3 June 2004 SPECI FI CATION MULTI PLE ELECTRI C CONDUCTI VI TY MEASURI NG
APPARATUS Technical Field of the Invention The present invention relates to
a nmultiple electric conductivity neasuring apparatus havi ngJunep2addal ity of
electric conductivity nmeasuring cells, and nore specifically, relates to a
multiple electric conductivity nmeasuring apparatus capable of accurately
nmeasuring a difference or variation of the electric conductivities between
measuring points different in position or time in a treatnment system
containing a substance to be neasurggcstichTa$y an aqueous sol ution and the
| i ke. Background AK:L of -the Invention Electric conductivity is especially

enpl oyed as a scal e MOLIMPRS WIBCARICC ONGRR Rty O R he SpsiaRads e of ,
mgrating in an aqueous solution, and an. electric conductivity measuring

apparatus is used to nMeasuf&-uPitaCeIeqAt L atdans ki nds of aqueous
solutions. An electric conductivity neasuring apparatus, generally,

deternines an iRer pasRnel iAveriesh CASRLRE tdes i AeisPNCONEAL 0%&18 ct?ity
aqueous solution to be neasured by neasuring the tesistance of the aqueous

sol ution exksdirigy hgipaeRtisaRavRIe st piatARdUEt ddchy JeLEG e A Cg&éskgﬂgg and

an electric current supply electrode connected to a power sou
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the electric conductivity neasuring apparatus is

predet er n fAessurEAg UsbPrR0k Ncap@led SAMRLESELIM | QLS ANt L oduead.fl.om 2
~ predeterm ned -neasuring point into the electri"c conduct’ivity nmeasuring
appar at us, vanthtiibe ereCkhl C £RBEML! | WbAdhIBARYESD Rt tdf ABRARALY'S dotnts
different‘i.n position or time in a treatment system containing a ‘substanc:e
' to be measured such as an agueous solution and the like, |
Bac ound the vent]
Electric conductivity is especially employed as a scale to measure a -
concentration of ions capable of migrating in an aqueous solution, and an
electric conductivity measuring apparatus is used to measure ion .
concentrations in many kinds of aqueocus solutions. An electric.
conductivity measuring apparatus, generally, determines an increase or a-
decrease of the ion. concentration of an agueous solution to be measured bx
measuring the resistance of the aqueous solution existing between an
electric conductivity detection electrode and an electric current supply
electrc;de connected to a power source.
As a method for using a conventional electric cc.nnductivity“measuring
apparatus, the electric conductivity measuring apparatus is installed at a-
predetermined measuring point, or a sample solution is introduced from a

predetermined measuring point into the electric conductivity measuring

apparatus, and the electric conductivity measured by the apparatus is



X 3 June 2004 utilized for observing the condition of an aqueous sol ution
or controlling the water quality thereof and the like in ngqpng?agé of
fields. In the neasurenent of electric conductivity by the elec¢iric
conductivity neasuring apparatus, usually, the neasurenment is conducted
after adjusting the measuring range of the electric conductivity measuring
apparatus in accordance with a condition of a substance to be neasured, a
condition of an electrode, a condition of the circunstances at the time of

the measuiemBited( fQY oBXANPLE thaNcGRRLER o USRI Ce ot Ao R fﬁ&gg&l%g

noi ses from surroundi ng equi prent) and the rther,
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since organic substanceS an i ke contai ne n a substance to
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apparatus. - In such a condition, a a aesirea neasurin
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surface condition of the electrode often varies with time since ofganic
substances and the like contained in a substance to be measured onto the
electrode of the electric conductivity measuring apparatus. ‘In such a
condition, a drift frc-pm‘ a desired measuring standard point occurs more or
less during the measurement. Therefore, the data of the electric
conductivity measured by the electric conductivity measuring apparatus are
deemed to be data which are relatively low in reliability as data used for
operation management or control, and it is the present sitwation that the
data are considered as secondary data.

Especially, in a case where measurement data of electric cénductivity

are collected from a plurality of measuring points, and, for example, a
progress degreé of a treatment of an aqueous solution between the plural —
measuring points, or a wvariation of water ¢guality between these
measurement points, and further, in a case where a variation of the

electric conductivity with time is measured at a substantially identical

measuring position, practically it is difficult to measure with a high



measuring position, practically it is difficult to neasure with a high 2 3
June 2004 accuracy, because the neasuring range of each app%&ﬁﬁ?%obﬁ
adjusted, or a drift occurs with tine, as described above. "Further, when a
variation of electric conductivity, or a difference in electric
conductivities between a plurality of nmeasuring points is to be neasured,
in a case where the wvariation or the difference is nuch smaller than the
absol ute value of the electric conductivity which is being neasured, since
t he neasuring r%Q%e S adh%%ted relative to 'the relatively great absolute
ectr

val ue of th& 8 DERBRAOE TATYING wange o€ A FPPasabys tis adistaduiosha
such a nicr%miﬁgkjation.gﬂ di fference, or, the neasured data beconme [ow in
reliability ™ Th Praet & HGevat desfdbed fbevemn Furpsy r érenasvardakicas ofe
such a nicrol.'defere ce,or, variation between two or a plurality of
measuring pSi %‘E%rlch‘?‘fd«gﬁﬁEh‘fl% Po&i fibierence ilpeclactriq denduetiivibiedi Pétwicence
or variation an bg measured with a high reliability, a high accuracy and
a high sen§i PIUFRYLY| ¢f jreasyridiugepintst Rat te Hee wsasyisdveiy dHrense. wikowetbe,
an electric cp ductiviby measuri ng, appar atus capabl e of sati sfying such
requi r ement 1RBtO%y &€ fEE feXBgndis MRt smalies thie thy ehstbireAcdordiighy,
it is an ob'fct of the present invention to provide a multiple electric
conduct i Vi t% FEEGr POYMSh AN Waldha pappeingf meastisedd rghee triec measlivihe renge
or variation of electric conductivity between a plurality .of neasuring
poi nts di ff &F e AT FosiAlAEHeorta | Bee wrelrtavelivgloneati absblute, vadudi gi the
accuracy and.a thh sepsitivity to satisfy the above-described
requi r enent s"_l'ECtrl conductivity,” it is wvery difficult to distinguish such a micro
variation or differerice, or, the measured data become low in reliability.
In practice, however, there are many requirements to measure such a micro
.‘diffe:!:ence or, variation between two or a plurality of measuring points
different in position or time. If such a micro difference or variation
can be measured with a high reliability, a high accuracy and a high
sensitivity, it is considered that the use is very brbad. However, an
electric conductivity measuring apparatus capable of satisfying such

réquirements has not yet been found.
isclosure e tio
Accordingly, it is an objéct of the present invention to provide a
multiple elecfcr'ic conductivity measuring apparatus capsble of measuring a
micro difference or variation of electric conductivity between a plurality
of measuring points different in position or time with a high reliabilEi.ty,
a high accuracy and a;.high sensitivity to satisfy the above—desc:.;ibed
requirements.
To accomplish the above-described object, a mult‘iiple

electric conductivity measuring apparatus: according to the present



To acconplish the above-descri bed object, a nultiple electric conductivity
nmeasuri ng apparatus according to the present 3 3 June 2004 iSnMﬁQ%ﬁ@

conprises at least two electric conductivity neasuring cells each having at
| east two el ectrodes brought into contact with a substance to be neasured,;
an AC current supply for applying an AC current directly to said at |east

two el efiventiorcesmisrizes vt lepstiasalgdtiocareiutiity nwastimdicalisiedeie hgvig btleast
conductivity measuring cells are so connected electrically such that an

out put  sw@slebirbdesdirbad éflo tomartavitra pliisihcefto bb ene@0RidNgGN AL SUpprsel ves
fromeach said electric conductivity neasuring cells, said sensing signals
t hensel Y@spplyihgaditlad cutregiedileetly Risidat loag thé eutit casdtivity meaduipg @Biker i n
response to a treatnment function to the AC current supplied to at |east

one of theredh %@tcfél_@ctﬂ@ﬁ@hdhb'tiwiytrﬁedﬁaﬁﬁglbél&%ré%b|c§nné\<k?é‘fﬁél¥etriéé]|?(6\slﬁ}hﬂﬁzﬁnt i onal
el ectric conductivity measuring apparatus, a sensing signal from one

el ect ri en®ofsiteighilii§ ¥biaRRE Uiong c6&pling ok tHRVE¥nkht eslgiils aeragaNdsl frem cadl t he
like, and the anplified signal is rectified into a signal with an

appropr isgide élesat catduiiviguhasurig SBIR), s&ifsensIRGSIIhAIS thetisePleBGré hEded
conductivity, and when a plurality of electric conductivity measuring

appar at igReherafdion Shéls iiratied idm eVhdi ar RSP th@ tRedtiveht fandlBAIS!fHeNg.
range for each electric conductivity nmeasuring apparatus. In the nultiple

el ect ri qCauHe buppliby taBESAKtIORE of AeRASANdICorRIEWitd inthsling bglispr esent _
i nvention, however, within the apparatus itself, an electrical calcul ation

treatnment such as addition, subtraction and the like is perforned wth
respect to the sensing signals thenselves sent fromthe respective electric

conduct iNahigly, in®asWentignal @ldctric condudiivRy Sieabavingtddparatiid) @ densiab ¥Ryal frém
anplified as needed, and is output as a difference or variation between

the el eohé eRctiRnduchdtvity measiRRSdleglamplific@dyrRsingiicvend Beaikédrid the
conductivity measuring cells. Therefore, the nultiple electric conductivity

measur i aghplifesigiedl iSreatar ifionsit Gal e P pediiriatd e es s @in duspliagnarfot y and
distinctly different fromthe 4
measuring an electric conductivity, and when a plurality of electric conductivity measuring
apparatuses are installed, it has been necessary to adjust a measuring range for each
electric conductivity measuring apparatus. [n the multiple electric coﬁductivity measuring
apparatus according to the present invention, however, within the apparatus itself, an
electrical calculation treatment such as addition, subftraction and the like is performed
with respect to the sensing signals themselves sent from the respective electric conductivity
measuring cells, and the signal after the treatment is amplified as needed, and is output as
a difference or variation between the electric conductivities measured at the respective

electric conductivity measuring cells. Therefore, the multiple electric conductivity measuring

apparatus according to the present invention is basically and distinctly different from the



3 June 2004 conventional technology in that the conventional electric
conductivity nmeasuring apparatuses are nerely disposed in %RME bop rm and
a difference or variation between the data neasured by the  dapparatuses is
obtained. In this nmultiple electric conductivity neasuring apparatus
according to the present invention, the above- described at |east two

el ectrodes in each electric conductivity neasuring cell can be constructed
froman electric conductivity detection electrode, and an electric current
supply electrode. . The two-el ectrode formation itself as the constitution
of the el &IV TIFIWHer d6tECdoRifowAT Thhahe Ehect#orvenivicewtl seppryric

el ectrode, for exanple, an AC current is supplied. In a case where a
plurality dferdestiividcumeasurdngpl yrepsatrotes are mrHzpdasediisansadpl ihied
or attenuated AC current nay be supplied to at |east one electric current
supply el edt¥yeel EPTEn M  durdidifietescanpd¥ f ivad ibeione Hedivegns U i ddtao
an electric current supply electrode, it can create substantially the sane
condi tion tMERASWIRE dupfihice@prplaaetrisesclisr ebtainedmiltiplied by a
predeterm ned magnification, and the sane effect of the' nultiplication
can be obt ai ned gpso Bhisensmpbtilghal slseheic fropmdhetibidt ri measuring
conductivity neasuring cells. If an AC current is attenuated before being
suppl i ed t FREPEARER r iaCcoaddirent tsupphg eboesente, inventireror edthe  above-
substantially the same condition that the supplied electric current is

di vi ded by s Prikst ertnileedt dve, edndtrhdesain edtlctlafttive windusitdmitan
be
measuring cell can be constructed from an electric conductivity

detection electrode and an electric current supply electrode.

