19 April 2004 SPECI FCATI ON ELECTRI C CONDUCTOMETER, ELECTRODEgHR, URI NG
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 @echhiast Riwddebgctieodesenandnt 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 eihd | pecibficplag,i nehatssi oplan RbperiaBlEM capBb R ioRURB L08R d
"pl ated conductive netals, -or stainless steel, in order

electric conductivity accurately and stably, at a good repeatability

substantially without requiring any cleaning of the electrode surface, and
a method for producing the same.
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



not. to be .oxidized even when-the el ectrode cones into contq@y“%ﬂggbgn
aqueous solution, and in.order to ensure stability of the neasurenent by 1
19 April 2004 setting an area of the electrode to be broad. In such an

el ectric conductoneter, an electrode surface is usually cleaned regularly
to performan accurate neasurenent. Because nmany organi ¢ substances are
generally contained in an aqueous solution to be neasured, and are adhered
or adsor bedsetdaneg anaxdecf riddeclsutfaketo theebagider ed nonconducti ve organic
substances heighten the resistance at the electrode surface, and the '
i ncrease in thelIresicht ancelarayiarakedanoneit; abe c@astHL MbtadeMpesadbiiey
this electrode surface is regularly cleaned to avoid such inconveni ence.

Such adhesicieaped aggotatliyore perfurgadt accatabs dasesbas. peemeonsiydereaito
be an unavoi dabl e phenonenon in a conventional apparatus, because of the
measur ementsybsitandgsl erofgeaaraldl eeintatneaond utt ag®ioas , sdldiod 3o Mh@EgiRelpn
exchange is perfornmed on an electrode surface. in other words, in a
nmeasur enentaref @feecidticted onduatisotibyl, ohBE ans €eBdttrofi€ Chlidice C UEhENhdHdr-aus
in a nmeasurenent systemnore, or |less, and the strength of the current is

to be neasus@gpnduatdne untbng: elieainese heigiehythe 28s8itastd eletnmdgedt: oM a
conductive netal is inevitably used. Therefore, 1in an electrode surface

nmade from aswdadect bne wRéalincydhes 0N exchangetisee peif ORI BY accurate

energi zati on, nonconductive organi c substances are adhered or adsorbed

onto the elrstnoeensutfpesibldierhisichiadhef Grdice ads UephiaNy0ticaned to
avoid such Ilnconvenience. Such adhesion or adsorption of organic
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.



t he organi c substances occurs, the resistance increases and- 1gmﬁim
el ectrode surface for nmeasurenment cannot be forned, and as a result, the
measur enent accuracy is sacrificed or a neasurenent repeatability is |ost.
Therefore, frequent cleanings of the electrode surface are required to

avoi d such an inconvenience. 2 19 April 2004 Disclosure of the Invention
Accordingly, it is an object of the present invention to provide an

el ectri gy AHELARB IREntion'hi ch can automatical |y prevent organi c substances
contained n a neasuring systemfrom adhering or being adsorbed onto an

el ectrode surface, and which can neasure an electric conductivity stably

2 an_ BPERIng Rk o oliedBHABI A ahIoh WA of BRI Bl RELEST! TS:
produci mipahtran asdereaticrty prevensrgartic substanises ecrdeised invetheasjratsysem &oract r ode
for ”Eaﬁﬂﬁéd}% cﬁ'b%ﬁg’ ddsofiRAUAES éN%IEXtrod%CWagé,’W\fdtvﬂ\iémé‘abrpﬁlﬁéﬁﬂé ah®Ycid on 1s
characterized 1n that an electrode surface I's forned by a titanium oxide

| ayer omordustivitysieblp AindAcairalstyrad ad timed pubstartially vitheutcenuiing arwecleaning, .

