8 July 2004 IN THE SI NGAPORI AN PATENT OFFICE In re International
Application of Yuji H GO International Serial No.: PCT/JPO%@%%?%@A
International filing date: 13 February, 2001 For: APPARATUS ‘%URING
ELECTRI C CONDUCTI VI TY VERI FI CATI ON OF TRANSLATI ON Honor abl e Conmi ssi oner of
THE SI NGAPORI AN PATENT COFFEIRETBEr s1FeakoDRInsU pBANNTeSiFdiTag at Shi nko Bl dg. ,-
1-9, Nishishinjuku 8-chone; Shinjuku-ku, Tokyo, 160-0023 Japan, decl ares:
~ (1) that he knows well both the Japanese and English | anguages; (2) that
he transl atedrehéntponatideali Appdichitiennatfi onal Application from Japanese
to English; (3yuybharghe attached English translation of the application
is a true and correct translation of the above-identified International
Appl i cati oft8TRARLBREL BpripilsNRmowPEHJPAAd 098I8i2ef ; and (4)' that all
stat enent sTivedenetibhe10¥1KkAGWIREEE ake rebite ANd Jghat al | statenents made
on infornaﬁion ' r | ieved to be true, and further that these

belief are be
stat ement s °5fegﬁg%%AﬁpﬁhFPﬁeMEﬁﬁﬁﬁéHﬁeEPﬁ§FﬁﬁqIQQNDWQ¥¥¥¥%ﬁaIenents and

the |i-ke are punishable and that such fal se statenments
‘ VERIFICATION OF TRANSLATION

Honorable Commissioner of THE SINGAPORIAN PATENT OFFICE
Sir: Toshimitsu BAN residing at Shinko Bldg., 1-9, Nishishinjuku
8~chome, Shinjuku-ku, Tokyo, 160-0023 Japan, declares:

(1) that he knows well both the Japanese and English
languages:

(2) that he translated the above~identified
International Application from Japanese to English;

(3) that the attached English translation of the
application is a true and correct translation of the
above-identified International Application to the best of
his knowledge and belief; and

(4) ° that all statements made of his own knowledge are
true and that all statements made on information and belief
are believed to be true, and further that these statements
are made with the.knowledge:that willful false statements
and the like are punishable and that such false statements
may jeopardize the validity of the application or any patent
issuing thereon. | |
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may jeopardi ze the validity of the application or any patent issuing

t hereon. -Date Toshimtsu BAN 8 July 2004 SPECI FI CATI ON AP%?R@EQ@%FCR
MEASURI NG ELECTRI C CONDUCTI VI TY: Techni cal Field of the Inventio e
present invention relates to an apparatus for measuring electric
.conductivity, and specifically, relates to an apparatus for measuring

el ectric conductivity capable of neasuring electric conductivity of a
substance to be neasured stably and accurately at all times. Background Art
of the Invention Electric conductivity is especially enployed as a scale to
measure a concentration of ions cggahke-mfoi grating i n an agueous
solution, and an apparatus for neasuring electric conductivity is used to

nmeasure ion concentratiz@Rts PorMRYSURTRE SErebTrRUeRBCcEaley i ons. An
apparatus for measuring electric conductivity, generally, determnes an

I ncrease or a decrease @kc b i | kpat; ] aqueous sol ution by
measuring the resistance of the aqueous solution existing between an

electric contietorubdnt delpeibpPrehRtt tOUH afshraltue! Bet fdLufily eidctsupp! Y
el ectrode. connected to a power source. Nanely, a conventional apparatus

for measucdrigcelwey] | endOosbleeticaly, FS1a088Std t 4 efhpal-9FuL X PhRasiBEng
depicted in Figure 9. In an apparatus for neasuring electric conductivity

101 showneidttFi@Ueehdict BripPWeip-H0H! 68 mehREEhIE1LOA AN ALEERAE) T 8P a
el ectrode 105 for detecting electric
substance te be measured stably and accurately ‘at all times.
ou t of' entio
Electric corductivity is especiall; employed as a scale to measure a
concentration of ions capable of migrating in an aqueous solution, and an
apparatus for ﬁeasuring electric conductivity is ‘used to measure ion
concentrations in many kinds of agqueous solutions. An apparatus for
measuring electric conductivity, generally, determines an increase or a
decrease of the ion concentration of an aquéous 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 foi measuring electric conductivity
is constituted, for example, as depicted in Figure 9. In an apparatus for
neasuring-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 electrcde 104, for example, from a power source (not shown)



conductivity are disposed apart fromeach other relative to.a fluid 103 to
be neasured which flows into a neasurenent tube 102 or whi Ckﬁihﬁ 26(5)4'ed in
t he measurement tube 102. An AC constant voltage is applied t0 Y fie power
source supply el ectrode 104, for exanple, froma power source (not shown)
1 8 July 2004 through an anplifier 106. An electric current fromthe
detection electrode 105 for detecting electric conductivity i s output
through an electric current anplifier 107, and is served for measuring

el ectric conductivity. The neasurenent tube 102 is conposed of an

i nsul at i otthromgheraral affloficexalsl. e, anpelgatirtyl octhlart derchube)e adetattilopast
above- described portion for neasuring electric conductivity, but the
measur enerlectrobe 165 udwakkyedting sliebstiantdoatihatigt ounide duesudithi-emh an
grounded point 108) at any position of extending portion of the tube. In
t he appar afestrfior chmesstir isnglidiect 10T coduet isertyd 184 thssurioonsdiedetied,
since a resistance corresponding to an electric conductivity of the fluid
103 to becnmdstiedyexi Sthe letwwenerithecbkedd? odes cdpbsandoiOan imssSasidn

el ectric current flowng fromthe power source electrode 104 to the

el ectric vehthieli (Ety detpldi on pllgeinddehlObidel aubde #teSaist BRIGE bBove-
anplified by the electric current anplifier 107, and an out put signal

t her ef r omdescrdbee wirhssh fsr areralnieg clecespondidugtivdty) hetetiec intafirement
conductivity of the fluid to be nmeasured. However, in the apparatus for
measur i ngtebhecis vsualdonduocd i subisyanti@lly karsumgpds aoltiixiconst idratnded, pdirgi Nnce
t he measurement tube 102 is substantially grounded at any position of the
ext endi ng 1per teitoanyt pesigdbn of extending portion of the tube.

In the apparatus for measuringr electric conductivity 101 thus

constructed, since a resistance corresponding to an electric conductivity

- of the fluid 103 to be mgasured extists between fhe electrodes 104 and 105,
a small electric current flowing from the power source electrode 104 to
the electric conductivity detection electrede 105 via the resistance is
amplified by the electric current amplifier 107, and an output signal
therefrom is determined as a valué corresponding to  the electric
conductivity of the fluid to be measured.