The two-electrode formation itself as the éonétitution of the

electrode ié heretofore known. To the electric current‘supply
electrode; fgr example, an AC current is supplied. In a case

where a plurality of ‘electric current supply electrodes are
disposed, an amplified or attenuated AC current may be supplied
to at least one electric current supply electrode. If an AC
current 1is amplified before being supplied to an electric
current supply electrode, it can create substantially the same
condition that the supplied electric current is multiplied by a
.predetermined magnification, and the same effect of the
multi?lication can be obtained also on sensing signals sent-
from the electric conductivity measuring cells. If an AC
current is attenuated before being supplied to an eiectric
current supply electrode, it can create substantially the same
condition that the supplied electric current is divided by a

predetermined rate, and the same effect of the division can be



5 3 June 2004 obtained also on sensing signals sent fromthe electric
conductivity neasuring cells. If the sensing signals thens%hmﬂgﬁbags
created are added or subtracted, the multiplication or the division is
included in the addition or the subtraction, and, when the sensing signals
thensel ves are treated, as needed, it al so becones possible that addition,
subtraction, nmultiplication and division are conbined arbitrarily. The
signal created after treating the sensing signals thenselves sent fromthe

|l ectri CLLyit [ el | d ib b lified
T order e RBET T A TPe byl ithe DUPBUE. SPONAI SedtncONed LRPHIE

such a ca se_an _object is the.single signal after the treatnent,
a single a?rrg)flij??g?#}’r% bréleﬁlf'lol{:/ilﬁ%d. cﬁgrltsher, i bt t h&MFul 1996 ectignals

conducti vi ring,..apparatus_according to the present invention, it
may be co%g’?ﬁgigﬁsthé “Sach® ot t_tehcg ePEEt r it Eshdurti vitPEressari ng & | s
has three ShQCt§fge§ioﬁhe t?ﬁee el ectrodes i,nclude an electric . .
conductivi Ty detect ron ePbctPEdE IAg PhoACiOarPERt dfpgie adtitictesr

di sposed oghgo%hbt%gggs of thg elg%tri conductivity detection el ectrode at
respective- di Stances, *8hd FREACYETr ént® oTetHE % S Hniss ethgnsgipiese R4

the two AC__current _supply,el ectrodes. ternatively, 1t may be constituted
that each t]é?af’ﬁg' elagctrﬁ)?%dec%ndﬂl%ti 'St%/%%%rﬁefsf ngogefPienfHigthraddition,
el ectrodes, fhe hree el ectrodes include an elecgtric¢c conductivity

det ecti on %F%Ef?%%%?nhn TR RS R S opl $RE1 ec AEBEELANspodEY oncIRIREYHe

of the elect lg - . - .
arbitrarily. The signal created after treating the sensing

signals themselves sent from the .electric conductivity
measuring cells as described above can be amplified in order to
optimize the level of the output signal, as needed, and in such
& case, because an object is the single signal after the
treatment, a single amplifier may be provided.

Further, in the nmltiple electric conductivity measUring
apparatus according ~to the presént inventiqn, it may be
constituted Ithat each of the electric conductivitgr measuring cells has
three electrodes, the three electrodes incluae an_electric conductivity
detection electrode and two AC current supply electrodes disposed on both
sides of the electric conducfivity detection electrode at respective
distances, and an AC current of the same phase is applied to the two AC
current supplyhelectrodes. Alternatively, it may be constituted that each
of the electric coﬁduétivity measuring cells has three electrodes, the

‘ three electrodes include an electric conductivity detection electrode, an
AC current supplyv electrode disposed on one side of the electric

conductivity detection electrode at a distance, and a grounded electrode



conductivity detection electrode at a distance, and a grounded el ectrode 6
3 June 2004 disposed on the other side of the electric cond%Q%h§F@p4
detection electrode at a distance. By such three-el ectrode™C utions,
a high- accuracy neasurenent, free from adverse effects from circunstances
such as noi ses, becones possible, as described later. Further, in the
multiple electric conductivity nmeasuring apparatus according to the
present invention, it is preferred that the above-described at |east two

el ectrodes | lectric,, conductivity measuring cell are constructed so
that their %%gggg%dgn ﬁ}ref aC0E arség? oPredy ?%?%ﬁf%n?%’iﬁ%‘é“f‘ﬁ%e@t%ﬁt?m
surfaces of_ gl ectrod bodi.es nade of onducti ve tal. In such a |
constituti o%]?ec e gr%g%n?%cs S lGfst §H0%¥%a%??%§i??%8§grcé’nEHﬁlﬁ?'?f@d f niigh-
subst ance tghgpane%%ured Hpe $r3Ferty for d congosing organi ¢ substances
based on t he PROTOCSTAIVEFY BETS TFETy 20Fete ST Hachn i M o% i aET™ ARty Fuch as
super-hydrq&pilic&} can be , ﬁffectivelﬁﬁglilized, in order to elimnate
adver se” ef f 8CTS o tAES RREEHFamas: d%5er ePEXri ¢ ‘conductivity due to the
adhesi on or adéﬂ& tion,of the organic subst ances to the el ectrode )
surfaces. It' i 8?@Te??e& hat ™ tF YRt e i rSRf @i g CRBARSEHEL WY sp6geyring
agai nst the_ titanium oxiqf.layers to Erovide a photocatal ytic activity to
the titani UPROXIHE™ | AFEP Hortexhipl BES88BR &PEERFIeRcombudfi Preferred
measuri ng CQAI c%g be CQQ%tF%%%ed sSo as to have a space for storing a
substance to'be MEEs FPeE FEFFTed Bt wkiaTtr d3Be FRFEF SR8 c iPo @k u el agiasicor
t he above-des 'l egst two el ectrodes, and |light irradiating nean

ri?ed at S
that i rradi%?ng SHYGHY BRPTULRE BShelrTvERFEUCFteSeuthacetleir electrode

surfaces are fommed by titanium oxide layers on surfaces of electrode
bodies made of a conductive metal. In such a constitution, when organic
sﬁbstanées and the like are contained in a substance to be measured, the
property for decomposing organic sgbstances based on the photocatalytic
activity of the titanium oxide, and its super—hydrophiliciﬁy can be
effectively utilized, in order to eliminate adverse effects on the
‘measurement of the electric conductivity due to the adhesion ox
adsorption of the organic substances to the electrode surfaces. It is.
preferred that light irradiating means is disposed against the titanium
oxide layers to provide a photocatalyl_:ic activity to the titanium oxide
layers. For example, each electric conductivity measuring cell can be
constructed so as to have a space for storing a substance to be measured
defined between respective electrode surfaces of the above-described at
‘least two electrodes, and light irradiating means that irradiates light

' onto the respective electrode surfaces.
" In this multiple electric conductivity measuring apparatus, it is

preferred that light irradiated by the above-described light irradiating



In this nmultiple electric conductivity neasuring apparatus, it is
preferred that light irradiated by the above-descri bed Iigh%juhg%@bgting 7
3 June 2004 neans has a wavel ength which brings about a photocatalytic '
activity of the above-described titanium oxide |ayers. For exanple, |ight
with a wavel ength fromabout 300 to about 400 nm can be enpl oyed. As the
light irradiating nmeans, a light source conposed of neans for irradiating
ultraviolet. rays and the like such as a black light nay be directly

enpl oyed, i i di material (for_ exa e, .an aptical .fiber, or
Cube g’ (Tafegs e edl o MRk Cbt e (e WPt el p6tmibuetl fupm
froma i Rrg 1 ovi,ded as neans_for irradiating |light  may also be
enpl oyed. urfehg%,rcgﬁ%egd | FORTLFR oA i gAY i di %83: nﬁf{gﬁrﬁﬂaﬂ' n]dygh%e “Wied to
light irradi ipectly fr a,light source. Further, the above-descri bed
spgce forq%%%?%%ﬁ%a%g%%fﬁgﬁ%gﬂ%ot%éﬂmﬁﬁégﬂ%Bﬁ ﬁﬁ&gﬁéaﬂﬁPVﬁ%d By e it
transn1tti{§} pterial, _and it By be constituted so that the Iight from
the light T rrag%%taltngnédeﬁne‘c_é{nséi G195t ri?ifrg?e(fc’%‘is&dar?felwoé@rs&iq%f’&é_tmg
case. 11 SRR SR e ot g Fagar cababl LGR CHEHEPE |7y FEGRL s
i ded h f f.the, light tr jtti terial at _its sid

Paci ng t hesatasty gpd & dovty Moot dresroal: BopeoHimier oif CBCLtEberi (Pr

contact with soh¥g%pni. adhesi.on of ani ¢. substances and the |ike to
he|

o= 5 PTASIRG i APt SRARs bR B byiéh bt ioht

this surface of

super-hydrophi Licity. and organic deconposition property ascribed_to the
titanic. o%)oaleal %&L/t}% S%?%%F?Wt‘%g ah Ve e 5 iETIATERY rogbt gy gdso be

roduced by, .for .
P &fployed. Further, the light from a light guiding material may be added

to light irradiated directly from a light source.

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 the light .irradiating means is
irradiated onto an électrode ‘surface through the 2light transmitting
material (for example, glass). In this case, if a titanium oxide coating
layer capable of transmitting light is provided on the surface of the
light transmitting material at its side facing the space for -storing a
substance to be fneasured (a surface in contact with solution), adhesion of
organic substances and the like to this surface of the light transmitting
material can be prevented by super-hydrophilicity and 6rgan:i.cs
decomposition property ascribed to the titanium oxide layer.

Further, the abov;e—described electrode can be produced by, for

- example, the following method. Namely, a method can be employed.wherein
an electrode surface is formed by providing on a titanium oxide layer on a

surface of an electrode body made of a conductive metal by a surface



exanple, the follow ng nethod. Nanely, a nethod can be enpl oyed. wherein
an el ectrode surface is fornmed by providing on a titanium o?ﬁ% I@gr on a
surface of an el ectrode body made of a conductive netal by Pt 8 3
June 2004 treatnent such as sputtering, plating or the like. Alternatively,
a nethod can also be enployed wherein an el ectrode surface nmade of a
titanium oxide layer is formed by providing oxygen to a surface of an

el ectrode body made of titanium As the nmethod for formng a titani um

oxi de | ayer

r.ovi.di ng oxygen, a hod based.on ajr. oxidation other
thank a met Ao met%%tl PIgt /g Sé?%g?’f’@ijsl?qgib% “be f%%/eaiteirﬁapnv?lﬁulat pthed
electric' conductivit asyring .apparatus according to the present
i nvention a%and%gsc':or %e%"pggﬁfg,whﬁ%lpe AtHOEe SrirenEpde oft fdrtadi Poifeor
subtracti Orii s_added to Ehe sensi ng sSi %nal s thensel ves sent fromthe
respective 6Iett TS ¢OTBHY %tﬁﬁ?i"%@l%%@@ g BefHEarn Ahd® SAppErrde Sy amest he
signal created after the treatnent is output as a single sensing signal. A
treatnent s ’gtfné%'l i f PEatt'6n GhePS nkPY | kiR 3d§é5‘ag‘7l']81“t RES9% elfdfeng PY
signal, as needed. The sensi r;% ls‘li:?nal t hus out put, corresponds to a
di ff er ence WEVHEEN (HEIG:t & rEEFPRF A5 ¢ OR ofttu PR B otagr Jdent pomethast

wth the re ctive electric conductivity neasuring cells, or a variation
%@?éﬁgeafeecﬁ%éﬁl@_ CYhBETFIPYSEs at positions set with the

bet ween t he _
respective electri C(F)“igguc i Vi measuring cells. it js possible that both
of the detect ed™dlBE FRCHRIRITHETHLT | LR VABRIFASHE Y 2BPRREET ARPEMRY

sanme conditjon.or sane nmeasurjng range, it is not necessary to adjust this

condi tion of® ness HFFRTT aHYE HP b @Snesqibadt AROVasc &l dLEFIHRE 26s8F uleast

val ue of the . electric,conductivity, and it nmay be
eltger aculglon or subtraction :I'Ds added e/o the sensing signals themselves

sent from the respc-;ctive electric conductivity measuring cells in the
apparatus,' and the signal created after the treatment is output as a
,s:i.ngl;e sensing signal. A treatment such as amplification and the like is
added fo this sensing signal, as needed. The sensing signal thus output
' corresponds to a difference between the detected electric conductivities
at positions set with the respective electric conductivity measuring cells,
Or a variation between the detected electric conductivities at positions
set with the respective electric conducti?ity measuring cells. It is
possible that both of the detected electﬁ:ic conductivities are measured at
a substantially same condition or same measuring range, it is not
necessary to adjust this condition or measuring range to be net with the
gcale of the absolute value of the electric conductivity, and it may be
adjusted depending on the scale of the above-described difference or
variation. Therefore, even when the above-described difference or
variation is fine relatively to the scale of the absolute value of the

electric conductix}ity, the micro difference or variation can be extracted
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adj ust ed depending on the scale of the above-described difference or
variation. Therefore, even when the above-descri bed dlffere%Q% ar.