Fur t her an@@n%:le%%fié for Hi g@q)tﬁ%teﬁ‘éctr?cct?dﬁhﬂ tﬂﬂ{}%ﬂd %'h?etﬂéc?ﬁ)‘?pPoduBiYug%é on

conprises at least two e ric conductivity measuring electrodes, each
body of s@Mech is made froma conductive netal and each surface of which is
formed by a titanium oxide |ayer as an el ectrode surface; a space for
storing a substance to be neasured and formed between the el ectrode

sur f acedo astomplishdhe abevecdessribebobiostt 3n eteaiseds faymepawringsdrolric conduetivdy and
an outl i «S1:0r r 1 :

roasur oy S8 & eSS Enter 1 chedpRRARFD thetian ol AR ooy o

wher ei ntitgaitin oxide kEyer en 8 suifartcofanrgleaiode ibedyimage fiom @ gonshicive mketadl to a

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.



flow of said substance fromsaid inlet to said outlet. 3 19 rAdm g@@f In
this electric conductoneter, it is preferred that |ight irradiated by the
above-described neans for irradiating |light has a wavel ength which brings
about a photocatal yst activity of the above-described titanium oxide

| ayer. For exanple, light with a wavel ength from about 300 to about 400 nm
can be enployed. As neans for irradiating light, a light source conposed of

may e d PLEPEHE el kiF Eoreriindtont Monleb ity dpd%r Rt e, O

opti cal ln'ieiaherfordl_rradiatir_lgdighamh a Iwavdal@arkfh whinhybrings lago@tdd %@Mcagalj/si ianm?iﬂyaﬁ\/the
t . . . { I X
T i aebouR B L o eTeget, AR, IBREEN s RE%e RSl TR A hra

gui di ng abaitetd0alm oaybe bmphgde.dAd mebnglot irfadiaidg dpietda dgtitecticg composed bf ght

Subst andibes et e s Bl alf FieBRS 4G 5 F Bl VoRRE o BrordY vt o' 21

and it empldyedcamnsd lighlgeidirgomatedsl (fdnexémplet af optivahiitsen r Bdube anid thdilikg | ng

tr ansm EoPRAHN FUGR LRSSy B Goh SR it A I uledBrovd®ies meaps um

oxi de c fatifradiatingylight map ab lasoamployeds Futttierniellighfftom adight guidide chatariahmayr f ace
(a surf i Lth.solution).of the side of the space for storing
a subst §r81%gag%%n)l@’%g@'%gﬁlee%d'%ﬁhﬂh“@f Ifgﬁ%s?li'rﬁﬁ't transmtting material),

adhesion of organic matters and the like to this surface of the |ight
transmtting material can be prevented by super-hydrophobicity and

deconposition property of organic substances ascribed to the titanium
oxi de layer. 5 '



19 April 2004 Brief explanation of the drawings Figure is aqggﬁﬁhggﬁp
perspective view of an electric conductoneter 1 according to a first

enbodi ment of the present invention. 2is an enl argedperspective

vi ewof anel ectric Figure conductivitynmeasuring el ectrode of the
apparatusdepicted in Figure 1 . 3is an expl odedperspective viewofanelectric
Fi gure

Further, the above-described space for storing a substance to be measured may be defined
by a light transmitting material, and it may be constituted so that the light 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.



conduct onet eraccordi ng’ to asecond enbodi ment of t hepresent i nugijPvoga 41 S
an expl odedperspective viewfan' electric Figure conductoneteraccording to
at hird enbodi nent of t hepresent invention. The Best node for carrying pu:L.
the --Invention Hereinafter, desirable enbodiments of the present

i nvention will be explained referring to figures. Figure 1 shows an

el ectric conductonmeter according 'to a first enbodinent of the present
invention. In this el eBtieé edpianain hegdrawlingsri c conductivity
measuring el ectrode 4 wherein an.electrode surface is formed by a ,
titaniun1oxidg§?§§%r O aa%uf?ﬁégdﬁg R oG BoGY Zﬁgﬁ§8e FIOhE-C
conductive tal, shown in Figure 2, is _enployed. The titanium oxide |ayer
3 is form ﬂ%}%yﬁﬁfffaégc??%hgﬁeﬁf’OF'SE&gFEri?EPQQlWﬁQﬁJ R Sha tveeTsKE,
or is farnmed hy oxidizing the surface of the electrode body 2 nade froma
titani uhetdi°"The oxidation is conducted by electrolysis or air
oxidation. 6 19 April_2004 Three electric conductivity neasuring el ectrodes
4 are used i nFEAPSE® nbddi ndht TR IS e RETMID o HASH| v r Gdle RTFis

conprising an insulation nmaterial, in a condition where the el ectrode
surface§xﬁ¥¥90t1VltY measuring electrode of the apparatus depicted in

Figure 1.

Figure 3 is an exploded perspective view of an electric
conductométer according’ to a second embodiment of the present
invention.

