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

met hod f or c45id)gand GRAYEEIORRLa18) 8 Gl bfeL @BAY Sﬁdli{%;ﬁlﬁé &3{1&&@; NGna@RRgLa} us.
stalled at a

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, vanthtibe edfeCthtC LABEULS | UbAdIBARHEED RLdE FBRALALYS dofntd
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



3 June 2004 utilized for observing the condition of an aqueous sol ution or
controlling the water quality thereof and the like in nanysﬁpﬂg?oéﬁ
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,

Measur eMeNtphe datdh! 5@&1%90&@3%%}1% chlelegh RLLEN ¥aE| 3 W t]g'letti'lge

since organic substanceS an i ke contai ne n a substance to

measur ed og@gbbgﬁﬁnglQﬁtrgg%igictQ%ngggﬁ%ﬁﬁgr% nd iih&%nggasg&%ﬂgthdty

apparatus. - In such a condition, a a aesirea neasurin

standard poLflAREYWPatRhE, Ol.rtsualltffls Ay rr&egggé%n%ngeﬁs ; rg é.\tg@éd aye%é el?]ég 1:;%3{1'[9 he

data of the electri ¢ conducti Vi measur e he € Tic CO
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reliability as data 0 oper at I on" nmanagemnen
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Especially, in a case ere measur enen ata of e

collected fLpoma.pldgal it %’co Igli@%’?su& Nehd) OiCﬂftcsuf“?@Etnn%S%f O%t \E/\%%”Qltiﬁ% gffulj:ma :

progress degree of a treatne an aqueouUs sof U n

Teasur i nd ROLAbSne @XALLAIONaRTMALEE AUBLLINRELMERINESS, or notses

measur enent polnts, I N a case ere a varil a

electric cepdpGhiyidyai '%Qgi' t}gmgp upggegt ubstantjally identical

measuring posi-tion, practi y 1t d 11 cul T o reasuré-wWIERT T T e 2
surface condition of the electrode often varies with time since organic
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



3 June 2004 accuracy, because the neasuring range of each apparatus is
adjusted, or a drift occurs with tinme, as described above.3EH&gQ%b4 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 variation or-the difference is nuch smaller than the
absolute value of- the electric conductivity which is being neasured, since
the neasuring range is adjusted relative to "the relatively great absolute
val ue of thgccggectric conducti vi t it is very difficult to distinguish

such a nicr 6 VarratTeRISY &t 'F%alsé’%trég Tgrge PheCirbaspradtantis paisiedd ow Bn
reliabilitydri%@ racticgh however, there are many requirements to neasure
such a mi cr 6T YiTFRTRAEED rley A9 SBFIribBd aheEs- t WriEiera Whaw al vanjabon of
measuri ng po&gts. different. in position or tinme. If such a micro difference
or vari ati oM "CEACHEMESELFEY vt R SiFfegRneipaplactric cenfvgiviiesr betyeand
a high sensit%vit it_is considered that the use is very broad. However,
an electri& B H’éﬁ}\é{;}’vﬁ VETERSH RELSpaf ate o asaminedef 18aa i effspi Woersudthe
requirements_ha ,nohﬁge been found. Disclosure the-Invention Accordingly,
it is an obj Bt WP e thF cHERFTINGG it Wadh smrbiesy e she mbbelutkeevaliueces ithe
conductivitﬁlnq95uring agparatus.capablq of nmeasuring a mcro difference
or variati ofi 8f efeftH LR urRidh iy Pringeeersaretursinee ytheofreapudng i Tegge
points different .in position or time-with a high reliability, a high
accuracy antt®a3yiFedefSieFIT yiQ othemt FelRFively ameat- dbselitbedralue of the
requirenments Tq accopplish the above-described object, a multiple
el ectric coRttRETGi ESPMEELGHivngliapifavatyisdiffdonk g distimouimesudh 8 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
réql:lirements has not yet been found.
isclosure e tio
Accordingly, it is an objéct of the present invention to provide a
multiple electric 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



3 June 2004 invention conprises at least two electric conductivity
measuring cells each having at |least two el ectrodes brough%\hpggosgntact

wi th a substance to be neasured; an AC current supply for applying an AC
current directly to said at |l east two electric conductivity neasuring
cells; wherein said electric conductivity neasuring cells are so connected
el ect ri grakhtiorstuhhprishatat least Wdtalttricédhdattivity nidzsaimeekit cath Bawey ai lbag of the
sensing signals thenselves fromeach said electric conductivity neasuring
cells, %60 diesetddsigosgiginab sohtie it & SsbsbdrReas 86 theds0Re! B¢ ACIUHERT! sUppRy | S
subtracted fromthe other in response to a treatnent function to the AC

current ferapplyirgcart ACaUrrbGtasilect® 2id 4easthes bleblic condlutititVbysuimgeeid; Ng
cells. Nanmely, in a conventional electric conductivity measuring appar atus,

a sensi Rgesdigald dlectit conRicBlifThédstrif® BellECdrb éb lcynmaisd sl &tEca! sudhthat
anplified by an anplifier and the |like, and the anplified signal is

rectifi ef dufsudsiansliig bBtainadtiidnda coBFing RX il enkidY edigmfis AerAsHIvI4! froiagh for
measuring an electric conductivity, and when a plurality of electric

conduct isxidt yelaagéudsﬁdwtivigrnﬁ@é@%iuﬁeéusae@idis_@ﬁéiﬁd;b fals tenhadvepd ad@sessary to
adj ust a nmeasuring range for eac el ectric conductivity measuring

appar at getter ahbRr bhé isl dubgate@ Gof the GERI UTtdsPbridl tBRARAMBS fuRdliBA kG HES
according to the present invention, however, within the apparatus itself,

an el el ¢urRInt S@pptibd &3 AdBadtloRa o BiRtelsdtidcarriuaility imedBurisg/dlisact i on and the
like is performed wth respect to the sensing signals thensel ves sent from

the respective electric conductivity neasuring cells, and the signal after
the treatnment is anplified as needed, and is output as a difference or