n 04
variation is fine relatively to the scale of the absolute value ot the
el ectric conductivity, the mcro difference or variation can be extracted 9
3 June 2004 with a high accuracy and a high sensitivity. Besides, as
descri bed above, since the sensing signals thenselves fromthe respective
el ectric conductivity neasuring ceIIs when el ectrically calculating the

di f f erence, el variation are si s extracted at a substantially sane
adj ust ment L End Y SR-HPERIR > J’ﬁ Isgnﬁb%‘g?é}"us%e%ld&ﬁfa@rg a}?‘?‘fy@?cfv&t due
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e AR e
Concunt Y, TS SRPRLELLS RS 10 LB L B v on oo

[ | | t ted. to b I t..added d/ ted, th
Teasur | nQ SRR U9 bt o i rasdd?t?e? HERCE GPoV Ao Oh e

el ectric OndUCtLVIE%. %ﬁ' ﬁ %%u ll%ﬁ% ne Surlgﬁ?BO]ntS %lfferent in

posi tion &P tTHEMN t gﬁa emsacléf FERPYH<en T R Aie” 1113 11 B

extrenely hé hlrek§?$ %%% data?vfan be oq;ghned with resp %gt to

measur emeﬁ? &7 &€ h PO B e f PR Bl anEt i O of etrﬁgoﬁft' aﬁ\}rsr‘?gs
from this point of view, it is guaranteed that the above—described
difference or variation is extracted accurately, and it can ensure very
highly reliable data.

Thus, in the multiple electric conductivity measuring apparatus
according to the present invention, since sensing signals themselves from
the respective electric conductivity measuring cells can be treated to be
at least added and/or subtracted, the measuring apparatus can measure a
micro difference or variation of the electric conductivity between a
plurality of measuring points different in position or time with a high
accuracy and a high sensitivity, and an extremely high-reliability data
can be obtained with respect to the measurement of electric conductivity.

ief ex

Figure 1 4is an electric circuit diagram of a multiple
electric conductivity measuring apparatus according to an
embodiment of the present invention.

Figure 2 1is an electric circuit diagram of a multiple

electric conductivity measuring apparatus according to another

10



Figure, 1 i

s an electric circuit diagramof a nultiple electric

conductivity measuring apparatus according to an 'enbodiment:3 ﬂ1tiq§ pr esent
Figure 2 is an electric circuit diagramof a nultfgig ﬁectric
conductivity nmeasuring apparatus according to another 10 3 June 2004

i nventi on.

enbodi nent

of the present invention. Figure 3 is a schematic view of a

wat er treatnment system which incorporates a nultiple electric conductivity

measuri ng

apparatus according to the present invention. Figure 4 is an

el ectric cigghid il a0ramstontng an ; exanple of a miltiple electric

conductivity nmeasuring appar

for conductivity . Measurenent in. the water, tre%tnent %%stenldegicted in

Figure 3. Figure

FEIPES 235 dRe Mt ONPERCsNGR nG Taft Skl &E5R THeNUFY P pPR

us according to the, present

el ectric condugtiyity measuring appara s ,
i nvention i#b chn%gfﬁ?ﬁﬁﬁﬁﬁ ag E@ﬁﬁﬁﬁ&Fse&§EHFl?iQﬁP@uﬁthl YsERéfREing

diagran1shomﬁn8 an exanpl e of an electric conductivity neasuring cel

usabl e for

3

el ectric conductivity neasuring apparatus according to the present

i nventi on.

example of a multiple electric conductivity measuring apparatus
according to the present invention usable for conductivity
measurement in the water treatment system depicted in Figure 3.

Figure 5 is a schematic view showing an example of a

multiple electric conductivity measuring apparatus according to

the present invention in which a time delay column is used.
Figure 6 is a schematic diagram'shoﬁing an example of an
electric conductivity measuring cell usable for a multiple
electric conductivity measuring apparatus according to the
present invention.
Figure 7 1is a schematic diagram showing another ezample

of an electric conductivity measuring cell wusable for a

multiple electric conductivity measuring apparatus according to

the present invention.
Figure 8 is a schematic diagram showing a further example
of an electric conductivity measuring .cell wusable for a
multiple electric conductivity measuring apparatus according to
the present invention.
| Figure 9 1is an exploded perspective view showing an

example of the mechanical <constitution of an electric

11

F5951 GCcorddnpi EocbhaurtesanYy mved\tdioRy” appar at us accor di ng
to the present invention. Figure 7 is a schematic diagram show ng another
exanpl e of an efFé8BFfc tontlictdWi t3Lardaderi Areeit udkagran oshevwingl t Rpl e

Or}. . . .
actording to the present invention usable



Figure 8 is a schematic diagramshow ng a further exanple of an electric
conductivity neasuring cell usable for a nultiple electricsﬁﬁmggﬁﬁkvity
nmeasuri ng apparatus according to ,,the present invention. e is an
expl oded perspective view showi ng an exanple of the mechani cal
constitution of an electric 11 3 June 2004 conductivity measuring cel
usable for "a multiple electric conductivity neasuring apparatus accordi ng
to the present invention. Figure 10 is a perspective view show ng an

exanpl e of ol fifac COPSY ekl 0ho a8 £C1LAAT 0 AN € eEhiL e, FONUELIY LY
a nu ?lﬁf y

measuring cell usable for e electric conducti vi measuri ng

appar at us L NGk t nt _Lnvention. Figure 11 is expl.oded
perspectivg8§§%£$£#%ﬁ ndQ%%olﬁgl gfgﬁﬁﬁeuaf ?ﬁ%gﬁ%%%%nf%%lq%ﬁ%sﬁ??ﬁﬁpgn of

an electri nvgggg%g}ivity measuring cell usable for a nmultiple electric

conductivity neasuring apparatus according to the present invention. The
Best node for carr i.ng @ut the invention Hereinafter, preferred

enbodi ment s of tﬁg%ﬁFe nt-Si AvEREFBREGTE VHEY ST H M PR iy Ofo the
Figures. Figure. 1 shows an electric circuit constitution of a multiple

electric cORNREtTVHS, metsurithg SA55arecEs &EcoPi n§LE6EEHC enfRRAMRIHISY t he

present invention. In Figure 1, a . i
measuring cell® usable for a multiple electric conductivity

measuring apparatus according to the present invention.

Figure 11 is an exploded perspective view Showing another
examﬁle of the mechanical constifution of an lelectfic
conductivity measuring cell. usable for a multiple electric

conductivity measuring apparatus according to the present

invention.

e t mo or carryi out e entio
Hereinafter, preferred enbodiments of the present invention will

be explained referring to Figures.

Figure 1 shows an electric circuit constitution of a

multiple electric c¢onductivity measuring apparatus according to
an embodiment of the present invention. In Figure 1, a
multiple electric conductivity. measuring apparatus 1 has at
1eas£. two electric conductivity measuring cells (in this
embodiment, a two-cell constitution is depicted) each having at
least two electrodes fin this embodiment, a tﬁree~electrode
. constitution is depicted) breught into contact with a substance
Fg Ee measured. In this embodiment, the electric conductivity

measuring cells 2, 3 (Figure 1 indicates them as “cell 17 and

12



multiple electric conductivity. measuring apparatus 1 has at |east two
el ectric conductivity neasuring cells (in thi.s enbodi nent \Jh 06&"
constitution is depicted) each having at |east two electroégs P@% this
enbodi ment, a three-electrode constitution is depicted) brought into
contact with a substance to be neasured. In this enbodiment, the electric
conductivity neasuring cells. 2, 3 (Figure 1 indicates themas 'cell 1"
and 12 3 June 2004 "cell 2", respectively) are connected electrically so
that sensing signals thenmselves fromthe electric conductivity measuring
cells 2, 3 '&tie?fredistPad Beladdedre Theomlasdiad cetontiutta Mitt y speashiztng
cells 2, 3 are. connected electrically in parallel with each other, and an
AC, curr erftenGing t Fégsame phhS%SPtvsﬂppermlfthﬁnzﬁiahtro50|bbaﬂoctﬂv;ty
provi ded as a power source to electric current supply electrodes 2a, 3a of
t he respectieasualiagt cedéleoRdudt cantlye tmesasuy itkg beekkged, 3. The electric
conductivity detection. electrodes 2b, 3b of the respective electric
conductivity. nBasurebgcioelds EGndiarierigyecieiacaktiyigconaktsedzf o Eac@re,
other, and the detection signals thenselves fromthe electric.

conduct i vi toporohetotetli el eeltedcnades i2b,pa3niQan ha taddedth |dtHdY,s amirhodi n@nt
a nultiplication unit or division unit 5 for multiplying the val ue of AC

current to dierrsupphiietl aheasapeegpiaesnisesupmgind icai am ak osben1diyidiang
it wwth a predetermned rate is provided before the electric conductivity
provided as a power source to electric current supply
electrodes 2a, 3a of the respective electric conductivity,
measuring cells 2, 3. The electfic conductivity detection,
electrodes 2b, 3b of "the respective electric conductivity.
measuring cells 2, 3 are electrically cqnnected to each other,'
and the detection signals themselves from the electric.
conductivity detection electrodes 2b, 3b can Ee added. In this
embo&iment, a multiplication unit or division unit 5 for
multiplying the value of AC current to be supplied at a
predetermined magnification or . for dividing it with a
predetermined rate is provided before the electric conductivity
detection electrode 2a of.the eleétric conductivity measuring
cell 2, and the 1level of an electric conductivity of a
substance to be measured as an object détected by the electric
conductivity measuring cell 2 is made different from that by
the electric conductivity measuring cell 3. Namely, an AC
4 current before being supplied to the electric current supply

electrode 2a is amplified or attenuated at a predetermined

magnification. By this, as described later, in a treatment
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detection electrode 2a of the electric conductivity neasuring cell 2, and
the level ~of an electric conductivity of a substance to be:fgﬂ]q&% as an
obj ect detected by the electric conductivity measuring cell I's made
different fromthat by the electric conductivity nmeasuring cell 3. Nanely,
an AC , current before being supplied to the electric current supply
electrode 2a is anplified or attenuated at a predetermi ned nmagnification.
By this, as described later, in a treatnment 13 3 June 2004 system the
respective sfacd, ceigONHUGtd Mities ]gf det ect ed __.at. optim zed

sensiti vi ti?s with respect %écl)ﬂlt‘{\eg effeegép:cec q v‘gon&ecfetelc‘{l?cﬂfspocsq”t i7h<’)‘ensdel)’f«aef‘?}rre‘éjI

the treat mapt ap @fitely t gng%{:%gi&ggé (for, exanple, after concentration or

after dilution). The signa fal ned- af t'sr 1 he SHETE- dbScr FBed TRdieiite

of the el eqidideiCglLul atian,  nang| t he sjgnal obtained froma coupled
poi nt of the el ec?lrgfc %An%}c%qsvi”%/g%o eectl% eFEERFBERE 28d 3aftes the

anplified rQpriate | evel suitable as-an output signal, by a
singl e anpl%%a?rhe%&oA&%trhﬁgaﬁﬁﬁ& u?gFe’éncoﬁﬁ?‘i‘*ﬁ’Eﬁﬁmw ifFeraddd utannpe
sel ect ed dependi@H upan tqeﬁggasyrenent obj ect by a nmeasuring range
switching unit 7. Tn TS enbtidinat  af her sitheal dkeim-dassmibes | tiartmeit s
synchrohiz%%\@trlthetputput side of the AC current oscillator 4 by a
synchr onoudr ed1S 193§t Tlg calcyfpsion, pamehier fher eigeohpebissinicoh fom the
measur enent__environnent is perforned by a tenperature conpensator S
Further, tif&W |Pq%§taﬁ6|¢ppeglectric conductivity detection electrodes

