0PT tHFeNB| FEPFRSE EBFIMSL i vity
measuring el ectrodes, and neans for irradiating light to the el ectrode

surf aces. SYeSHERY SHER Lo M WBERUICEE TeSSHEN SPaPISFLAI SGUSSTHVEY §EFI, but

a gaseous substance_ or slurry-1like _ , o ,
and accurately at all times substantially without requiring any cleaning,

and an electrode for measuring the electric conductivity and a method for
producing the same.

To accomplish the above-described object, an electrode for measuring
electric conductivity according to the present invention is characterized
in that an electrode surface is formed by a titanium oxide layer on a
surface of an electrode body made from a conductive metal.

Further, an electric conductometer according to the present invention
comprises at least two electric conductivity measuring electrodes each
body of which is made from a conductive metal and each surface of which is
formed by a titanium oxide layer as an electrode surface, a space for
storing a substance to be measured formed between the electrode surfaces
of the electric conductivity measuring electrodes, and means for
lrradiating light to the electrode surfaces. A substance to be measured is
generally an aqueous solution, but a gaseous substance or slurry-like
substance can also be measured.

In this electric conductometer, it is preferred that light irradiated
by the above-described means for irradiating light has a wavelength which
brings about a photocatalyst activity of the above-described titanium

oxide layer. For example, light with a wavelength from about 300 to about



subst ance can al so be neasured. In this electric conductonet e/r,/%v g0/
preferred that |ight irradi ated by the above-descri bed neans for
irradiating light has a wavel ength which brings about a photocatal yst
activity of the above-described titanium oxide |ayer. For exanple, |ight
with a wavel ength from about 300 to about 3 Nou o2ao~ 900 nm can be

For i f1 48P At TRt T SUFISVES Py SeaRY (e T RKU-CUth "% 61 aak T T Ghe sy be
L T8 A N LA L, 0,08
Be. al so BBk oyt 1k e LAY | PBEY TR S, T O oar R eer al Ry be
Above- dSETIHed Epars ray SPOFI AG A SUBb: Bbe o TaCr CHBASUrod oy be

the 11 GHECFLRM B THL | 1T 40T NG GRE T S P AR oRiante, an B Gatr ode.
hi o caster PELEMER CHNox a0 Ebating Tayor canan & of (TF andnrtireg i ght
of {he spate ForSPorTig al dibsPants Lo Be. ks Urd { nsHe Tt Re TRt
transmtti ngt rrgt%ri al), adhesion of organic nmatters and the like to this
surface &F9th&°fight transnitting material can be prevented by

super - hydz' ophi licity and dec osié'on roperty. Qf orgapi tances
ascribed to EH]étrﬁrt a?Yﬁ‘% %edger%%%%r% l?r%?hgrf %%gga o%ergr%%ttigg%zdt%gl ectric
conductivity measuring electrode according tq.th resent | nt | n be
pr oduced™85HRE T PRy et RO a]ﬁggrél %/fagﬁmor%t H‘gd%ftgl? %l’ oéﬂ%ie%g'mgg &

el ectric conductivit suring.el ectrode according to. iRre

i nvent i 0P EHET e rlrgg%ﬁ it!ﬁet %é%&anheﬁmecrf\erag‘gedﬂs 3r fl;rge&%g\c 'fq%r %g%ntby

providing a titaniumoxide layer on _a_surf -9k ap, 8! ode. .body rRde
froma C&ﬁaﬁ%]tait§% I?Btf%ll aBy eg%%t[rtog?i nsblroarce 4a€h€r 8£h @hg ?E&k{t dt?r merQM: nﬁc_(;i

is

material (for example, glass). In this case, if a titanium oxide coating
layer capable of transmitting light is provided on a surface (a surface in
contact with solution) of the side of the space for storing a substance té
belmeasured (made of the light transmitting material), adhesion of organic
matters and the like to this surface of the light transmitting material
can be prevented py super-hydrophilicity and decomposition property of
organic substances ascribed to the titanium oxide layer.

Further, the aforementioned electric conductivity measuring electrode
according to the present invention can be produced by the following method.
Namely, a method for producing an electric conductivity measuring
electrode according to the present invention is characterized in that an