However, in the appératus for measuring electric conductivity 101
having such a constitution, ~ since -the measurement tube 102 is
substantially grounded at any position of the extending portion thereof,
an electric current from the electric conductivity detection electrode 105
flows into the electric current amplifier 107, and at the same time, a
smaller electric current flows into the grounded point 108. Namely, from
the eleétric conductivity detection electrode 105, a current leakage
occurs more or less, independéntly of the electric current for measuring

electric conductivity.



an electric current fromthe electric conductivity detection el ectrode 105
flows into the electric current anplifier 107, and at the sqﬂg t? @
smal l er electric current flows into the grounded point 108. 1“% @? from
the electric conductivity detection el ectrode 105, a current | eakage

occurs nore or_Jess, independently of the electric current for measuring

el ectric condueiPfg fhepostiog of thegromedgioingd 0B liengidied. and therefdre thy wsistiete
point 108 is not fixed, and therefore the resistance between the el ectrode
105 and t4RWEFDHIFdelgcileni05 erd g pexindeg @oint 168 variesrednid sihexarsmall elecirient
flow ng between themflows into the electric current anplifier 107 via the
earth, tH&eNEHRWRY delaan emuffawsnintor thewileniric cwment menpdifiery t07dés dhé bedh, the

el ectrode 105 to the grounded point = 108 is a factor varying the electric
current dedkssielectiic e dowing dom thechouerdeswibey elistrade 16h to tiearoursidd pbg.
Therefore, the existence of such a | eaked electric current causes the
measur emetf® E&ciaciEyaping e eedde cucent sietrated Tromythe eldsbio exhduetivity Rlstadtien,
the variation of the |eaked electric current induces not only reduction of
the nmeas f&HoRE R ufhrgiont. theeexiseaea of susbnaueaked electist carard sabs eheng
of neasured data of the electric conductivity. Disclosure of the invention
Accor di ngN'§Asuremery agpurgpy efcthe gfectrisecopdediivitit to bevedudash Fudher thei \deiation of the
apparatus for nmeasuring electric conductivity capable of neasuring

el ect ri c 'R@KEuRIBFHIE 1apMENt Idces gt gplyuredugtiany of theameeswgnene acciracy of the
conductivity of a substance to be neasured stably at a condition with no
vari abi | [¥SFUg condpctivitybyt alsy peatiering pt mpasused défeof s elettric condeetivilye el ectri ¢
conductivity stably and accurately especially through the entire measuring
peri od even when organi c substances are contained in a substance to be

measur ed, _\M]i | e maki ng the above-descri bed hi gh-accuracy neasurenent
Disclosure of the Invention

Accordingly, it is an object of the present invention fo provide an apparatus for measuring
electric conductivity capable of measuring electric conductivity with a high accuracy by

measuring electric conductivity of a substance to be measured stably at a condition with no

variability af 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

possibie.



possible. 3 8 July 2004 In accordance with an aspect of the invention,
there is provided an apparatus for neasuring electric condu§}i VB{’,
according to the present invention conprises three el ectrodé LB¥ %‘ht into
contact with a substance to be nmeasured, the three el ectrodes including a
detection electrode for detecting electric conductivity of the substance
to be nmedB@cerrdange with enepract of theppyantiencbereod erelidasoaredpmanatos forshelsudhgt he
el ectric conductivity detection electrode with a distance, and a grounded
el ect r odeleftrigpernsycivitytassordingeto e dwessnt frventidre comprisesdhtbecelestiddes brought
detection electrode with a distance (a second apparatus for neasuring

el ectri c iferrontact withyg subgtenaehiosbe enaasdresip e fres destrodemsuhiding eldetdction
conductivity, it is 4 8 July 2004 preferred that a constant. voltage is

appl i ed tepctirde Aycigteatiag efachisdconductivity ehthessubptance tebe mosurednan e durresit
and second apparatuses for neasuring electric conductivity as described
above, wstRPlYelpsipde dishetetherr onasidetdidhd pleetrigroendudivityadetecticnnelactsidb stitng e
to be neasured, advantage can be taken of the photocatalytic activity of.
titani umditarge, and ehgrguadrthelseisodsr diaphsed eulbist atheesiderof tthe electric conductivity
super-hydrophilicity of titaniumoxide in order to efface the influence on
t he measgetastion elseiredesyith a distaned (e sesdndyappretyseidr megpsarihigedéanic comdadidtypt i on
of organi c substances to the el ectrode surfaces. Nanmely, each of the
above-described three electrodes can be constructed so that its el ectrode
surface is forned by a titaniumoxide |ayer provided on a surface of an

el ect r oddn Bisiseornd @ppdratusdorueasuring electric conductivity, it is



metal. It is preferred that light irradiating neans is di sposed agai nst
the titanium oxide |ayer to exhibit a photocatal ytic activi t$/ n bgf
titani um oxi de | ayer. For exanple, a construction can be enp 6@@3 wher ei
t he apparatus has a space for storing a substance to be neasured defined
bet ween respective el ectrode surfaces of the above-described three
el ectrodes, and light irradiating neans that irradiates |light onto the
respective el ectrode surfaces. In these apparatuses for nmeasuring electric
conduct i vi t(_Ty it is preferred that the light irradiated by the
above- desRIFERY (tHAE 21 rensdpalt i wdtagaanis RERLISANED eFeh gRVaIsieerribre mifs
about a photocatalytic_activity of the titanium oxide |ayer. For exanple,
| i ght witf¥Ee" BHGLFEHPEM about 300 to about 400 nm can be enpl oyed. As
means for irradiating light, a |ight source conposed of neans for
irradiating 578 Jify % uPRF aisPR  PRpRTAEHERS hdOF | KEPastEHYas ke btk
i ght may be di'rectlg/ enpl.oyed, and a |ight guiding material (for exanple,
an opt i caf°IdBErItE as debaritRd aoREel (Wel CSRpRiS PR tanrey pnd diiedivg mesy
material) .t uide-light  froma light source provided as neans for
i.rradi ati ARG Ref aPRGENER toekfl Byadretu AdNeRtagen e ikshitaksropfaths ght
gui di ng %EQEH al may be added to light irradiated directly froma Iight
sour ce. % 8‘?‘1:,""]‘?5%‘: aBEveHEs @ bEHRPHR e oFHie s¥BIThgdersEpSane@aiiF be
measur ed be defined by a light trapsmtting material, and it may be.
const i t ut BFEF Rt HES| iSyREr PRERRPALI Tty h oL %Ftaad‘il%i' A% dfe s grder " to
irradi ated fonto an .electrode surface through the Iight transmtting

efface the influence on the measurement “of electric conductivity exerted

n

by adhesion or adsorption of organic substances to the electrode surfaces.

Namely, each of the above-—descﬁbed three electrodes can be
constructed so that its electrode surface is formed by a titanium oxide
léyer provided on a surface of an elecfrode body ﬁade of a conductive
metal. It is preferred that light irradiating means is disposed against
the titanium oxide layer to exhibit a photocatalytic activity on the
titaniume oxide layer. For examéle, a construction can be emploved,
vwherein the apparatus has a space for storing a substance to be measured
defined between respective electrode surfaces of the above-described three
electrodgs, and light irradiating means that irradiai_:es light onto the
respective electrode surfaces.

