8 July 2004 I N THE SI NGAPORI AN PATENT COFFICE In re International

Application of Yuji H GO International Serial No.: PCT/JPO
International filing date: 13 February, 2001 For: APPARATUS%%%J@ASURI NG

ELECTRI C CONDUCTI VI TY VERI FI CATI ON OF TRANSLATI ON Honor'abl e Commi ssi oner of
.THE S| NGAPCORI AN PATENT OFFI CE Sir: Toshimtsu BAN residing at Shinko Bldg.,.
1-9, N shishinjuku 8-chone; Shinjuku-ku, Tokyo, 160-0023 Japan, decl ares:
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he transl ated the above-identified International Application from Japanese
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Is a true and correct translation of the above-identified International

Application to the besteagfrushivor kRg¥drade erpothRetheherangy (4)' that all

statenents made of his own know edge are true and that all statenents nade
on infornmation and beli efrec bely | JrO+he £ 4 further that these
statenents are nade with the know edge that wllful false statenments and

the like are puwipshadite ipndcifintresatel ol 8L aShALOREHS ndB¥riRORA AL Ze the
wvalidity of -the application or any patent issuing thereon.

- conductivity, and specifically, relates to an apparatus for measuring
electric conductivity' capable of Imaasuring electric conductivity of a
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)



-Date Toshimtsu BAN 8 July 2004 SPECI FI CATI ON APPARATUS FOR MEASURI NG
ELECTRI C CONDUCTI VI TY Technical Field of the Invention The pgﬁﬁg?ém
invention relates to an apparatus for measuring electric conducfivity, and
specifically, relates to an apparatus for neasuring electric conductivity
capabl e of measuring electric conductivity of a substance to be neasured
stably and accurately at all tinmes. Background Art of the Invention
Electric conductivity is especially enployed as a scale to neasure a _
concentration of ions’'capable of mgrating in an aqueous sol ution, and an
appar at us thorugheaguranpd ifierct¥d6C cORdueléatirty ichrtsed fM@mTEASUr@&teOion
concentrations in many kinds of aqueous solutions. An apparatus for

measur i ng eééeubde cl@oniuc tistedtyng garetald yondettdvhinas antbutC rieaseyhorana
decrease of the ion, concentration of an aqueous sol ution by measuring the
resi st anceleftrtihe caquemtusmsbifiier on0OEXi |idl NEg betrwednf@n wda@aiingC electric
conductivity detection electrode and an electric current supply el ectrode
connect ed chuhmtpuiter. SdlecaeaNaerént, tabeonv2nis onalpoappascit &S fsulFERBUr i Ng
el ectric conductivity is constituted, for exanple, as depicted in Figure
9. In an apparial ugféorezanphsura ngplevietlr idhlexirdudiby) t yt 180 Bdaewn absvd=i gur e
9, a power source electrode 104 and a detection electrode 105 for

det ect i ngdet@dbed portbmdiict imeasyriag eldiisfies eshdapattit) dttedehmeidtetnent
relative to.a fluid 103 to be neasured which flows into a neasurenent tube
102 or whitghe iis soady in athdshasdsalgnembutdedde cdPitidm AC woasiecdnpoiml t age
is applied to the power source supply electrode 104, for exanple, froma
power souf@®) (ahoanyspowit)ion 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 mgasu:r:ed extists between {:he 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 -t_he 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.



1 8 July 2004 through an anplifier 106. An electric current fromthe
detection electrode 105 for detecting electric conductivity, jﬁ%ﬁ@@f
through an electric current anplifier 107, and is served fo i ng

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

i nsul ati on %Ierl al (for exanple, a polyvinyl chloride tube) at at |east
above- descri b HC%H}etF?Q?H'OP&”h%Hgqu%ﬁé@Bﬁ gotdadiLand thenefgre the resistance
measur enent is usually in a substantially grounded condition (a

gr ounded ti%‘f"ﬁ?“ the gipcigrdeatiQd podithe grpupred poinhd0A yapes. tanshsiote ehemalublectricn
t he apparatus for measuring electric conductivity 101 thus constructed,
since a r@&¥iest dowiag hstveesphaei finyst iptoaihedlettic Furens menpiifien107 via die £hrh fthei d
103 to be nmeasured exists between the el ectrodes 104 and 105, a small

el ectri c '@flfadeectic erany loviomfontheciere-deseribed elastrode 465 Ithetgrourtded point

el ectric conduct|V|t detection electrode 105 via the resistance is
anmplified qu'st%@ctﬂré’éfwfigcﬂ@m@@m cuigtidetepted 1gm the dlesfricoctnpiuttivty gletection
therefromis determ ned as a value corresponding to' the electric

conduct i \Al§5jroge 10k Tharpigra. othseexisianes off susbwevieaked rlecttic awpent atauses dhe
measuring electric 'conductivity. 101 having such a constitution, ' since
t he measUPERHRMentgEcUrgey pithe §m§§tcmnﬂ@ntlwyy torleneducch Fuethgr, fhesiariation offthehe
ext endi ng?ei)ortl on thereof, an electric current fromthe electric

conduct i yeakpdaeleetie i s¥Tent dsiucesi@ol @Bly feduolion af thet msasiireotent @ccuracent the
amplifier 107, and at the same time, a smaller electric current flows into
the gr ourftRSHIGEANGHCtiMlE bulalse peattering af measuired datardf thecdeiue condutivitget ect i on
el ectrode 105, a current |eakage occurs nore or |ess, independently of the
el ectric current for neasuring electric conductivity,

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.