2a, 3a, is amplified to an appropriate level suitable as-an
output signal, by a singlé.amplifier 6. At this juncéure, an
optipunl measuring raﬁge can be selected depending upon the -
measurement object by a méasuring range switching unit 7.

In this embodiment, the signal sent from amplifier. 6 ié
synchronized with the output side of'the'ap current oscilliator
4 by a synchronous rectifier 9, . after. a: temperature
compensation for the measurement environment is performed by a
temperature compensator 8. Further, the signal is amplified
by an amplifier 11 with a range controller 10 so as to become a
signal with an optimum level for a certain kind of control or
dispiay of output, and it is extracted as an actual ou£put 12.

Figure 2 shows an electric circuit of a multiple electric
conductivity measuring. apparatﬁs according to another
embodiment of the present invention. In a multiple electric

- conductivity measuring apparatus 21 according to this
gmbodiment, as compared with the embodiment shown in Figure 1,

a multiplication unit or division unit 22 for multiplying AC
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by an anplifier 11 with a range controller 10 so as to becone a signal
with an optinum |l evel for a certain kind of control or di S%|‘RI¥I % gut put,
and it is extracted as an actual output 12. Figure 2 shows an eFecPri C
circuit of a nultiple electric conductivity measuringapparatusaccordi ng

t oanot her enbodi nent of the presentinvention.In a nultipleelectric
conductivity measuringapparatus2laccordi ngto this enbodi nent, as conpared
wi th the enbodi nent shown in Figure 1, a multiplication unit or division
unit 22 for | tiplying AC 14 .3 June 2004 current to be supplied at a

pr edet er mi Ne r?téit:;tnit%i Cat iT0RPor-SFo P taidy iRFSTg ter ™ e BapPradecab o hedr r 808 s
provi ded b fi%r. { he ..electric conductivity detection electrode 3a of the
electric c&ondactvity WeHsufi Rgeerrraingddrake 1oy proridas dpefars cthe
conducti vi tﬁ of _a substance to be measured as an object detected by the
electric cOAGTEERSi 5P iy cittetian nelrctynds edantoff rone t Raecbyiche
el ectric conducti vi t_¥ measuring cell 2. - A phase reversing function is
provi ded t EOPRRSEINHEYi HSacHrids WwaYL of/ diavids| B uhpveR2 ofNamme| pledtric
current before being supplied to the electric current supply el ectrode 3a
is anplifi 88“6‘P°§H’é%ﬁat@g @ #&Prsddercer ntnedbemgredswid oms ard abbféet
sane time, the phase of the supplied 'AC current is reversed. By this, the
sensi ng si §faESteAekyelthes elestrike condepbivive meastrinmyg coatlucs i vitpade
measuring cells 2, 3 are substantially subtracted, and the signal treated

by the different from that by the electric conductivity measuring cell
2. - A  phase reversing function is provided to this
multiplication unit or division unit 22. Namely, AC current

before being supplied té the electric current supply electrode
3a is ampiified ox attenuéted at a predetermined magnification,
and at the same time, the phase of the supplied AC current is
reversed. By this, the sensing signals themselves from the
respective ‘electric conductivity measuring cells 2, 3 are
substantially subtractéd, and the signal treated by the
subtractiqn is sent to the amplifi;ar 6. Other constitutions

are the same as those shown in Figure 1.

The multiple electric conductivity measuring apparatus constructed as
described above is used, for example, as shown in Figure 3. Fiqure 3
shows a water treatment system Bi, the system has a tank 33 for Storiné'
concentrated or diluted water (for example, a cooling tower, a dilution
reservoir and the like) against raw water 32. The stored water 34 is sent

S by § pup 35 from the tank 33 to a next treatment system or operatioﬁ
system. In such a water treatment system 31, when measured is_ a

difference of electric conductivity or a variation of electric
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subtraction is sent to the anplifier 6. Oher constitutions are the sane
as those shown in Figure 1. The nultiple electric conducti vi#‘yung%%uri ng
apparatus constructed as described above is used, for exanple, ‘as shown in
Figure 3. Figure 3 shows a water treatnent system 31, the system has a
tank 33 for storing concentrated or diluted water (for exanple, a cooling
tower, a dilution reservoir and the |like) against raw water 32. The stored
water 34 is sent by a punp 35 fromthe tank 33 to a next treatnent system
or operatiqn stem .In such. a water treatnment system 31, when neasured is
a differ e%ggd%%lgfté'ctbr%tﬁe%ﬁ@ﬁcf?\ﬂ ¥3teor 38 ¢afi Be orpneentakbbed roc difuBedune
2004 condu&g{vri t% get V%P i&he raw water 32 and the concentrated or dil uted
water in the tank 33 eThafEETinaf tater refPrrgdate @snewiventtasddvitter amd

the like 34) ‘is.to LBe.msas%red as shown in Figure 3, the raw water 32 and
the concentPatBs wit’ertSalf PEHEE IR 88 st Hk diowirt Sasthsanpt eater G2sand

t hrough a gﬁgasi fie 6. Sanpled raw water 32 and concentrat’ed wdter and
the |ike 34 ar KRt 6 ey PRY Bl Ukitey B yare dulfen neptc alsl sagdle 4@ters
(whi ch cor£&§§o d tc?.the aforenentioned electric conductivity nmeasuring
cells 2, 3" FCHRNRSTIRSIChi 36- chammer v watyy) 32ransheendenttatedawatet hand
electric cggdu fivities are nmeasured. The waters after neasurenment are

di schar ged "or TH&t uihé¥et 5°8h BpprispErin ecandestdvaty yiwashringn cehls 8%seq0

al though the sensing signals sent fromthe respective electric

conduct i vi I‘Ma%F’? Og%l*F% HBg afprergRtismedxetentrdd eandatisiotity eveasarires of
the electrigc conductivities of the raw water 32 and the concentrated water
and the |i%&"34 %1 dspePpsily 1 ilfhbhe Ghreasdnt? i (892Nt i omrspectively, and the

electric conductivities are measured.. The waters after measurement are

discharged, or returned to an appropriate recycle system.

In this casg, although the sensing signals sent from the respective
electric conductivity measuring cells 39, 40 can be extracted as absolute
values of the electric conductivities of the raw water 32 and the
concentrated water and the like 34, respectivel_\_,r, in the present invention,
mainly sensing signals (c'»utpgt 1, output 2 in the Figure) detected by the
electric conductivity measuring cells 39, 40 receive the treatment of the
electric calculation as aforementioned, and the treated signal is detected
as a difference or variation of electric conductivities at the both
detecting positions.

In the detection system shown in Figure 3, a multiple electric
conductivity measuring appar‘atus 41 as shown in Figure 4, for example, is
constituted. In the multiple electric conductivity measuring apparatus

~shown in Figure 4, an AC current from an AC oscillator 42 is supplied to
the respective electric conductivity measuring cells 39, 40. An AC

current, which is amplified by a phase reversing amplifier 44 with a
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mai nly sensing signals (output 1, output 2 in the Figure) detected by the
el ectric conductivity neasuring cells 39, 40 receive the trgaf nEsk &)f t he
el ectric calculation as aforenmenti oned, and the treated signal TS %et ected
as a difference or variation of electric conductivities at the both
detecting positions. In the detection systemshow in Figure 3, a multiple
electric conductivity neasuring apparatus 41 as shown in Figure 4, for
exanple, is constituted. In the multiple electric conductivity measuring
apparatus shown,in Figure 4, an AC current froman AC oscillator 42 is
suppl i ed t PPIHELTRIdPRCEFRIENG| Rty 148 @bndupredeteymimedsuagmGicetibs A9 t48.
An AC current, which is anmplified by a phase reversing anplifier 44 with a
16 3 June 2BB¥em@dni"higat ivnresersehy imitupdBiedt ta pnedelertrinedonductivity
magni ficati on and the phase of which is reversed, is supplied to one .
el ectric cORAFEIRA Cfll MPasufe e celihier 3glecTold kenditchivityl metstirtng cell 40,
conductivity neasuring cell 40, an AC current anplified at a constant
magni f i cat i &h My Eren jEkediBt s copstpplirednifidaditn ever shplidiks 4hase.
The output sides of the respective electric conductivity neasuring cells
39, 40 are TERAEd sdthatenerensiherits phrdesi ifhe outpuphaisies 0t tthe respective
above-described one supplied AC current is reversed, a Subtraction
treat nent |LEEHEUCCRAGSVERE Aeesw ity fddlende 4hetraeesnrichteds ensiy Sitgaal S
sent fromboth of the electric conductivity neasuring cells 39,-40. This
subt ract i orf% caPedl Sigriiiase sofinild fabevdetipscribednphe fsupplidl BCt bufrent is
sensitivity (nmeasuring range) switching unit 46, and output as a single
out put si grigiversed:ThHerabbractiphi Sreatipnt & gmekiudi®d itediczestes = difFéameace
or variation between the detected electric '

between the sensing signals sent from both of the electric conductivity

measuring cells 39, 40. This subtraction treated signal is amplified by
an amplifier 47 with a sensitiﬁty (measuring range) switching unit 46,
and output as a single_output_ signal 48. Therefore, this output signal 48
indicates a difference or variation betwéen the detected electric':
conductivities of both of the electric conductivity measuring cells 39, 40.