In these apparatuses for measuring electric conductivity, it is
preferred that the light irradiated by the above-described 1light
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 iight, a light source composed of means for irradiating



material (for exanple, glass). In this case, if a titanium oxide coating
| ayer capable of transmtting |light is provided on the surfaé:ﬁ#g%ézpe
light-transmitting material at its side facing the space for storihg a
substance to be neasured (a surface in contact wth solution), adhesion of
organi ¢ substances and the like to this surface of the light transmtting
mat eri al can be prevented by super-hydrophilicity and organics
deconposition property ascribed to the titanium oxide |ayer. Further, the
above-descri bed el ectrode can be produced by, for exanple, the follow ng
net hod. Nakelayicketneehodanantize kipl eyad shes ebInckanighteGiahote srdag
consists of a titanium oxide |layer forned by a  surface treatnent such as
sput t eri ngrPlglvedd mgdox ltibet |gukeinnataial ageroézanple elacégtadsr Fady- made of
a conductive netal. Alternatively, a method can also be enpl oyed wherein
an el ect r bdee snd fdeel tedeondriaing tahighm gxidleg dawyestdrsal)oraeghily pigeyi di ng
oxygen to a surface of an el ectrode body made of titanium As the nethod
for form figpma at lighti wovood geovialedr abymean8 ol Y r2A04t PEOVH Gt Gra@ XN ORN be@
met hod based on air oxidation other than a method wutilizing electrolysis
can be enphmyred. | Muttiert i tist ldpparfatisa NOhtRASUIN Gatdrael M, 6eNsHaehi Vity
according to the present. invention as described above, the electric
conduct i vie yighetistadiened|deeetdgerian di Sighsesbubes ween two AC current supply
el ectrodes, and an AC current of the same phase is applied to the two AC
current suppFyrtékect thed ehovByddshi-thedorphid Utdromnstobhey el eaiktsndeondueki Vity
detection electrode is electrically shielded by the two AC current supply
measured may be defined by a light transmitting material, and it may be

constituted so #hat the light from ' the light irradiating means is.
irradiated onto an electrode surface through the light transmitting
material {(for example, glass). 1In this case, if a titanium oxide coating
layer capable of transmitting light is provided on the surface of the
‘Tight transmitting material at its side facing the space for storing a
Substance to be measured (a surface in contact with solution), adhesion of
organic substances and the like to tl"1is surface of the light transzﬁ:i.tting
material can be prevented by super-hydrophilicity and organics
decomposition property ascribed to the titanium oxide layer.

Further, the above-described elecfrode can be produced by, for
example, the following method. Namely, a method can be employed wherein
an electrode surface consists of a titanium oxide layer Fformed 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



el ectrodes agai nst any grounded portion existing outside of the positions

where these three el ectrodes are di sposed. Therefore, no reg§ﬁﬁ€?&ﬁi exi sts
between the electric conductivity detection el ectrode and an " outSi de
grounded portion, and substantially any | eaked electric current does not

fl ow t herebetween. As a result, an electric current for neasuring electric
conductivity can be obtained stably at all tinmes from the electric
conductivity detection electrode, and any scattering of the neasured data
of the electric conductivity can be prevented, and a hi gh- accuracy

measur enemrogidinge osygsst r fcreldwdubesad ton beécoreislapussidther Hant hemettod t he
second apparatus for neasuring- electric conductivity according to the
present | nEahtdisg, eksicheelvaihs ABndur pepitoyed. applied to only one el ectrode of
the two el ectrodes di sposed on both sides of the electric conductivity

det ecti on el ecly 6t gt tavpavitiver fo! eeaswdeg iedegrmiendeadiuct he ty parcbidimng

bet ween these two electrodes is set in a formation of so-called resistive
di vi si on V% dhei Breseaht dnvebyisrheseldestiribed carduact tha teledetiec tcosmctebiagt r ode
di sposed t herebetween. And, since a constant voltage is applied to the
above- desdetpedonnelasteeder beledisppeed hetysehetwo af ofcréhe soppier eTedrdadsy 2004
grounded el ectrode is always zero, the resistance between the electric
conduct i vigh§ det ¥et Fumert exft rtbde samrd phhee gio apiede| tec tthedevo cen dherdritxed
at a constant value substantially having no variation. Therefore, even if

t he measurtfht elfséredns.theBel bl i comdntiudbhyi tie | sléatrdcgroondeetvity
condition at -any position of its extending portion, because the above-
descri bed staerior| eleckaile is flectiicplly chielsgdbef dhe tweadhingrédte sgsmiynded

electrodes against any grounded portion existing outside of the positioné
where these three electrodes are disposed. Therefore, no resistance
exists between the eleétric conductivity détection électrode and an
outside grounded portion, and substantially any leaked electric current
does not flow therebetween. As a. result, -an electric current for
measuring electric conductivity can be obtained stably at all times from
the electric conductivity detection electrode, and any scattering of the
measured data of the electric conductivity can be prevented, and a high-
accuracy measurement of the electric conductivity becomes possible.
Eurthgr, in the second apparatus for measuring electric conductivity
'according to the presént 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. BAnd, since a constant voltage is applied

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



poi nt of the measurenent tube, and the electric potential is focibly
reduced to zero at the position of the electrode, there is §ﬂ¥£9@¥2to
allow. a resistance of high variability to enter between the elecCtric
conductivity detection electrode and the grounded point of the neasurenent
tube. Consequently, an electric current for nmeasuring electric
conductivity can be obtained fromthe electric conductivity detection

el ectrode stably at all times, and any scattering of the nmeasured data of
the electric conductivity can be prevented, and a hi gh-accuracy .

Measur emefAFo8Fefhelefteeds i & cdnalirctderpt ytise conbstapos shdiivesn Ties sléctriibe
apparatus for neasuring.electric conductivity according to the present

i nvent i onCoRIMEEVITYe dactlion edeckingpl sndelthet grsdadechredecidiosposedbe afixtlie AC
current suEpIy el ectrode and the grounded el ectrode are disposed on the
bot h si de§“dt CRE-AMEL B ovbetantirbe hivingdee eeriatgonel Boereforaomrctifvity,
and the electric conductivity detection electrode between both el ectrodes
can be el E8% r eafryroayi divged Tadletomt eleptatmi sutdugrivioyt $5 dén grognoeded
portion, any disturbance can be prevented frombeing generated in an

el ectric EPRPEAPN 3% rawt PEsiiom eheltsl estending opairdon,yikdegaugettbet algve-

el ectrode, and therefore, the electric conductivity of a substance to be
neasur ed S&FFHEeHOLbar cdedinofe aishfetibar cirosngedunefioret trachirgy the yradfoidd
measur enent  conditi on being al ways stabilized. Further, in such first and
'second aBpdttatdsddief Grasuasent nigbet eebd i the celiedtichd \dotgntial tihe fetiddyr odes
havi ng titanium oxide |layers on their surfaces are used, the

phot ocat aF§4E€datP i ¥3cy abf the trawitiiarywifdshe selectrode, - there is no room to

allow_ a registance of high variabili%:y to enter between the electric
conductivity detection electrode and the grounded point of the measurement
tube. (‘.:onsequem:ly,'r an electric current for measuring electric
conducti.vity can be obtained from the electric conductiv:i;ty detection
electrode stably at all times, and any scattering of the measured data of
the -electric conductivity can be prevented, and a high-accuracy
measurément of the electric conductivity becomes possible.