vari at i plamesf, W Bohvmtioh @ldctric cPadetRity Hehb@ing@patHtes aaéen_bih? sighapesrhi ve
el ectric conductivity measuring cells. Therefore, the nultiple electric

conduct bmé klectiRadniid@ity MRRBUIRIGUSIAE SPPRicaDY M ATSIfiBF SREMk likOVaidlthen i s
basically and distinctly different fromthe 4 3 June 2004 conventi onal

t echnol agiplifigd $ifad id feetiferivent signe il LcipbrdpriakOiatkl Ghiavi dupurerpHrfong

apparatuses are nerely disposed in plural formand a difference or

vari at i eeabetivge@nelebigic @ahductivity, 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



measured by the apparatuses is obtained. In this nultiple electric
conductivity nmeasuring apparatus according to the present in%%gtéoaﬂ, t he
above- described at | east two el ectrodes in each electric cgn uctivity
measuring cell can be constructed froman electric conductivity detection
el ectrode, and an electric current supply electrode. The two-electrode
formation itself as the constitution of the electrode is heretofore known.
To the electric current supply electrode, for exanple, an AC current is
supplied. In a case where a plurality of electric current supply

el ect r odes ¥ eHiiPsled Ceahingdpoivf | é8 okhatt eBmit et AG et wapcbeic
supplied to at |east one electric current supply electrode. If an AC
current is HARFUTEisd Wef Sreasaing sapprratuses ancet edreyely c@risensedupphy
el ectrode, it can create substantially the sane condition that the

suppl i ed el EarPeriind samdififsitieadebyen vprédeiennineddemngritd cdakan,
and the sane effect of the' nultiplication can be obtained also on sensing
si gnal s sefteasyreshhihdhel eppriretesadudsi obtgimedsuring cells. If an AC
current is attenuated before being supplied to an electric current supply
el ectrode, it caAfcrebbessubsekpinls | y stlisctsane condictbnittthat meheuring
supplied electric current is divided by a predetermned rate, and the sane
ef fect of tFIRPINIAE orRERFHags FoJuhbe20Dtesbnhi nbavertsioron ddwesi agove-
signals sent fromthe electric <conductivity measuring cells. If the

sensi ng si gietErihetidelrastt fve erestoddareindeedh ot leatitiactoadiucthsity

measuring cell can be constructed from an electric conducéivity
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



multiplication or the division is included in the addition or the
subtraction, and, when the sensing signals thenselves are- %ﬂﬁﬁb%ﬁo4as
needed, it al so becones possible that addition, subtraction,

mul tiplication and division are conbined arbitrarily. The S|gnal created
after treating the sensing signals thenselves sent fromthe electric
conductivity neasuring cells as described above can be anplified in order
to optimze the |evel of the output signal, as needed, and in such a
case, beca bj is the S|n | e SI nal after the treatnent single
anplifier 88g‘—ilffjllqea)rO%J?éed °¢&w§7ﬂ§l HEAl ¢ PHRE eSEBTrlEh%on%H%ﬁqFﬁcty
measuri ng accordln to the resent |nvent|on may be
constitut eggﬁﬁeggeacﬁ_‘yof TEREY ef‘%%trlc@ 28nduct|wty Hﬁasﬁ?q?d-rt%l | SLgnsd s
three el ec t he ree el ectrodes include an electric conductivity
det ecti on %F %%%%e an(tstgltwo AT EUrtent ’§ﬁppﬁgd&%ect?’6deswﬁtt§ﬁ8§§8fon Bt h

si des of t g E{rlclggnduc Vltﬁ detecti,on el ectrode at respective

di st ances, and-an cU? r &ht FRYISIAR pRad@cledghpiredheo a9 Hae &
current sup gy keg gd . Altern ively, it may be constituted that each
of the elec ri £Ycond t?elt§n§Ea 'nd eﬁ%?qﬁQQt?ﬁ%ﬂ?%ﬁeﬁﬁ?%ﬁﬁ%ye%tﬁ¥e

t hree eIeckigggsdlnclu (agcg’ %réﬁ_conduct|V|ty detection el ectrode, an
AC current “Stppty ef&ct o i s Sh BRECRGHYePFStRLe o tiRty jRddition,
conduct|V|t getegtlon electr%ﬂ%&at a distance, and a grounded el ectrode 6
3 June 2004 8I§%8 %%nbn (R G 308 of 2Pfle eFETEFERNCONAERt i VFRRPined
det ection %LEE t r-od dlstance1 By -such, three-el ectrode constitutions,
a hi gh- acltracy? Ure e, 5AgLats %ﬁﬁﬂn%ﬁ?%?fEEF@ttPgmﬁﬁﬁwﬁﬁﬂﬁ%ﬂﬁes
such as

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 present :'an_entien, it may be
constituted .that each of the electric conductivitgr measuring cells has
three electrodes, the three electrodes incluee 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 supply-electrodes. Alternatively, it may be constituted that each
of the electric coeduetivity 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



noi ses, becones possible, as described later. Further, in the nultiple

el ectric conductivity neasuring apparatus according to the Qﬁﬁ%gﬁb4
invention, it is preferred that the above-described at Ieagt

el ectrodes in each electric conductivity measuring cell are constructed so
that their electrode surfaces are forned by titanium oxide |ayers on
surfaces of electrode bodies made of a conductive netal. In such a
constitution, when organic substances and the |ike are contained in a

subst ance tg. asur t property for deconppsing organi c substagnces
based on th@l%ﬁﬁ%%céﬁaﬁg‘ i coq_‘%%lét is\lng?y%f e ?Jietcgﬁjr%nF%?ﬂ”&g%Wﬁﬁd defgetion
super-hydrophi licity, can.,b effectively utilized, in order to elimnate
adverse effécts on the  Tmeasurene r “t he
d { rolcEhad Boa et ohY B At Blerret SRBBHENF - dBeP ¥t h
adhesi on or dsorge'on of thﬁaglganic substances to the el ectrode

t

{
surfaces. 1378 prl%?%lg?‘%rbt’ FYh eV TSed PSSR TR rudirapss hch as

agai nst the_ t.itanium oxide, ers to provide a photocatalytic activity to
the titani u?r%’los)%is’(j'éjec?r&efe%s.mkg ‘ é’fa‘ﬁf‘p‘ﬂcgf’b%da&ﬁt"eq'ect ric conductivity
measuring cell gan,be c¢onstructed so as to have a space for storing a
substance to beﬁﬁgﬁﬁﬁﬁean %%Fin@ﬂgﬁéP%%edaVﬁgﬂ@éiiQQ“QF%E%Y%H% SGPPHE&RIOf
t he above-described at two el ectrodes, ,and |ight irradiating neans