Thus,  since the difference- or the wvariation is not calculated from
the absolute wvalues of the sensing signals oui;put from the respective
electric conductivity measuring apparatuses, but the subtraction treatment
is performed with respect to the sensing signals themselves from the
respective electric conductivity measuring cells 39, 40 in a single
multiple electric conductivity measuring apparatus 41, only the difference
or variation bet\;reen electric conductivities of both of the electric
condﬁctivity measuring cells 39, 40 can be extracted adcurately. Further,
because the measuring range at the time of this measurement may be
adjusted 'not relative to the absolute value of electric conductivity but

relative to the difference or variation of electric conductivity to be
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conductivities of both of the electric conductivity neasuring cells 39, 40.
Thus,. since the difference or the variation is not calcula%q%ngﬁﬂgh t he
absol ute val ues of 'the sensing signals output fromthe respective
el ectric conductivity. neasuring apparatuses, but the subtraction treatnent
is performed with respect to the sensing signals thenselves fromthe
respective electric conductivity neasuring cells 39, 40 in a single
multiple electric conductivity neasuring apparatus 41, only the difference
or variation between electric conductivities of both of the electric
conduct i vi Y TREESur FRY* JdI 1F8e 3¢LEigpenaen dpe Vexiatier b awehr stalllyr Fhant hbe,
because the, neasuring range at the time of this neasurenment nmay be
adj ust ed n@PS?Jg'}tﬁt i"FEU%E o°f Helesbst utadveliyétnd Bicecdiistmephdbet avi oytibum
relative to the difference or_ variation of electric conductivity to be 17 3
June 2004 JERRUTEH, FBPENTTRTEHSSILP f ice AeeolsEe vimlbat ¢ elestmiuctorsinat ive ey
than the absolute value of electric conductivity, the adjustnent to an
opti num nEdsuPPiFPLengeFegal dl edgerin haighsormasyyabut dfigetentitioity
conductivit i S possible, and an extrenely high-accuracy and
high-sensiF%@?P?mBWé§§§M9%ﬁﬁs%kﬁ%mes possi bl e. Further, since the |evel of
the current supplied to one electric conductivity neasuring cell 39 can be
appropriately §§€;F‘F13,eﬁed SBHCe Here Feyal f o€ athicorrusrgntc upglieti ttod Bne anlapiriaum
adj ustment of sensjtivity can be perfornmed for any of a concentration
system or SOUMHEVHY SHRSEERANT Msldo\dr | cani e aimeopdiadely veritchedabyr the
range) switching unit 46 is -provided also-on the output side, the |evel
of the si gﬁ‘ﬁ?"‘ﬁlﬁ‘aﬂ%ﬁ BRSNS cait A% 0 2h eorddings taddustoenn wfpsemimibiyekanand
the data of the difference

be performed for any of a concentration system or a dilution system.

Moreover, since the sensitivity (measuring range) switching unit 46. is
provided also .on the output side, the level .of the signal finally output
can also be adjusted to an optimum level, and the data of the difference
or ‘variation of electric conductivity can be determined at an optirmm
sensitivity. As a result, extremely high-reliability data of the
difference or variation in the electric conductivity measurement can be
obtained with a high accuracy and a high sensitivity.

In the measurement system shown in Figure 3, although the difference
or variation of the electric conductivity measurement between different
two positions sandwiching a water treatment system is measured, in the
present invention a variation with time of the electric conductiv:i_ty
meésure.ment in a flow direction of a substance, for example, can be
measured.

For example, as shown in Figure 5, when a variation of electric
conductivity measurement between different positions is measured_'in the

flow direction of the water flowing in a water flow tube 52, a multiple
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or variation of electric conductivity can be determ ned at an optinmum
sensitivity. As a result, extremely high-reliability data of; jh& »004
difference or variation in the electric conductivity nmeasurenent can be
obtained with a high accuracy and a high sensitivity. In the nmeasurenent
system shown in Figure 3, although the difference or variation of the

el ectric conductivity neasurenent between different two positions

sandwi ching a water treatnent systemis nmeasured, in the present invention
a variation wth tinme of the electrjc conductivity neasurenent in a flow
direction of'STElbsToRACEEiviby mepsHping, cRRrEs Peakurdidpoteor tex &als eutas:
shown in Figure 5 when a variation of electric conductivity neasurenent
bet ween di f?aéffp fit PO tFEAYIh s faraserrerle n & HEentftiovider Sdt iatn aof upherewat er
flowing in a water flow tube 52, a nmultiple 18 3 June 2004 el ectric

conduct i vi t8PSHEARUrPng BIFEr Bhauslsatiis densotisdty ooff dkés owrmpie vedepl B wat er
through, for, exanple, a Venturi tube 54 at an upstream position 53. After
the el ect ritebnefiectsd £y efe ERpstEanpirelugbivaity | meagtrinki cetl 61 edteedatpieone
el ectric conductjvity measuring cell 55, the sanple water is sent to the.
ot her el ect¥d€rcbhdatt itei Ehe rEbesuplernirie| dongdctiii gughasering nell S Ayheaigim
56, the electric conductivi tg/ of the sanple water is neasured again in
this cell 57 BRI SelpreStattbe afachric [renduciduitymefit the samsleuwaeek tis a
downstream position 58 of the water flow tube 52. The tine delay colum 56
i s desi gned"¥§ERY @931 ip3riguesllt Fiwe ahd dicasrrgid weiter iafitet tthe menstnelmeft
outlet by, for exanple, winding a capillary spirally, and in this

enbodi ment , 1% FETMESAGER 2 tdonpsfreandpesitéeh t56 ofibttcamatet |flow tube 52. The

time delay colum 56 is designed to adjust a residual time from an end of
- inlet to an end of outlet by, for example, winding a capillary spirally,
and in this embod:i_.mentf the residual time is adjusted to substantially
correspond to a flow time from the upstream position 53 to the downstream
position 58 of 1.:he water flow tube 52.
By providing such time delay column 56 and timely shifting the timing
‘of electric copductivity detection as to an identical sanpie water, it can
be observed how the electric conductivity varies between these two
different times. And, by employing the multiple electric, conductivity
measuring apparatus 51 according to the present invention for this
observation, the wvariation of electric conductivity is detected with a
high reliability, a high accuracy and a high sensitivity.
-In the present iﬁvention, the structures of the respective electric
conductivity measuring cells are not particularly restricted, and they may
) be each constructed to have at least two electrodes br_ought into contact
with a substance to be measured. In the case where £wo electrodes are

used in each electric conductivity measuring cell, one is an electric
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correspond to a flow tine fromthe upstreamposition 53 to the downstream
position 58 of the water flow tube 52. By providing such ti%euggb%ﬁ4colunn
56 and tinely shifting the timng of electric conductivity d%tectlon as to
an identical sanple water, it can be observed how the electric
conductivity varies between these two different tinmes. And, by enpl oying
the multiple electric, -conductivity measuring apparatus 51 according to
the present invention for this observation, the variation of electric
conductivity is detected with a_ high reliability, a high accuracy and a

hi gh sensi t‘i%{}@ﬁ’:.lv’-“'ryn Ehectires ehtchiradeneidnthe ihet r et am eslegtrichecurrent
respective electric conductivity neasuring cells are not particularly
restrictedSEY tHEFEHTES: e wheh Worstalactrndet consdybution| tastmloyed, one

el ectrodes brought into contact wth a substance to be neasured. In the
case wher e °fwbe|BEE? et RS TASele| frrmad hatlse groursled osilduttddei, t yATtRaagH | Ng
cell, one i,s an electric 19 3 June 2004 conductivity detection el ectrode
and the ot Fér 1f sPEafesfsk thae amACemtrranippbysaindded dee thandledieic current
three-el ectrode constitution is enployed, one of the three el ectrodes can
be formed FYPRLYyFIEFTEHe el consiidutim HoyghupHlying spmef enrmedtt bat adso AS
current is squlied to the electric current supply electrode, a

constituti 6P¥¥edsuppl ying a DC current can al so be enployed. Figure 6
shows a schematic constitution.of an electric conductivity neasuring cel
havi ng a two- elfé@¥codeshdisnat Feremappt i cabtitutdon ke pnesbrttrid meeakdtamity n
the electric conductivity neasuring cell 61 shown in Figure a power supply
el ectrode BEaHKdrarredl g & dwduetsctiede fetredtipmmmpplicable to the present

invention. In the electric conductivity measuring cell 61 shown in Figure
o, a power supply electrode 64 and an electric cénductivity detection
electrode 65 are disposed at a distance in a fluid 63.to be measured and
flowing in a measurement tube 62 or being stored in the tube 62. An AC
current is applied to the power supply electrode 64 from, for example, %
power source (not shown) through an amplifier 66, and a detection current
frgm the electric conductivity detection electrode 65 receives the
treatment of the aforementioned addition or subtraction. |
In the electric conductivity measuring cell 61 of two-electrode
formation as described above, the measuring tube 62 is conmposed of an-
insulation material (for example, a vinyl chloride tube) at least at the
position of the above-described electric conductivity measurement, éince
the system is often substantially in a grounded condition at any position
of the gxtending portion of the tube, noises may be picked up from the
) environment, originating from the grounded conaition. |
“In order to remove any effect ascribed to such noises, it is

preferred that electric conductivity measuring cells having three-
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el ectrode 65 are disposed at a distance in a fluid 63 to be neasured and
flowing in a measurement tube 62 or being stored in the tubg f2. AGsAC
current is applied to the power supply electrode 64 from for exanple, a
power source (not shown) through an anplifier 66, and a detection current
fromthe electric conductivity detection electrode 65 receives the
treatnment of the aforenentioned addition or subtraction. In the electric
conductivity neasuring cell 61 of two-electrode formation as described
above, the nmeasuring tube 62 is conposed of an insulation material (for
exanpl e, a afiegytodehlconstdéutidne) &br lexaspleat ashehowpodint Feuek thend 8, are
above-described electric conductivity neasurenent, since the systemis
of ten substuwetli al Iy dm edegrdundeducaivdiy i msasatid@nyePDSTT isBun Gh Figire 7,
extending portion of 'the tube, noises may be picked up fromthe

envi r onnentthreei glavatrodey f7apnTe,hdegbrsingiedigendohiat. whith o danid 077 eRoye
any effect ascribed to such noises, it is preferred that electric
conduct i vi meareasUrragpoetibsd havithg thrige720t3 vlReadRRd eh@chibR in an
constitutions, for exanple, as shown in Figures 7 and 8, are wused. In an
el ectric comdudatied hyasueasytiing 7eedt béing Bewred in Rin@UREastring BHSRE72. The

el ectrodes 74, 75, 76 brought into contact wwth a fluid 73 to be neasured

are provi dethrea ¢leetfddesdoctprioe ke spasietbonadetfikovy R@tbdidn eldasidat 6d
measuring tube 72 or being stored in the nmeasuring tube 72. The three

el ect r odes fozodpréctdnareleberia icondeRdicli whi Yevdehe Caiaene! 1948 eétrodkar
detecting electric conductivity and two AC current supply electrodes 75,

76 di sposedSen Tgotdisposdiels onf bbhile eldRet rdfC theNAuEdiritt Yof@ic@SHteN detb@GbRode

74 at respective distances. AC current of the sane phase is
electrode 74 at respective distances. BAC current of the same phase is

appl@ed with a constant voltage and the same potential to the two AC
current supply electrodes 75, 76 throuéh an amplifier 77. The detected
current from.tbe electric conductivity detection electrode 74 receives the
treatment of the aforementioned addition or subtraction.