electrode surface is formed by providing a titanium oxide layer on &

surface of an electrode body made from a conductive metal by sputtering or
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1 NOv. 2001 plating. Alternatively, a nmethod can al so be enpl oyed wherein
an el ectrode surface nmade froma titani umoxide |ayer is fornmed by
provi di ng oxygen to a surface of an el ectrode body nmade froma titanium
metal. As the nmethod for formng a titani um oxide |ayer by providing
oxygen, a nethod based on air oxidation other than a nmethod utilizing
el ectrolysis can be enployed. In the above-described electric conductivity
measuring el ectrode and el ectric conductoneter using the sane according to
t he present invention, since the titaniumoxide layer is formed on the
surface of the el ectrode body made froma conductive netal, a photocatal yst
activity plattihe. Altermagivedyi demgihodx¢rrbptsd b \enplovedi dieratn langhitechiade an
appropriate wavel ength (for exanple, an ultraviolet ray) to the |ayer,
organi ¢ stb¥eancesie| fropoattdcanivmnt dxideelavetraid dnreed de drayatingroxygesttong
nearby the | ayer in water are deconposed, and adhesi on or adsorption
t her eof ta@ furéacs todnpyrmlexinide]| pder made fudtrormtitealiity necal.eAsethe Thergf or e,
it is not necessary to clean this electrode surface regularly, and the
el ect r odefagufpariegi 8 Gltaaim axidet diveesdonravigésy radyben, s arfieibed dered tanon
wi t hout adhesi on or adsorption of the organi c substances, and an area of
t he el ect abdexidathor pthen thew iar mifihed siiif saiegcolegtrdlyniseyn e emmoyed.
mai ntained at an initial condition at all tines. As a result, electric
conductivity &arfhsedpavgsdectiadaplectaie cooduatavityy medsuging telaetyrodanhd
repeatability of the accuracy of the nmeasurenment can be ensured with no
pr obl ens. eRAtrheraepectonetssr dsimg the shre metdisdng dic phoduessny amveakéatr ode
for neasuring electric conductivity according to the present invention, the
above- desgiidsetihe|tdEanisieoxidiet der {orfompers wnernisupface| et tthe celsshidst i vity
can be manufactured easily and inexpensively. 5 Bri ef explanation of the
dr awi ngs Fedyurreade fromn aexhdaddvpenmsipact iavechptesmtelysn altévityi of the
conductoneter according to a first enbodi nent of the present invention.
Fi gure 2 titappuenpzidgedsperbiduced vey viewdditiag dligut rvithcendappiopiriate
measuring el ectrode of the apparatus depicted in

wavelength (for example, an ultraviolet ray) to the layer, organic

substances in contact with the titanium oxide layer or existing nearby the
layer in water are decomposed, and adhesion or adsorption thereof to the
titanium oxide layer is automatically prevented. Therefore, it is not
necessary to clean this electrode surface reqularly, and the electrode
surface 1is always maintained at a desirable surface condition without
adhesion or adsorption of the organic substances, and an area of the
electrode with such a desirable surface condition may be also maintained
at an initial condition at all times. As a result, 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.
Furthermore, according to the method for producing an electrode for
measuring electric conductivity according to the present invention, the
above-described electrode suitable for measurement of electric

conductivity can be manufactured easily and inexpensively.



Figure 1. Figure 3 is an expl oded perspective view of an electric

conduct onet er ‘'according to a second enbodi ment of the present invention.
Figure 4 is an expl oded perspective view of an el ectric conductoneter
accordi ng to a third embodi ment of the present invention. The Best node for
carrying out the Invention Hereinafter, desirable enbodi nents of the
present invention will be explained referring to figures. Figure 1 shows an
el ectric conductoneter according to a first enbodi mrent of the present
invention. In this electric conductoneter 1, an electric conductivity
measuring el ectrode 4 wherein an electrode surface is formed by a titanium
oxi de |l ayer 3 on a surf &g pict groch 2awimkes f rom a conducti ve
metal, shown in_ Fiqure 2, is enplo % The trtanrunroxrde | ayer 3 is fornmed
by & Surface t FadiREnc oflsspﬁ?teer’ﬁpryjré’ 6P A e e 02 B ILeFEPiEG
by oxidizing the surface of the el ectrode body 2 nade froma titanium

met al . Th%oﬁgﬁfﬁﬁwqﬁ? aESﬂHﬁt?%d‘ﬁ? @IeéfFBTyé?@”ﬁF“ﬁPF oRf datitonPresent
Three electric conductivity neasuring el ectrodes 4 are used in this

embodi nent?VaRdt Ute attached to an el ectrode hol der 5 conprising an
insulation material, in a condition where the el ectrode surfaces are
exposed, as ShEWIUER Ff gdfe a0 THYE& J6Fe CRIGIRES A VEr oV HFS pOdedah n edechiic
and the el ectrodes 4a and 4b _at both sides constitute power supplying

el ect r odeSORIHFetidy t HeasposhRY ORTEd8ndof hethst e@PPodatue AerifdeCenter
position constitutes a detecting electrode functioning as a sensor for
detecti ngf&¥e€2ric conductivity. Electrode holder 5 is fixed at a
predeterm ned position of a substrate 6. In the substrate 6, inlet 7 for

i ntroduci ng a fAligiuget o3 bésreasuresd loded exergiect iye aqueeu§fsoannrqﬁﬁﬁtrlc
outlet 8 for discharging the fluid, and flow holes 9 and 10 for mneasuring
el ectric conductimgter alaeCpr@i./lilmed.o | A tdecaidecembdeiheitder s, thd owreslkees
11 and 12 are provided, and the flow hole 11 is disposed to comruni cate
with the fhoenhidre. 9 of the substrate and the flow hole 12 is disposed to
communicate with flow hole 10 of the substrate, respectively. Afluid to be
measur ed i ntrodigedef rémiisnl et FEiglogient petspectspyacevidw f @f saorigigcaric
substance to be nmeasured, which is defined on the side of the el ectrode
surfaces obntthetometer according to a third embodiment of the present

invention.
out io

Hereinafter, desirable embodiments of the present invention will be
explained referring to figures.