' | east )
t hat irradi%ﬁ%ﬁ??ﬁ%ﬁna%ﬁﬁﬁﬁﬁﬁ% TeshBet PTESERECEPYEREEORf adEs 15| prefpgred

multiple elgctric,conductiyvity nmeasuring apparatus, it is preferred that
li ght irrad?%?%dﬁﬁﬁ f%@“ﬁﬁ%ﬁ%¥ﬁ§§cFﬁbéH%FFgﬁWOiFﬂ&&?ﬁ??ﬁgl? Faghnelogodc
nmeans has acmgye%ength whi ch brings about a photocatalytic activity of the
above- descriped-rrrani UFI%Ee (Byer 87 FGPRE P&, 57 i GHEC Wittt electrode
mavelengtklédg%nlabout %%0 éfi%qu. 400 nm,can_be enpl oyed. As the Icght

aces are ! ium oxide layers on Surfaces of elecfrode
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



irradiating neans, a light source conposed of neans for irradiating
ultraviolet. rays and the like such as a black |ight may beBQhﬁS%béX

enpl oyed, and a light guiding material (for exanple, an optica I'ber, or
tube and the like conprising a light guiding raw material) to guide |ight
froma light' source provided as neans for irradiating light nmay al so be
enpl oyed. Further, the light froma light guiding material my be added to
light irradiated directly froma |ight source. Further, the above-described

space for i e to,be . neasured be defi.ned hy.a |ight
trpansm' ttir%a%::sralg%r |ga a?’%z% q‘l?lt I BEnE o sufgt%tr{:’g R e ﬁ%tﬁx?‘@ht"f?%

the Iight di. at | s .S irradiated onto_an el ectrode surfacge
t hr ough théégﬁnfl%g%%# Er}%ﬁ{snran%f ARGT AT | AFY(or  ex Shpl ¥ R tGas sY19F, Wikps @

e, if j ' id [ I bl ft jtti | i ght
ot ovi ded o ERe it PRt S5 RE0" P qetE ARC ARt RV abe g Ses

facing the.%g1 Eilet.for storin . substance to be neasured (a surface inp
SO n

contact wit U oA Hdh3s i 3H ot SOBFGafPEPETHs (%n dEe an doF hdTFakatiy
this surf f.the light.transmttin mat eri al . can he prevented by

super - hydﬁ%‘%ﬁg 1 yr%g% Ft aﬂ?ecsll 8e%8%0§?t?g]ﬂlﬁﬁ?‘odé’fg¥‘€ Rerbhedresthe
titanic. oxide |layer. Further, .t he above-descri bed el ectrode can_be

pr oduced b%/%,qu) 3er£ gﬁ%rﬁ)llié?gi LSRR E] W?ﬁaﬁefﬁﬁ?"%ﬁ’ﬁﬁi Vi SPHE offbeEn We
enpl oyed. wher ei an. el ectrode,surface is fornmed b roviding on a_,
titani um oxi ea?é;fg? DR S AEHY 61 Tb‘ﬁ"te%%cflf‘ﬁd’éa‘b g“"ﬁé‘&é S 9 EondRit i ve
netal by a surfaie h8C_3 June 2004 tdreat nent such as sputter. ng, pl ati ng or
the |ike. A¥FefndtTTef§rs REPHSEY 83ANS ol Pe EFPHGAFEDY vHohE| FrRva f1s0

el ectrode surfac de .of a_titaniumoxide, |ayer, is formed by providin
oxygen to Avd 8}’?‘&;‘05%&55 r eF e 8l H5EyA neght “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



of titanium As the nethod for form ng a titanium oxide |ayer by providing
oxygen, a nethod based on air oxidation other thank a net ho% LF'%%OP i ng

el ectrolysis can be enployed. In the nmultiple electric' con u% I 3‘
measuri ng apparatus according to the present invention as described above,
a treatnment of- at least either addition or subtraction is added to the
sensing signals thenselves sent fromthe respective electric conductivity
measuring cells in the apparatus, and the signal created after the
treatment i t pyt a_ single sensing signal. treat ment. such as

anpl i fi cat i%rr?gg%%%t ﬁgéfr ial%esﬁ“stge%fﬁ‘&ec?s’ta&g? iog "3&%@% éfb%@?‘f” gyné‘eﬁ‘%‘a?odme
sensing signal _thus output . corresponds to di fference between the .

det ect ed e?%a& F‘lisc’:o %Sn YsA f”F‘% St 5’3@7‘?‘?0 ﬁsSLEE?C‘?/\AmFﬁe he? res PR oelde

el ectric COi‘IadUCti vift %gesrgegsuri g’? cells, or a varjiation between the detected
el ectric conguct it Y BFOLHngnY9gB: bt AERES Rés e GLRTEFogr diody pade
conductivit rr%aq%sur.i ng CE-:Sl %i t is . possible that both of the detected

el ectric cofductiVitTes dfe MBaSGHRE ator LLWHRY afit iCAFIY R PELL nHAYEF 0P Yor
sane measurin .éa%ge, it is not necessarf\ll tpo adjust, this condition or
measuri ng r%ﬁ?g% 1 SEYHEY i PP Pased) et ol rEidpkinru et deRop PaEhed