Iﬂ the electric conductivity measuring cell 71 shown in Figure 7, the
electric .conductivity measuring electrode 74 is electric;lly
shielded against a grounded point which would exist at any
point of the extendiné portion of the measurement tube 72 by
the twoe AC current supply electrodes 75, 76, which are disposed
on both sides éf the electric conductivity detection electrode
74, and to which an AC current of the same phase is supplied.
Namely, since a constant voltage AC current with the same phase
is applied to the two AC current supply electrodes 75, 76, and
the potential difference between the electric conductivity
detection electrode 74 and the AC current supply electrode 75,

76 1is always maintained at a predetermined constant vaiué,
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applied with a constant voltage and the sanme potential to the two AC
current supply electrodes 75, 76 through an anplifier 77. ngkﬂggﬁﬁhed

current fromthe electric conductivity detection el ectrode

treat nent

of the aforementi oned addition or subtraction. In the electric

conductivity neasuring cell 71 shown in Figure 7, the electric
conductivity nmeasuring electrode 74 is electrically shielded against .a

grounded poi nt which would exist at any point of the extending portion of

t he neasurgggggaaggglggbggﬁ ggggtmo.AC current supply el ectrodes 75, 76,

§tBECt h&SEREERPFR cERATERI vPEFvERReCthen

rves the

whi ch are dispose
el ect rode eZéctggg t%g%¢i$h an AC current of_ the same phase is supplied.
Nanel y, since & tonstantVolthye wESH rent et adre d4nephasde oudsigel i ed

to the two_AC ¢

suppl y, el ectrodes 75, 76, and the potenti al

rrent.
differencegﬁg%ﬁé%% ?%%n31ec%P?EegﬁﬁﬂucFPﬁiF?SliﬁﬂQﬁﬁiQﬁF%ﬁﬁaNﬁMOGée¢¢rand
the AC currené Sﬁggl%¥q%§ctrqde 75, 76 is always nmaintained at a
const A

predeterni%%a o

terEiom edesfradeoandsabspuksi e | graindside oding

resi stance_exists between the electric conductivity detection electrode 74
ge a%ﬁ(ﬂﬁﬁﬁi

and an out3F

electric

HeP6FNt O THEr ePBEREt ol ist asesrhRE Welgreran the
cfivit

d \
and any in%f%%ﬁﬁ%coﬁ°§3u859§ﬁFYepééﬁFFéoéuﬁﬂéﬁﬁqqqﬂn?*ﬁﬂinﬁﬁimmiﬁrom a

conductivi%g detectiop el ectrode originating froma variation of any such

resi stance’ “A5Th R h@t c8PY EYfBt FEEEFEANCEhoRA iR Mhgureeld, efinsdppedtion
substantiaé%gwgogpletel . In

n Figure 6, disappear substantially completely. In

other words, any leaked electric current from the electric

conductivity. detection electrode 74 to the outside grounded

point does not exist at all. Aas a result, the output electric

current from the electric conductivity detection electrode 74

is extracted at a condition with ne disturbance at all times,
and dispersion and variation due to the disturbance are
prevented, thereby ensuring a stable and high-accuracy
measurement of electric conductivity at all times. L
In the electric conductivity measuring cell 81 shown in
Figure 8, three electrodes 84, 85, 86 brought into contact with a fluid
83 to be measured are provided in the fluid 83 flowing in an insulated
measurement tube 82 or being stored in the measurement tube 82. The
three electrodes comprise an elect#ic conductivity detection electrode 84

for detecting electric conductivity and an AC current supply electrode 85

disposed on one side of the electric conductivity detection electrode 84

at a distance, and a grounded electrode 86 disposed on the other side of

said electric conductivity detection electrode 84 at a distance. An AC
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ot her words, any |eaked electric current fromthe electric conductivity.
detection electrode 74 to the outside grounded point does ?O“E S?Oﬁh at
all. As a result, the output. electric current fromthe el et
conductivity detection electrode 74 is extracted at a condition with no

di sturbance at all tines, and di-spersion and variation due to the

di sturbance are prevented, thereby ensuring a stable and hi gh-accuracy
measurenent of electric conductivity at all tines. In the electric
"conductivity measuring cell 81 shown in Figure 8 three el ectrodes 84,

85, 86 br ouﬁ%ﬁrepﬁt%ltboﬁ?ea(? 2%t PRieR Bt B3CansteRt Yebkageeto dihe B owdcdent i n
the fluid 83 f|0V\:ii1 in an _insul ated mneasurenment -tube 82 or being stored
in the neastF&mEnt etqi'i’ﬁ%de& 85 THarougty e 2pbidipb bl cBhprdesectas ehwresnki Erom
conductivity detecti,on el ectrode 84 for detecting electric conductivity
and an AC cﬁ?er SNt SUFpTIRIBridat by detestion; giseteeren At girseivagetid trhatmehboif i c
conductivity detection electrode 84 at a distance, and a grounded

el ectrode 8%}"3(1? Bt ret relddt iRy o5 etegctisni d el ectric conductivity
detection el ectrode 84 at a distance, An AC 22 3 June 2004 current with the
phase is applietf ﬁeae%‘%ﬁ’fﬁ%rﬂon@‘ﬂtﬂab‘éf reasanaCGaddr 8l rhovws uigp Fygwlec 8t raxdes
85 through an anplifier 87. The detected current from the electric '
conduct i vi t4F JRTEERY ohlth accrpHenBaveliearvis surpliedandentoothe tAfe current

af orenenti oned_addition or subtraction. In the electric conductivity
measuring cEFPEI=Ierbhrs B Fitharerogndaghelogtrede B6nis Wordikd youavst tmtbevedtage
is. supplied only to the AC current supply-electrode 85, the grounded

el ectrode 8¥* ip§’t¥rlﬁl€ilﬁ?39 thadggorelipg, Apdothese electrodes 85, 86 are disposed on

both sides of the electric conductivity detection electrode 84. Therefore,
the portion between the electrodes 85, 86 is divided in electrical circuit
in a fommation of a so-called resistive division, by the electric
_conductivity detection electrode 84. In the circuit between these
electrodes 85, 86, a predetermined AC current with a constant voltage is
applied to the electrode 85 r and the potential of the electrode 85 is
always forced to be zero, and this condition is always maintained stably.
Namely, even .if any extending portion of the measurement tube 82 is
grounded, there is no .room to allow a resistance to enter between the
grounded point and the electric conductivity' detection electrode 84,
thereby preventing the élgctric current extracted from the electric
conductivity detection electrode 84 from shifting or varying. Thetefore,
‘the output electric current from the electric conductivity detection
electrode 84 is extracted at a condition with no disturbance at all times,
'and dispersion and variation due to the disturbance are
prevented, thereby - ensuring a sfable and high-accuracy

measurement of electric conductivity at all times.
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in potential by the grounding, and these el ectrodes 85, 86 are disposed on

both sides of the electric conductivity detection el ectrode ;8 Eﬁ nefore,

the portion between the electrodes 85, 86 is divided in electrical” circuit

in a formation of a so-called resistive division, by the electric

.conductivity detection electrode 84. In the circuit between these

el ectrodes 85, 86, a predeterm ned AC current with a constant voltage is

applied to the electrode 85, and the potential of the electrode 85 is

al ways forced toIget%ero and this copdition is always maintai ned stably.

Namely, even .if Ani exPERAFRY PBVERbHORDf the ResianierhtcentfarBtion of

gr ounded, E@prglégtno roomto allow a resistance to enter between t he

grounded p6intand tHe EPBEPFELVEDKIHEESFEPIdeteddti bR alodct padei@flarly

t hereby pr %%ngLng &he electric current extracted fromthe electric

conduct i vi £y JELEEETon Blect oBRNSRSf riARnes 135 ng GOneArychgon Tisboghoris

.t he outpug.electric current fromthe electric conductivity detection

el ectrode 8491 ext K% FPLE -condltt tBA RLERLHBHC dEenamdbitcet ntmed duttimps,

and dispers%g; 3 d variation due to the disturbance are prevented, thereby
b

ensuring a® i gt kIR yO medB up eReRE 1o f cehduttivi tonmkptundrty at

all tines. §3 ? Jgne %004 In the present invention, the mechani cal

const ructi SASEFECGR 2f eBRPYR ERNHANTiLYy ifepseLiongbbel tsed fot example,
particul ar| restricted, and it can be forned as a construction shown in
Figure 9 fH?l‘eE%éﬂplaé’. Phetheod? ectirifaceoriducEPviney hwasar itdgandehl @hidshown
in Figure ? an electric_conductivity nmeasuring electrode 94 shown in
Figure 10 '8YgFefsr aBly eedSYoFa@Xafhfl @n electrode body 92 made of a

conductive metal. The titanium oxide layer 93 is formed by a
surface treatment such as sputtering, plating and the like, or
is formed by oxidizing the surface of the electrode body 92
-made' of a tiFaniuni metal, The oxidation is conducted by
electrolysis or air oxidation. |

The electric c¢onductivity measuring electrodes 94 are
used as electrodes corresponding to two or three electrodes
;hOWn in Figure 6 to 8, and are attached to an electrode holdér
85 made of an inéulation material in a condition where the
electrode surfaces are exposed as shown iﬁ Figure 9. Three
electrodes 94 are disposed in a raw, and the electrodes 94a and
94b at both sides constitute AC current supply electrodes
connected to a power source, and the electrode 94c at the
central position constitutes an detection electrode functioning

~as a sensor for dgtecting electric conductivity.
Electrode holder 95 is fixed at a predetermined position

4

of a substrate 96. In the substraté 96, 1inlet. 97 for
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wherein an el ectrode surface is forned by a titaniumoxide |ayer 93 on the
surface of an el ectrode body 92 nmade of a conductive rretal3 Lngzbbhanium
oxide layer 93 is forned by a surface treatnment such as squ{ering,
plating and the like, or is forned by oxidizing the surface of the

el ectrode body 92 nmde of a titaniumnetal. The oxidation is conducted by
el ectrolysis or air oxidation. The electric conductivity nmeasuring

el ectrodes 94 are wused as el ectrodes corresponding to two or three

el ectrodes , shown in Figure 6 to 8, and are attached to an el ectrode hol der
95 made of HHIWYNIAY oh Fhvédi d° ike ameandred ol faherexamipd.e el wet pgdecus
surfaces are exposed as shown in Figure 9. Three electrodes 94 are

di sposed i FHHERM an®Utiete98cifradels sgharghdy 4e Hlubdi hasd désogonsiés ut e
AC current supplg el ectrodes connected to a power source, and the

el ectrode 9%t aprdt R0 &t regasibsing onlewisid t cerducini detecaionpebetdsade
functionin as a sensor for detecting electric conductivity. Electrode

hol der 95 i fibGe@lgctaogretiel deni fed Powt thodesofl0d snldstpat er@6prdwiddie,
substrate 96, inlet. 97 for 24 3 June 2004 introducing a fluid to be
nmeasur ed (1 Senflev hdeaduidods disbesednke cotheni@stéowithsthar giog
the fluid, and flow holes 99 and 100 for neasuring electric conductivity
are providé&ﬂeIﬂ?tQﬁaRﬂQuﬁqhﬁi¥QMde@nd95hefEémmhbbés 102 anddiBgos¢d to

provided, and the flow hole 101 is disposed to communicate with the flow
communicate with flow hole 100 of the substrate, respectively.

A fluid to be measured introduced from inlet 97 is sent into a
space 104 for storing a substance to be measured, which is
defined en the side of the electrode'sdrfaces of the respective
elect;odes 24 through an inside path 103 of the substrate 96,
the flow ﬁole 93, and the flow hole 101 of electrode holder 95.
The space 104 for storing a substance to be measured forms a
flow path for measuring electric~conductivity of a fluid to be
measured. The fluid from the .Space 104 for storing a
substance to be measured is discharged from outlet 98 through
the flow hole 102 of electrode holder 95, the flow hole 100 of
the substrate 96, and an inside path 105.

In the substrate 96, through holes 106a, 106b, 106c are
opened at positions corresponding to the respective electrodes
94a, 94b, 94c, and necessary electric wires are pulled out of
the through holes 106a, 106b, 106c.

