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ELECTRI C CONDUCTI VI TY, AND METHOD FOR PRODUCI NG THE SAME Techni'cal Fiel d

of the -Invention The present invention relates to an electric

conductoneter, and an electrode for measuring electric conductivity and a

met hod for producing the same, and specifically,' relates to an apparatus

capabl e of neasuring electric conductivity accurately and stably, at a

good repeatability substantially w tSRECRFCAEIWI ri ng any cl eaning of the

el ectrode surface, and a nethod for producing the sanme. Backgroundart of

t hel nvent i GAHEETRER PPEDUSEAMITER| \ALEGTRODE R ReldirsUR INGE RpRCTyY T CARDETSCAIYE A

nmeasure a concentration of ions capable of mgrating in an aqueous

solution, and an electric coN8TEIORER EROMEIENIHPYEREEt O neasure ion

concentrations in many kinds of aqueous solutions. The electric

conduct onet er has usual | y #tchhiast Biwidebgctiodesenandnt he el ectric

conductivity or resistance of a aqueous sol ution present between the

el ectrodes i's ddeepnesrad byventdsuridigted e ehesldckeid Woh@ittoREtarOl ba0eN

between at | east two electrodes in contact wth the aqueous solution. The

el ectrode oflechiosteeFer trehsuiogdebictimbt etontiscti oSt bHetLhetfstaldoy pid

oxi dation and corrosion resistant conductive netal such as platinum black

conpri si ng theneansar ehd | gecdficpll sy, nemtssi 6plan phedriabudM capbh Bl IoR U200 d

"pl ated conductive netals, -or stainless steel, in order not. to be

. oxi di zed elentmiitercontectgivetcy r sceratelys dndt etaeniacit W tdocan re%gé@@,ﬁity

solution, and in.order to ensure stability of the neasurenent by
substantially without requiring any cleaning of the electrode surfade, and

a method for producing the same.
d Art of t senti

Electric: conductivity is especially employed as a scale to measure a
concentration of ions capéble of migrating in.an aqueous solution, and an
electric conductometer is employed to measure ion concentrations in many
kinds of aqueous solutions. The electric conductometér 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 aqueou-s solution.

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

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



1 19 April 2004 setting an area of the el ectrode to be broad., {F éﬁ%
el ectric conductoneter, an electrode surface is usually cleane regul arly
to performan accurate neasurenent. Because nmany organi ¢ substances are
generally contained in an aqueous solution to be nmeasured, and are adhered
or adsorbed 'onto an el ectrode surface, the adhered nonconductive organic
substances heighten the resistance at the electrode surface, and the

i ncrease i nseffény exi stemcé teyelrmekeodentaceubata@. neasur enent i npossi bl e,
this electrode surface is regularly cleaned to avoid such inconvenience.
Such adhesi on ofn aglgbr pti electfiorgatictonstdrst anceschasidbeanraenskdesedio
be an unavoi dabl e phenonenon in a conventional apparatus, because of the
measur enentcizehadipbelaflyane petfeirirc acOneye esehinent ha@bcie MARTN Stdank.en
exchange is performed on an electrode surface. in other words, ina
measur ementsufsteb@ct pie geaahldyi atint-yi nebie £ e a@ieous | £ALELSH 't6Ubd eBbaddeays
in a nmeasurenent systemnore, or less, and the strength of the current is
to be nmeasuxed,ame cadigued i ve elsgbeadenthas®! ¥lectabde! setrzede RLeadHLBHA
conductive nmetal is inevitably used. Therefore, in an electrode surface

made from ansopddettive argtaic suibiantan hexghtangehd SesRRRhEE MBALRY electrode
energi zati on, nonconductive organi c substances are adhered or adsorbed

onto the elantfroede sndfane. ivbamssucih adhestaiseinceadsds Phhie) & abth@ate
organi ¢ substances occurs, the resistance increases and- an ai ned

el ectrode SussbacandhOr iNPESEDRIEthis A8t rie: iR iandegfla1esilddneqat B8

measur enment accuracy is sacrificed or a neasurenent repeatability is |ost.

Theref ore, dwodduesnichc| tanintgsicate! haueh ecidhad®ns Uss acs@s@fgﬂ:ibﬁmﬂff €6rda@ic
substances has b‘een considered to be an unavbidable phenomenon in a
conventional apparatus, because | cf the mnmeasurement principle of an
electric conductometer, that is, wherein ion exchange is performed on an
electrode surface.