Figure 4 is 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 electrodé surface
is formed by a titanium oxide ‘layer 3 on a surface of an electrode body 2
made from a conductive metal, shown in Figure 2, is employed. The titanium
oxide layer 3 is formed by a surface treatment of sputtering or plating
and;the like, or is formed by oxidizing the surface of the electrode body
2 made from a titanium metal. The oxidation is conducted by electrolysis

or air oxidation.



exposed, as shown in Figure 1. Three electrodes 4 are di spose@ Al 396AW
and the el ectrodes 4a and 4b at both sides constitute power suppﬁ?yl ng

el ectrodes connected to a power source, and the electrode 4c at the center
position constitutes 'a detecting el ectrode functioning as a sensor for
detecting electric conductivity. Electrode holder 5 is fixed at a
predeterm ned position of a substrate 6. In the substrate 6, inlet 7 for

i nt roduci ng Pi - ¥5e COMMESLVIEY 1eastr inpampeerodes dgaeoussesolntiras)
outlet 8 for discharging the fluid, and flow holes 9 and 10 for neasuring
el ectri c “ERUTELFvi 157 % Fitathdedo |an tlecilodet hotherhal detpbisihlownhol es
11 and 12 are provided, _and the flow hole 11 is disposed to comunicate
with thelﬁ?‘&}xﬁtﬁ?ﬂl e Ffals hin sybgendationandethetlid ovideot®ie]l Zuirsaddisspesed t o
communicate with flow hole 10 of the substrate, respectively. Afluid to
be nmeasufERPIAt rEFEER iy Bhgumsl &t Thres edentrobet ol arsphicpoded fiAra skQring a
substance to be neasured, which is defined on the side of the el ectrode
surfaces®8? tife eleetindeti o atbdr adeboth ﬁﬂe&u@msmdtﬁsbd&rp%gpﬂﬁ_nﬁf
substrate 6, the flow hole 9, .and the flow hole 11 of el ectrode holder 5.
The spacBleCArPdes cohricitag te 3sursenmoerin aml MhasieedcHorasan theowmeath f or
measuring electric conductivity of the fluid-to be nmeasured. The fluid

f rom t hePEP&Len 12°96 i taliesr Bngetedtihstelectrdde Ifendtdanitedsi s diseharged from
outlet B through the. flow hole 12 of electrode holder 5 the flow hole 10
of substFiECEind cAnetdn Famsaeivpbyh 15. 7 19 April 2004 _

Electrode holder 5 is fixed at a predetermined position of a
substrate 6..In the substrate 6, inlet 7 for intrdducimg a fluid to be
measured (for example, an aguecus solution}, outlet 8 for aischarging 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 witﬁ 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 bé measured forms a flow path for measuring
electric conducfivity 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 eﬂéctrode holder 5, the flow hole 10 of

substrate 6, and an inside path 15.



In the substrate 6, through holes 16a, 16b 16c are opened atghQsi sh@ns
corresponding to the respective el ectrodes 4a, 4b, 4c, and necessary
electric wires are pulled out of the through holes 16a, 16b, 16c. The space
14 for storing a substance to be neasured, in this enbodi ment, is defined
by a sheet-like packing 17, and a transparent glass plate 18 provided as a
light transmtting. material which is disposed to confront el ectrode hol der

S MUh 2 gamevi@ePagkiag el s |yl ,Rr aLSELedes AL, 2 bt anl um g de coat i ng

| ayer is provided at a degree at” t he traﬁsnl ting p operty i s not

danaged Eogm%ngocw&s;u %‘@% Qf t@lgasrgsepe%lt%ee é18e89%g5 45' de,faging, the

space 14 .for storing ance to measure ecttic donéhct|V|ty
of the flLuid. . {!ow.hg i r rin ubstance, t

measur ed, é Eﬁgasufegl Eﬁ%%{?g%@ﬁﬁ (%éPt§% EE%E““’%E§1§nd%€aa§§bpﬁ§?é 18
are fixed tq?@ rpogy._2 e s ce side of substrate, L bolts
19.. A mﬁndOWI21E£%%€ %?a%éﬁlgFgﬁﬁll|gh%&Fga%%EH§H on ‘Cover- od@ Through

hi I h mh
éiggogg out t"gg&%?%%%q%nggg%f£qﬁ 5&%@5 U |sq§%5%%%ﬁr%} gk}UHIOXIde
| ayers ?3 g{@t]hsf %EFQn&eQe glg%pl‘g tga%rfat%es%gga (ta%%lr ﬁﬁf’ ctl vgJr el ec& r odes 4a,