2 8 July 2004 Since the position of the grounded point 108 is not fixed,
and therefore the resistance between the electrode 105 and %P‘Jﬁ gg@gnded
poi nt 108 varies, and since a small electric current flow ny ‘bé n them
flows into the electric current anplifier 107 via the earth, the |eaked
electric current flowng fromthe above-described el ectrode 105 to the ,
gr ounded Ip@rerdandgawiifsamn aspaet of thednyantignt thereds grevidad auapranatus éureveastringom
the electric conductivity detection electrode 105. Therefore, the

exi st encé&lestricoeilustivity gesardiigetot the presant énventieruserspiides thresaglectames tbrought
accuracy of the electric conductivity to be reduced. Further, the variation
of the lfaiceatast adthra suksianaento bednrasyratothe thrge redattrodé mchidinghe detection
measur enent accuracy of the electric conductivity but also. scattering of
measur ed siRelrade fortdegealing electric eonddetvity wf the. substoke saube nufastited, amAWenturmemt
Accordingly, it is an object of the present invention to provide an

appar at uSupply efasiiode disgosas! et one side o dr eleviric ycoodydivite detbctivmaslectiodg with a

el ectric conductivity with a high accuracy by neasuring electric

conduct i wWistgncsf and suprouadrsbeleoirdse dispeaadech teabthyr sitle af tiom dlectrisroondudtivity
variability at all times. Further, it is another object to neasure electric
conduct i \¢ie¥6§6t|@fﬂ alsrijodaiittag distance (3 sesmeapaktajus fiohmeagiringhsedit conguntizdtglr | ng
peri od even when organi c substances are contained in a substance to be
measured, while maki ng the above-described hi gh-accuracy neasurenent
possible. 3 8 July 2004 In accordance with an aspect of the invention,

t here i s [ipiissarend appapipsianmeasuing elestisrdonductitgdtisi ¢ conductivity
according to the present invention conprises three electrodes brought into
contact with a substance to be neasured, the three el ectrodes including a
detection electrode for detecting electric conductivity of the substance
to be neasured, an AC current supply el ectrode di sposed on one side of the
el ectric conductivity detection electrode with a



di stance, and a grounded el ectrode di sposed on the other side of the

el ectric conductivity detection electrode with a distance (g]aeg ‘g
apparatus for neasuring electric conductivity) . In this sec hdy B@ rat us
for neasuring electric conductivity, it is 4 8 July 2004 preferred that a
constant voltage is applied to. the above-described AC current supply
electrode. In the first and-second apparatuses for neasuring-electric
conductivity as descri bed above, when organi c substances and the |ike are
contained in a substance to be measured, advanta%e can be taken of the

phot ocat aP¥AFE Rt PoTt § TAStEnt amiltadoxdisd éPmkiceh ta e blsmpbousdsrgrihpe 2C
substances or the super-hydrophilicity of titaniumoxide in order to

ef face t hE"5RPT FEHRE GhetHe%reasur ement of electric conductivity exerted

by adhesion or adsorptjon of organic substances to the el ectrode surfaces.
Nanely, each OF tH& abthré- d&Rdritseard hreea@tesss odes dEmsBelngcopkacttit ed so
that its electrode surface is forned by a titaniumoxide |ayer provided on
a surf aceSYIEHBFEAT faecHba) Frave oheR TEABT FPREanfes and fhe Likepres erred
that light irradjating means is di sposed against the titani um oxide |ayer
to exhi bi FOUPRT dRataFYRStERGR {5 PRy PBRSWRS  AFVEERIEN T e tRESReE Hog
exanpl e, %pnstruction can _be enpl oyed, wherein the apparatus has a space
for stori %{f AN cBCHY Y fashi e e rrii KBteeferEBpst | iganic

el ectrode surfaces of the above-described three, electrodes, and |ight

i rradiati AFEERS (Fatther syBrabydrnbdhicisnt 6F t hbtanisr pegidey dng|®eer ok
surfaces. %ﬁ% thﬁﬁg,gg aratuses _for neasuring electric conductivity, it is
pref erred®t7at tie™ o readihgt BIPSHYaRE  Sbgilectidise FPpR it exerted

irradiati n)g ans has wavel engt h which brings about a_photocatal ytic
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



activity of the titanium oxide |ayer. For exanple, light with a wavel ength
from about 300 to about 400 nm can be enpl oyed. As neans for 141 Egg%ati ng
light, a light source conposed of nmeans for irradiating 5 8 %u 3 4
ultraviolet rays and the |like such as a black light may be directly

enpl oyed, and a light guiding material (for exanple, an optical fiber, or
tube and the like conprising a light guiding raw material) to guide-Iight
froma light source provided as neans for irradiating |ight may al so’ be
enpl oyed. Further, the light froma light guiding material my be added to
li ght i rretfiravécleati megs | ynd rigm alilkeglticis oay ce. ikt heght tlag aBowergaseri bed
space for storing a substance to be  neasured may be defined by a Iight
transm tt emgjovederndl g ldgdt iguidhyy beterdanstfokudetlpss Bhadptibg Idigkt, thom
the light irradiating neans is irradiated onto an el ectrode surface
through thebd pghtther diiemicotpmigingrat Bfdhal gfidng exeanphiesri gl)ass) guiks. 1yhe
case, if a titaniumoxide coating |ayer capable of transmtting light is
provi ded &rent e 1igif soerad prrbeidedi ghtmeanansod tiktagaBBienight ahyl hfscSide
facing the space for storing a substance to be neasured (a surface in

cont act wemHoyed.ut iFonjheradtiesildghtoffroarganbht st easedad tdievki &eeho

this surface of the light transmtting material can be prevented by
super - hydioghht dirtydiandd atiganilys fratea oniphs i dcdudss property ascri bed to the
titani um oxide |ayer. Further, the above-described el ectrode can be _
produced by, Fertheexathp esbovheddsokitei pgacet fod. sthat) o abseifed teapebe
enpl oyed wherein an electrode surface consists of a titanium oxide |ayer
forned bymessused freyebe résfiimedtbis uchige spatddrtirg, mptatibng 0 thend ke on a
surface of an electrode body nmade of a céonductive nmetal. Alternatively, a
met hod cagenstituted 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 this surface of the light transrﬁitting
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