The space 104 for storing a substance to be measured, in this
enbodiment, is defined by a sheet-like packing 107, and a transparent

glass plate 108 provided as a light transmitting material which is
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hol e 99 of the substrate, and, the flow hole 102 is disposed to

communi cate with flow hole 100 of the substrate, respecti vel3y e? bhui dto
be neasured introduced frominlet 97 is sent' into a space 1‘6’5‘ 8 storing
a substance to be neasured, which is defined on the side of the el ectrode
surfaces of the respective electrodes 94 through an inside path 103 of the
substrate 96, the flow hole 99, and the flow hole 101 of el ectrode hol der
95. The space 104 for storing a substance to be neasured fornms a flow
path for neasuring electric conductivity of a fluid to be measured. The
fluid fromtHESEhICecqfAonbrelechredeghaldesy s twitbea tarphsimgmekied 108, It
di scharged, fromoutlet 98 through the flow hole 102 of el ectrode hol der
95, the floWwHiGFEredotlat a hétaniyst pxide 96atiamdlareri Asi plevpadh th05ucH mrt he
substrate 96, through holes 106a, 106b, 106c are opened at positions

cor r espondPH§IE othdte the shieifti vrarshietingdpsopegtin, is04bt S#mgedn thlBeCES Sy
electric wires are pulled out of the through holes 106a, 106b, 106c. The
space 104 $BEase 6 titpss plijst AR eont dtheideataming thenspdties10Ltbp ditteifg a S
defined by a sheet-1ike packing 107, and a transparent glass plate 108
provi ded a¥PFEpIGhEC teanszivredng Thatedertitiovbimsincttvi2§ & Ihaer12ddA rlbwipgsed
to confront el ectrode holder 95 with a gap via packing 107. It is

pr ef er r ed ¥habia sPreadPénfox Fteringad isngstampertd be preawiurkel 19 reasairedn
extent that the light transmtting property is not danmaged, also to the
surface of gl askechredee nebdroR5; tpackine H0gcamd oflhes glate B4 at@rcigedriong a

‘cover body 110 on one surface side of substrate 96 by bolts 109. A window
1}1 for transmitting light is openéd on cover body 110. Through this
window 111, light from light irradiating means 112 which is disposed
outside is irradiated. Light irradiated is shed on titanium oxide layers
93 that form the electrode surfaces of thg respective electrodes 94a, 94b,
94c through glass plate 108 from the window 111. ° Light having a
wavelength that brings about a photdcatalytic activity -of titanium oxide
layers 93 is selected as the light to be irradiated. For example, an
ultraviolet rgy with a specified wavelength (for example, a wavelength
falling within a range of 300 to 400 mm) can be employed, and as light
irradiating means 112, a black light that irradiates ultraviolet. rays for
exanple, can be used.

If such an electric conductivity measuring cell 91 is
constituted, by irradiating light from light irradiating means
112, titanium oxide layers 93 provided on the surfaces of the

_  respective electrodes 94a, 94b, 94c exhibit a photocatalytic
activity, and even when organic substances are contained in a

fluid to be measured flowing in the space 104 for storing a
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substance to be nmeasured. The electric conductivity of the fluid, flow ng
inthis space 104 for storing a substance to be neasured, i%mg%bgd.

El ectrode hol der 95, packing 107 and gl ass plate 108 are fi xed & a’ cover
body 110 on one surface side of substrate 96 by bolts 109. A wi ndow 111.
for transmtting light is opened-on cover body 110. Through this w ndow
111, light fromlight irradiating means 112 which is disposed outside is
irradiated. Light irradiated is shed on titanium oxide |layers 93 that form
t he el ectrosd urfaces of the respective el ectrodes 94a, 94b, 94c through
gl ass platé FIOMCh&wiiaswreds. the pyprnhasiRp tenamsy élven gelsonpased
brings abo%t a ,photo attal %tic activity -of titaniumoxide |layers 93 is
sel ected as ¥ he 19 ghor8CBE3 ¥ FARI aREELVFEY - exarfhecefare ul &Vav ofift Lap
with a specified wavel ength (for exanple, a wavelength falling within a
range of 30C°¥EHG0 hi) FEHFBReEpPoydde apleatrodghturifaeadi aimgarebns
112, a black |ight that irradiates ultraviolet. rays for exanple, can be
used. |f sOSPAH SRt Pifc °d6RBELAET GPRJUFBEELEY ngEhee I norgbridictégrs birgahid,
by irradiati light fromlight irradiating means 112, titanium oxide

| ayers 93 p?‘r“{%% S5n Afe RUFTHEES Bron hadherbpecer veedhgcrriadese®4ant84b,
94c exhibit_.a peH‘ot %cat alytic .activity, and even when organi ¢ substances
are cont ai e iS5 P0G FUESaBESmeaRir d TaVitng & pertiedpadeclbaning of
storing a ?‘: June 2004 substance to be neasured, the organic substances are
deconposed “H5y $HEE PHgt oRREEASRT ciachiofi (Bravifedefane, meNen &hd| ghectric
exchange igﬁ)ﬁfﬁorﬂed on the el ectrode surfaces during the measurenent of
electric c SYHEYY CRB RenksAdbEedvetablamnd accurately at all times

without any cleaning. Further, repeatability of such a high-
accuracy measurement can also be ensured.

Further, if a titanium oxide coating layer is provided on
the surface of glass plate 108 on its side facing the space 104
for storing a substance to be measured, the adhesion or
adsorption of organic suﬁstances.to this surface side is also
preventeqr and accumulation of the organi¢ substances in the
space 104 for storing a substance to be measured is prevented,
thereby maintaining the high~accuracy measurement.

The structure of the portion of the electric cénductivity
measuring cell is n&t limited to that shown in Figure 9, and,
for example, it can also be constructed as shown in Figure 11.
In the electric conductivity measuring cell 121 shown in Figure
11, three electrodes 122a, 122b, 122c¢ are provided, and for

._example, the electrode 122a, 122b on both sides are constituted
as power supplying electrodes conneﬁted to a power source, and

the electrode 122c¢ disposed between them is constituted as a
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substances are prevented from adhering or being adsorbed onto the

el ectrode surfaces. As a result, a periodical cleaning of t3h n§| E’E’%ri C
surfaces. is not required any nore, and electric conductivit § e
nmeasured stably and accurately at all times wthout any cleaning. Further,
repeatability of such a high- accuracy nmeasurenment can al so be ensured.
Further, if a titanium oxide coating |layer is provided on the surface of
glass plate 108 on its side facing the space 104 for storing a substance
to be rreasgire%%,ctt.he a hegron or_ adsorption of organic substances to this
surface sidé s arfo “I5ivente Tiid crdegmasat ? ofeBForhecor (letiestsinisst ances

in the spa %éjto4 for s %i'n% a substance to be neasured is prevented,

t her eby maintai frg THE cur ackPHBEBUr BAAs. IRda.st 88 ur 428k taee
portion of the %I ectric conductivity neasuring cell is not limted to that
shown i n FPEIPE%, 2andhe fsntepdnprestiancantaltde becerectitet edleasrstemn
in Figure :_LL;E B nzépe electric conductivity nmeasuring cell 121 shown in
Figure 11; t?ﬁl‘eé ect fotesaidfyitaiom oxize deyepsovirdenromidefosn the
exanpl e, the el ectrode 122a, 122b on both sides are constituted as power
suppl yi ng &MBELr oBBELROTPhefed HE arpsrertiver deolemd 1230 ell@dby odezae2c
di sposed between themis constituted as a 27 3 June 2004 detection

el ectrode EBHEFFBni%aaS R&nsbt4for 1@ddedrddry afi el btght ctronsuittimdgy.

Thr ough hol, es iZ?a, 123b, 123c are opened at the central portions of the
respect i velBFf8cRFYGRs material (for example, 4-fluoride ethylene) are

disposed on both sides of the respective elec£rodes 122a, 122b,
122c, and the respective electrodes and spacers are-stacked
alternately. Through holes i25a, 125b, 125c,_125d are.opened
also in the central portions of spacers 124a, 124b, 124c, 1244,
respectively. Support materia;s 126a, 126b are disposed
outside of spacers 124a, 124d positioned at both sides, and a
stackgd body comprising the electrodes 122a, 122b, 122c, and
the spacers 124a, 124b, 124c, 124d -are’ sandwiched from both.
.éides by. the support.materials. Through holes 127a, 127b are
opened also in the central portions of the respective support
materials 126a, 126b, and into the holes 1275, 127b, oné end of
a tube 128a for introducing a fluid to be measured, and one end
of a tube 128b for discharging the fluid are‘inserted and fixed,
respectively.
A flow path'of a fluid to be measured is formed by holes
125a, 123a, 125b, 123¢, 125c, 123b, 125d connected by stacking
the electrodes 122a, 122b, 122c and the spacers 124a, 124b,

124¢c, 124d. A fluid to be measured introduced through tube
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122a, 122b, 122c, and titanium oxide |ayers are provided on the inner
surfaces of the respective holes 123a, 123b, 123c. Spacer53%%¢320634b,
124c, 124d nhmde of a light transmitting insulation nmater.ial or ‘exanpl e,
4-fluoride ethylene) are disposed on both sides of the respective

el ectrodes 122a, 122b, 122c, and the respective el ectrodes and spacers are
stacked alternately. Through holes 125a, 125b, 125c, 125d are opened also
in the central portions of spacers 124a, 124b, 124c, 124d, respectively.
Suppor t natgééaJs 126a, 126b are di sposed outside of spacers 124a, 124d

posi tioned Ht°both €idelargsd BhregekbdobyseonpfEer nlevibie| tesidelest
122a, 122b, 122c, and the spacers 124a, 124b, 124c, 124d -are' sandw ched
fromboth SHdesTh9Y \thsuppdtheseratereal 428%hr AP hates corPased27f are
opened also jn the central portions of the respective support materials
126a, 126b, 1HHY i MR H Hodesateraall 270r evemekel of-fluanise s2Bxltoe),
introducing a fluid to-be neasured, and one end of a tube 128b for

di schar gi ng?t%he a7 uPdtERELe heler k@Y andthi x@ed predespentined| Wwavklfengwhpaih of
a fluid to pe neasured is forned by holes 125a, 123a, 125b, 123c, 125c,
123b, 125d ToREAtEd byfzamckp ek helighitect 12Respiovided 228s 188snandfohe
spacers 124a, 124b, 124c, 124d. A fluid to be neasured introduced through
t ube 28 3 AREPFEIArER8d lightdi schasgehet hebigiielste 128b ireddieted | vapaags

inside of this flow path. These tubes 128a, 128b are conposed of a
diffusion and reflection in tubes 128a, 128b as well as transmits the

tubes, the ultraviolet ray is guided along the tubes 128a, 128b, and
guided to the inner surfaces formed by titanium oxide layers in the.
respective electrodes 122a, 122b, 122c from the portions of holes 127a,
127b at both sides., Further, as the regpect:i.ve spacers 124a, 124b, 124c,
124d are also composed of a light transmitting naterial, the ultraviolet
ray from black light 129 is irradiated to the inner surfaces of electrodes
122a, 122b, 122c after transmitting each spacer while utilizing diffusion
and reflection. Especially, by fonni.ng each electrode and spacer to be
relatively thin (for example, the thickness of each electrode ig about 0.2
mm, and the thickness of each spacer is about 1 mm), because the flow path
ermed by the respective electrodes and spacers becomes relatively short,
even if a particular light transmitting material such as an optical fiber
is not used, a suff:i.cient amount of light for measurement is.irradiated
onto predetermined electrode surfaces by the light guiding along light
transmitting tubes 58a, 58b as described above, and by the light guiding
' through light transmitting spacers 124a, 124b, 124c, 124d. Therefore, in

this embodiment, a simpler and smaller unit can be constructed.
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light transmtting material (for exanple, 4-fluoride ethylene), and an
ultraviolet ray with a predeterm ned wavel ength is irradi a:?e‘ﬁ_‘ %r%%g}lbl ack

| ight 129 provided as neans for irradiating light. As the Ul NSV et ray
irradiated repeats diffusion and reflection in tubes 128a, 128b as well as
transmts the tubes, the ultraviolet ray is guided along the tubes 128a,
128b, and guided to the inner surfaces fornmed by titaniumoxide |ayers in
the. respective electrodes 122a, 122b, 122c fromthe portions of holes
127a, 127b at both sides, Further, as the respective spacers 124a, 124b,
124c, 124d are al so conpo<tgtpialah Liopaefsfhe tinygnisianer i al , the