el ectric condyctjvit and it may be adjusted depending on the scal e of

t he above- déncslgif:if@d%‘%‘?{?%fﬁ@ec‘?ﬂ{bev%‘ﬁl&wdon. Therefore, even when the |
above-described_difference or _varjation is fine relatively to the scale of
the absol ute vaPhes "PhePle| StGFLC RAUCtIEY YieasHei g EPR@RRS eASRESIS
variation ctanége? extracted 9 3 June 2004 with a high accuracy and a high
sensi tivity:® 588 dEE°Ys YWERHPe #5285 108r nekoYohe as&ﬁ??‘ﬁ@“gi ghaps least

t hensel ves fromthe.respective electric conductjvity neasuyring cells_when
el ectrical I ¢8F c?ﬁedd‘{:?"?‘l'g Of:h%“h%irf‘?téllpé‘nt% added to the sensing signals themselves

sent from the respective 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



- e e e e e e et

or variation are signals extracted at a substantial ly sane adj ust nent
condition within a single apparatus, a difference in effect d g E@Ohhe
adj-ust ment of the nmeasuring range and the like is not generate between

t he sensing signals thensel ves fromthe respective electric conductivity
measuring cells which are the sources of the calculation. Therefore, also
fromthis point of view, it is guaranteed that the above-descri bed
difference or variation is extracted accurately, and it can ensure very

hi ghl | 1.abl ta t | ect dyct t
appar ot us " GEEop i g TE TR 2 it RROLTTRGh, SrHSESsaRe TP ghares

PHCES s s ?Fgcrél'i’ e
t hensel trom, th t | t tivit s
be (1 oat GBS DB abeTCib:  HAGH atirbi C°” LG LY SRR Sellsenn

et ueen Ao BRGFAT efﬁm%#sfu%%éi&%‘ﬁt"rwg%?%%f;‘e%ﬁqa berirRpoL Lt%ﬁcgb%‘é%%rt%' wih
Gata canobe BBk Mo (TSP bt FhatndadiP et ge areg ppmcene
Circuit dPEEEATDT e e CREBEF o conAEEITTS oSt g Rparatus

ol ectri o BH e G agr i B0 A £7 G 2a) e rr “c%aaa gtk Rehirrong
apparatus_accordin nOtEew§§§%§ ne 2004 emhadi nent . of the resent

Poant] onthe; Shea qignalio T8l Br° FoRRT STV SHCHE PR Hhi ch

i icorporates a.nultiple. electri conducti v surin
P measurlng ce 9 whgch are tshe sources OJ‘:J It:%e ca?cu.lﬁatl Therefore, also

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 differeﬁce 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
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apparatus according to the present invention. Figure 4 is an electric
circuit diagramshowi ng an exanple of a nultiple electric gﬁpdugﬁbxity
measuri ng apparatus according to the present invention usa e f
conductivity neasurenent in the water treatnment system depicted in Figure
3. Figure 5 is a schematic view show ng an exanple of a nultiple electric
conductivity nmeasuring apparatus according to the present invention in
which a time delay colum is used. Figure 6 is a schematic di agram show ng
an exanpleeégbéylméﬁte% E conduct{vi%yeneasuring cell usable for a

multiple electri¢ conductivhty rBast?THY “Pbaratus according to the

pr esent inventiogi Egguge.7 is a.schematig dia%ran1shomﬁn anot her exanpl e
of an electric condUEti vity RedSTFMRE CelFeYs8bl & MGl ChSPEMEPE SVEEFR ¢
conductivi%y nggsurin apparatus a corging to the present invention.
Figure 8 i &4 GEhENETTROT Syt afn SHOW RS a SGFEREF SPARBFELVLFY aReaPBELRAC
conductivity neasuring cell usable for a mnultiple electric conductivity
measuri ng é%ﬁﬁ?%ﬂﬁﬂ? FECoraing t8 thetpeeiRsdhivantienti on. Figure 9 is an
expl oded perspective view showi ng an exanple of the nechani cal .
constitution of BA9BFEctficlial 3 JeFads cenbteitvidiagrmmsusheyisgl | an

usable for "a multiple electric conductivity measuring apparatus accordin
to the pre§@ﬁ@mﬂﬁh§€hﬁ1@ﬁdtlple electric conductivity measuring apparatus

according to the present invention usable for conductivity
measu;ement in the water treatment system depicted in Figure 3.
Figure 5 'is a schematic view showing an Qexample 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 apbaratus 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
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Figure 10 is a perspective view showi ng an exanple of the constitution of
an el ectrode of an electric conductivity neasuring cell us%ﬁjﬂ E@h a
multiple electric conductivity measuring apparatus accordinglig é
present invention. Figure 11 is an expl oded perspective view show ng

anot her exanpl e of the nmechanical constitution of an electric
conductivity nmeasuring cell usable for a nultiple electric conductivity
measuri ng apparatus according to the present invention. The Best node for

carrying %na_@@twl tin%@suygflgi naf{er s@5§£6r§§9F%ﬁba9ig§“ S gletf*%%ic

. =]
present invention wi e explained referring igurés.” Frgure I shows

an el ectrig,giroud; cpnstdtutis of _a_nultiple electric condyctivit
measuri ng a%par at uslégcééécﬁsﬁ}grﬁ%% anrenpodr ment Cof - Hégprteose%%ei m?ér‘?%/sie&tr. In
Figure 1, ETVQQ%EAQ'E el ectric conductivity. neasuring apparatus 1 has at
| east two €l ectrrc conductivity neasuring cells (in this enbodinent, a-

two-cell constitution i.s depicted) each havin %é | east two el ectrodes (in
this enbodi ment P Fhr &&- éSeft PEGEPSEGHEE| YHEY ofPYE ME fE tBPH BP0 8§hitBent o
contact with a substance _to be measured. In this enbodi nent, the electric
conduct i vi TYS RSt Tthg Tl 13 2lestredgur 851 PRdi BAEEETthentoRIUG Mty
and 12 3 June 2004 "cell 2", respectively) are connected electrically so

that sensTRGSST YAl SetldenBefRe? iUm ehetdletR}e c edordudei viaydughdadsw ng

cells 2, 3 can be treated to be added.
measuring apparatus according to the present invention.