Thus, in the apparatus for measuring electric conductivity according
to the present invention, since the AC current supply electrodes are
disposed, or the AC current supply electrode and the grounded electrode
are disposed on the both sides of the detection electrode for detecting
electric conductivity, and the .electric -conductivity detection electrode
between both electrodes can be electrically shielded adequately against an
outside grounded portion, any disturbance can be prevented from being

| generated in an electric current extracted from the electric conductivity
detection electrode, and therefore, the electric conductivity of a

substance to be measured can be measured with a high accuracy under the



exhibited by irradiating light with an appropriate wavel ength (for exanple,
an ultraviolet ray) to the titanium oxide |layers, organic s%?fta in
contact with the titaniumoxide |ayers or existing in the wa é#yz@gf t he
| ayers are deconposed, and the adhesion or adsorption thereof to the
titaniumoxide layers is prevented. Further, since at first water filns
are formed on the el ectrode surfaces by the super-hydrophilicity that the
titani um oxi de | ayers have, even if, the deconposition of the organic
substances is delq¥ the adhesion itself can be suppressed. Therefore,

ed, th , o
the el ect PEUETCT Seadition being RhyRysnif¥iaisfdd at a- desirable surface

condi tion. w thoyt adhesion or adsorption of the organic substances, and
the desirabl e "8t he et SHAR (6t i adnaesordi FRParaitugss yEoat measuringredesiirifout
requiring analuﬁgerj odi gal cleaning and the like. Therefore, w thout

requi ri ng OEYFET O c4fF EhRaRtSTgTeest MEvEiIe diraRidts gride eRyert evnt riheir
conductivi§¥ can be neasured stably and accurately at all tines, and
r epeat abi FI56F #R% HEedr athP ghothertaessis amtivityarrhetidaaine Puide hino
problens.é rief gf the draw ngs, Figure 1 is a schematic bl ock diagram of an
appar at us TREA R HRdrBer HOPE Rt c®t PPPEPPEERGT UiTRd cRghy (Fqrr sxample, '
enbodi nent _ of the.p%esent i nvention. Figure 2 is an .exploded perspective
view of aR”eStaABTECIF 8T Y2509 WivanEm Oxigro ey et  f GFIFRigsetshgnassednr i ¢
conductivht%:%% &ﬁ&ltﬁQH§Q?tUS for measuring electric conductivity
accor di ng PrEaf e ltanium oxide layers or existing in the water near the
layers are deconposed, and the adheqion or adsorption thereof to the
titaniun oxide layers is prevented. Fﬁrther, since at first water films
are formed on the electrode surfaces by the super—hydrophilicity that the
titanium oxide layers have, even if the decomposition of the organic
substances is delayed, the adhesion itself can be suppressed. Therefore,
the elgctrode. surfaces .are always .maintained at a- desirable surface
condition without adhesion or adsorption of the organic substances, and
the desirable surface condition is maintained stably at all times without
requiring any periodical cleaning and the like. Therefore, without
requiring. a periodical cleaning of the electrode surfaces, electric
conductivity can be measured stably arid accurately at all times, and
repeatability of the accuracy of the measurement can be ensured with no
problems.
ie i of t awings
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



present invention is constructed as an electric conductivity neter. Figure
3 is an enlarged perspective view of an electric conductivi ﬁlgﬁgﬁyring
el ectrode of the electric conductivity nmeter depicted in Fi%‘? . Figure
4 is a schematic bl ock diagramof an apparatus for neasuring electric
conductivity according to a second enbodi nent of the present invention.
Figure 5 is an expl oded perspective view of another exanple wherein a
portion for nmeasuring electric conductivity of an apparatus for measuring

ellect i ¢ GRBIUEL IV YoAcaardl 09, Oyl he., pLESSL_ Lvent L0 s conelrug] ed, as

an electric conductivity neter. Figure isS a

nmeasur ene f Exanple 1. Figure,7 is a chart 'indicating a

measur ene Eé]?ge%{h t%(c))fr 'E?(%?n%lflengz. egl‘g’ﬁfrﬁée8 GYCHIMYi RFHRIAG ate the
neasuremept res I%gvégtiOCo arative Exapple 1. Figure 9 is a schematic

bl ock didgran1o a cohvent irsnSPS5hparat & 138y steasgrrngorfeetivity meter.
conductivity. -The Best_nude for carzying out the |nvention Hereinafter,

desi rabl e enbodiEAFs df The?Pr ERT ISV cREFFRCHF1Te b&ie¥xpthi fed peek¥ing

to Figures. gigyre shows "an .apparatus for neasuring electric 10 8 July 2004
conductivity measuring electrode of the electric conductivity meter

depicted in Figure 2.

Figure 4 is a schematic block diagram of an apparatus for
measuring electric-cbnductivity according to a second embodiment of
the present inwvention.

Figure 5 is an exploded perspective view of another example
whHerein a portion fof measuring electric conductivity of ;n
apparatus for measuring electric conductivity according to the
present invention is coﬁstructed as aﬁ electric conductivity meter.

Figure 6 is ra chart indicating a measurement result of
Example 1.

Figure 7 1is a chart ‘indicating a measurement result of
Example 2.

Figure 8 is a chart indicéting a measurement result of
Comparative Example 1.

Figure 9 1s a schematic block diagram of a conventional

apparatus for measuring electric conductivity.

The Best mode for carrying out the Invention

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

Figure 1 shows an apparatus for measuring electric
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conductivity according to a first enbodi ment of the present invention. In
this apparatus 31 for neasuring electric conductivity, thrﬁ§‘§|?§@10des
34, 35, 36 are brought into contact with a fluid 33 to be 5 4 whi ch
is sent into an insulated nmeasurenment tube 32, or which is stored in the
measur enernit tube 32. The three el ectrodes conprise a detection electrode .
34 for detecting electric conductivity, and two AC current supply

el ectrodes 35, 36 di sposed on both sides of the electric conductivity
detection el ectrode 34 at respective distances. An AC current of the sane
phase wit FPRIUEbhEt Bt 2¢6PEdgRIoftot e Eanat pembatiment sofppiticedptesdrite t wo
AC current supply electrodes 35, 36 through an anplifier 37. The electric
conductivFPVeagf%%tion EPecihtiotle apparatesnndtt ekt o memsueliegt retecurient
anplifier 38, and an anplified electric current is output as a val ue

corr espon8PRAGUEL BHE ¥ ebbEre  rfrededi t34 of 3bhe 34 uade 3B roogbe measur ed
through the _electric current anplifier 38. A portion for neasuring

el ectric EBRBACEI ¥ty Pnilkéd afpdratis W smedbebdohstiist et aisitan an
electric gonductivity mnmeter 1, for exanple, as shown in Figure 2. In this
el ectric 1BBNGALES vimepsieesent, &bl 82t rier cotdwdt | ¥t ystreasur ing the

el ectrode 4, wherein the electrode surface is forned by a titanium oxide
|l ayer 3 pPBITHeT"UH a St acd2of anTBrecthsde bbeytoodrmsle ofmmricenduct i ve

netal, as s@omn,in Figure 3, is wused. The titanium oxide layer 3' is
f or med bydﬁ Lur ¥y electrode 34 for detecting electric conductivity, and -

two AC current supply electrodes 35, 36 disposed on both sides
of the electxric conductivity ‘detection électrode 34 a£
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 detéction electrode 34 is connected to an
electric . current amplifier 38, and an amplified electric
current is output as a value correspondiﬂg 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 Fformed 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
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11 8 July 2004 treatnent (such as sputtering, plating and the |ike) of an
el ectrode body nmade of a 'conductive nmetal, or is. fornmed by, 1§xbﬂ%;ing t he
surface of the el ectrode body 2 nade of titanium The,oxidg%{ h

conducted by electrolysis or air oxidation,. The electric conductivity
measuring el ectrodes 4 are used as electrodes. corresponding to three

el ectrodes 34, 35, 36 shown in Figure 1, and are attached to an el ectrode
hol der 5 made of an insulation material in a condition where the

el ectrode_surfaces Zre exposed as shown in_Figure 2. Three electrodes 4
are di spoSeBPRCAL r dfFPCBNESt heP et et istiesPiat Bl 288 athdbolhkel de€ an
constitute Aq:cgsre t supply el ectrodes connected to a power source, and
the el ect FOAE 4%t PPAE E&AFerot pasidarsivcddiist imaids aer détedidmmedellmct r ode
functionin .gs A _sensor for detecting electric conductivity. Electrode