Figure 1 shows an electric conductometer according to a first
embodiment of the present invention. In this electric conductometer 1, an
electric conductivity measuring electrode 4 wherein an electrode surface
is formed by a titanium oxide layer 3 on a surface of an electrode body 2
made from a conductive metal, shown in Figure 2, is employed. The titanium
oxide layer 3 is formed by a surface treatment of sputtering or plating
and the like, or is formed by oxidizing the surface of the electrode body
2 made from a titanium metal. The oxidation is conducted by electrolysis

or alr oxidation.



respective electrodes 4, through an inside path 13 of substrate 6, the flow
hole 9, and the flow hole 11 of el ectrode 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 neasured. The fluid fromthe space 14 for
storing a substance to be neasured is discharged fromoutlet 8 through the
flow hole 12 of electrode holder 5, the flow hole 10 of substrate 6, and an
i nside path 15. 7 In the substrate 6, through holes 16a, 16b, 16c¢c are
opened at positions corresponding to the respective el ectrodes 4a, 4b, 4c,
and necessary electric wires are pulled out of the through holes 16a, 16b,
16c. The spac®rEg fHICtELOriRgueisHbs Mapseing PBeckwdstredrei wsachiigs this
enbodi ment, is defined by a sheet-like packing 17, and a transparent gl ass
pl ate 18 ProdiEEd: asnd Prghettachednte t fhgetraeterdealNodischd | So@irspidgednt o
confront electrode holder 5 with a gap via packing 17. It is preferred that
a titani uRORRERENC FREPHGLY ayBr 2j §°B§WP@eﬁh‘3&? &htlegiedrodeh aturtpees | et
transmtting property is not damaged, also to the surface of glass plate 18
on its sie@Fadi /g EhnspacEarge flor Thissr pIRFtaCSEbS t AFC B1ResHe Tmeastied. The
el ectric conductivity of the fluid, flowing in this space 14 for storing a
subst anced®b e reecirreer 4% ardadbr . Pthestdasdeondiigere RovpackIRGYI® and
glass plate 18 are fixed to a cover body 20 on one surface side of

subst r at eSBEBFOWE ENEILed IR HBBWF2 FOHEE . tAEnTe BE9HNERdS dhtati ShoseREd on
cover body 20, Through this wi ndow 21, |ight fromneans for irradiating

| i ght 22 WiERR scwgb%éﬁ Butieiegeinds sleraafiat BHCtIGTGRY 2T radicafed §¥ shed
on titanium oxide |ayers 3 that formthe el ectrode surfaces of the

respect i vESIEICEERT S4RETAg COMPUCtA¥ithr ough gl ass plate 18 from the w ndow 21.
Li ght having a wavel ength that brings about a photocatal yst activity to
titani um oxi dBl9chyets Boldersdl ettt efii¥gd tdte 3 i BFRICERTBES] r PatiitdeRd Of FGr
exanple, an ultraviolet ray with a specified wavel ength (for_ exanple, a
wavel engt BRFErROMA-360 the 40DSHIF S can béctenplioyetntrafiriag aelvddf g be
irradiating light 22, for_ exanple, a black light that irradiates

ul travi ol B¢2Ma5% (EaR Pepkedan|3uess ePBELPre eorEhct divst éFschardegridieng to
the first enbodinment 8 constituted as descri bed_above, by irradiating

li ght froftHEansnd orlowr Pakisat®i Y | 1 HeT 20easiringhichpr ot F derrdigevd t8 #Hicovi ded
on the surfaces of the respective el ectrodes 4a, 4b, 4c exhibit

phot ocat aPy3tdadt i £ sateden wien Br Janty dapstlafedslareecorvadieed in a
fluid to be neasured flow ng through the space 14 for storing a substance
to be neadtd éde Fiy HpHanilc 18 ubisPatite §° SFFTHRCERD OSEH BYE hev pvee ot &ifal yst
activity. Therefore, when neasuring electric conductivity, even if ion
exchange Fi pePFoaredath HRefivebptode strdigeesrd £hecHpHtishte et Hgani ¢
subst ances are prevented from adhering or being adsorbed onto the el ectrode
sur f aces. A€ 40rsthe  SUPehtAEr TaSBETINGLOf RAahluef et PB s adBtropHeRd has
been conducted, .is not required any |onger, and electric conductivity can
be nmeasur S St AR AndSatr atEPy 2afPAEL W HRE RFYMBEt AcPERERRSE Furteher,
repeatability of such a high-accuracy nmeasurenent can be al so ensured.
Further, Tfasreds Rt Bxidgeinedatt gl &34 of sths s¥rdeaidrsurhecssurf ate of
glass plate 18 on its side facing the space 14 for storing a substance to
be nmeasur ETFPSChE SadHESTORSDr {raddar it 6R H1°187 gRitfinc 1S upStakerateo 6t hike |
surface side is_al so prevented, and accumul ation of the organic matters in
t he spacefi¥ Pgte sk ofih§ha LaBstedfick! P6 PechEdsurdder s plies sheer] 14t Fét eby
mai nt ai ni ng the high-accuracy neasurenent. To confirman effect due to the
phot ocat afy¥Ndc i APFtBFet itPaRPufedsirge Ffagmsr B FiowelRaEl r for cBIRfUEShet er

1 shown in Figure 1, exan nations 1 and 2 were carried out_as foll ows.
electric conductivity of the fluid to be measured. The fluid from the

space 14 for storing a substance to be measured is discharged from outlet
8 through the flow hole 12 of electrode holder 5, the flow hole 10 of

substrate 6, and an inside path 15.