In other words, in a measurement of electric conductivity, becal;lse 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
perfornied 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 incréases and an aimed
electrode sﬁrface for measurement cannot be formed, and as a result, the
measureent accuracy is sacrificed or a measurément repeatability is lost.
Therefore, frequent cleanings of the electrode surface are required to

avoid such an .inconvenience.



avoi d such an inconvenience. 2 19 April 2004 Disclosure of thga 5?\’%54 on
Accordingly, it is an object of the present invention to provid

el ectric conductoneter, which can automatically prevent organic substances
contained in a neasuring systemfrom adhering or being adsorbed onto an

el ectrode surface, and which can neasure an electric conductivity stably
and accurately at all times substantially wthout requiring any cleaning,
and an ¢)i&fdsurdsr thQinvER@sr i ng the electric conductivity and a nethod for
produci ng the same. To acconplish the above-described object, an el ectrode
for neasuring electric conductivity according to the present invention is
char act @[ oxi de
ayer opeoBeb it i) ofRueE B B THEhRIq pioydt S tielicondlctaHiobl

Furt her wheth C@n@mm@tmtbsn@r@&erdmwc mmea gontainedh in pmessuing system from
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body of % &%Lgtda&% 19 Fbge%%gﬁ({:%ﬁ I%Ctl ve lJr%lb‘tg aﬂ %gé}ﬁmgéﬁﬁ%%g‘é%%tr{ml chis
formed byn@otlwtyeﬁiabjyrﬂo& Reuratalyat al imea subyantieiv mtb@utfrmrmg anysgleaning, or
storing, ﬁz{?ﬁg r g,

surfacesﬁd%lf-ll% S?fe&crﬁ%%%uc Eceﬁt\tn tynkgggyﬁ??ﬁgge ég)g F30%&%:ﬂ‘:’j&?et and
an outl &mMeo sai d substance storing space, for sai d subst ance to be
nmeasured; and nmeans for irradiating light to the electrode surfaces;

wher ei n_each of said electrode surfaces is die;sg)osed to be parallel to a
f1 ow of Tegcaorsplisstthemgboverdracsbpdiobiedtean elgcised Obmeawnng@lqoylce@mductM4 | n

this el %E&Jrh@gg&%ngﬁé%@r%ntndﬁu Ic@arﬁ&f%ﬁ?é& ﬁqh%]t%telédtr%'ale sliffa @k

above-descri Irra as a wavel engt |ch rlngs
about atijghbimbexide layst oma shifaceofen qlmrodatb@dbmégérmb@aomduch‘m metebxi de
| ayer. For exanple, light with a wavel ength from about 300 to

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 and formed between the electrode surfaces
of the electric conductivity measuring electrodes; an inlet and an outlet to said substance
storing space, for said substance to be measured; and means for irradiating light to the
electrode surfaces; wherein each of said electrode surfaces is disposed to be parallel fo a
flow of said substance from said inlet to said outlet.



about 400 nm can be enployed. As neans for irradiating light, q“tﬁgﬁg
source conposed of neans for irradiating ultraviolet rays ang the fke
such as a black light may be directly enployed, and a |ight guiding
material (for exanple, an optical fiber or a tube and the like conprising
a light guiding raw material) to guide light froma |ight source provided
as neans for irradiating light may be al so enpl oyed. Further, the |ight
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el ectric conductoneter 1 according to a first enbodi nent of H@gng{gg@gn
invention. 2is an enlargedperspective viewofanelectric Figure

conductivi tyneasuring el ectrode of the apparatusdepicted in Figure 1 . 3is
an expl odedper spective vi ewofanel ectric Figure conductoneteraccording' to
asecond enbodi ment of t hepresent invention . 4is an expl odedperspective

vi ewof an' el ectric Figure conductoneteraccording to athird

enbodi mehRlt BRARIEAE sarm\égggé(% Ien n@ 23libeBAG (ol rﬁaéwé@ﬂmap%eldefa{beon

--lnvention Herel na |rab e e |rrents of 1 esen nven
will be by@)dlghbtrammlt}h@g g}faﬁerng and itfmajube sonstituted so that the Ilght from means for

irradiating light is irradiated onto an electrode surface through the light fransmitting 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 to be measured (made of the light transmitting material), adhesion of
organic matters and the like to this surface of the light fransmitting material can be prevented
by super-hydrophobicity and decomposition property of organic substances ascribed to the
titanium oxide layer.