Figure 11 is an exploded perspective view showing another
example of the mechanical constitution of an electric
conductivity measuring cell wusable 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



The electric conductivity nmeasuring cells 2, 3 are. connected electrically
in parallel with each other, and an AC, current with the sg Q@@g
supplied froman AC oscillator 4 provi ded as a power source oo & tric
current supply electrodes 2a, 3a of the respective electric conductivity,
measuring cells 2, 3. The electri-c conductivity detection. electrodes 2b,
3b of the respective electric conductivity. neasuring cells 2, 3 are

el ectrically connected to each other, and the detection signals thenselves
fromthe electric. conductivity detectron el ectrodes 2b, 3b can be added.
In this entdilmedl; a9ARYGHIVMedar)i oarani gorrectioni sebrctmitably oso  that
mul tiplying the value of AC current to be supplied at a predeterm ned
magni fi cat iSoMsdmg- Fagndilei dthgneelwgs h Brompr edet eraliened icat eohgduptbvitied
before the electric conductivity detection electrode 2a of the electric
conduct i vi eamwdod nglleekl 2, camdo¢ herdahesl tof banaeliedtri c conductivity
of a substance to be neasured as an object detected by the electric
conductivity meaSei ngleetti@ |sombdetidiiffyer ertashiramyt haklby ghe E|e§£élc
conductivity measuring cell 3. Nanmely, an AC, current before being :

suppl i ed t cdrrectkedctaliectricaenty Silmp[}:lalralele&Ct\Jlﬂzdxe eZith Sotagd,i fdedl & ac .
attenuated at a predeterm ned nagnification. By this, as descri bed | at er,

in a treatnentreb® #ithuneh2084msyphese iHeshmspacd it rel@Ccthl 6scillator 4
conductivities can be detected at optim zed sensitivities with respect to

the respectdnesriddet ecis ngs pogbwéonssbetese the theatpeat andrahter shpgiy

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

13



treatnment (for exanple, after concentration or after dilution). The signal
obtained after the above-described treatnment .of the el ectri§ Lﬁ%'fd&;ati on,
nanely, the signal obtained froma coupled point of the el ec‘{rl o
conductivity detection electrodes 2a, 3a, is anplified" to an appropriate
| evel suitable as-an output signal, by a single anplifier 6. At this
juncture, an optinmum neasuring range can be sel ected dependi ng upon the
measur enent object by a neasuring range switching unit 7. In this

enbodi ment s ¢deers onad i.fier. 6 is...synchronized with the
out put side %f the AC cﬁ%lse%%{%ggci aétt;]}rl(’r 4c%r§/él’};1ctslyr’llcqﬁ‘r‘z"oc'no“i?’é1 S%ect‘gef’?eecrt?d 9,

...after . .a@ tRRelBLY e : tion for the neasurenent environnent is
performed by a tenﬁeratursgﬁggpn%g%%a Br B RELAIERCY hEosi fRal FeshaRfive ed

by an anplijd 1 Wt ..range controller, 10 so as to becone a signal
with an optciférriﬁérﬁﬁ]lél\%\/: é]%%%ﬁ’cr%rtgti’eng%%d g}f’eco PRt dP8fl apférroutths
and it is gxtd ec{iaaf an act uill ou%gut 12. Figure 2 shows an electric
circuit of a nmul'tiple eleCtrBLEondLEET vFPHCrRERR I oy p fiers sddotdpny .-

t oanot her enbodi pENt af the presentinvention.ln a nultipleelectric
conductivity neasuri nigapPp: ra%iiﬁaffé?&o?‘ﬁi:ﬁﬁt dheni absroifisribe da st remhmerdd
with the erg)t%o I,ment Sc?;OWn in Figure 1, a multiplication unit or division
unit 22 for miMS fIAAGG LACCRACE1athenpobame iy ehhe t 8idrak it distditfm a

pr edet er m ned gaet%ﬂifi,cation-or for dividing it with a predetermned rate is

provi ded béfot

&1t Oy ithec GAGGEEIGI Ppndurtivity etbectbute S afrddess
electric

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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conductivity neasuring cell 3, and the level of an electric conductivity
of a substance to be neasured as an object detected by theSQhﬁ%Ebbﬁ
conductivity neasuring cell 3 is nmade different fromthat by the electric
conductivity neasuring cell 2. - A phase reversing function is provided to
this multiplication unit or division unit 22. Nanely, AC current Dbefore
bei ng supplied to the electric current supply electrode 3a is anplified or
attenuated at a predeterm ned magnification, and at the sane tine, the
phase of the supplied, AC current is reversed. .By this, the sensing

signal's thensalves Trom thEPAESpEs 1A P aSEerTinEgnRagRi i edt heaseF i Agr
cells 2, 3d%%%di%ybsﬁ9nti§gl subtracted, and the signal treated by the
subtractionis séft to Yh a%rplﬁrﬁ%?:eﬁr.“l@fﬂelra(?ﬁnﬁﬁ tRETOYEeD dpefadre thee
as those shgwntin Figure 1. The nultiple electric conductivity measuring
appar at us CONStFact P U CHFd sy etetidva | elekerds opaexdnptes adeshown in
Figure 3. Figure 3 shows a water treatnent system 31, the system has a
tank 33 f oF°RCEF ATt oREETIrdRed ealldi But éddnatles Lewelexdnpie, edecboling
tower, a dilution, reservoir and the |ike) against raw water 32. The stored
wat er 34 i SOVENCTIRIEY pohp B5 Tubghanse t ak 8BS treaswmsd taseatmentbiystem
or operation - system In such a water treatnment system 31, when neasured is
a differefcé&ested bat ihe edsgtietiovicopdoctavityi meaonrly eberl ri cid5m3ddune
2004 conductivity between the raw water 32 and the concentrated or diluted
wat er in t R&FEgnRnE3LERRr Ehatfberthe e bectadi ¢ cashwarkicdnyr akedunahgr cand
the like 34) is to be neasured as shown in Figure 3, the raw water 32 and
2. - A  phase reversing function 1is ©provided to this
multiplication unit or division unit 22. Namely, AC current
before being supplied to the electric current supply electrode
3a is amplified or attenuated 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 subtracted, and the signal treated by the
subtractiqn is sent to the amplifier 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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the concentrated water and the |like 34 are taken out as sanple waters