Exam pation 1: To a solution containing 10 ppm sodium acryl ate were added
sodium sul fate and sulfuric acid to prepare a solution with a conductivity
of 9 about 1000 a S . A punp connected with a degasifier was connected to
an inlet side of the electric conductoneter shown in Figure 1, and the
fluid described above was fed at a flowrate of 0.5 m/mn. A neasured

val ue of the electric conductoneter connected was cranped to zero point,
and the sensitivity was adjusted by increasing the neasuring range. The
sensitivity was adjusted to level 2 at 10 mcro-neasuring range (a range of
the recorder was adjusted so as to be 5 a Sof its full span at 1 volt),
and the exan Aat toh Wdstsat t©d. thapesh ahddleack64i ghfb,ofl6gl taravicpdémed radys was
used as neans for irradiating light 22 and the neasurenent was continued by
r ecor di ngPetitaoroneirrrerPrgingt Bppiheg teheeqrig wkfckecdsontdenuithg the and
irradiation by the black light, an increase of electric conductivity of
0.24 ,u Snhegessandgleqiasdc otises \ard. PUthed out i pramphyeshopdeatidd, akfgi ni6ct he

bl ack Iight was turned off, and after 15 m nutes the punp was stopped and

t he recordi ngTasseasst i Ffuekbrbystarine or devibstange | trereasweamirede 1 ethisi ¢
conductivity could not be observed for 1 hour. Fromthis result, it is
under st oo@mkagarentpheh dehineghiey Gcsitesitybitkeapadking ¢ 7 waandex Hirbitpadensy glass
irradiating light on the titanium oxide |ayer of the el ectrode, polyacryl
aci d was H&Enpdseepvibyed e Bi Lighitufiranenideiog mertdlevhidddssdifaeed tend

el ectric conductivity was increased. On the other hand, when the |ight was
turned of Fonfirent selﬁﬁéwt botlerhat vitthe ghpt'dcaratkiop At iTH ty meafemmd

exhi bited, deconposition on the electrode surface did not occur, and the

el ectric EofducttilfpriandiedidrotcoahiiggdayEx dni Raevidad 2at (&idegreche thakrethe
solution as that of Exam nation 1, the flow rate of the sol ution passing

t hrough t heghd EcansmetiEdadpearsner éf Belr idpgraede alisghto e swifpne mf- ghass
condition was changed, and an increase degree of the electric conductivity
was neasuPtteuddern tie sidre feohrtl tthenskeset Watfogf sBEEN natdubatance Werbean
electric conductivity at a flowrate of 1 m/mn. was taken as a reference
val ue, anmpFevedsEhe releredicr fendeehidiiey iofi the s1ui@, 1Ployi® wasthdbswaged dvhen
the flowrate was 0.1 m/min. Wen the flowrate was further decreased down
to 0.05 niEPhis§oringnaiswerese tnbeleeswyes, conaerairedty of 0.21 a S, which
was approximately two tines the above-described val ve, was observed. Even
in this Exam Ad99SAIR hgdegrant ¢ Fagbsdandesdndueriesg epbrpoddarsn fiked that @ni um
oxi de | ayer of the electrode surface, an increase of electric conductivity
was obser ¢eFr Bedy aA @F Peetswiece 61dhef phbebeeal yat bakisi 19+ ¢ Waslovbler ved.
Figure 3 shows an electric conductoneter 31 according to a second

enmbodi nentoBLTERBLSFEe AtNtniR PPRRRT OP IFOVEN $oeniz8di Treargh Shlopinderl 2% ber
formng a light guiding material is used as means for irradiating |ight.

Bl ack |i ghtos3 fgpmmeanavEen erradipsing lighld s vaich gist diepased, oytisgde is
converged by a done-type converging lens 34 is irradiated onto an incident
end of anl&fAeEsd-f L& 3pradapkrd he shegmn §ltaredmiqxidh dagpiy Sarhat beym 32 s
emtted froman emtting end of the optical fiber on the opposite side. In
thi s embodPerethectdet sUrfaces eplcthcodesprsdies 3585r098H e 4gonﬁ)%s"é7c§owh a
titaniumnetal, and titaniumoxide |ayers 37 are fornmed on the inner

ci rcunf er M §5aPLlatR fLAcEPTofhhgiledowsGa; Bebt et 4 HavyHengenthalt édrds on.
The el ectrode bodi es 35a, 35b are isolated by bei ng sandw ched between

i sol at i on38AEetsPBBRCaTESt ATE1BYY Kaviitgiivrespitet gwry, 3l eslesyad &ob,
and 39c in the central portions, and an electric current for measuring

el ectric éEBRdLEHtvitoy B oWFradEitRdenFetheesetar cife Wodrel9lgbaranhdvidhh.a

specified wavelength (for example, a wavelength of from 300 to 400 nm) can
be employed, and as means for irradiating light 22, for example, a black
light that irradiates ultraviolet rays can be used.