hol der 5 PRELFHXEY dt S PrdaseePhi hb8 pbeFETete ksfdva 2smissier afetbtanitm he
substrate g inlft 7 faor introducing a fluid to be neasured (for exanple,
an aqueouSSotftiHmCn TSuFPefugted by ettty b isher ALui dxidmdidiow hol es
9 and 10 for asuring electric conductivity are provided. In the

el ectrode hol dé e5F1FFgﬁFﬁoF%HQHF%&KquZ@ﬂﬁ?ﬂﬁm@@iGéé?taﬁdeﬁhé af¢ oyedtbl e 11
i's di sposed tq_c nicate with the flow hole 9 of the substrate, and the
f1 ow hol €929 ‘§°3?§§8§eﬁ%eé@m%9ﬁpeat%o WhERef |ohvedfalosles) df, t BE, 36

substrate respectivelx. Afluid to
shown'"in Figufe 1, and are attached to an electrode holder 5

made of an insulation material in a condition where the
electrode surfaces are exposed as shown in Figure 2. Thgee
electrodes 4 are disposed in a raw, and the electrodes 4a and
4b At both sides constitute AC qurpént supply electrodes
connected to a power source, and thé electrode 4c at the center
position constitutes an detection electfode 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 agueous solution),
outlet 8 for discharging the fluid, and flow holes 9 and 10 for
measuring electric conductivity are brovided. 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 £he 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
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be nmeasured introduced frominlet 7 is sent into a space 14 for storing a
substance to be neasured, which is defined on the 12 8 July %§ﬁ4 ﬁb‘?e of
the el ectrode surfaces of the respective electrodes 4, thro y% nsi de
path 13 of the substrate 6, the flow hole 9, and the flow hole 11 of
el ectrode hol der 5. The space 14 for storing a substance to be neasured
forms a flow path for neasuring electric conductivity of the fluid to be
nmeasured. The fluid fromthe space 14 for storing a substance to be
neasured is discharged fromoutlet 8 through the flow hole 12 of el éectrode
hol.der 5, stiifle fafowhigoledet@roflet herBadist rat erify Bbe AN viensindetpabibs 15, In
the substrate 6, through holes 16a, 16b, 16c are opened at positions
cor r espondiygugd eheinesgecpiavie &b est ravessubbaraAl, ¢4Cirhang1pRCRSSAryY
electric wires are pulled out of the through holes 16a, 16b, 1.6c. The
space 14 B&d dter ifdgvwa hodbstianod edeberoashobdkr i . t hithe ephodi MBNEori's
defined by a sheet-like packing 17, and a transparent glass plate 18
provi ded .&F°xingght tsudssantei ng matermedsuddchfbsmeli $poseEy t atGonEsNt
el ectrode-holder 5 with a gap via packing 17. It is preferred that a
titani um BgRgerdodt iedgcttayer domdprovitiey bo sheh mREXtENt bé hakastheq, | i ght
transmtting property is not inpaired, also to the surface of glass plate
18 on itsThedefFuied nfrohe topacepadde f e Stoar | sighwirelbst agethache tdregsur ed.
The electric conductivity of the fluid, flowng in space 14 for

measured 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, 16c are
opened at positions corresponding to the respective electrodes
4z, 4b,l4c, ana necessary electric wires are pulled out of the
through holes 16a, 16b, 1l6c.

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. 7It is preferred
that a titanium oxide coating layer is prbvided to such an extent that. the
light transmitting property is not impaired, also to the surface of glass
blate 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,
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storing a substance to-be neasured, is neasured. Electrode hol der 5,
packing 17 and glass plate 18 are fixed to a cover body. 20 0 aﬁ surface
side of substrate 6 by bolts 19. A wi ndow 21 for transm’tti%g P’ig% is
opened on cover body 20. Through this wi ndow 21, 13 8 July 2004 |light from
light irradiating nmeans 22 which is disposed outside is irradiated. Light
irradiated is shed on titanium oxide |ayers 3 that form the el ectrode
surfaces of the respective el ectrodes 4a, 4b, 4c through glass plate 18
fromthe wi ndow 21. Light having a wavel ength that brings about a

phot ocat alyahtc &remi Viight ofrisdi aimingmneshsle 2baykieh 3is SAs@e6d edudsde t he

light to be irradiated. For exanple, an ultraviolet ray with a specified
wavel engt Arygptesanipidht arradicdednigt hédloni tiFanidhioRide 1aRge fthaBG@ho 400
nm can be enployed, and as |light irradiating neans 22, for exanple, a

bl ack Fli gt eldeatrdder sditaces of ttieyirebpictiay seanrdpsuged. 4d,n dhenapgar at us
31 for neasuring electric conductivity according to the first enbodi nent
of the prekaast platvedtifonm thedivimtosd2l n Eightr eadingsa avdvesérythorimt bongef t he
present i-nvention, an electric conductivity detection electrode 34 is

el ect ri cafirgats i ictiedatagnt ivs ekl vty unil edtapdint otk Clayeps| 1 isexdisktat agany
position of the extending portion of measurenment tube 32 by two AC current
suppl y el Beq r &gl 38, 86, irkhdigitedr eFoxli spophd, oan baltrasises ahyt heuel gctric
conductivity detection electrode 34, and to which AC current of a sane
phase .i s SRaFdpiekFaviNenetly , (for re@rple;onsvantlengiht 8410 iAG withien! r¥hdd od

390 to 400 nm) can be employed, and as light irradiating means 22, for
example, a black 1ight that irradiates ultraviolet rays can be used. |
In the apparatus 31 for measuring electric conductivity
according to the Ffirst embodiment of.-the present invention
indicated in Figure 1 as a basic formation of the bresent
invention, an electric-conductivit& detection electrode 34 is
glectrically shielded against a grounded .point which would
exist at any position of the extending portion of ﬁeasurement
tu?e 32 by two AC current supply electrodes 35, 36, which are
" disposed on both sides of the electric coﬁductivity detection
" electrode 34, and to which BAC cﬁrrent 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
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sane potential is applied to the two AC current supply electrodes 35, 36,
and the potential differences between the electric conductig&@&égﬁiection
el ectrode 34 and the AC current supply electrode 35, 36 are always
mai nt ai ned at predeterm ned constant val ues, substantially no electric
resi stance exists between the electric conductivity detection el ectrode 34
and an 14 8 July 2004 outside grounded point. Therefore, a resistance
bet ween an el ectric conductivity detection el ectrode and an outsi de
grounded point, and an affection to an output electric current fromthe
el ectri c cohdddei wiropndetiegidion . el eCheodeone | ganatd i taheemMbk ty@lenatdon of
the resistance, in a conventional apparatus as explained using Figure 8,
di sappear esapsrant i abhguconpl gt eldetecktnoat hellewordde | gakedag! eshits Tde
current fromthe electric conductivity detection electrode, 34 to the
out si de ggoondeédd point, doed mwtambdcdticat tal lan AntputeslbbtriBecautont
electric current fromthe electric conductivity detection el ectrode 34
i s. alwaySremt khet edegtricconditdioivitiyt hate diishurchareecdandrigeattaig ng
and vari ation of the neasured . data due to the disturbance are prevented,
t her eby efhsomi agvarsaabie ahdhe ghsiatancacyinmeaswmeittionhlebpphthtus
conductivity at all times. Further, if the portion for measuring electric
conduct i vigyesplahied appiaratligudt Bordheasudngudlseatitiallgoachstdtdity. i S
constituted as the electric conductivity neter