t hrough a degasifier 36. Sanpled raw water 32 and concentrayfﬂgéﬁkﬁr and
the like 34 are sent to electric conductivity neasuring cells , 6
(which correspond to the aforenentioned electric conductivity neasuring
cells 2, 3 : channel 1- (chi), channel 2 (ch2)), respectively, and the
el ectric conductivities are neasured. The waters after neasurenent are
di scharged, or returned to an appropriate recycle system In this case,

al t hough t ensi ignal s sent fromthe respective electric

conduct i vi tg §n$r%3§§“‘ﬂ$%n}e T %@ 90 e 2e R athedronseniygbediter didhtes of
t he electr'gtcoq%ugéivitkeéiof the raw water 32 and the concentrated water
and the |iKe"3a, ™ §8pePivid hereirpheetyr setanrefinvemei epncentrsitatl ywatensamy
signal s (ogﬁgqﬁ 1, utgut 2 in the Figure) detected by the electric
conduct i vi t§° meASUFTngScel Pe msumrsl paceidie HhdigwenBede ofv taber dReand i
calculatioghgs aforg ntioned, and the treated signal is detected as a

di fference oF VAITRT AT ora@redpf| B oHdaC B vits dekar eue dsoshrpldetwatsiag
positions. _ln tge detection systemshown in Figure 3, a nultiple electric
conduct i vi FYFHPRsArTS9gSHpar 3t -us Samplgd XoWAteth 38 andr eoupentatedxeateeand s
constituteg. Ig;the mul tiple electric conductivity nmeasuring apparatus
shown in Frgureth® ¥n ke SERt et $heshvith omodustivitytinrasupings eelppl 38d 400
the respecti.ve el ectric conductivity neasuring cells 39, 40. An AC current,
which is af‘f‘ﬁ*ﬁcﬂ‘i EAFHPPRNPhERs ehee PEPRSTREL FARSHI Plegtrid eandhctiviBy SnshsneirR004
magni fi catia s%éting unit 43 at a predeterm ned magnification and the
phase of WATCH i% revers@eli & dabblqi shamelore (©h210tr iresprotivelyi, vahy the

measuri ng Cf| |, 39. To the other electric conductivity measuring cell 40,
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

16



an AC current anplified at a constant magnification by an anplifier 45 is
supplied without reversing its phase. The output sides of t%‘?luﬁ@%ﬁﬁ&“ ve

el ectric conductivity measuring cells 39, 40 are connected to each ot her,
and since the phase of the above-described one supplied AC current is
reversed, a subtraction treatnent- is conducted to create a difference

bet ween the sensing signals sent fromboth of the electric conductivity
measuring cells 39, 40. This subtraction treated signal is anplified by an
anplifier 47 wi,th a sensitivity (neasuring range) switching unit 46, and
out put as a¥MGEEaR porttdpgnEritad3 Rhereprrdsteltined owaqufisitgomal antB the
indicates a difference or variation between the detected electric

conduct i vi tP@ESeoPThshhclyf it heevelraed r il cowplict ot ywoeeadertrng celdust B81y40.
Thus,. since the difference or the variation is not calculated from the
absol ut e valirEs~u19 ehe FensTnghsi girar selegtpia chndimtivityr rspeeiigeell 40,

el ectric conductivity. neasuring apparatuses, but the subtraction treatnent
i s perfor ned fict AUFEEsh P libiachat sewonstpnsi el ideheos ¢dyvas shpbivithets is
respective electric conductivity nmeasuring cells 39, 40 in a single

nul tiple el ¥&PAed sBHBRET Fovarpingdder pegeapheatutpud Isiden| of the wishEarieace
or variati-on between electric conductivities of both of the electric
conduct i vi t§FERSU PRI aViy Beasudng arelbe It tActredcanettat ebyeachusteer ,
because the nmeasuring range at the tine of this neasurenent may be

adj ust ed ndt™% &laFe vEhe dheke ebsticutabovaddescidbed| ent rsupplimid et icuitentbik
relative to the difference or variation of electric conductivity to be 17 3
June 2004 detveeteh, Fvebtrichihe §rédterncis orordactest iton dreatiuch GiTBetREe
than the absolute value of electric conductivity, the adjustnent to an
opti mum neERSReMtheangesinggsianadss sens tfrem distbl uf ethvalellectoficebarktt Brity
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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is possible, and an extrenely high-accuracy and high-sensitivity
nmeasur enment becones possible. Further, since -the |level of t S
supplied to one electric conductivity nmeasuring cell 39 can ‘Joe
appropriately switched by the magnification switching unit 43, an optinum
adj ustment of sensitivity can be perfornmed for any of a concentration
systemor a dilution system Moreover, since the sensitivity (nmeasuring
range) switching unit 46 is -provided al so-on the output side, the |evel
of the si ngafL. fti ally output can also be adjusted to an optimumlevel, and
the data of StRE-<Gr f FEFerde ther differargeorroiakiasdon | 5 cowtusd et ytigan the
determ nedﬁgt f optinmum _sensitivity. As a result, extrenely
hi gh-rel i al5°F? ‘%edé't_:‘éu%f"ft He-echFig erduetiyityar the iadiustmenhetel act opteimm
conductivity negsurenent can be obtained with a high accuracy and a high
sensi tivi t YoATH PHSSTESsTREREHSSs ot fm dhomimte ivetng e e3ectalithoughct ety
difference, or variation of the electric conductivity nmeasurenent between
di fferent FTwoPPEEPifoneEand chiitrgmeliabéshtacoatarant awy s théghtsensbaistitgd,
in the present invention a variation with time of the electric conductivity
measur enenfCRHEEENG REEMTeScPPBHPEE - a subst ance, for exanple, can be
measured. For exanple, as shown in Figure 5 when a variation of electric
conductivity nEXSthedmefintretced et f ef ethe pagkentormipbhiqredsuned Ehedthec
flow direction of the water flowing in a water flow tube 52, a nultiple 18
3 June 2005°RMEEHTHY CBgHEINoY | 98l neids uran doeaparpraptisitBly | switichpdseg the
take out a_sanple water through, for exanple, a Venturi tube 54 at an
upstream PBERYHIGANSD swtching meik| £t phcortdmaucivstmenofost kbssisamtye cuat er
is at : ‘