4b, 4c roug Fate rom
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| ayers I's sel ect exa
ul travi eci f v Ieng f,0 xanm. veI ngth of
fron130%£$% éa%n%%% igﬁégbgO%%%$ w%ﬁ% and® %?gné%ﬁgl ode?$rad %} | i ght

22 for 1@6}?@%%5;@1&5?& l%roi)e% :L;hr?‘t Idgn"laaqgldat 2120 uil:ot L gl sol,lur ace a".sg be
plate 18 on its side facing the space 14 for storing a substance to be
rmeasured. The electric conductivity of the fluid, flowing in this space 14
for storing a substance to be measured, is Ieeasured; |

Electrode holder 5, packing 17 and glass plate 18 ere 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
irradiated. 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 briegs
about a photocatalyst activity to titanium oxide layers 3 is selected as
the light to pe irradiated. For example, an ultraviolet 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



In the electric conductoneter 1 according to the first_enbodngq%ngoég
April 2004 constituted as described above, by irradiating light 'from neans
for ~irradiating light 22, titaniumoxide |ayers 3 provided on the surfaces
of the respective el ectrodes 4a, 4b, 4c exhibit photocatal yst activity,
and even when organi c substances are contained in a fluid to be nmeasured
flowi ng through the space 14 for storing a substance to be neasured, the

ohon moasur tRg APRER o CBRURE i Ty ovah FT oGRS a A ) ePDT it on
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aqui red angd GRGETCIRn BRETR T orBuctt VY At Rsaar o STHbl y SRR

P G- accur ey kBl SRR C c AT AT (BN EaF BURSRUHE o U 50t P aMAmFosi do
Faci ng tho. EiaiBo MiRPBH® Sr, migeal L e BHEand o BUHodstr g boTmessames fom or
and accunl SRRSO T RECEE R P PsnY 1 INEL SRR LasFof L OFRIgTaEe,

i gh- accur oy nBRETE B RS HHLC CERI A TR U8 POTRNES phosTerEdl 921
act!vity bygld L2 QLS Sondinid it e et e Sroomnted

Figure 1, examnatio

' from adhering or being adsorbed ontoc 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, éxéminations
1 and 2 were carried out as follows.

Examination 1:
‘To av solution containing 10 ppm sodium acrylate were added sodium

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



1 and 2 were carried out as follows. Exam nation 1: To a soluy ,ﬁﬂ ?(%
containing 10 ppm sodi um acryl ate were added sodium sulfate and sulfuric
acid to prepare a solution with a conductivity of 9 19 April 2004 about
1000 u S S. A punp connected with a degasifier was connected to an inlet
side of the electric conductoneter shown in Figure 1, and the fluid
descri bed above was fed at a fl ow rate of 0.5 mM/mn. A neasured val ue of

the el ecthi 6. condugt gne e%m%or&ngn crﬁ%n%fﬁ#o zero point, and the

sensitivity was adjuste ncrleaS| fg” W "an m??ﬁéad( torzr;\ge
d e Cro- neasurln range
of 'the. recortor bas atut o cqpleBindte YE PG, "SRRt
) t td Wh ck i of ultraviole
vol t), ar!:gsEP e%x_grgg\}%a&% Or}.ed asc 2 eéa‘rre 8ﬁt %ng}m'nt %&‘i‘?ﬁie %R

rays was used as neans Irra S
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From t hi g r | t 's und odthat en th photocatal st activity
was exhi bi t%ﬁg récl:olpl‘j%% YEE ngjl'}sl ght 5ot I"'r8\,\{gI t5an‘|L ‘ér}z%rsi’é‘fl ghel
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rays was used as means for irradiating light 22 ahd the measurement 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 act_:ivity
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



el ectrode surface, and electric conductivity was increased. qg,&pﬁzgyper
hand, when the |ight was turned off, it is understood that the

phot ocat al yst activity was not exhibited, deconposition on the el ectrode
surface did not occur, and the electric conductivity did not change.