al so be enpl oyed wherein an el ectrode surface nade of a titani um oxide

| ayer is formed by providing oxygen to a surface of an el ectgﬂ_ﬁizg& y nmade
of titanium As the method for formng a titanium oxide |ayer July
2004 providi ng oxygen, a nethod based on air oxidation other than a nethod
utilizing electrolysis can be enployed. In the first apparatus for
nmeasuring electric conductivity according to the present. invention as
descri bed above, the electric conductivity detection electrode is disposed
between two AC current supply electrodes, and an AC current of the sane
phase is appri€dgt exydea, t aom@dodubesamt onsappl gxichedir atber Bpnt Bi fethod
constitution, the electric conductivity detection electrode is

el ect ri calytjliHing| eledtinlyehe candosAGumloveent supply el ectrodes agai nst any
grounded portion existing outside of the positions where these three

el ectrodes ar drditbpdsadt arharaifuer for measwsis tedrcericerdsist hetywesiokditg

el ectric conductivity detection electrode and an outside grounded portion,
and subst &%t ithe| preaspt| deeptien ect descdbed eatovedotise neiecttiowcbhercebeittyeen.
As a result, an electric current for neasuring electric conductivity can
be obt ai ne¥tssiphyelactyde s misppseshbetvrenetvec B¢ | ourcond soppMi yedtebaset, i on
el ectrode, and any scattering of the neasured data of the electric
conduct i viehg ganibecprenemiedheandrea thiagh- iacpplasy tredbar emerre afiridie

el ectric conductivity becones possible. Further, in the second apparatus
for measursVRBLY epkestiredescondBet ithis ycormtdtutdiong the t kdeqirés e rbndiriewnittiyon,
since an AC current is applied to only one electrode of the two el ectrodes
di sposed &¥tedtinnselgssraske ineelebbcically sbbeldiedt hwithy det aCtdumers! eatplgde
and the other el ectrode is grounded, the .portion between these two .

el ect r ode§lpstrodes jagaangtopprtdronndsd portdah| edsting outside of the positions

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



resistive division which is created by the electric conductivity detection
el ectrode di sposed t herebetween. And, since a constant voltqﬂﬁﬂ%? @pplied
to the above-described one el ectrode, and the potential of the %er 7 8
July 2004 grounded el ectrode is always zero, the resistance between the
electric conductivity detection el ectrode and the-grounded el ectrode. can
be fixed at a constant val ue substantially having no variati-on. Therefore,
even if the nmeasurenment tube for the electric conductivity is in a
grounded condition at -any position of its extending portion, because the
above- deSEPVMEH 619Tods e raduavd wekoci Hiey ngsishmded befweer theaehéctgithe
grounded point of the neasurenent tube, and the electric potential is
focibly CPeiistdnivodskation alletysdsi aidorthef gudwdel edertomde caphbe efiixedno
roomto allow. a resistance of high variability to enter between the

el ectric EbrRiFeRsiANty VAl etbisbantd byt hadieganed veheatgroundbereforat codn tihe
nmeasur enent” tube. Consequently, an electric current for neasuring electric
conduct i viFP§ BaRFBengdt didhed £p¥ otine helesttete r fenduoiduityi ¥t ¥ndet getiroad

el ectrode.stably at all tinmes, and any scattering of the neasured data of
the el ect FPRAIGOARLRE idvt Posifionechr e srbehding dparthiyh-tecewreade above-
Measurenent of the electric conductivity becones possible. Thus, in the
appar at useHiriked shbrrgleriaeteiis Eeorithletdreingedabetordi mgching tive gpoesedt
invention, since the AC current supply el ectrodes are disposed, or the AC
current sHpPYy & &érer dgasusacrthetuyrouptd dths exliectes rmtentdiagpasedocinlyhe
both sides of the detection electrode for detecting electric conductivity,
and the eFe¥PActe offtitcEitviFey il o &hectiestizodehetimen ibonh Bloectpodes
can be electrically shielded adequately agai nst an outside grounded
portion, &MPHidstkFBamasecan béolprevdabedtyr 6m batary 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



generated in an electric current extracted fromthe electric conductivity
detection electrode, and therefore, the electric conductivit hﬁf §94 '
substance to be nmeasured can be neasured with a high ac,curac%// ¥.8 the a 8
July 2004 neasurenent condition being al ways stabilized. Further, in such
first and 'second apparatuses for neasuring electric conductivity, if the .
el ectrodes having titani umoxide |ayers on their surfaces are used, the
photocatal ytic activity of titaniumoxide is exhibited by irradiating
I'ight with an appropriate wavel ength (for exanple, an ultraviolet ray) to
the ti tanf“ﬁ?ﬁ%ﬂgg'g Eﬁ%té?n&et};%‘hi waighEtdiédedin  contact with the titanium
oxi de layers or existjng in the water near the |ayers are deconposed, and
the adhesi on OFHfor Pt iR tHEFE At 8°qme PEEHTUSRT cSardecdsaying efectric
prevented. Further, since at first water filns are fornmed on the el ectrode
sur f aces S%}n‘f“r‘f TeFer Hy dPophigaterdsy tREENG Hé tanduma sris obavees | ey eieinave,
even if, the deconposition of the organic substances is del ayed, the

adhesi on FIEREFS cFhe bESEhpphs stostial fisr ectivify effectiteauin suifacas

.. are al ways, intaiped at_a- desirable surface  condition. w thout

adhesi on 8%”5’5?%%% Shragtatie Hioghntidhsah sparbeiateanavelenghd 659 aimple,
surface condition.is maintained stably at all tines w thout requiring any
peri odi caP® AT HY hndaYhd ithe. tirrebar gride aveisut orgedgi piirganges in
peri odi cal_cl egni %E the el ectrode surfaces, electric conductivity can
be measur & bv% © Act AP PR Layers Predtishig ipefeatalan resr ghet he
accuracy of the nmeasurenent can be ensured with no problens. Brief of the