Figure 1 shows an el ectric conductoneter according "to a firsfafgibesh ment
of the present invention. In this electric conductoneter 1, an ‘electric
conductivity measuring el ectrode 4' wherein an el ectrode surface 1is fornmed
by a titanium oxide-layer 3 on a surface of an el ectrode body 2 nmade from
a conductive netal, shown in Figure 2, is enployed. The titanium oxide

| ayer 3 is forned by a surface treatnent of sputterlng or plating and the
like, or is forned by &¢l8izehplamat Lhg glpgectrode body 2 nmade
froma tltanl n1neta| The OX|dat S cond cted by ectrolysis _or_ajr
oxi dat i on. $YRRFI 1T 2064 %%rggpél%@Frl%e%%%dﬂ%H|V|Y§eﬂea rlfk]%ﬁ%ﬁﬁF%Bes
4 are useddu th| enbodlgg nd are attached to an el ectrode holder 5
conpri siTgairta ﬁlatFSHO 129 di° Pn &1EShdi TRRAF IR e Pffe ENBctRRRRENT
surfaces are exposed as shown in Figure 1. Three electrodes 4 are ‘

di sposed T4, and the el ectrodes 4a and 4b at both sides constitute
power supplyin el ectrodes connected to a power, source, and the el ectrode
4c at the ceanﬁurﬁoéﬁtﬂén Fonslegoss ' reERRS YRy EP@EtﬁUﬁeaﬁun%¥¢%ﬁﬁh©
as a sensor for, detecting electric conductivity. Electrode holder 5 is
fixed atCoddnddatidini Reasppsngi olasitredesupst rthe GPHarathve sdbsirbed 6in
inlet 7 for introducing a fluid to be neasured (for exanple, an agueous
solutloﬁﬂgqﬁﬁl%ﬂ 8 for discharging the fluid, and flow holes 9 and 10 for
measuring electric conductivity are provided. In the el ectrode hol der 5,

fl ow hol es 11Fagure2 Jr dsprawi dewlodadd pémesiddviveol widd i &t diagposkektoic
communicate with-the flow hole 9 of the substrate and the flow hole 12 is
disposedxm@ﬁqgﬁqmgﬁagatgcqpxdﬁﬁqtmnO a second embodiment of the present

invention.
Figure 4 1is an exploded perspective view of an electric

conductometer according to a third embodiment of the present

invention.

e t mode for ca i ‘ £ Inve

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

Fiéure 1 shows an electric conductometer according to a first
enbodiment of the present invention. In this electric conductcometer 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 con;iuctive 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 air oxidation.



hol e 10 of the substrate, respectively. Afluid to be rreasure@AFEﬁ hgswiced
frominlet 7 is sent into a space 14 for storing a substance to Dbe
measured, which is defined on the side of the electrode surfaces of the
respective el ectrodes 4, through an inside path 13 of substrate 6, the
flow hole 9, .and the flow hole 11 of electrode holder 5. The space 14 for
storing a substance to be neasured fornms a flow path for measuri.ng

el ectric condUEET ViEFEor CRRAFTLTIdYt teaserinmaslieddodd®hd Breiubeflr om irhe space
14 for storing a substance to be neasured is discharged fromoutlet B

t hr ough Fﬁ%‘?dﬁgf%\'w hdle 32 Gittarkest rtederhallderroBe hhbddr ow deabei<ifgofn
substrate 6, and an inside path 15. 7 19 April 2004 In the substrate 6,

t hrough RBFEEtiey MAtspialecimra epshbibratvhposi thonslecorddes popdidg eet he
respective el ectrodes 4a, 4b, 4c, and necessary electric wires are pulled
out of t A& Foutth FEVResin Bagureeh, Thees clhetiogacel héefdispsia AT araw,
substance to be neasured, in this enbodinent, is defined by a sheet-1like
packi ng 9 Hifd d°FFeaiepatentngldsat pbt eidés prawtiledeagody isgPblying
transmtting material which is disposed to confront el ectrode holder 5
with a g&FHadsmeRMRyted . tol & noyeprsofiers; eand thatelacticdanicuat Gredesrgeat i ng

| ayer is provided at a degree, that the Ilight transmtting property is not
damaged, PE*$E°R octiE 18 eFage doteqyling seleptatde Fonariontryy skde bagdorg rhhe
space 14 for storing a substance to be neasured. The electric conductivity
of the fREFeFtIRg GhPPigirncandistivpbve 14 for storing a substance to be
nmeasured, is_neasured. Electrode holder 5, packing 17 and glass plate 18
are fixed toPteceder hpbley 20 bn Sivedsuatf age pseditentirsubsickationt dry Hol ts