ul traviol et rq¥ géo%ack light 129 is irradiated to the inner surfaces
of el ectrodes ~122& bple) BEctiice Fordughivity't Nerpustich appatauswhededing
utilizing gi ftcusi on and reflection. Especially, by form ng each el ectrode
and spacer “PoBe PYSREi VBTSN § fecrexaiffeseneehert Watkatdss of ekmtric

el ectrode i s about, 0.2 net, and the thickness of each spacer is about 1
m), bec auggn‘s‘ﬁgl’i”r%’mpﬁﬁfeﬁnﬁ‘ GBSy atheezespes povrtse Hbtfaredie snapekispacer s
becones relatjvely short, even if a particular light transmtting nmateri al
such as an®bptiaFa® iHseretemiped Witk hdghuteliabidityaroniph cicdurgiyt ahara
measur emenh,]i s irradiated onto predeterm ned el ectrode surfaces by the
light gui d'hg* SPBT Gt Themgketa Ehpguitids SBetrBsondiatéstni hebuabnye,
and by the_light guiding  through light transmitting spacers 124a, 124b,
124c, ~ 124d%FFRTEFRT ora8ofdingt hie ~ dlBodeureaet dnwenfibar endestmdredy umiefulan
be constructed. 29 3 June 2004 |Industrial Application of the Invention In

the nulti pPEBFELETY: B diRashyenent nefs i | Merep pitierancec car diagation of

rAREY

electric conductivity between a plurality of measuring points .in a water

treatment system, the:feby obtaining reliable measured data at a high

accuracy and a high sensitivity.
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to the present invention, a mcro difference or variation of electric
conductivity between a plurality of neasuring points differegnf b.Popgsition
or tinme can be determned with a high reliability, a high accuracy and a

hi gh sensitivity. Therefore, the nultiple. electric conductivity measuring
apparatus according to the present .invention is extrenely useful
particularly for neasurenent of a mcro difference or variation of

el ectri €LadMiBluctivity between a plurality of neasuring points-in a water
treatment system thereby obtaining reliable nmeasured data at a high
accuracy and a high sensitivity. 30 3 June 2004 CLAIMS 1. A multiple

el ect ri d. conduatitiple tejeamzacomductiyitp pres atingsappangtus somgrisiag: | east two el ectric

conductivity neasufin el | ach havi.ng at |east t | ect.r od to be
brought i nt o cont AL0S LR £1elis CAristvly Meandi, el cagh Bevnd, A Jest ¥l y
f or appklectrgdestoE wougre ivito domtecttvith 4 sutstdrdead beedsisute® el ectric
conductivity measuri cells; rein said ectric,.conductivi.t asuring
cells are connect &l AE?%‘H’E%‘EE{H’F\?Q@FW?BB\X'“PW&’%HUES%THS{'IPC%M t9regyd ?%gﬁ% ned
from a elepicicogdadtiviihmeasurdigngils; gnal s t hensel ves from each said electric
conductivity nmeasu cel

rin I sai d sensing signals thensel ves gr dded

t oget her and/ or oN&e[en Sagh %g%t[[g&opa%%vgyh&e&sﬂ@g Fﬁl}sr %@p‘fﬁ@&‘ﬁ?a ée‘g‘i"eagi’nent
f unct i osu¢hothahan odGuicsigriat et olsaingd freh 4 coupling ebitie sensingkighhle tkdrasdivdstfrom
conduct i vi,ty .reasucin ell.s. 2. The | tiple electri onductivity
ronsur i RECh AR AR SeheiBiniSamEasuEng o, Saf Sorbirk iy T gelies arlagiec
el ect r otterettien apdn oak ds ubtractanflomt the idthyere assponsg te al treat@epir fuRetiodnto theI
el ectri conduct i vi tection el ectrode and.an el ectric current supply
ol ect r oS SBRALEIIRE 1q HieToh? Bt e et SROPIG aieblite o Bppar at us
according to claim2, wherein ’

2. The multiple electric conductivity measuring apparatus according to claim 1, wherein

said at least two electrodes in each electric conductivity measuring cell comprise an electric

conductivity detection electrode and an electric current supply electrode.

3. The multiple electric conductivity measuring apparatus according to claim 2, wherein
an AC current is supplied to said electric current supply electrode.

4. A muitiple electric conductivity measuring apparatus according to claim 3, wherein said AC
current is to be amplified or attenuated and supplied to at least one electric current supply
electrode.

5. The multiple electric conductivity measuring apparatus according to claim 4, wherein
the phase of the AC current that is amplified or attenuated is reversed.

6. The multiple electric conductivity measuring apparatus according to claim 1, wherein

the output signal obtained from the coupling of said sensing signals from said electric

conductivity measuring cells is amplified to an appropriate level by a single amplifier.
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an AC current is supplied to said electric current supply electrode. 4. A
mul tiple electric conductivity measuring apparatus accordlngdhﬂ %b h”‘3
wherein said AC current is to be anplified or attenuated and sdpp |ed to
at | east one electric current supply electrode. 5. The nultiple electric
conductivity nmeasuring apparatus according to claim4, wherein the phase
of the AC current that is anplified or attenuated is reversed. 6. The

mul tipl g el ecméimumacm@dniwbbydumaguépmattae%ﬁawl@ @cgalPdhnglgb%wleabﬁno%
rom e cou g sal sensi n

wh th | b
e o) o Mkt GropShY Moot ie hap fyenaiestsdernOote 8n S cintoAUEd Y o an

appr opr défeetldrﬁéi@btrtkdésaarﬁi & Rcmblyféléétrodgé d%pégé@ oR Wth ided R smdl élé@ch@ ,
electric r%ﬁguct i vit par atus acco to claim1l, wherein each sai d

electri€° YIR: fgtpetipn agtmq%at E%Pﬁét“’ﬁ %Sf@ﬁ%?e anded ASd SYrremtcol e we

el ect ri phasigdupplied th¥aidd@boat c@ferRlsasily edesodddd two AC supply el ectrodes
di sposed on both sides of said electric conductivity detection el ectrode

at respective distances, and an AC current of the sane phase is applied to

sai d twe. AC THe frrﬂ.ﬂﬁpléélé@irné c%h@@étfvﬁ@ﬁ%as@nng-rgﬁ)a%{h& laBEStdiRb 16 Glird 1, wheretrfa

conductivity I ng apparatus according to claml, erein each
electri @@ % g@i"ﬁ ‘E‘g"%‘g‘g@rmﬁﬁs%@gl‘?"ﬁd’@& thres: eleckedesy faid thyae elagtiodes

el ect r opheRude lahfélétﬁlﬁt @dhd@bmyrdefécﬁ@@@léefrwé ¥ A@E@ﬁém%c%eéhrsﬁaﬁl@ed Slofé

osed. on one  si of said electric conductivity

current
detecti & eé’f 'Ca %’Uaﬁ"’étv&ﬁé?ét'Ofaﬁ@CHO% sl distanep cad @ geounged gisstaden
the ot h@a&paee;dlebrpfhe el sRleQSF bhidele@isisuiiduiivity ddRlc8sn brBrsdLald @dansd. a

distance. 9. The multiple electric conductivity measuring apparat us
according to claiml1l, wherein said at |least two el ectrodes of each of said

electrig, conmu@mwdde@@m@%ha@ctﬁw hizadiithg w&%tny%&ﬁdlﬁe tb 'a%im 4N Gnkrein
el ectrodedzﬁréaces are fornmed ti1tani um oxide |ayers by surface

treat meff! Pt el %tFOQP%&fr%%@ B3PIk Siosiric GPnduCHAAMePPVEGTERl e e
br ought caristracted @t that theirtdlectadiig stiBsdseareSormed by titanium oxide layers by surface

treatment on surfaces of electrode bodies made of a conductive metal to be brought into
contact with said substance. '

10. The multiple conductivity measuring apparatus according to claim 9, wherein each
electric conductivity measuring cell has a space for storing a substance to be measured
which is defined between respective electrode surfaces of said at least two electrodes
surfaces of said at least two electrodes, and means for irradiating light onto the respective
electrode surfaces.

11. The multiple electric conductivity measuring apparatus according to claim 10, wherein
light irradiated means has a wavelength which brings about a photocatalytic activity of said
titanium oxide layers.

12. The multiple electric conductivity measuring apparatus according to claim 10, wherein
said light irradiating means comprises a light source.

13. The multiple electric conductivity measuring apparatus according to claim 10, wherein

said light irradiating means comprises a light guiding material which guides light from a light
source.
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10. The multiple conductivity measuring apparatus according to claim?9,
wherein each electric conductivity neasuring cell has a sp%Qﬁnggﬁﬂﬁtoring
a substance to be nmeasured which is defined between respective el ectrode
surfaces of said at |east two electrodes surfaces of said at |east two

el ectrodes, and neans for irradiating |ight onto the respective electrode
surfaces. 11. The nultiple electric conductivity neasuring apparatus

accor di ng. t o The aiuttipldelevtiie cenductiVibobasuring dipparetlsirostinae omimane Wvasast
whi ch brLg S abput a hotgg%talrtic activi§¥ Ofﬁéi&d ,ti%aniunloxide_
ayers. S99 SPIFRIONSIFNG AU ERER 0K BRAGIEH I 5Tinea by iy rapaiing uaterial,
accor di agd tightciram maitOlightireddiating raeard isiighdiatetroiid ahid WedRAB SUFREP tHrE6sh a
l'i ght sou(rjﬁ;eht 13. The nu tjgle el ectric conductivity nmeasuring apparatus
accor di ngafightdansm Qﬁ”ﬁ%%@ in said light irradiating neans conprises a
|'i ght guiding material which guides light froma |light source. 32 3 June
2004 14,_The ltiple el ectri opductivity neasuring apparatus according
to cl ai 1510, THREMUIPIF elEGid candhelMipeas g Rgparabinrcesdid o sian HoRbaredy | s
def i nedaliarfurhioxitle doaling Myt caGabIBLE framitiingNight isgbwbviaé@ﬁh%lbméde%ftsaid _
|rrad|aﬁiﬂg nmea |ﬁ§#rrrdha %ﬂ ont o %&%d eLgctro surface through said
i ght ¢ ISRrAERTg Fgtastel which Jamerine Sidk of SR seReR{ar XoTkgrRISHRSI o be
nmeasur i mgasyredr at us according to claim 14, wherein a titanium oxide
coating | ayer capable of transmtting light is provided on a surface of
said light transmtting material which forns the side of said space for
storing a substance to be neasured. 33 3 June 2004 MJULTI PLE ELECTRI C
CONDUCTI VI TY MEASURI NG APPARATUS
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ABSTRACT A multiple electric conductivity neasuring apparatus conprising at
| east two electric conductivity neasuring cells each havin%\ﬁ% 5%6 t two
el ectrodes brought into contact with a substance to be neasureg, wherein
the electric conductivity neasuring cells are so connected electrically
that the sensing signals therefromcan be added and/or subtracted. The
nmeasuri ng apparatus can neasure a mcro difference or variation of the

el ectric conduct MULTIPLEELECTRIGCONDUETIVITY MEASBRING APRARATOSS different in
position or time with high reliability, accuracy and sensitivity. Figure 1
34 ABSTRACT
A multiple electric conductivity measuring apparatus comprising at least two electric
conductivity measuring cells each having at least two electrodes brought into contact with a
substance to be measured, wherein the electric conductivity measuring cells are so
connected electrically that the sensing signals therefrom can be added and/or subtracted.
The measuring apparatus can measure a micro difference or variation of the electric

conductivity between a plurality of measuring points different in position or time with high

reliability, accuracy and sensitivity.

Figure 1
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