Exam nation 2: Using the sanme solution as that of Examnation 1, the flow
rate of the solution passing through the el'ectric conductoneter during the

1 oht 1C.8ihpoh! «2R04i41LAL NG0B LORML L 00 as chanded  And. an Lpcrease

degree of the electric conductivity was neasure he Sa

as that QhakX4amh PRta@NmeakurdM8RaAN cfL esicatné i gon%i??l%‘f‘xc Ll Vtihg’i\,/ © elE%%an%%é_ornat e of

1 mM/mn. was taken as a reference va a ncr éase

conduct iqVi fi¥erPfanOe ke d: S the flow.rate was 0.1 m/mn.
W rate wes further ggcé{@d& S hRE o TYETHEY §7R. S4ER Fncr ease

When the flow rate was furt reased down to
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t he above-descri bed val ve, ~ was observed. "Eveén 1 n i i"o
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an el ectric conductoneter 3 accpfdlng 0 a sécond - . :
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ultravi et JiR¥SvdS USRH aS, iy I IQW:SE: 2|‘,i gcbrtganic substances were
decomposed on the titanium oxide layer of the electrode surface, an -
increase of electric conductivity was observed, and an effect due to the
photocatalyst activity was observed.

Figure .3 shows an electric‘ conductometer 31 according to a second
embodiment of the present invention. In this embodiment, an optical fiber
forming a light guiding material is used as means for irradiating 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.

11



converged by a done-type converging lens 34 is irradiated onqg;aﬂﬂgggident
end of an optical fiber 32, and the light guided in the optical fiber 32

is emtted froman emtting end of the optical fiber on the opposite side.
In this enbodi ment, plate-like el ectrode bodies 35a, 35b are conposed of a
titaniumnetal, and titanium oxide |layers 37 are fornmed on the inner
circunferential_ surfaces of holes 36a, 36b opened in the central portion.
The el ectrode BodFPE¥*88a Po8%p caidipEnl athaseh\elbeitege s dadivsc hadh, beltie eand

I sol ation sheets 38a, 38b, and 38c having, respectively, holes 39a, 39b;
and 39c i n PRLACER FERetholter ot MdinrFasfisiched dychrldent 40ar 4PbaStoni berh

el ectric conductivity flows between the el ectrode bodies 35a and 35b. 11 19
Apri | 2004 SA%ET acke8PHEdOE0pPFisiing tsivbseanekete r beerdmtired 85a, m@Shrand

i sol ation sheets 38a, 38b, 38c is sandw ched by hol ders 40a, 40b from both
si des. A sfAEENFiGr cardybtgta stiss fawik teobd eneppuarsdr bl definatb agundleyg 36a,
electric conductivity of. a fluid to be nmeasured is defined by holes 36a,
36b ' of el éfbr Bleshsiired IpdieysiFaanadSthoines hgzs, 338b, 3B9c 30f bSol@tikbivn
sheets 38a, 38b, 38c. Into the holder 40a, an emtting end of an optical
fiber 32 i §hfdlserfad 3 ad%ealled chadiclden,40andar ieghttingyere'ofi s agtadad
toward the space for storing a-substance to be nmeasured wherefrom The
fluid to bé& sifr é8 imtarbeliced af perhednfendigionf ahd| deht 4@y bs thihrsahatged
fromoutlet 42 of holder 40b through the space for storing a substance to
be measur e§°%3f tHhe eRdssdifpEnstatdngra bathstdoee to abt heaghrdd gherdéfiom. The

irradiated onhy _
fluid to be measured introduced from inlet 41 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

12



fromthe side of one holder 40a via optical fiber 32, when agpasgoddy
storing a substance to be neasured is relatively long, Iight may be gui ded
al so fromthe side of holder 40b at the opposite side. Thus, with respect
to disposition of a conductive netal, disposition of a titanium oxide

| ayer of an el ectrode surface, and constitution of a space for storing a
substance to be neasured in the electric conductoneter can be designed to
an arbitrary formation. Figure 4 shows an el ectric conductoneter 51
accordi ng tenduqtiviey. diyodihreimtlesf SBhe plesdir iamvenpéred. ihn thhi sentral
enbodi nent, three el ectrodes 52a, 52b, 52c are provided, and for exanple,
t he el ect r@@éél%aogz%ieonesmthves edlectrase Penstdn, ubzd asd po e tarsiup péaiideg