draw ngs Ffife 3¢i §5%chedmtI b6 cRIFSIGR aff ofIseRPEinparketrots g the

titaniun oxide layers is prevented. Fﬁrther, since at first water £ilms
are formed on the electrode surfaces by the super—hydrophilicity that the
titanium oxide layers have, even if thé decomposition of the organic
substances ig delayed, the adhesion itself can be suppressed. Therefore,
the elgctrode. surfaces .are always .maintéined at. a- desirable surface
condition without adhesion or adsorption of the organic substances, and
the desirable surface conditien 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 ard accurately at all times, and
repeatability of the accuracy of the measurement can be ensured with no
pniﬂéms.
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



measuring electric conductivity accordlng to a first enbodi nent of

the. present invention. Figure 2 is an éxpl oded perspective v$§w §hg§
exanple 9 8 July 2004 wherein a portion for measuring electr & uctivity

of a n apparatus for nmeasuring electric conductivity according to the
present invention is constructed as an electric conductivity nmeter. Figure.
3 is an enlarged perspective view of an electric conductivity nmeasuring

el ectrode of the electric conductivity neter depicted in Figure 2. Figure

4 is as o] ram of an_appar at u measuring,electric
conduct i \S‘P}t?y a%:colroédl ﬁi%({yl%g’ s?gond i1 gg”ﬁ%nt Sloefcc%trﬁec pl‘:é’élgﬁFgllﬁ%Eﬁt i%h, an
Figure 5 | I erspective._vi anot her, exanpl e wherein a
portion fo p%%hﬁ?%?lng el '€t r|%9%§)n8&8F|5ffy %ﬁnéﬂ?t%ﬁﬂﬁaraT?EP?qﬁngheﬁguf?hﬁ
el ectric Qnggcélvkkxlaccordlng present .invention is constructed as
an el ect rf e conduct ity méfef n?Fﬁﬁ?EF?S?%;%f @H&FFrFﬁdFEQF??Efﬁ%tY meter.
measur ement re%ult of 3Exarrple 1. Flgure 7 is a chart 'indicating a

nmeasur ement - resdit® of éﬁanﬁpeeﬁlqg%ﬁﬁePBrf%e%FEW%rﬁlpﬂdl%%tF%g glectric
measurenent_resul t” Conparative Exanple 1. Figure 9 is a schematic

bl ock di agf Ao ‘?“élté’oﬁ‘%?éﬁﬁféﬁén elappardt uet ridie r@éﬁmw cendEFEiFity meter

conductivity, Best, node for carrying out the Invention
deﬁact 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 indicating 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

10



Herei nafter, desirable enbodi nents of the present invention will be

explained referring to Figures. Figure shows an apparat us fﬁ% "Q‘E%@ﬁ{l ng
electric 10 8 July 2004 conductivity according to a first e % Y of the

present invention. In this apparatus 31 for nmeasuring electric
conductivity, three el ectrodes 34, 35, 36 are brought into contact wth a
fluid 33 to be neasured which is sent into an insulated neasurenent tube
32, or which is stored in the neasurenent tube 32. The three el ectrodes
conprise a detectjon electrode 34 for detecting electric conductivity, and
two AC cuFPBRECELPHTY ereetfdmes 95,2 36185 5penbddoneot hfsitdes podsdrie

el ectric conductivity detection electrode 34 at respective distances. An
AC current™BFf P sane PhasE i t rPRaresHst adt Vit ageashirihg sebecipotent i al
is applied tg the two AC current supply electrodes 35, 36 through an

anpl i fi er “87UFheViley ecthreec ohsabogiesy bt e@bi ord el ater ddeudhti sinto
connected to _an_ electric current anplifier 38, and an anplified electric
current i S°BhEpht ¥AER a2y 4iié de Ger depdrrdimrpturegn whlisbt risc sepdndudtd vdrty of
the fluid 33 to be nmeasured through the electric current anplifier 38. A
portion fOPSHERSTH i Mypasteement c ctidvi t9ri whilgh  appartatrgsl 3incarhde
constituted as an electric conductivity neter 1, for exanple, as shown in
Fi gure 2. "PRSTRFRERY ectih®  3dnduct TRet y thiseer ¢leghredect réonpdniucta vity

measuring, electrode 4, wherein the electrode surface is fornmed by a
detection 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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titani-um oxide | ayer 3 provided on a surface of an el ectrode body 2 nade
of a conductive netal, as shown in Figure 3, is used. The téhﬁng%ﬂ oxi de