In other words, leaked electric current from the electric

conductivity detection electrode, 34 to the outside grounded
point does not~exist at all. As ; result, the output electric
current from the electric conductivity detection elecfrode 34
is- always extracted at a condition with no disturbance, and
scattéﬁing and variation of the measured data due to the’
disturbance are prevented, fhereby ensuriné a stable and high-
accuracy measurement of electric conductivity at all times.
Further, if the poxrtion 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 'irrédiating light £from 1light
irradiating means 22, titanium oxide layers 3 provided on the
surfaces .of the respective electrodes 4a, d4b, 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 if ion exchange takes place on the electrode
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1 shown in Figure -2, by -irradiating light fromlight irradiating neans
22, titanium oxide layers 3 provided on the surfaces -of th regﬁi tive
el ectrodes 4a, 4b, 4c exhibit a photocatalytic activity. Th ng , even
when organic substances are contained in a fluid to be neasured flowing in
the space 14 for storing a substance to be neasured, because the' organic
subst ances are deconposed by the photocatalytic activity, even if ion
exchange takes place on the electrode 15 8 July 2004 surfaces during the
measurement of electric conductivity, the nonconductive organic substances
are preveftEfirFedniathes i Age omeaboitiperidsof bedleoht e t hendhectvidde st aces.
As a result, a perjodical cleaning of the electric surfaces is not

requi red NaRgOrHRiekve afasliec srbetanndsicaryinnewsartede fmeasadeer siably and
accurately at all tines without any cleaning. Further, reproducibility of
such a hi%ﬁl%%céﬂﬁeybﬁ@a§nt9n§@@ carecdirsdebesurdisesed. Far theresulk,a a
titani um oxi de coating layer is provided on the surface of glass plate 18
on its siBRTIP%EsdHy theanpareofs thiorelsctriing surfalbstance et bee qeasay ed,

t he adhesi.on or adsorption of organic substances to this surface side is.
al so pre¥@ht dangghd aadumilemtivde ofondvetdvgani casubist ancesuran t fieabispace
-14 for storing a substance to be 'neasured is prevented, thereby

mai nt ai ni #At RECHEGRebE cata®l imebbweenehthout any cleaning.  Further,

reproducibility of such a high-accuracy measurement can also be

ensu;ed.

.Further,fif 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 measufed, the adhesion or
adsorption of 6rganic 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 againsﬁ the fluid
43 to be megsured as a substance to be measured, that is sen£
into an insulated measurement tube 42, or that is stofed in the
measurement tube 42, The three eléctrodes comprise a detection
electrode 44 for detecting electric conductivity, an AC current supply

electrode 44 di;posed on one side of the electric conductivity detection
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Figure 4 shows an apparatus for measuring electric conductivity according
to a second enbodi mnent of the present invention. In this apgggakﬁﬁ 41 for
measuring' electric conductivity, three el ectrodes 44, 45, Iy @ht into
contact with a fluid 43 to be nmeasured are provided against the fluid 43
to be neasured as a substance to be neasured, that is sent into an
I nsul at ed nmeasurenment tube 42, or that is stored in the neasurenent tube
42. The three el ectrodes conprise a detection electrode 44 for detecting
el ectric conductivity, an AC current supply electrode 44 di sposed on one
si de of thEewdireddt ri4c atoadiicthnid,y atete efrbatiedbeBecltdde 2604ibesd rpdend4 at
a distance, and a grounded el ectrode 46 di sposed on the other side of the
el ectric otmductiidei tof dbteeléciriel ectidpderidd abtactich SEBRERodA 44 at a
predeterm ned AC current is supplied at a constant voltage to the AC
current sdppiapcel edtpedetetminéd eughiaantadpl subpeiedddt al BehhRE oll€age to
conductivity detection electrode 44 is connected to an electric current
anpl'i fi er t8 ACamdrmant asppl § i cecetosiet 45 eheaiighest ahSLiEtbs act. ednas eBedtalsle
corresponding to the electric conductivity of the fluid 43 to be neasured
t hr ough t hendskcbttitiyc dettratdort edeptiddeens 48: cbhh&tappes ainusleddk it Ofurrent
measuring. electric conductivity can also be constituted as an electric
conduct i vatplifeerrds, f and eaarpbE fisd ndlleatrico ctififint SHoWkti-fcdedgHs 6 Amitd t he'
apparatus 41 for measuring electric conductivity according to the .
above- desceidgetorsbiogntb ehd odierenite, camiuA vy reNthavi f10i@ 43086 tanheast@bd age
is .'supplied to only the AC - current supply - electrode 45, the

through the electric current amplifier 48. This apparatus. 41 for

measuring. electric conductivity can also be constituted as an electric
conductivity meter, for exa;nple, similar to that shown in Figure 2.

In the apparatus 41 for measuring electricl conductivity according to
the above-described second er@oﬁnnént, 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, divided by " electric conductivity detection
electrode 44. In the circuit bétween these electrodes 45, 46, a
predetermined AC current with a constant voltage is applied to the
electrc‘ade 45, and the potential of the eiectrode 46 is always made
forcibly to be zero due to grounding, and this condition is always stable.
Namely, even if any extending portion of ;che 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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grounded el ectrode 46 i's forcibly made zero in potential by grounding, and

these el ectrodes 45, 46 are di sposed on both sides of the elfﬁgrag

conductivity detection el ectrode' 44. Therefore, the portion ¥ %% t he

el ectrodes 45, 46 is in a condition of so-called resistive division in

electric circuit formation, divided by electric conductivity detection

el ectrode 44. In the circuit between these el ectrodes .45, 46, a

predeterm ned AC current with a constant voltage is applied to the

el ectrode 45, and the potential of the electrode 46 is al ways nade

forci bly t8eEPYzeflr dlectnicgrourmitngxtmatied hiremctimdidetost ibs  @lammysdiestaabl e.

Nanely, even if any extending portion of the neasurenent tube 42 is

grounded, dPferieti shifs ambrrehirch wivowsTherefsiest Ere sutmit esleetrhetcaeemtt he

grounded point and the electric conductivity detection el ectrode 44, and 17

8 July 2064RieEepiectrie cohdwttivity deteantorxileaatodd 44 @an thee egeieeéd @R

el ectrode 44 does not shift and does not vary. Therefore, the output

el ectric @uriesdttiopr ith huo edbstturbanasorductlilyittiyesjet et | eBatteeiipdandsd can

be extracted at a condition with no disturbance at all tinmes, and

scatt eri nF3&adtioar icxtgénadingi Maingtia odit herithisteur bamcBeCpreRnted,

prevented, and a stable and high-accuracy neasurenent of electric

conduct i vRP§{ c@n bBdaddsur ethcat lalghtdamemadyur teersuriefiehbe part iecQRr ckek o

measuring electric conductivity of this apparatus 41 for measuring

el ectric CEBAHOELVItY ycan kortdunsdedtaslel ethesc conductivity meter 1

shown in Figure 2, operation and advantages simlar to those in '
Further, if the portion for measuring electric