el ectrodes connected to a Power Source, and the el ectrode 52c di sposed

bet ween -t hdgies isopsavited ex an ialndletselcﬁcr@goge@@hrqfdehé: uwdes G3angp3as TBe.
sensor for detecting an electric 12 1 9 April 2004 conductivity. Through
hol es 53a, 98¢ers53daar &4opehtel i¥d madeedtemal a poghti dmenafitthe risopetdihve
el ectrode 52a, 52b, 52c, and a titaniumoxide |ayer is provided on an

i nner surf ¥eEeifaledttr ekanie, holfdyosida etB3bened3are diSpmedran bdigy s5dds oF4c,
54d made froma light transmtting isolation material (for exanple, 4

f1 uori de- etthy| easepctive efiechowied 93w,bb2th 82alesndfthe tirepecspecilevierodbeahrlodes
52a, 52b, 52c, and, the respective el ectrodes and spacers are stacked

al t er nat el prad@usorgh Rbreed58iterhBbely5568hrdHH hekesoPenedSitn tShe, cEnt raatk
portions of the respective spacers 54a, 54b, 54c, 54d. Support materials
56a, 56b acPetidposéde ountiale poktidie sparer sefkgtive spacers 54a, 54b, S54c,

54d. Support materials 56a, 56b are disposed outside of the spacers 54a,
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

13



54d at both sides, and a stacked body conprising the el ectrodgsapapoh2b,
52c and the spacers 54a, 54b, 54c, 54d is sandw ched from both sides by.

t he support materials. Through holes 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
nmeasured 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 58S %%,thezs%ﬁ?%ss&*}e 9&33—"&‘@%‘?%@& condEcEe P Iopd stiac Kihgs 1198

el ectrodeg 52a, ,52b, 52c and the spacers 54a, 54b, 54c, 54d, A fluid to be
‘measur ed> Pt AGAUREESC T GlghMtStbE N85 | CMRY LiRdr 3 d tERkBU R deubaYesBAD

after flow ng in Lhe inside of this flow path. These tubes 58a, 58b are
conposed 8‘?“5}5 A GHECTPHSh AP 11y et EFPAI Pher BPrideRRptfe hodes 57a, 57b at
fluoride- et‘_gﬁl ene), and an wultraviolet ray with a predeterm ned wavel ength
i s irradi 3080 SEPS BREORT ! 135gHe 59SR5ChATd SR EEs niédins > For D41 alf &EF gSPi ght .
As the ultraviolet ray, irradiated repeats diffusion and reflection in

t ubes 58aCo"RSEHY \ﬁe¥+g*1§stﬁa§15T9ttAﬁgiWat?B€’4't i SiFriokt £apeTont lplack

ul travi ol gt rag i's gLui ded al ong the tubes 58a, 58b, and guided to an inner
surface cofPth sPntf A FRTEAPH Mookt eloneY T ACS S 8E he o tErdset Fole §25282¢52D,
52c fromthe portions of holes 57a, 57b at both sides. Further, as the
respect i vBLSPFalEIESRENI5agch surceroull ler Berfiosying ghpiasden Gndargfilgrtion.
transmtting material, the ultraviolet ray fromblack light 59 is

i rradi at efSHG B i FefoTHrfagrd rLeetweer BybsSEoer e gotatively 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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after transmtting each spacer while perform ng diffusion a”%gﬁ%}h?ﬁéion-
Especially, by form ng each el ectrode and spacer to be relatively thin
(for exanple, the thickness of each electrode is about 0.2 mm and the

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, aedegkftiréentongnotinmeobr| iaghioriohg Meas WreneRtedsnt r{adiatfh oo an
el ectrode surface by the light guiding along light transmtting tubes 58a,

58b as egparicbdedoabavig, rasdabyntberkighte 9ui dih Deh 1AW QUGR Y @Bk urement of
transmtting spacers 54a, 54b, 54c, 54d. Therefore, in this enbodi nent, a