| ayer 3' is fornmed by a surface 11 8 July 2004 treatnent (suc A
sputtering, plating and the like) of an electrode body nade of a
‘conductive netal, or is. fornmed by oxidizing the surface of the el ectrode
body 2 nmade of titanium The oxidation is conducted by electrolysis or air
oxi dation,. The electric conductivity neasuring electrodes 4 are used as
electrodeé. cgrresponding to three el ectrodes 34, 35, 36 shown in Figure
1, and ar &" &Ft'4¢hed (P8R 361 et WoRr sl deP18tinmdendf e i hikéhat odn an
material in a condifiqgn where the electrode surfaces are exposed as shown
in Fi gure®2®CThede PRABCIPEGeL™ &r €uiRsEdws inetaliawer and. thremelkdedty odes
4a and 4b _at.bpth sides constitute AC current supply electrodes connected
to a powe?>*3obFtRd ti??dstuﬁéaEPeEtfr the ateatredre kasit @& magesifi bhtaohsti t ut es
an detectjon el ectrode functi.oning as a sensor for detecting electric
conducti v ]??/.O’E}‘gaci‘t’rodﬁésh(il"ﬂgl’lcﬁegsbfi SR to Iy e @t edni avdidpbiini on  of a
substrate-6. I the substrate 6, inlet 7 for introducing a fluid to be
measured (for EeXENSrECTRAC afRRIUEt Ko e itgRsurisg: kdecsrides di seharggsr t he,
fluid, and flqw holes 9 and 10 for measuring electric conductivity are
provi ded. *¥ neﬂﬁgt% 8t I ITECAEE Y, 9 olhKBPe Al afinpde® a3e pBovi ddd, and
t he flowllgole 11 i s disposed.-to communicate with the flow hole 9 of the
substrat € QMY tRe HIBHF ot e 2D A iaifesdedt G muplectirode 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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with flow hole 10 of the substrate, respectively. Afluid to be neasured
introduced frominlet 7 is sent into a space 14 for storing%ﬁ 326@ ance to
be neasured, which is defined on the 12 8 July 2004 side of é ctrode
surf-aces of the respective electrodes 4, through an inside 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 forns a flow path for
nmeasuring electric conductivity of the fluid to be neasured. The fluid
fromthe space 14 for storing a substance to be neasured is discharged
forom out | €18 toHfr dlgh eflieeticbdw hotfadds of Electdndethekdencdrrbhesthow
hole 10 of the substrate 6, and an inside path 15. In the substrate 6,
t hr ough héhes ugbaanl 6bsid6cpatie 1ppenechatsposirktens, Ceheegponrdhoget 9, t he
respective el ectrodes 4a, 4b, 4c, and necessary electric wires are puIIed
out of thénﬁtﬁm@ugﬁowomeéelaa,of6b1e&tﬁcdeThel&@ﬂaB l4ther spheei N9 aor -
substance to be neasured, in this enbodinent, is defined by a sheet-Ilike
packi ng 1¥toaidga ar ambparent giasbe phedsnrkd promused agisw! ig@hth for -
transmtting material which is disposed to confront el ectrode holder 5
W th a gape@sarpagkiedgct¥icl iconsuptéfretyeds tdhat midid afd uBe Oxedeueeat i ng
Iayer is provided to such an extent that, the |light transmtting property
is not inpaeredluigd sérow tihe sswdacel of f@:lras&oﬁ);lrﬁg‘. eal&u®RthhseSitde faci ng
the space 14 for storing a substance to 'be neasured. The electric
conduct i viiegsgredhasf Kidsghatpedi figomnosphee d4thpsuglst Bihé NPLEw SHOSE ange to
be neasured, is neasured.

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
enbodiment, 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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El ectrode hol der 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 V\%\Fﬂog%&% for
transmtting light is opened on cover body 20. Through this d 1, 13 8
July 2004 light fromlight irradiating neans 22 which is di sposed outside
is irradiated. Light irradiated is shed on titanium oxide |ayers 3 that
form the electrode 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 photocatal ytic activity of titaniumoxide |ayers 3 is

sel ect ed &z9hfy higromj glight oibmdiatiagi ateads Eor whxapie, daspodbd I avisehet i5ay
wth a specified wavel ength (for exanple, a wavelength falling within a
range of i1BEOUEEEUOOLish) bandirednid ohed onabitaasn bghde 14yadi AtdhRg f¥RANS
22, for exanple, a black Flight that irradiates ultraviolet rays can be
used. | n the sphreteususiacker ofreidsumengeattioet sicetearguak) Vid,y 4caesighng to
the first enbodi nent of the present invention indicated in Figure 1 as a
basi ¢ f or ftadsonlafie ihelipmedenindonvent i dhightahaeirgCh MiareLaRfH CHavi bings
detection-electrode 34 is electrically shielded agai nst a grounded poi nt
whi ch woufleruteri grotatatadytisosctivihy off thesrextendidagifgers i DAsofc1BRSUESMENT
tube 32 by two AC current supply el ectrodes 35, 36, which are disposed on
bot h si deghebf 1¥dhs dPeder iigradivdadt | Fot yextetotet | an ubheeisede 124, wand L0
whi-ch AC current of a sane phase is supplied. Nanely, since a constant

vol t age ABPRUrehWavkichgth (Senesxpupbnt nakvavedeappl Fa1 ihg wiltBih WD réfgeCUET ent
supply electrodes 35, 36, and the potential differences between the

el ectric d¥hdectPliny dencet iopletect rodeal3dight iedAEiagrmant 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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supply el ectrode 35, 36 are always naintai ned at predeternined const ant
val ues, substantially no electric resistance exists betmeen g 8b$ctr|c
conductivity detection electrode 34 and an 14 8 July 2004 ou € grounded
point. Therefore, a resistance between an electric conductiV|ty det ecti on
el ectrode and an outside grounded point, and an affection to an out put
electric current fromthe electric conductivity detection electrode
originating froma variation of the resistance, in a conventional
apparatus as explained using Figure 8, disappear substantially conpletely.
| n ot her @BEdide| galoaddebeqtading . cur Tartefoom t he wisdattanee GRMGH Vak Y
detection electrode, 34 to the outside grounded . point does not exist at
all. As aelestri¢ thendutipinitel eclatiectiour r entctroaet henel eghriutside
conductivity detection electrode 34 is. always extracted at a condition
with no dospundedicesiand amstadn exffgtand \tar aat icanpat thecoeasucesrskat a due
to the disturbance are prevented, thereby ensuring a stable and hi gh-
accuracy feesukbmerflegtritectniteciconidyctdetidatian alllectiro®s. oFligihetind f the
portion for nmeasuring electric conductivity of this apparatus 31 for
measur i ngfepwcarvearizivimhucts witey riesicbasté f uireth avrivatebaallr kfparatus
conductivity meter 1 shown in Figure -2, by -irradiating Iight fromlight
i rradi ati Ag asRhsined wiimniliguoxi e dhyarsed: provitdedianiyheomsigfaces - of
the respective el ectrodes 4a, 4b, 4c exhibit a photocatalytic activity.
ThereforeInevéﬁthewoadganlbeaBMmsBaacEslarennnmmalnﬂﬂomrlﬁheflu&dctﬁlbe

measured flowing in
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

15



the space 14 for storing a substance to be neasured, because the' organic
subst ances are deconposed by the photocatalytic activity, qgﬁﬁ %é j on
exchange takes place on the electrode 15 8 July 2004 surface$ %% t he
measur enent of electric conductivity, the nonconductive organi c substances
are prevented from adhering or being adsorbed onto the el ectrode surfaces..
As a result, a periodical cleaning of the electric surfaces is not
required any longer, and electric conductivity can be neasured stably and
accurately at all tines without any cleaning. Further, reproducibility of
such a hi gArEReeF aByr hedsthenpaessasneahisoobeelensui edcofduttiarityi,f the
titani umoxi de coating layer is provided on the surface of glass plate 18
on its siBeRcPRRitigltheouigade sgbstances oxra g suisdadcent adber teasiy ed,