conductivity eof this apparatus 41 for measuring electrié
conductivity is constituted as electric conductivity ﬁeter 1
shown in Figure 2, opgration and advaﬁtages similar to those in
the aforementioned first embodiment can be bbtainedr and more,.
stgbie 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 conductivit)r»metef 51 shown in Figure 5, in
order to make it smalier 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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t he aforenmentioned first enbodi nent can be obtained, and nore, stable
measur enent, capabl e of  preventing adhesi on and adsorption f o&g&pic
subst ances, becones possible. Further, the portion for neasu lﬂﬁ ectric
conductivity of an apparatus for neasuring electric conductivity according
to the present invention also can be constituted, for exanple, as an
el ectric conductivity neter 51 shown in Figure 5 1in order to nmake it
smaller and thinner. In the electric conductivity meter 51 shown in Figure
5, three electrodes 52a, 52b, 52c are provided, and for exanple, the
el ect r odeTBzavgs2holemh Hith Sikdes Ar earconsgieriedt @d anhep@wRErsUPPd ¥ Nehs
el ectrodes connected to a power source, and the el ectrode 52c di sposed
bet ween t A&nths tefpstdtite dk bsctaadizise St2agn 5ebectrede anfiuRe £ A Go BSdd
sensor for detecting an electric conductivity. 18 8 July 2004 Through hol es
53a, 53b, 183erar erepewedidedt en ceiné r dnnpor tsuafacesf dhethiespespéyeive
el ectrodes 52a, 52b, 52c¢, and titaniumoxide |ayers are provided on the
i nner surhaées &Bat hé3bespest.i ve Sphokes 5@, 53ih, 53¢c, Spacenadbdasr b,
54c, 54d nade of a light transmitting insulation material (for exanple,
4-f | uori déigkt hjyraritdriegdiispodetion batérsidestof ddmplespestiyeride
el ectrodes 52a, 52b, 52c, and the respective electrodes and spacers are
st acked aftlyhenel y.arkhr cligipdssides Bba bBhb, s58es bEd ahe opespecalwd in
the central portions of spacers 54a, 54b, -

electrodes 52a, 52b, 52c, and the respective electrodes and

spacers are stacked alternately. Through holes 55a, 55b, 55c,
55d are opened~also in the central portions of spacers 54a, 54b;
54c, 544, respectively.. Support materials 56a, 56b are
disposed outside of spacers 54a, 54d positioned at both sides,
and‘a stacked body comprising the electrodés 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 in the central portions of the respective .support
materials S56a, 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 flﬁid are inserted and fixed,
réspectively. |

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

discharged through tube 58b, after flowing inside of this flow

path. These tubes 58a, 58b are composed of a light
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54c, 54d, respectively. Support materials 56a, 56b are disposed outside of
spacers 54a, 54d positioned at both sides, and a stacked bQ@é;g%H@JiSing
‘the el ectrodes 52a, 52b, 52c and the spacers 54a, 54b, 54c, J are

sandwi ched from both sides by the support materials. Through hol es 57a,
57b are opened also in 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 neasured, and one end of a tube 58b for

di scharging the fluid are inserted and fixed, respectively. A flow path of
a fluid t breesmasingdmbsetbamedrby kabeplep5a-rd38ri85betB3CendPC, aR3D,
55d connected by stacking the electrodes 52a, 52b, 52c and the spacers
54a, 54b, ab4c,uld4thvioAetl uirxhyt 0 hereasur gdebibtEpdused t haouobhdube 58a is
di scharged t-hrough tube 58b, after flowing inside of this flow path. These

t ubes 58ajirf8Biatedcomposed bahck | ilghhtl9 B JubyoiQR4 t ransmiiing weteri al
(for exanple, 4-fluoride ethylene), and an ultraviolet ray with a,

pr edet er mimedduavéhgngtighis. irrmadi ghed ul temiblackray | 1gRiqai50dr Qubded as
means for - irradiating light. As the ultraviolet ray irradi ated repeats
di f f usi ondaffbisief |ect reflechidrubastdda, 5&8b sebida 16 ransmitdting dHhe ctades,
the ultraviolet ray is guided along the tubes 58a, 58b, and guided to the
i nner sur the ed tiavivedt yayt i4 aniden axome thayebss i98a) ey, eSREGLIMR to the
. inner surfaces form@a by. titanium oxide layers in the respective
elect;odes 52a, 52b, 52¢ from the portions of holes 57a, 57b at both sides.
Fgrther, as the respective spacers 54a,'54b, 54c, 54d are also composed of
a light transmitting material, the ultraviolet ray from black light 59 is
ifradiated. to the inner surfaces of electrédes 52a, 52b, b5Zc¢ after
transmitting each spacer while wutilizing 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, eveﬁ if a
particular light transmitting material such as an optical fiber is not
used, a sufficient amount of light fbg'neasurement is irradiated onto
predefermined electrode surfaces by the light guiding along light
transmitting tubes 58a, 58b as described above, and by the iight guiding
through light transmitting spacers 54a, 54b, S4c, 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 conduétivity shown in
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el ectrodes 52a, 52b, 52c fromthe portions of holes 57a, 57b at both-sides.
Further, as the respective spacers 54a, 54b, 54c, 54d are ali?lc ﬁ@gsed of
a light transmtting material, the ultraviolet ray from bl ac ‘ﬁyg 59 is
irradiated to the inner surfaces of electrodes 52a, 52b, 52c after
transmtting each spacer while utilizing diffusion and reflection.
Especially, by form ng each el ectrode and spacer to be relatively thin
(for exanple, the thickness. of each electrode is about 0.2 nm and the

t hi ckness of each spacer is about 1 mm), because the flow path fornmed by

t he respedtiigreeelieentodbguandl SpaceperifoenaRse relatdoelypsshettmeyen, i f a

particular light transmtting material such as an optical fiber is not
used, a suffampilentl:anount of |ight for .nmeasurenent is irradiated onto
predeterm ned el ectrode surfaces by the Iight guiding along |ight
transmitting tubesabBarab8h @srdesesubedgakaoeerrand bydukeikight navidyng
through light transmtting spacers 54a, 54b, 54c, 54d. Therefore, in this
enbodi mentthraesieipddrcared stwlll esf Uubhte€anlber comsd rwst&dnoExawplhagealhe
foll ow ng.exam nations were carried out with respect to the apparatuses
for measurshegreliectFigumonducds vidns tshewed, N a2Goidw vhA0R4 4k genatioand
Figure 4, and performance thereof was determ ned. Exanple 1: An apparatus
f or measumhiavg ngl ectadrelvctndicyi vEt gabavi agwakhtueedebeckr edest(ahl t&8fpet hree
el ectrodes were not grounded) shown in Figure 1 was constructed, a sodium
chl ori de g@lagtired, and the electric conductivity of the solution was
measured. The temperature ¢f the measuriﬁg cell was
controlled at 45 ‘C relative to the room temﬁerature 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 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 xS was used as a solution to be measured,
and the electric conductivity‘of‘the solution was meagured,
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. 7.