, Sinplereaﬁdt$ﬂa|behdUBEinaﬁ,b@o§0@§5ﬁ§§éﬁdit|BQHSEEi%%p@ie& SuYehpidnithe
el ectric conductoneter according to the present invention, since an

el ectrodeysukfmceoks Jaydrede £LQMent | £30LLM %&hgge'Q%%km QEQANM Fsren o
substances contained in a neasuring sySstemare d conposegland event ed
aut omat yeakbusf e adhgtd ng, 011 ke ng adsorbed to the el ectrode surface,
and therefore, electric conductivity can be neasured stably and accurately
at all times substantially w thout requiring any cleaning. Therefore, the
14 19 April 2004 el ectric .conductoneter according to the present invention
can be applied for any field that requires a high-accuracy neasurenent of
el ectric conductivity, for exanple, it can be applied suitably to
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any kind of water treatnment system sludge treatnment system g aoRR6EHS
systemand the like. 15 19 April 2004 CLAIMS: 1. An electric conductoneter
conprising: at least two electric conductivity neasuring el ectrodes, each
body of which is nade froma conductive netal and each surface of which is
formed b [tanium oxide |ayer as an el ectrode surface; a space for
storing éLgm%%tance to be neasured and formed between the electrode
surfaces of said electric conductivity nmeasuring el ectrodes; an inlet and
an outlet to said substance storing space, for said substance to be

measur ed!* and mean8" EHCHICGORENGPMAEET COGRESIG t he el ectrode surfaces;

wherei n each of said el Qﬂbéﬁ%o%léfcfr@‘?i%ﬁdlh&ivﬁ} gﬁgﬁtﬁﬁgé}e‘g&d&?ﬁe&grﬂohfm to a

flow of said substance fromsaid inlet to sal ect

conduct o¥EER S Hade Fammcanslustive metel ancheach; surere af which isdornediby a ganiumi d

l'i ght i réadl Ribids AfpaRerdiRSsiai@vel ength which brings about a photocatal yst
activity of said titaniumoxide |layer. 3. The electric conductoneter

according to claim1, wWA&PREOEaENY P GHbStRRGEIgi ket mMerpunechard toomed belwsen

|1 ght so5 Rectrdde EiMadk o LaRIARARHOGRIS mAREHSLIBG ! 2i M 1. wher ein
said light irradiating neans conprises a %%Q‘tamel ding naterial which

gui des Tight froma |ightinki@ndan ogliettnsaid glorina spaneefarsaidccor di ng
to clai rgubstatBgtebe meabtredpane for storing a

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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substance to be neasured is defined by a light transmtting r’@tﬁﬂ ahg4 and
light fromsaid Ii ght irradiating means is irradiated onto said electrode
surfaces through said light transmtting material. 6. The electric
conductoneter according to claimb5, wherein a titani um oxide coati ng | ayer
capable of t smtting light is provided on a surface of said |i
transmtti ngél?%fﬂf'&‘#OﬁM%PMET FHECERQPEO\F QR MEASMRING BLEGTR ng a
substance to be CONDWCTIVITVO ARDAWERHOICPIRPROVUGING FHESRMEE FOR
MEASURI NG ELECTRI C CONDUCTI VI TY, AND METHOD FOR PRODUCI NG THE SAME
ABSTRACT An el ectric conductonmeter conprising at |east two electric
conductivity measuring el ectrodes gpehrReqy of which is made froma

_ conductive netal and each surface of WhAich is formed by a titanium oxide
| ayer as an el ectrode surface, a space for storing a substance to be

measur eﬂn@l’édﬁﬂc&ﬁfuﬁ@ﬁfbtéﬁ&nﬁir@ﬁb@%s% d @réeﬁ:c%na&t%v@ ﬁ.%é Seleaugﬂ eg®ans
f or |rrag}at|2(%mcht to the el éctrode surfaces. Since the el éctr

sur f ace§3¢} BOgY IsdRrdeniEom @ qondietivednetakendigashssuriape ahwhick isvioraed by

cont ai naditafud BRBE UsYIJas ¥Rt SELRIR Qmap%se AR 15 t thsal ly
from adheri nggor bei ny adsorbed to th ect?aocde surf@c@g? &b nsg(r:]r%elr)\(tgl Y,

el ect r i e2sWadcfarped ybetaren cthreglegirede sUHBrss ohdhacelaetadesy and meansi fees
Wi t hout jrfddiRsiing lighedol the leRstitrobb RArAERS. SirRANthE Bledrod¥ 'sBirfdces are formed from the

titanium oxide layers, organic substances contained in a measuring system are decomposed
and prevented automatically from adhering or being. adsorbed to the electrode surfaces.

Consequently, electric conductivity can be measured stably and accurately at all times
without substantially requiring any cleaning.

Figure 1
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