t he adhesjon or adsorption of organic substances to this surface side is.
al so prebertedadangbadcantibattiben dfedtheder ganifacsshst aRses imesthe, space
-14 for storing a substance to be 'neasured is prevented, thereby
naintainiB@r%?ég¢ﬁbth%%Qﬁ%&yOﬁeabﬁr@ﬂﬁwwriﬁigwn¢a¢eshdmsxamwﬂxnuf&m$ for
measuring.electric conductivity according to a second enbodi nent of the
present PRVeAPREAT( | Anchisdegtpdcatamnittigd treasor ibwy' nedsetad cstably
conductivity, three electrodes 44, 45, 46 brought into contact wth a
fluid 43 ¥ pécrensteed ate gglovitess agatnett t heyf lalednid3d. t o bertmasur ed
as a substance to be nmeasured, that is sent into an insulated nmeasurenent
tube 42, PPPEFMAHCIRLIStor od isHchhe 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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measur enent tube 42. The three el ectrodes conprise a detection electrode
44 for detecting electric conductivity, an AC current supply ﬁlg@@{ode 44
di sposed on one side of the electric conductivity detection § fuly y 2004
el ectrode 44 at a distance, and a grounded .el ectrode 46 di sposed on the
other side of the electric conductivity detection electrode 44 at a

di stance. A predeterm ned AC current is supplied at a constant voltage to
the AC current supply electrode 45 through an anplifier 47. The electric
conductivity detection electrode 44 is connected to an electric current
anpl i fi er eli8;tradel 4in adnpl difstenceg| end rd growddeanéldcsrait HBCHRE0ESI dnVahdle
corresponding to the electric conductivity of the fluid 43 to be nmeasured
through t behesl exicei ofcuheerleatmibi bheducdBrityhidstappan ablsstrdde fOr at a
measuring. electric conductivity can al so be constituted as an el ectric
conduct i viltstamee er A hedetxanpé® ACStUTrb@ ik OsuppBiedSROWN conbthhg Woltye t& t he'
apparatus 41 for neasuring electric conductivity according to the

above- desth¢ Bedcserohdsupphy dileettodeadt Alidiidhl @0 tampl iithed AQNSitaNklectold age
is .'"supplied to only thé AC - current supply - electrode 45, the grounded

el ect r odecdluctivifter detropiomda ezeraalei B4 piot ephhdlted Yt r0URIERG ] c addrehhiese
el ectrodes 45, 46 are di sposed on both sides of the electric conductivity

det ect i onaald€iend®, 44d afhemplified dlketpier thnrnbeiseatridied ek ectvmodes 45,
46 is in a condition of so-called resistive division in electric circuit
f or mat i ongodiegpetetinhyteeltbe telectcion doiucwiviyy det @R ifa0id elzeesd ndRedbred N t he
circuit between these electrodes .45, 46, a predetermned AC current with
a constantmmmbhagb5|&iagphcedmtmemheaqﬂhenﬁfode 45 rhaddafearaped enf i &br of
the electrode 46 is always nmade forcibly to be zero due to groundi ng, and
t hi s conditdseming allewhyl: stoaldhativity can also be constituted as an electric
conductivity meter, for example, similar to that shown in Figure 2.
In the apparatus 41 for measuring electric‘conductivity according to
the agbove—described second enbodiment, 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 byuelectric conductivity detection
electrode 44. In the circuit bétween these electrodes 45, 46, a
predetermined AC current with a constant voltage is applied to the
electrode 45, and the potential of the electrode 46 is always made
forcibly to be zero due to grounding, and this condition is always stable.
Namely, even if any extending portion of the measurement tube 42 is

grounded, there is no room which allows a resistance to enter between the

grounded point and the electric conductivity detection electrode 44, and
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Nanely, even if any extending portion of the neasurenment tube 42 is
grounded, there is no roomwhich allows a resistance to enteiggeﬁé@fen t he
grounded point and the electric conductivity detection el ect & , and 17
8 July 2004 whereby, the electric current extracted fromthe detection

el ectrode 44 does not shift and does not vary. Therefore; the output _
electric current fromthe electric conductivity detection el-ectrode 44 can
be extracted at a condition with no- disturbance at all tines, and
scattering and variation originating fromthe disturbance can be

pr event ed "PeERRY athe sleetaind chigntaeruratyd nRasutiemektedfion| €6idtisde 44
conductivity can be ensured at all times. Further, if the portion for
measur i ng 9epedioti ehifsomtudpesinoy wiryt hi Breapparat tie 4dtpfudr e T8 icOgrent
electric conductivity is constituted as electric conductivity meter 1
shown i n FErglurtdc2elagseiatceoicidl b varidges ciatdode 40 chhase ekfracte at
aforementioned first enbodi nent can be obtained, and nore, stable

nmeasur eneft ,Ce8gdishe woth pnevdittimbamehesi arilandmesdsoipt soatoér Diganhe
substances, becones possible. Further, the portion for nmeasuring electric
conduct i vivBylagionn oxggaratasgf ditomedshs | dijs eheedndec camdust ipHelenaeapr di ng
to the present invention also can be constituted, for exanple, as an

el ectric @dfAduét i vitiapliget einds1 Ihgwradauricyur enegsuiremeat debt 0 TRk rii

smal ler and thinner. In the electric- conductivity neter 51 shown in Figure
5, three EPBERFbHELtE2ZAN B2lenBamdane pildviileds. and for exanple, the