In the electric conductometer 1 according to the first embodiment



11 A stacked body conprising these el ectrode bodies 35a, 35b and

i sol ati on sheets 38a, 38b, 38c is sandw ched by hol ders 40a, 40b from both
sides. A space for storing a substance to be neasured for measuring

el ectric conductivity of a fluid to be neasured is defined by hol es 36a,
36b of el ectrode bodies 35a, 35b and hol es 39a, 39b, 39c of isolation
sheets 38a, 38b, 38c. Into the holder 40a, an emtting end of an optical
fiber 32 is inserted at a sealed condition, and |light nay be irradi ated
toward the space for storing a substance to be neasured wherefrom The
fluid to be neasured introduced frominlet 41 of holder 40a is discharged
f r om out | EensA2tEREdhGdelesgpet hiebeigh tve Ypadetiny Sidti fgoa vedst affte to
be nmeasured. In the enbodi ment described above, although light is

i rradi at e IPoRIRe?Si FotBEIB MEifR| lderruGariavadehrnclle Fifeces DL when
a space for storing a substance to be nmeasured is relatively |ong, |ight
may be guFfedeaPRGLVe SiheeRedss didrofoholcderhiddh Blotert-adposictEvidydeandThus,
with respect to disposition of a conductive netal, disposition of a

titani um 8§ de PRy BFI3DLC gfubstaRtssodEes GPFtadeed ahd & distd t iR i ksh 'sPsWrespace
for storing a substance to be neasured in the electric conductoneter can be
desi gned Fg”’&ﬁg arBPregathe f erat 1orkor gl & SHRkENEh tel ke epgured, the
conductoneter 51 according to a third enbodi nent of the present invention.
In this efBGH frenPStarrearel &RerRres B she whptoogdelyst eaqsiviivdetherafres or
exanmpl e, the el ectrodes 52a, 52b on both sides are constituted as power
suppl yi ng"ATeBEIVEEY CORELE P Edrtdvhbine Vo if den wxshangselepeefardae =2c

di sposed between themis constituted as a detecting el ectrode functioning
as a sensbbe FoFCFRtR S RRFeEn Reencrrdupsive epgride t TPt CeTHEE URfIFVRBTSSs 53a,
53b, 53c are opened in the central portions of the respective el ectrode
52a, 52b, It adbgTdng 44 PaHIUATREPER an&S e 8195t BRASd 8 iGReHN AF nheies et f ace
of each of the hol es 53a, 53b, 53c. Spacers 54a, 54b, 54c, 54d made froma
i ght traRSHIAFiFiganiel af jBnehedapiaisuyfase, eshafphas, beert corsucled et hyiene)
are di sposed on both sides of the respective el ectrodes 52a, 52b, 52c, and
the respeERFWESR|BYt tBYES aRE LYPAEEKS capdickt BN ethrale ateaaiesy staiy otfigh

hol es 55a, 55b, 55c, 55d are opened in the central portions of the

respect | vBSEFatesabadl BaES wAkouts zdeandigy GHEtheat cePaitebLELY SHisush @

di sposed outside of the spacers 54a, 54d at both sides, and a stacked body
conpri si nBrINECBHTEEY MEaREEORE cBBPe 8RO gtPERe spacers 54a, 54b, 54c, 54d
is sandwi ched_from both sides by the support materials, Through hol es 57a,
57b are opene8EHSH ilh ® He LRI F1dBoTAAONE LBYer: h Hrasineet ¢y Ehe iypEree
materials 56a, 56b, and in the holes 57a, 57b, one end of a tube 58a for

i nt roduci A§ H3FT BLEE I 88" n¢dstiBdiafiadone errfeot? £oF erbeh af gipstance
discharging the fluid are inserted and fixed, respectively. A flow path of
a fluid t&° 0¥ MEIEFed e adtssnad By afraresiwsgt ogggnicsyostagees g5 thisgy,
55d connected by stacking the el ectrodes 52a, 52b, 52c and the spacers 54a,
54b, 54c, SEEFCC KPP YA BESTRRESYr A8Y ivErRdatEd ohrba g IRRisem ST sin

di scharged through tube 58b, after flowing in the inside of this flow path.
These t ub&8® 583° 34ptYr 8- VMo’ etfPatange| fYRE T9aNESH £F iRFGVIRECEr | Brreior
exanple, 4 fluorjde-ethylene), and an ultraviolet ray with a predeterm ned
wavel engt RIS BT AETHIBFLAIE2FFRE"S9 provi ded as means for

irradiating light. As the ultraviolet ray irradi ated repeats diffusion and
reflection i nTgu‘B’é@l@Baa,“ §§5ec§sdy‘%| to §§e ]gmtocatalyst activity by titanium

oxide layer 3 in electric conductometer 1 shown in Figure 1, examinations
1 and 2 were carried out as follows.
Examination 1:

To a solution containing 10 ppm sodium acrylate were added sodium

sulfate and sulfuric acid to prepare a solution with a conductivity of



transmts the tubes, the ultraviolet ray is guided along the tubes 58a,
58b, and guidéd to an inner surface conprising a titanium oxide |ayer in
each of 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 transmitting material, the ultraviolet ray from bl ack
light 59 is irradiated to the inner surfaces of electrodes 52a, 52b, 52c
after transmtting each spacer while perform ng diffusion and reflection.
Especially, by form ng each el ectrode and spacer to be relatively thin (for
exanpl e, the thickness of each electrode is about 0.2 nmm and the thickness
of each spkerRtér 1990 ahSut A1 PHY coberigd ewidhf podegsai fiegeahepnhsctedcke an

el ectrode and each spacer becones rel atively short, even if a particular

| i ght traRRftt 819fy ofeiher pactsie lsonduckAmelsti ghavnfirhEigure hotandse, fhuid
sufficient ampunt of light for measurenent is irradiated onto an el ectrode
surface bfetdeébsd gheveguipelifed 2t englav ghte of ahonintAring & npesrsgaralsgipias
descri bed above, and by the |ight guiding through light transmtting
spacers 582 =gptrisqeondsefometpergfroeetedi Kat Hirgieathdai ARiet podntsi Bpd efheand
smal ler unit can be constructed. Industrial Application of the Invention In
t he el ect PEELEOIdYCt Brfet @FJEEEBr dPdhg IPEreehendr ébentmafvelngi ofendst ncBean

el ectrode surface is forned froma titaniumoxide |ayer, organic substances
cont ai nedS¥WIGIEAs T R§I$SISHetr deEet e GhpYs @dcemiepiakehtdadauttoratdecal | y
from adhering or bei ng adsorbed to the el ectrode surface, and therefore,

el ectric ebndifc Pyt cvf FeInEgSuPePSSttabPy and Saceliridgsefyllatspan 12t ilnes
substantially w thout requiring any cleaning. Therefore, the 14 electric
conduct onEeEr - agRb LH riFrathen presErrtechyv Bt anblesl biehipp] ivebravdeleiny
field that requires a high-accuracy neasurenment of electric conductivity,
for exanpF&/s “escaifdbas dppFF etPs dirEadipyind Laghy: KE ngndtheanessursnest neast
system sludge treatnent system or gaseous systemand the like. 15 CLAI M
1. An el eEP¥3HESY oPY NESSWNAY &f & eeenditioneicEreARipy Ehar Remer W2EE i n
that an el ectrode surface,is formed by a titanium oxide |layer on a surface
of an el eEPH3AEIBO I nhHEI 2 HrnalP ofifudlade bl a2 ingppaskeef relectric
conductoneter conprising at |east two electric conductivity nmeasuring

el ect r odeSoRHERIBGHyY °Bf Ovildi oh S simmbehduronpa eknsdvied i Visenet Hle @HEP eddth
surface of which is forned by a titanium oxide |ayer as an el ectrode
surface, SP¥FAER FBENstHEi Pgck Eiabst Wfc SWredpelireasdirader o mBgnet ween t he
el ectrode surfaces of said electric conductivity nmeasuring el ectrodes, and
means f or PP afSatStAEPSS giRe (bt RecarieRd rgide Cé’m}:lf%lé@sby a recorder. Any

increase in the electric conductivity could not be observed for 1 hour.
From this result, it is understood that, when the photocatalyst activity
was exhibited by irradiating light on the titanium oxide layer of the
electrode, polyacryl acid was decomposed by the titanium oxide of the
electrode surface, and electric conductivity was increased. On the other
hand, when the light was turned off, it is understood that the
photocatalyst activity was not exhibited, decomposition on the electrode
surface did not occur, and the electric conductivity did not change.
Examination 2:

Using the same solution as that of Examination 1, the flow rate of

the solution passing through the electric conductometer during the light

10



3. The electric conductoneter according to claim2, wherein |ight _
irradi ated fromsaid light irradiati ng means has a wavel ength whi ch brings
about a photocatalyst activity of said titaniumoxide layer. 4. The
el ectric conductoneter according to claim2, wherein said light irradiating
nmeans conprises a light source. 5. The electric conductonmeter according to
claim2, wherein said |ight irradiating neans conprises a |light guiding
mat erial which guides light froma |ight source. 6. The electric _
conductoneter according to claim2, wherein said space 16 for storing a
substance to be neasured is defined by a light transmtting material, and
| i ght frofahg-dn gheditiemdiagt Fhagosdaredi an ilncemdisat dayrentef $he delekbecicr ode
surfaces through said light transmtting material. 7. The electric
conduct omeerCRECSY diasgmeasuetdiunie; bk esasiencendtit tcaanpeimheki ofe Esgeinkhipnl ayer
capable of transmtting light is provided on a surface of said |ight
transmitt £ ng'eRLEY ea$CtEc tdpadaitdeltef asap dlepawee fadr 1gtlgmimg was taken as

a reference value, an increase in electric conductivity of 0.12 u S was

observed when the flow rate was 0.1 ml/min. When the flow rate was further

decreased down to 0.05 ml/min., an increase in electric conductivity of

0.21 p S, which was approximately two times the above-described wvalwve,

was observed. Even in this Examination 2, organic substances were

decomposed on the titanium oxide layer of the electrode surface, an

increase of electric conductivity was observed, and an effect due to the

photocatalyst activity was observed.