19. A window 21 - :
substrate 6. In the substrate 6, inlet 7 for introducing a fluid to be

measured (for example, an aguecus solution}, outlet 8 for discharging the
fluid, gnd flow holes 9 and 10 for measuring electric conductivity are -
provided. In the electrode. holder 5, flow holes 11 and 12 are provided,
and the fj.ow hole 11 is disposed to comminicate with the flow hole 9 of
the substrate and the flow hole 12 is disposed to communicate wit1l1 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 side of the electrode surfaces of the .
respective electrodes 4, through an inside path 13 of substrate 6, the
flow hole 9, .and the flow hole 11 of eiectrode holder 5. The space 14 for
storing a substance to be measured forms a flow path for measuring
electric conduci:ivity of the fluid to be measured. The fluid from the
Spéce 14 for storing a substance to be measured is discharged from outlet
8 througﬁ the. flow hole 12 of e]:ectrode holder 5, the flow hole 10 of

substrate 6, and an inside path 15.



for transmtting light is opened on cover body 20. Through thi | Bt 21,
light fromneans for irradiating |ight 22 which is di sposed gg?ﬁ%%e 'S
irradiated. Light irradiated is shed on titanium oxide |layers 3 that form
the el ectrode surfaces of the respective electrodes 4a, 4b, 4c through
glass plate 18 fromthe w ndow 21. Light having a wavel ength that brings
about a photocatal yst activity to titaniumoxide |ayers 3 is selected as

hec Py weiporkl [ahated. JO NP0 bl TR OLBL BB MRbB e

speci fi ed wavel ength (for exanple, a wavel engt’h of "fr
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light t irradiates ultraviol et rays can be used. he "€l ect'ri
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constituted as”de above, “by r1rradi atrng rommeans f or

irradiatingq.i.g - i i de | s 3 provjded on the surfaces of
‘Ilh'e agg lé]etsf%ga%%%%g %%Jg%lax%ce pto be  ‘meas ecgctarr{/i%l—i}’s and

the respective electro U e phot oCat al'ys
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when nmeasuri ng rvirty, even’ it ron exchange ofned on

t he eleg£ﬁﬁggmsg£(§§%§e ﬁ@%@%ogc&ﬂ%ygt%é;éﬁégg&%ﬁgsupftggcgg a&&gg%avented

from adhering or berng adsorbed onto t Isurf acess sult,
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plate 18 on its side facing the s;-:)ace 14 for storing a substance 1.:o be
rmeasured. The electric conductivity of the fluid, flowing in this space 14
for storing a substance to be measured, is Iﬁeasured; |
Electrode holder 5, packing 17 and glass plate 18 ére fixed to a
cover body 20 on one surface side of substrate 6 by bolts 18. A window 21
for trarisnﬁ.tting light is opened on cover body 20. Through this window 21,
light from means for irradiating light 22 which is disposed outside is
irradiatéd. Light irradiated is shed on titanium oxide layers 3 that form
the electrode surfaces of the respective electrodes 4:;;, 4b, 4c through
glass plate 18 from the window 21. Light having a wavelength that bri;'lgs
about a photocatalyst activity to titanium oxide layers 3 is selected as
the light to pe irradiated. For example, an ultraviolét ray with a
specified wavelength (for example, a wavelength of from 300 to 400 rm) 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 conductcmeter 1 according to the first embodiment