el ectrode 52a, 52b on both sides are constituted as power supplying

el ect r odes 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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connected to a power source, and the el ectrode 52c di sposed between them
is constituted as a detection electrode functioning as a sgﬁﬁgrzééy
detecting an electric conductivity. 18 8 July 2004 Through ho 3 53b,
53c are opened at the central portions of the respective el ectrodes 52a,
52b, 52c, and titanium oxide |ayers are provided on the inner surfaces of
the respective holes 53a, 53b, 53c. Spacers 54a, 54b, 54c, 54d nade of- a
light transmitting insulation material (for exanple, 4-fluoride ethylene)
are di sposed on both sides of the respective electrodes 52a, 52b, 52c, and
t he respe&hroudel keteodedr arBb,s felzers: caargpesiedc ked takt eenatel ypo FHaugh

hol es 55a, 55b, 55c, 55d are opened also in the central portions of
spacers 528, tBabrespdcti®Acladsperts blay. 53bpport:, mahar kaksnbGa, o bk ar e
di sposed outside of spacers 54a, 54d positioned at both sides, and a

st acked bédyetonpresiprgvtidedelect tivdednba, shi2ifackac @ndih¢ heespacerse 54a,
54b, '54c, 54d are sandw ched from both sides by the support materials.

Thr ough hbbéss573a, 53Bbar & spenedpaakss iGta,hesagntsat, ponéi aageofott he
respective support materials 56a, 56b, and into the holes 57a, 57b, one
end of a lighe BSandmrttimgr doscilagianf haterial becareasismede, androner el of
a tube 58b for discharging the fluid are inserted and fixed, respectively.
A fl ow pathhbiere ) | ek t dliswomeasurced i®thor medeby bal eshe55a8eshaas iwSb,
53c, 55c, 53b, 55d connected by stacking the. el ectrodes 52a, 52b, 52c and
.t he space?%eguggd%mb§2§40§254d_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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A fluid to be nmeasured introduced through tube 58a is discharged through
tube 58b, after flowing inside of this flow path. These tuQ@ﬁﬂigaO 58b are
‘conposed of a light 19 8 July 2004 transmtting material (for'e anﬁfe,
4-fluoride ethylene), and an ultraviolet ray with a, predeterm ned

wavel ength is irradiated fromblack - [ight 59 provided as neans for
irradiating light. As the ultraviolet ray irradiated repeats - di ffusion and
reflection in tubes 58a, 58b while transmtting the tubes, the ultraviolet
ray is guided along the tubes 58a, 58b, and guided to the inner surfaces

formed bytrehanitmioxi detbayers (Eort keanpspeci-veuceiest beHeseB2p, 52h. 52¢
fromthe portions of holes 57a, 57b at both-sides. Further, as the

respect i venspadarsivi4aetS4hnayddonitidd ar epakaeteomPosed Qhvefehd@t is
transmtting material, the ultraviolet ray fromblack light 59 1s
i rradi at edrtredihtednnétronur bdees ofliehect raxdespAndhb, ad2chafter for
transmtting each spacer while utilizing diffusion and reflection.

Especi al | $rrbyifoimynglsgich. el ecis ode: andtSRACRIt t Qape ikel Akt s Yebdita
(for exanple, the thicknéss. of each electrode is about 0.2 nm and the

t hi cknessdbffusdoh ®pacerlecsiabant tibesN¥sa beeauRa 16 herhbawtiag hkoramd by
the respective el ectrodes and spacers becones relatively short, even if a

parti cul ath¢ ingitaticass rayt i nguimie ki aly $HE tuBSs ABapPPdenG aknd Gheded S0 N9E
used, .a sufficient anmount of |ight for neasurenent is irradiated onto

pr edet er niinext ebedfaresle fonndaacks. kytidieml | glikegui=geny ahongel | Shpective
transmtting tubes 58a, 58b as descri bed above, and by the |ight guiding

t hr ough | eigdtrbdenSant tehg Sepateastiedportidhs FlEe1dadeha, Thas EOsin . kiuekhi s

enbodi ment, a sinpler and snmaller unit can be constructed.
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
?he following examinations were carried out with respect

to the apparatuses for measuring electric conduétivity shown in
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Exanpl es The follow ng exam nations were carried out with respect to the
appar atuses for measuring electric conductivity shown in 20 %J%ué§‘%804
Figure 1 and Figure 4, and performance thereof was determ ne % le 1:
An apparatus for neasuring electric conductivity having three electrodes
(all of -three electrodes were not grounded) shown in Figure 1 was.
constructed, a sodiumchloride solution having a conductivity of 240 uS
was used as a solution to be neasured, and the electric conductivity of
the solution was neasured. The tenperature of the neasuring cell was
control | edrigtur45 1Canel at juee to, tdirl peefoieanes atnddf w3 Getatmihesti ne of
nmeasurenment. The flow rate of the solution into the neasuring cell was set
at 1 m/mixarflle nesult is shown in Figure 6. Exanple 2: An apparatus for
measuring electric conductivity having three electrodes (one el ectrode of
one side was gradundeghrshosntbr Meguneidgwadeeepstr uohadctaveegdi umychgori de
solution having a conductivity of 240 uS was used as a solution to be
neasur ed, thame tdleeirectesi cldonduct tNtéy efletbrodd Uépa Was RRasHaed) The
tenperature of the neasuring cell was controlled at 45 C relative to the
room t enpertatwur elrof Fi2fur@ at wde ddncefetedasursBii. chherfibewskateioh t he

solution into the neasuring cell was set at 1 mM/mn. The result is shown

in F|gurehﬁy1ng a conductivity of 240 p S was used as a solution to be
measured, 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 %j

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
Ehree electrodes (one electrode of one side was grounded) shown
in Figure 4 was constructed, a sodium chloride solution having
a condﬁctivity of 240 p S was used as a soiution to be measured,
and the electric conductivity‘of‘the solution was measured.
The temperature of the measuring cell was controlled at 45 T
- 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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Conparative Exanple 1: An conventional apparatus for nmeasuring electric
conductivity having two el ectrodes shown in Figure 9 was 21 €Jﬁ]1g?¥ 2004
constructed, a sodiumchloride solution having a conductivit %40 g S
was used as a solution to be nmeasured, and the electric conductivity of
the solution. was neasured. The tenperature of the, neasuring cell was ,
controlled at 45 C relative to the roomtenperature of 25 C-at the tine of
measurenent. The flow rate of the solution into the nmeasuring cell was set
at 1 M/mn. The result is shown in Figure S. In the above-descri bed