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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first detected by one electric conductivity neasuring cell 55, the sanple
water is sent to the. other electric conductivity measuringL£g|l Jphat hrough
a time delay colum 56, the electric conductivity of the sanple water is
measured again in this cell 57, and the sanple water after the measurenent
is returned to a downstream position 58 of the water flow tube 52. The
time delay colum 56 is designed to adjust a residual tine froman end of
inlet to an end of outlet by, for exanple, winding a capillary spirally,
and in this enbodinent, the residual time is adjusted to substantially
correspond TOHEH o‘?ﬁnFlP?ﬁawFFibrﬁetaﬁérH]@staPE@?ﬁtﬁésh i on Bepesed e Hakmsiuteam
position 58 of the water flow tube 52. By providing such tinme delay colum
56 and ti mefYPLRi METSTy Hreudhnifey  eFrvRicectar | bentarid Uniev ity adetaac tipetresa t
an identical sanmple water, it can be observed how the electric

conduct i vi tPHEFES et WdEH Ehosdetipic aprduekinitytofrdbis fArripleywadap| by iaty
the multiple electric, conductivity measuring apparatus 51 according to
the present™ 5 ivetteshed &y ong slegser vendughivitierepaniiai oalloB5el Eet sample
conduct i vi t‘%/ is detected with a high reliability, a high accuracy and a

hi gh sensi tY&eEys SPRE ttRethsr eblsnt elestant | enductisisy messurieg @flltiie through
respective electric conductivity neasuring cells are not particularly
restricted,? difet FAPYnE9 B e5 Ga dhe cotestric teotduat ititye ofit thee astplevwater is

el ectrodes brought into contact wth a substance to be neasured. In the
case wher e TSRGYETLEFFHHAR BHE cqidedT i mndddie edngde rvater cafiter ttihei haasmeassnt ng
cell, one.is anelectric 19 3 June 2004 conductivity detection el ectrode
and the ot heér FEuRedefed rdownstneamnposisiop|58 of etter vater ddwwhie 52. The
three-el ectrode constitution is enployed, one of the three el ectrodes can
be forned ds™§ GrlGUneRiyme| B tisodesioned Hougtjust 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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it is preferred that an AC current is supplied to the electric current
supply electrode, a constitution for supplying a DC currentSQ@me%hag be
enpl oyed.- Figure 6 shows a schematic constitution of an.el ectri¢
conductivity nmeasuring cell having a two-el ectrode formati on applicable to
the present invention. In the electric conductivity measuring cell 61
shown in Figure a power supply electrode 64 and an el ectric conductivity
detection el ectrode 65 are disposed at a distance in a fluid 63 to be
measured and flow ng in a measurenent tube 62 or being stored in the tube
62. An AC SCOMYEAVING dghpriien edestredpomrt Buppither| det awdeledtiria omrrény
exanpl e, a ower source (not shown) through an anplifier 66, and a
det ecti on SHPPBhteleFToRst MBdeparn rtheeemidattddei tynstétwbhobs elmetdyeddeots
receives the treatnment of the aforenentioned addition or subtraction. In
the el ectri®é E¥ndiEes AleGtioeas usam e cidrmed lanfa tweanded celeoticodef. or Aithbagh as
descri bed above, the neasuring tube 62 is conposed of an insulation
mat eri al (f-&r 1@xBRFEEreds thhydn AY erterntt dbebumtlibdast the ehetrposivrirem of
t he above-described electric conductivity nmeasurenment, since the systemis
of ten subsfERIAELFCHRIS G chneeld-ustondiforoauatlyamy aSi tiorent ofart @so be
extendi ng portion of 'the tube, noises may be picked up fromthe
envi r onment™Yedi nati ng from the grounded condition. In order to renobve
any effect ascribed to such noises, it is preferred that electric
conductivity mEagyr Kgseedisl & Rehemagic hropetMitlod e aB0@lectrbe tavadectivity
constitutions, for exanple, as shown in Figures 7 and 8, are wused. In an
el ectric cHRMELNY| YL neE0e | hweetlectiodsh Gammatiori qgpltcable ththe present
el ectrodes 74, 75, 76 brought into contact with a fluid 73 to be

invention. In the electric conductivity measuring cell 61 shown in Figure

o, a power supply electrode 64 and an electric cc')nductivity detection
electrode 65 are disposed at a distance in a fluid 63 .to be measured and
flowing in a measurement tube 62 or being storeci in the tube 62. An AC
current is applied to the power supply electrode 64 from, for example, a;
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, s‘ince
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, originat:_'.ng from the grounded conciition. |
“In order to remove any effect ascribed to such noises, it is

preferred that electric conductivity measuring cells having three-
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measured are provided in the fluid 73 to be neasured and flowng in an

i nsul at ed neasuring tube 72 or being stored in the neasurin%‘hmpgoag. The
three el ectrodes -conprise an electric conductivity detection electrode 74
for detecting electric conductivity and two AC current supply el ectrodes
75, 76 di sposed on both sides of the electric conductivity detection

el ectrode 74 at respective distances. AC current of the sane phase is
applied with a constant voltage and the sanme potential to the two AC
current supply electrodes 75, 76 through an anplifier 77. The detected
current frorherhecdsl echsiitutiomduciow idxpmolet, eeki efowel dat Fogle<g47r estisjesrikhe
treatnment of the aforenentioned addition or subtraction. In the electric
conducti vi tysegreasim iang etedtirié lcovnivity hhaistieing ckDE 71€ls864M 1@ Figure 7,
conductivity neasuring electrode 74 is electrically shielded against a
grounded pdibaeewhlechrodas ddexiSt 7at badught pOrtidt cohtddie wexth endiingd Py thoopeof
the nmeasurenent tube 72 by the two AC current supply el ectrodes 75, 76,
whi ch are diesposet arenphotiledideshef f1dia gbeed nieC neandiat i (41 od8iLGh an
el ectrode 74, and to which an AC current of the same phase is supplied.