Further, if a titanium oxide coating layer is provided on thegsil# ag& of
glass plate 18 on its side facing the space 14 for storing a substance to
be neasured, the adhesion or adsorption of organic substances to this
surface side is also prevented, and accunul ation of the organic matters in
the space 14 for storing a substance to be neasured is prevented, thereby
mai nt ai ni ng the hi gh-accuracy neasurenent. To confirman effect due to the

phot o cat al iwity by titanium oxide layer 3 in electric
conduct omet éeé(?{sf%g‘%doe\\én Ei\én i ﬁﬂlrbéegl,ab&f%!m Rt +BRS A g n 4 e F e AR d Tett

as follows. . ination,1:.Jo,a solutiaon containing 10 m sodi um acryl ate
l%?(?(fil%lum{!lrl u?lfgg't%ezzdn(}lgﬁjfﬂr?’% Sc1HeFD HP %%ggo%ShﬁtﬁuSFﬁ%S%/ﬁf a

wer e added s
conductivity, of 9 19.April 2004 about 1000 u S S. A pu connected with a
degasi fi er é%es rggﬁerlcgté“%f]t%gﬁoﬁies i Mtet™Psi e ThHHe PRPECRFHYSE oRfdiEt ohe fRd
shown in Fi aur e W:lhénagd the fl uitd descri bed gbove was fed at a flow rate of
0.5 m/nin “A heastr efPaMAt uBYSTNeFe Bite CPRFENEON#CE ofBHEr te kP Bt RS
cranped to ro_point, .and the sensjtivity was adjusted by increasing the
neasuri ng rgjﬁoéqel?gﬁ%w%}'éﬁgfzt?Rﬁc?yf&agé’raﬁT e tYPPEpEF ﬁ? mggsured, the
m cro-measuring.range, (a range, of the recorder was adjusted so as to be 5
usSof its Tul %psé%sget(ncfs_ a\fgl P5eomBeRed; e B Achatatatyshaacsvaky e dhensfere a
bl ack 1i ghtwl%cn H{Iﬁé ravi ol ft r.ays s .used as neans for irradiating |ight 22
RS S EBAL P rRRaU By Vit B FITTh g~ atoraS*BRBvR L8 PFEoRsppR ng

and t he neasuremnen
t he punp V\/_nj:tllee ntinuing the irradiation by the black Iight, an increase

C .
of - el ectri & EORAGELT VIFIRSE: 0ESAPPRcgnAIrtive, Srpanigs StsEahsrs j2reT RErvent o
punRp was

from adher:i.mj or being adsorbed onto the electro_de surfaces. As a result,
regqular cleaning of an electrode éurface,' that has been conducted, is not
required any longer, and electric conductivity can be measured stably and
accurately at ail times without cleéning. Further, repeatability of such a
high-accuracy measurement can be also ensured.

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

To confirm an effect due to the photocatalyst activilty by titanium
oxide layer 3 in electric conductometer 1 shown in Figure 1, é‘xa;minations
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



operated again, the black light was turned off, and after 151@”“ﬂ#§§04he
punp was stopped and the recordi ng was conti nued by a recorder. "Any
increase in the electric conductivity could not be observed for 1 hour.
Fromthis result, it is understood that, when the photocatal yst activity
was exhibited by irradiating light on the titanium oxide |ayer of the

el ectrode, polyacryl acid was deconposed by the titanium oxide of the

el ectrod f , d el ri ¢ conductivity was.jpncreased. On the other
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hand, when the ght was turne - i'sTu 00
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organic §%9§$an%gs were .deconposed on the titanium oxide |ayer of the

el ectrode sur'f 468, " An S THEr eade a8t SR | BRoAdieck i dptuek Whseredek and

an eff ecgsagé'ewéso u:[sgg ad rIln(e):.t:ur(ljsc af_to?‘:l X:?Jgad?.'gézﬂn\éi S.Xghvi\:lagz Oatl)'r?de rt\llug drheasurement was
continued by recording at a condition of stopping the purp while
continuing the irradiation by the black light; an increase of' electric
conductivity of 0.24 £ S in 1 hour was observed. Then, the punp was
operated again, the black light was turned off, and after 15 minutes the
pup was stopped and the recording was continued by a recorder. Any
increase in the electric conductivity could not be obse:L:ved 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" eléctrode
surface did not occur, and the electric conductiv_ity 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