Exanpl e 1F°B§tEREHAD: naFisgdiume chlpaiiat sohstdoe havingses candutbevitfe
were | ess, and a stable result could be- obtained wth a high accuracy. In -
Exanpl e 2°fas?&hownSi e gesed 7asa ashidtutipmpotenbiealmezaseddon die ehd set
caused by gr oundi ng one el ectrode was observed, as conpared w th Exanple
1, but vaFll&FfERS dirndurtidiides afid tire Isicketwene waessieaanded. st abhige
result could be obtained with a high accuracy, simlarly to the result of
Exanpl e 1temperebwpar &5 vehExampiseiringascshbwwabsn Eompired 18d aanoisse °C
originating froma disturbance was picked up as conpared with Exanple 1
and ExanpFgl2tivee tveabhe edognt atgmeatdtyprearoed25an® aatst ahke gigsul s Wit h
a high accuracy could not. be obtained. Since the disturbance in

Conpar at | PE2ERGAPFRt 1 wWibeafho¥t rate cOritesporidenos dinth the fpesatiep of
connection/ di sconnection of the air conditioner and the swtching
operationcﬁiltﬁﬁs 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 therlike were less, and a stable
result could be obtained with a high éccuracy. In Example 2,
as shown in Figure 7, a shift in potential bésed on the offget
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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sol enoid of the el ectromagnetic val ve |ocated nearby, the disturbance is
considered to be noises originating fromthese operations. gﬁﬂ d y 2004
I ndustrial Application of the Invention In the apparatus for 4é &

el ectric conductivity according to the present invention, electric
conductivity can be nmeasured stably and accurately in, a condition with no
variation, for a substance to be nmeasured such as an aqueous solution, a
gaseous substance or a slurry-like substance, especially for an aqueous
solution. Especially, ion concentratlon in an aqueous solution can be
measured with a hi gh acclindus ]| en aftighectric
conductivity. 23 8 July 2004 Clalns 1. An apparatus for measuring electric
conductivity donph¢ sbprraths érehectirdgesldatolgbbnduchi e tgOMReEIIN th the
substance to be neasured, said three el ectrodes including a detection

el ect r ode H¥gpetfet Beehhipre| edierticicc omdettiivity afn tihe sethsiradcetdybeind
measured, an AC current .supply el ectrode di sposed on one side of said

el ectric GoAdRELY| iy detotitionelétt r odevatiationdi Foanee,sudBthraeghounded

el ectrode .di sposed on the other side of said detection electrode at a

di st ance. "pastyed atp@aﬁataalsa@moumiuuong % yesdduk csube Bahet b ial ¥yLwaegoritkeng to
claim1l, wherein a constant voltage is applied to said AC current supply
el ect r ode.sUBstanise, appweataldyf oformeasur aqpgoed eeblutd onondudsptiarniaccakdi ng
to claim1, wherein each of said three electrodes is constructed so that
its el ect coH@ETtEatinnmiY gy agudoius asr Iuiox cale Heay@dsuregd wmlad hith acstifdgce of

an electrode body nade of a conductive netal.
by this measurement of electric conductivity.
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4. The apparatus for neasuring electric conductivity according to claim1l
having a space for storing a substance to be neasured whi C%ﬁ@y%ﬁ{lﬁhned
bet ween respective el ectrode surfaces of said three el ectrodes; d nmeans
for irradiating |ight onto the respective electrode surfaces. 5. The

appar at ulaipis Measuring conductivity according to claim4, wherein |ight ,
irradiated fromsaid light irradiating means has a wavel engt'h which brings
about a photocatalytic activity of said titanium o>g<! de | ayelr. i 6. Th\i/rhrei ]
appar atug_ for | i g r.0;

S e T A A s e
for measiP f@nEackhi @ subpiales itwibeymesswedi sajd ttbreel elpotratieswheluding = afetbction
light i eldbad *f&gdéfé‘&ﬂg SOdRE bﬁﬁtﬁ.lcﬂvi{ e WIndlnge q@ﬁogrljngéﬁuﬁ%,cthbﬂw Lffent
light froma Iight source. 8. The appdratus for neasuri ng crr

conduct i HRRIY &Epde ilisnosed (0ai enes sidanesr ssiich e@ﬁ;trd: cm}dacfia/ftf/qdet@mio?leig:tmdea?]t a
subst anceg;j e ' ' ' . er

ignt 1T e iAol 8ol Bitpiecon DL AR Bl St PRt Bonta
said |igHistanc8nsnitting materials. 24 8 July 2004 9. The apparatus for
measuring electric conductivity according to claim8, wherein a titanium

oxi de coating_|ayer capable of transmtting materi aI. of its side f_aci ng
sai d spae fdhe&pparailg for veasriag electrs doadnethity rechrding to ARRARATHISIRGR

MEASUR! Neoratd e /Bt 4 GoNBbeH tYlshi ﬁ@gﬁ'mué@y%%ggég us for measuring

el ectric conductivity "conprises three el _ rought into contact with
a substance to be neasured. The el ectrodes include a detection el ectrode

for detegti ngTRE BpdrafisTONHELIUrG Blechic éorﬂ@uét%? L8 &ing to claim 1, wherein each of

said three electrodes-is constructed so that its.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 conductivity 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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to be neasured, and two AC current supply el ectrodes disposed on both
sides of the detection electrode at respective distances, aé"j'ul '}062?
current of the same phase is applied to the two AC current supgl‘y

el ectrodes. This apparatus provides stabilized neasurenent of the electric
conductivity of a substance to be measured with a high accuracy. Figure 1

9. The apparatus for measuring electric conductivity according to claim 8, wherein a

titanium oxide coating layer capable of transmitting material of its side facing said space
for storing a substance to be measured.

25