Comparative Example 1:
An conventional apparatus for measuring electric

conductivity having two electrodes shown in Figure 9 was
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havi ng a conductivity of 240 uS was used as a solution to be neasured, and
the electric conductivity of the solution was neasured. Th hﬁg@g ture of
the measuring cell was controlled at 45 Crelative to the roo %erature
of 25 C at the tine of nmeasurenent. The flow rate of the solution into
t he nmeasuring cell was set at 1 m/mn. The result is shown in Figure 6.
Exanpl e 2: An apparatus for neasuring electric conductivity having three
el ectrodes (one el ectrode of one side was grounded) shown in Figure 4 was
constructed, a sodiumchloride solution having a conductivity of 240 uS
was used §8NELEBFEedonat soddumeabdredde sndutheneheeing cacesadattviriyy of
the solution was neasured. The tenperature of the neasuring cell was
control | e@fat245 @ Srtasm i weed oashe rovntienpetat bee nefas2zeq, ataridetid me of
measurenment. The flow rate of the solution into the nmeasuring cell was set
at 1 m/nPhecthRécr ezendudts Wifywnofn EhgumselhtiConpaaat insasbixaapl € 1rhdn
conventional apparatus for neasuring electric conductivity having two
el ect r ode$S¥RBFAL e Ficgur Bhe . weea st 189) ibel ROR4sConsitnidiied, &t Sadi ufg
chloride solution having a conductivity of 240 g S was used as a sol ution
to be nea¥ftedivanda hehe elroony i cergonduntrievi ¢§ @b tHe s uthen.tives of
measured. The : ) '
measurement, The flow rate of the solution into the measuring
cell was set at 1 ml/min. The result is shown in Figure 8.
;n 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 bésed on the offset
caused by grounding one electrode was observed, as compared
with Example 1, but variatipns due to 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 measufed 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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tenperature of the, nmeasuring cell was controlled at 45 C relative to the
roomtenperature of 25 C at the tinme of neasurenent. The flgl\/ rgb& of the
solution into the nmeasuring cell was set at 1 m/mn. The r IE}V % shown
in Figure S. In the above-described Exanple 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 Exanple 2, as shown in Figure 7, a
shi-ft in potential based on the offset caused by grounding one el ectrode
was observed, as conpared vvlth Exarrpl e 1 but variations due to noises and
thellkewere | ess, Tzdustnid 1 o dftabped with a high
accuracy, simlarly to the result of Exarrple 1. In Corrparatlve Exanple 1,
as shown in FiljuFke 8pparatos sor mrasgiitgt ehgtf o rriudi StHbargedRs tpiteked up
as conpared with Exanple 1 and Exanple 2, the neasured data greatly

vari ed, arFesentst ipieatiwsuldlenttie acdniigitiatiour eay Isouhehsieed betohiaianed.
Since the disturbance in.Conparative Exanple 1 was al nost in
correspon@é’ﬁé’éaﬁﬁillfhitlh@ opediticon woth connentiboivhgi Feenre dubstancel tbheeai r
condi tioner and the switching operation of the solenoid of the

el ect r omagisesimedyvalaheat Goaspuoneaobytionhe gdéaimrdmatandesot @nsiwderedkeo be
noi ses originating fromthese operations. 22 8 July 2004 |ndustri al

Appl i cat i GHb#fanche |gdpentdldy for an aguecus 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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In the apparatus for nmeasuring electric conductivity according to the
present invention, electric conductivity can be neasured sta§h¥ §g§4
accurately in, a condition with no variation, for a substance to _ _
nmeasured such as an aqueous sol ution, a gaseous substance or a slurry-like
subst anceclaipgpeci al |y for an aqueous sol ution. Especially, ion
concentration in an aqueous’ solution can be neasured with a high accuracy
by this measurement of electric conductivity. 23 8 July 2004 Clalns 1. An

apparat ug_for A?‘%?J'éfdtﬁé?fo?h%%uﬂl &Q&Fw%ﬁdﬁ'cfnyt R n% b el B e% L& oué)t'ndtes
Neas Sal PEE

brought _into contact wth a substance to be
el ect rodé’golcr?@ﬁ% Wil 2 S(H'éﬁéﬁ@@ &n been@awred.esmdrthwet elecimt@se[heiudnngca detection

c1 ot 1 ods g o L FIERR SR, oL 08, SRt T bl ey EBL K p e

el ectrode dlspose on o
el ect r od&URRIY £lecipde slizpesedvn @negs@amfesjan@|e@strroomducmgm1emntéwctmbem a

si de of E&t%c@eérﬁfé'g%hn%leﬁ%ﬁécﬂgﬁe lspBsedlrs I"%nc?t or 44 EP? e tusI a
B e g 9 rff ©E6 %qeaﬁf

measuring, el ectric Conductivity acc aim

vol t age %@%ﬁ{ ied to said AC current supply eI ectrode 3. The apparatus
for neasuring electric conductivity according to claim11, wherein each of
said three electrodes is constructed so that its electrode Is forned by a
ti t ani umfoxi déhp apearatysfenmeestirion electin danductvity ancoedieg ta ddien bodhyeretade of a

conduct i ¥endtitdbitadh is ERGIABILRIAL ofiflntTRRSY 5&%8& ectric conductivity

according to claim1 having a space a ‘substance to be neasured
whi ch is defined between respectlve el ectrode surfaces of said three

el ect rodgs anfe BBRAIAtUSI6r th ?é&ﬁthgteié?;ﬂlcl éo%ﬁct&ﬂ%??c%/or??gé g c@%ﬁh @ﬁ%e%%éﬁﬁ?

surf aces. The appar at us asuring con
wher ei n {sqllaﬁhreprqlga;o&lp@ds constructed so that lts electrode 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 conductivity according to claim 4, wherein light irradiated
from said light irradiating means has a wavelength which brings about a photocatalytic activity of
said titanium oxide layer.

6. The apparatus for measuring electric conductlwty according to claim 4, wherein said 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 guilds 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 irradiating means is irradiated onto said electrode surfaces through said light transmitting
materials.
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fromsaid light irradiating nmeans has a wavel ength whi ch brings about a
phot ocatal ytic activity of said titaniumoxide |ayer. 6. Th§hﬂ§a§5 tus for
measuring el ectric conductivity according to claim4, whereih”sai i ght
irradiating neans conprises a light source. 7. The apparatus for neasuring
el ectric conductivity according to claim4, wherein said light irradiating.
nmeans cog?rises a light guiding material which guilds Iight froma Iight
source. &- Thelhfppaparatus fosrmeasusing i electdd eondidtivito rdaarding toy claine o8, dvhereiro a
claim4, wherejqisaidi SRAE in ] d_i
defined by a Ieti“gm?ﬁtd}gjnsm tﬁ lt?? kgéﬁép&?zea(ﬁ,t%gﬁhhﬂﬁrﬁfg‘%& ”%ir)?ﬁg"l %&?ﬁaéfn sghcgs%ce
i rradi at ed ontfer stafing @ subatenngdo bemieasered hr ough said light transnitting
materials. 24 8 July 2004 9. The apparatus for mnmeasuring electric
conductivity according to claim8, wherein a titanium oxide coating |ayer
capable of transmtting material of its side facing said space for storing
a substance to be neasured. 25 APPARATUS FOR MEASURI NG ELECTRI C
CONDUCTI VI TY ABSTRACT An apparatus for mnmeasuring electric conductivity
conprises-three el ectrodes brought into contact with a substance to be
measured. The el ectrodes include a detection electrode for detecting

el ectric conductivity of the substance to be neasured, and two AC current
supply el ectrodes di sposed on both sides of the detection el ectrode at
respective
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distancés, and an AC current of the sane phase is applied to the two AC

current supply el ectrodes. This apparatus. provides stabiliz§ lﬂga@ﬁrenent
of the electric conductivity of a substance to be nmeasured W a high

accuracy. Figure 1
APPARATUS FOR MEASURING ELECTRIC CONDUCTIVITY
ABSTRACT
An apparatus for ;measuring electric conductivity
comprises three electrodes brought into contaét with a
substance to be measured. Thé electrodes include a detection
electrode for detecting electric conductivity of the substance
to be measured, and two AC.currént supply-eleetrodes disposed
on both sides .of the detection electfode at respective
distances, and an AC current of the same phase is applied'to
|
.the -two AC currént supply eléctrodeé. This abparaﬁus provides
stabilized measurement of the electric conductivity of a

substance to be measured with a high accuracy.

Figure 1

26