Figure .3 shows an electric conductoneter 31 according to a
enbodi nent of the present invention. In this enbodi nent, an optlca? ?lber
forming a light guiding material is used as nmeans for irradiating |ight.
Black Iight 33 of ultraviolet rays is used as a 'light source, |ight
converged by a donme-type converging lens 34 is irradiated onto an incident
end of an optical fiber 32, and the light guided in the optical fiber 32
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'%le%P@e%%d QSWT'ﬁttg bn(% ?IH.'Q’F Q.l({ J_nc%ease 10 fec%aé? I?%)é).ge Ggi} 81 g)§ 3 68.,

el ectric conductivity of. urd’to be nmpasuredrs

36b ' of ehecyrede,hadi es es 393, 39b. 39c of |so| tion
sheets 38a, 38b, 38c. Into o§:%|%]t§‘{é? %a B %trhet |°F1’8 SR B %a>ohri cal
fiber 32aks daserd£d Ak eal,e nd | i i rradi at ed
toward the space for stgrf%b a %u@%gg%%ggt% g@ ne %ﬁ%?@#?oﬁﬁm?he

1 gt st o el 32 g e e
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 li(jht.
Black iight 33 of ultraviolet rays is used as a light nsource, 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 conposed
of a titanium metal, and titanium oxide layers 37 are formed on the inner
circumferential ;urfacés of holes 36a, 36b opened in the central pori:ion.
The electrode bodies 35a, 35b are isolated by being sandwiched between
isolation sheets 38a, 38b, and 38c having, respectively, holes '39a, 39,

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

electric conductivity flows between the electrode bodies 35a and 35b.
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be neasured. In the enbodi nent described above, although IightgA'bp'}n 2004
irradiated only fromthe side of one holder 40a via optical fiber 32, when
a space for storing a substance to be neasured is relatively long, |ight
may be guided also fromthe side of holder 40b at the opposite side. Thus,
Wi th respect to disposition of a conductive netal, disposition of a

titani um oxi de | ayer of an electrode surface, and constitution of a space
for storing a JubStHiEe t89e cHBNEEIRY Fhrseheletiastei dodtrrdudiconel®r archn
be desi gned tg an arbitrary formation. Figure 4 shows an electric

conduct onetEPIBHRCEEEEF ntfar 38 tHior & 8 pemy bfldehe 49resiObt fionviestt on.
In this enbqdinent, three electrodes 52a, 52b, 52c are provided, and for
exanpl e, tFé&9ETechr SRS 24, 5¥prigs abothssinges tar be coestiredt for assasonbiy
suppl yi ng el ectrodes connected to a Power Source, and the el ectrode 52c

di sposed b&LREEHCt REMAUCEL EdH st taufddichdoabel eteaswiengie|decinat byf rieti B6d,ng
as a sensor for detecting an electric 12 1 9 April 2004 conductivity.

Thr ough hoP&8 8B8aslestpods Riodies Hgenddh i andt heleseridral 3%porttons biibbin
respective el ectrode 52a, 52b, 52c, and a titanium oxide |ayer is provided
on an i nnefNEeks 288 01fPeaddr-ofintchéhhdicdde3Wa, 58h embBring erSpacesns opdical54b,
54c, 54d made froma |ight transmtting isolation material (for exanple, 4
f1uori de- eER5%en®) iar éngirspd sd aoredotihcwiddsdornf and Height spac bEv ereliestaiodes
52a, 52b, 52c, and, the respective el ectrodes and spacers are stacked

al t er nat el ¥°vapst dhghskhrAce SoB5ator8ah, 2 5BbstEEE &p cbopeasdrdd whireften! rale
portions of the respective spacers 54a, 54b, 54c, 54d. Support materials
56a, 56b afévii $okedesasiddentabdadrg Spacentet54a,of holder 40a is discharged

from outlet 42 of holder 4Cb through the space for storing a substance to
be measured.

;[n 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 rélatively long, light may be guided
also from the side of holder 40b at the opposite side.