Figure 3 shows an electric conductometer 31 according to a second
embodiment of the present invention. In this embodiment, an optical fiber
forming a light guiding material is used as means for irradiating light.
Black 1light 33 of ultraviolet rays is used as a light source, light
converged by a dome-type converging lens 34 is irradiated onto an incident
end of an optical fiber 32, and the light guided in the optical fiber 32
is emitted from an emitting end of the optical fiber on the opposite side.

In this embodiment, plate-like electrode bodies 35a, 35b are composed
of a titanium metal, and titanium oxide layers 37 are formed on the inner
circumferential surfaces of holes 36a, 36b opened in the central portion.

The electrode bodies 35a, 35b are isolated by being sandwiched between
isolation sheets 38a, 38b, and 38c having, respectively, holes 39a, 3%,

and 39c in the central portions, and an electric current for measuring

electric conductivity flows between the electrode bodies 35a and 35b.

11



a substance to be neasured. 8. A nmethod for producing an el ectrode for
measuring an- electric conductivity, characterized in that an el ectrode
surface is fornmed by providing a titanium oxide |ayer on a surface of an

el ectrode body made from a conductive nmetal by sputtering or plating. 9. A
met hod for producing an el ectrode for measuring an electric conductivity,
characterized in that an el ectrode surface nmade froma titani um oxide | ayer
is formed by providing oxygen to a surface of an el ectrode body nade from a
titaniummetal . 17

CACA A2 AAAACAA LA DA A A A? As, . A Avabws\ @ Ufky~{vqgl gb] X] ca] ca] ca] ca]
ca] ca] ca] ca] cl] capesrc djodH] calnerisérg c dhesg] callesteidealod}en] 8%8a] cifcajrsia) ca] ¢
a] ca] ca] ca] cRa! ~) gqNo7r e[ . ‘

P| wr mhc Y}3@aF &) ebgsta] 64 cafvaPlalie ajandyicctipd dlvc hyslele 0 a]49k] Emfncldtda] ca] ¢
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! | ###H##SFSBSSSYIRBABAEE (((+M O, | wr
mhc”rYmher¥idega] éajsbate afwa] dakeny on] edptawkcta] brareajurad c 8 afesabeiioca] ca]l
ca] ca] ca] c*a] c*a] c*a] ca] ca] ca] ca] ca] ca _ .

O - Z/ _| KOHABLEI<RREEHHFHD] P x OFPULANAMNPE (Meps\WBroHAE  dofipdch by ledlles aB%a] ca] ¢
~a] cMa] ca) ca] ca] ca] ca] cal ca] ca] ca] caéca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca%’@od!?f_ﬁ}ﬂ@é”de odieendea/ $2bbirt dvded d?&eefigg| aF mroirEnW ca] |
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caLca ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] §f3ﬁe§§_] %8\33_] 8% Y\REEL 00er, Y}‘)e_ q! AQe)y - arg emitting end of an optical

109 ()-!109%a& ()-f109%a& ()-" . , _

10%@ () - SHEs 20%@r inpertedOstaR (Spalov @ tiaLowad {Iohtom@Rbe) 1regda®ed() -\ : U
dEf/ 109 ()- -109%@& ()-1+!'10%a& ()-y)!10%@& ()-''!109%@& ()-9% 10%a& () - #kdE:
/| 10@ toward the space for storing a substance to be measured wherefrom. The
10@L10%@E () -99! 10%@& ()-F7! 10%@& () - @®! 10%@& ()-L3! 10%@& ()- Y1! 10%& () - -
>y{rS4/ 183100 bgaes( peasured sakredrced Xrom ooger 41) of Todgeyr @pa1ig discharged
F10%@e& () -!10%@& () - 10@{&;) gbC 10> 1! 10% u& ()-!10% u& () -

1 10% u&' ( Fraroosuet( #< rovetier(§% tum g @ e0@IsPdECstoring a substance to

be measured.

In the embodiment described above, although light is irradiated only
from the side of one holder 40a via optical fiber 32, when a space for
storing a substance to be measured is relatively long, light may be guided
also from the side of holder 40b at the opposite side.

Thus, with respect to disposition of a conductive metal, disposition
of a titanium oxide layer of an electrode surface, and constitution of a
space for storing a substance to be measured in the electric conductometer
can be designed to an arbitrary formation.

Figure 4 shows an electric conductometer 51 according to a third
embodiment of the present invention. In this embodiment, three electrodes
52a, 52b, 52c are provided, and for example, the electrodes 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 detecting electrode functioning as a sensor for detecting an electric

12



10> 1y!10% u& ()-'10% u& ()-10% u& ()-10% u& ()-!10% u& ()-'!'10% u& ()-7redE

bC 10> 19&310% u& ()-F110% u& ()-@'10% u& ()-f#!'10% u& () -

&s!10% u& ()-f10% u& ()-[xmb@ 10! h” #10%CoC& ()- 10-u 10-u

10-u>"10% u& ()-9!'10% u& ()- 7'10% u& ()-,5!'10% u& ()- P~ _=nb@ 10!