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

Figure 4 shows an electric conductometer 51 according to a third
enbodiment of the present invention. In this embodiment, three electrodes
S2a, 52b, 52c are provided, and for example, the electrodes 52a,52b on
both sides are constituted as ]:aower supplying electrodes connected to a

power source, and the electrode 52c disposeci between them is constituted

as a detecting electrode functioning as a sensor for detecting an electric
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54d at both sides, and a stacked body conprising the el ectroqgsg\p'i,zgaog;ﬂb
52c¢ and the spacers 54a, 54b, 54c, 54d is sandw ched from both sides by.
t he support materials. Through hol es 57a, 57b are opened also in the
central portions of the respective support materials 56a, 56b, and in the
hol es 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 neasured is defined
by hol es 5TENABIAVIt55IThrea 1Bhes §53h, 5% cdanect edpdnedstiackhag ceferal
eI ectrodes 52a, 52b, 52c and the spacers 54a, 54b, 54c, 54d. A fluid to be
measur ed iperEshgcet thehrewmshtithels8aois Bas cH gezkt.t Ian@wgrtlt@memmde
after flowing in the inside of this flow path. These tubes 58a, 58b are
conposed oflagey iighprotideghsm aniimgermuefacal of fescheodampé éolds 53a, 53b, 53c.
fluoride-ethylene), and an wultraviolet ray with a predeterm ned wavel ength
i s irradi atSedcénsom4sl adkb, | Péght BG medei dedn as hEgnts Hrensnittadi atsohatilonght .
As the ultraviolet ray irradiated repeats diffusion and reflection in
t ubes 58a, mabghiads (fa kxampled 4 Flngride-E0Qlerts) amsiridispdshe drubels) stithss of
ultraviolet ray is guided along the tubes 58a, 58b, and guided to an inner
surface cortpei kispgctivei ekastorrdesxbte bayeb2d,nantdbh mhpettdue raddeisroB@a,an82b,
52c fromthe portions of holes 57a, 57b at both sides. Further, as the
respect i ve sppeeiesr fr§4gtadél, abnatelly . affbradgbohoben®dsedS®df, &5ti giid are
transmtting material, the ultraviolet ray fromblack Iight 59 is
i rradi at ed opengchdn hhercapirdlaest pinsebécthrodespStive 5Rbeer5264aafsier 54c,
transmtting each spacer while performng diffusion and reflection.
Especi al | y 548y Swearthgesacinlel 2ot r 68 aanddbpased chbsisle pél ki wedoprs Hida,

544 at both sides, and a stacked body comprising the electrodes 52a, 52b,
52c and the spacers 54a, 54b, bHdc, 54d is sandwicﬁed from both sides by.
the éupport 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¢, 55¢, 53b, 55d connected by stacking the electrodes 52a, 52b, 52c
and the spacers 54a, 54b, 54¢, 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 fepeats diffusion and reflection in tubes 58a, 58b as well as
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(for exanple, the thickness of each electrode is about 0.2 nmyjg gpflopde

t hi ckness of each spacer is about 1 mm, because a flow path defined by
each el ectrode and each spacer becones relatively short, even if a
particular light transmtting material such as an optical fiber is not
used, a sufficient anobunt of |ight for neasurenment is irradiated onto an
el ectrode surface by the Iight guiding along light transmtting tubes 58a,
58b as descri bed ove, and by the light guiding through |ight

e anar (1 FRBis are St it whtevisit Serar gen alive BR b ddre,
si npl er ag%ﬁsn&llen ugit can,be constructed. Industrial of t e vet' In the

electric dFOP oAECER B EOr Uiy PUTRRR FREEHEY # riviéAriEn oxidendavem in

el ectrode syrface.is formed froma_ titanium oxide |ayer, or%%nic
subst'ance§® r??a?heecc?rf’ﬂesa SABasifPr NS yFEPRnihgr 8oriderd mfodedesandapr Sredted
autonaticglﬁﬁ from adhering or being adsorbed to the el ectrode surface,
and t her ePBYE S1&F%c OS¢ GiFdHRA FOTROFE SN SBRESHE a3y etfiut alftry S¥tharacdsrat el y
at all tinmes substantjally withoyt requiring any cleaning. Therefore, the
14 19 Apr FPE564 4 ettt Eridittoneiwtetiddor Bih LB ERES FaY efem asht i on
can be ag Iieg for,ang field that requires a high-accuracy neasurenent of
el ectric ?i 4% tdyradigted ionphe, Lper AR IReEsafp| FegtEsisicrabty 880 8¢ ki nd

of water treatnent system sludge treatnment system or gaseous system and
the |i ke.aﬁE?rl§réﬂﬁmF¥t%ﬂ§03aCh spacer while perforiming 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 én.cptical 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 guidiné through light
transmitting spacers 54a, 54b, 54c, 54d. Therefore, in this embodiment, a
simpler and smaller unit can be- constructed.