$" 1096008 ()-$" 10%0& ()-! %O%OOR ()-z \ %0%3c& ()-2z99" 109%0& () -

s"10%0& ()- P9uVv4 10!'a !10%@@&’ ()-!10%@& ()- 10nOnO 10mOnO 10mOmO fY;

10%rOm0& () -Y; 109%& ()--"109%08& () -!"######u] = 10'a 11 10%"& ()-z 10@10@
conductivity. Through holes 53a, 53b, 53c are opened in the central
portions of the respective electrode 52a, 52b, 52c, and a titanium oxide
layer is provided on an inner surface of each of the holes 53a, 53b, 53c.
Spacers 54a, 54b, 54c, 54d made from a light transmitting isolation
material (for example, 4 fluoride-ethylene) are disposed on both sides of
the respective electrodes 52a, 52b, 52c, and the respective electrodes and
spacers are stacked alternately. Through holes 55a, 55b, 55c, 55d are
opened in the central portions of the respective spacers 54a, 54b, 54c,
54d. Support materials 56a, 56b are disposed outside of the spacers 54a,
54d at both sides, and a stacked body comprising the electrodes 52a, 52b,
52c and the spacers 54a, 54b, 54c, 54d is sandwiched from both sides by
the support materials. Through holes 57a, 57b are opened also in the
central portions of the respective support materials 56a, 56b, and in 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 defined by holes 55a, 53a,
55b, 53¢, 55c, 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 is discharged through tube 58b, after flowing in the
inside of this flow path. These tubes 58a, 58b are composed of a light
transmitting material (for example, 4 fluoride-ethylene), and an
ultraviolet ray with a predetermined wavelength is irradiated from black

light 59 provided as means for irradiating light. As the ultraviolet ray

irradiated repeats diffusion and reflection in tubes 58a, 58b as well as

13
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;, and guided to @n inner surface comprising a titanium oxide layer in
each of 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, 52c
after transmitting each spacer while performing 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 a flow path defined by
each electrode and each spacer 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 an
electrode surface by the light guiding along light transmitting tubes 58a,
58b as described above, and by the 1light guiding through light
transmitting spacers 54a, 54b, 54c, 54d. Therefore, in this embodiment, a
simpler and smaller unit can be constructed.

dustrij ic

In the electric conductometer according to the present
invention, since an electrode surface 1is formed from a titanium
oxide layer, organic substances contained in a measuring system are
decomposed and prevented automatically from adhering or being
adsorbed to the electrode surface, and therefore, electric
conductivity can be measured stably and accurately at all times

substantially without requiring any <cleaning. Therefore, the
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electric conductometer according to the present invention can be
applied for any field that requires a high-accuracy measurement of
electric conductivity, for example, it can be applied suitably to

any kind of water treatment system, sludge treatment system or

gaseous system and the like.
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1. An electrode for measuring an electric conductivity, characterized
i . ' . ] F
(o;iOfiamg ’{ke, Tl sle 1 See
in that an electrode surfacer is formed by a titanium oxide layer on a

surface of an electrode body made from a conductive metal.

2. An electric conductometer comprising at least two electric
conductivity measuring electrodes each body of which is made from a
conductive metal and each surface of which is formed by a titanium oxide
layer as an electrode surface, a space for storing a substance to be
measured formed between the electrode surfaces of said electric
conductivity measuring electrodes, and means for irradiating light to the

electrode surfaces.
3. The electric conductometer according to claim 2, wherein light
irradiated from said light irradiating means has a wavelength which brings

about a photocatalyst activity of said titanium oxide layer.

4. The electric conductometer according to claim 2, wherein said light

irradiating means comprises a light source.
5. The electric conductometer according to claim 2, wherein said light
irradiating means comprises a light guiding material which guides light

from a light source.

6. The electric conductometer according to claim 2, wherein said space
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Par agr aphfqﬂ@mt}pring a substance to be measured is defined by a light transmitting

%, , 39f @GWTF o\ adhj | nprtvxz| ~~O, ] _gEFCGH { 7P#$c&( _/ ( 6<BF%VPi \ m abdegJKLMNOP
QRSTUVWIKYERtgrial 4 5edel BNt nEerNeai RapsirtAriras et ine medayil Rosptliated onto

Ent r yWor dDocunent I"H#SYR () *+,-./0123456789: ;

<=>7? @G\BCDEFCHP ¢ IWRBPERSRITHWYZPYgI saithddgitghiansmitting material.

7. The electric conductometer according to claim 6, wherein a titanium
oxide coating layer capable of transmitting light is provided on a surface
/—\\l\afl\ “('u(n\s//_, /

of said light transmitting material 'of)the'siide cf said space for storing

a substance to be measured.

8. A method for producing an electrode for measuring an electric
conductivity, characterized in that an electrode surface is formed by
providing a titanium oxide layer on a surface of an electrode body made

from a conductive metal by sputtering or plating.

9. A method for producing an electrode for measuring an electric
conductivity, characterized in that an electrode surface made from a
titanium oxide layer is formed by providing oxygen to a surface of an

electrode body made from a titanium metal.
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