ls) i i i of the Inventj

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

substantially without reguiring any c¢leaning. Therefore, the
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CLAIMS: 1. An electric conductoneter conprising: at |east tmomﬁ$§g§5@@
conductivity nmeasuring el ectrodes, each body of which is nmade froma
conductive nmetal and each surface of which is fornmed by a titanium oxide

| ayer as an el ectrode surface; a space for storing a substance to be
measured and forned between the electrode surfaces of said electric
conductivity neasuring electrodes; an inlet and an outlet to said substance

st ori ng edpaceicf ronsaictomstbst anee rionde taeasiy gske Ak MARSHTiQn can be
irradiating light to the electrode surfaces; wherein each of said el ectrode

surf acesppd ididspposednyorherantpacakbghitos 2 Klow Licsaid sbsLARRenEr QP
said inlet to said outlet. 2. The electric conductoneter according to claim
1, wher eileckirgbt connadtavedy fresr sabflpld ghici bradigt bngmeans, hag,

wavel engt h whi ch brings about a photoc%talyst activit?egf sa?ﬁ t?ta i&%

oxi de | aygr.knd TBe &lAGd | €r£Q0RAMeE 08BLeLL ACCALdLAT gr%fctlrr%h@ %yé”é&%{ eLn
e. 4. e e

said light irradiating nmeans conprises a |ight sodrc ectric
cOnductgggg@ﬁsagggf@mrghg(%ﬁgzﬂﬂpel, wherein said |ight irradiating neans
conprises a light guiding material which guides light froma |ight source.
5. The electric conductoneter according to claim1l, wherein said space for
storing a substance to be neasured is defined by a light transmtting
material, and light fromsaid light irradiating nmeans is irradiated onto
said el ectrode surfaces through said light transmtting material. 6. The
el ectric conductoneter according to claimb5, wherein a titanium oxide
coating |ayer capable of transmtting light is provided on a surface of
said light transmtting material which forns the side of said space for
storing a substance to be neasured.
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16 ELECTRI C CONDUCTOVETER, ELECTRODE FOR MEASURI NG ELECTRI C19W VI TY,
AND METHOD FOR PRODUCI NG THE SAME ABSTRACT An el ectric conductoneter
conprising at least two electric conductivity nmeasuring el ectrodes each
body of which is made from a conductive netal and each surface of which is
formed b I tani um oxi de | ayer as an el ectrode surface, a space for
storing é%ﬁﬂét ance to be neasured forned between the el ectrode surfaces
of the el ectrodes, and neans for irradiating light to the el ectrode

surfaces, Since the electrode surfaces are forned fromthe titanium oxide
| ayers, Brgani c suggte&eﬁg@scoé‘%‘ftamﬁ@tﬂC?’ﬁp'és’ﬁ@asur| ng system are deconposed

and prevented automati cal lbystitweBleadRebhAs:ty RRbSGinAdsQrRed a%htblaﬁ of
measur

el ectrode surfaces, Consequently, electric conductivity can

stably affechicupde fpp aaﬁorﬁippﬂ\teu hetal and earbruriaes of which i pgmetébpua titamipnany.
cl eani ngoxidd BYéeaslan electrode surface:

a space for storing a substance to be measured and formed between

ed

the electrode surfaces of said electric conductivity measuring electrodes;

an inlet and an outlet to said substance storing space, for said
substance fo be measured; and

means for irradiating light to the electrode surfaces;

wherein each of said electrode surfaces is disposed to be in parallel to
a flow of said substance from said inlet to said outlet.

2. The electric conductometer according to claim 1, wherein light irradiated from
said light irradiating means has a wavelength which brings about a photocatalyst activity of
said titanium oxide layer.

3. The electric conductometer according to claim 1, wherein said light irradiating means
comprises a light source.

4, The electric conductometer according to claim 1, wherein said light irradiating means
comprises a light guiding material which guides light from a light source.

5. The electric conductometer according to claim 1, wherein said space for storing a
substance to be measured is defined by a light transmitting material, and light from said light
iradiating means is irradiated onto said electrode surfaces through said light transmitting
material.

6. The electric conductometer according to claim 5, wherein a titanium oxide coating

layer capable of transmitting light is provided on a surface of said light transmitting material
which forms the side of said space for storing a substance to be measured.
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