Nanely, sirgeulatsonséantinltingd2AG evifeBtomd intdhe semRrphasse 78, agpLi ed

to the two AC current supply electrodes 75, 76, and the potenti al

di f f er ence thetuesiectheies| - emiprige CONELEILYE tapnddetiQoty QRLEHEGHT AR tik-aNd
the AC current supply electrode 75, 76 is always nalntained at a

predet er ni Mgt cetsitdng elabueic 2éndhcliviay28Ad Gibat aniiraht Youpp1 el @ebtidies

resi stance exists between the electric conductivity detection electrode 74

alnd an_out sfisde 76grdiapaied pai Bbth Thixles! @ffe thankleasiist aBARREFNGE HeBEction

slectric electrode 74 at respect:.'Lve distances. AC current of the same phase is
appl:i__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. the electric conductivity detection electrode 74 receives the
treatment of the aforementioned addition or subtraction.

Ir; the electric conductivity measuring cell 71 shown in Figure 7, the
electric .conductivity measuring electrode 74 is electrica.lly
shielded against a grounded point which would exist at any
point of the extendiﬁg portion of the measurement tube 72 by
the twoe AC current supply electrodes 75, 76, which are disposed
on both sides c;f 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 vaiu‘e,
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conductivity detection el ectrode and an outside grounded point, and any
i nfl uence on an output electric current fromthe electric %qﬂﬂ§§b§¥ity
detection electrode originating froma variation of any. such 'St ance,
as in the cell constitution shown in Figure 6, disappear substantially
conpletely. In other words, any |eaked electric current fromthe electric
conductivity. detection electrode 74 to the outside grounded point does
not exist at all. As a result, the output. electric current fromthe
electric cgggggghgigy detection electrode 74 is extracted at a condition
with no di Sfurbance aty al POti FEECtEInd AFSPpELENn6Rn aRdivAFi abesHedne thet he
disturbancelgrgr. revegteg" t herebpy ensuring a stable and hi gh-accuracy
measur ement ~of ef ectTE "ESAYLEY i AR tion | S8 Heedg n7éhensl edkrjositside
‘conducti vit asuring cell 81 showmn in Figure 8, three el ectrodes 84,
85, 86 br o%’g]ﬁ%“.%@op%b‘%?act TREERT A F1 uPY B3SivtIRCeRafiias® e giesricded in
the fluid 83 élomin in,an insulated measurenment -tube 82 or being stored
in the meaSuPeReht VI UhelEECtipd elfctE odreaPfoaR sOBbRRRE sErandside proting ,
conductivity, detection el ectrode 84 for detecting electric conductivity
and an AC %ﬁ?r e?ﬁysd‘ﬁ‘gllifeé‘fzﬁct?%dé‘rBSOUHPEBOS%kPW%eCsliféenbf fivan eftbet ric
conductivity detection electrode 84 at a distance, and a grounded

el ectrode %%eﬁfgb%sgangﬁcFﬁngYh@Ft§P&é°8fe%ﬁﬁﬁf@ﬂ%ﬁﬁ#iQﬁHﬁﬂ#ﬂ%tfn¢mya
detection electrode 84 at a distance. An AC 22 3 June 2004 current with the
phase is appftautat f cBR¥t SHEDVEEEAGE2REet has Adhc hheerfie Lls gsist idiigdbnodes
85 through an amlifier .87. The detected current from the electric

conduct i vi TY°ERt &8t | BRIRFRcfroddl TPRAei vEksEaRtiakhy meampdetely. 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
.c,urrent from the electric conductivity detection electro&e 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 electiic 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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the aforenentioned addition or subtraction. In the electric conductivity
nmeasuring cell 81 shown in Figure 8 an AC current with a %Rﬂl%ﬁﬁﬁ vol t age
is. supplied only to the AC current supply-electrode 85, the é éed
electrode 86 is forcibly nmade to be zero in potential by the grounding,
and these el ectrodes 85, 86 are disposed on both sides of the electric
conductivity detection electrode 84. Therefore, the portion between the

el ectrodes 85, 86 is divided in electrical circuit in a formation of a
so-cal |l ed resist%ve ivision, hy the electric .conductivity detection

el ectrode 84T FRTt'HE YT ENEshef Wi ieheded emstantoFeltas, t8ehealC current
predetermned AC current with a constant voltage is applied to the

el ectrode 8EFPINISIHETRHRAP| BIronsh afe ampEdien Y -85 The dekbokars choressdEtan be
zero, and this condi,tion is always maintai ned stably. Nanmely, even .if any
ext endi ng potd egﬁc?flct fROReEStEe fekectigheslgptrede 8 gerdies the toeatanend obom
to allow a yesistance o enter between the grounded point and the electric
conductivité”%E?@%?PBF”%F@C%*BH%“BHF SUPREREBYNprevent i ng the electric
current extracted fromthe electric conductivity detection electrode 84
fromshifting of™ APyPIRFITIhCOBRGTAVILY pReSWEREUEeld] 8L tshiown clur Féguref Boran he
el ectric cg&ﬂuctivity detection electrode 84 is extracted at a condition
with no di SturPHReRt 1t p cratent uekkage sper supiiethdonlar tat Hon Aueurperthe
di st ur bance arﬁ prevented, thereby ensuring a stable and hi gh-accuracy
measur ement SHPIE I DECETAe: B (he | arpiydag: elgqtregenss. i9 Fogcihlyem2B0to lbe révm
present invention, the nmechanical construction of an electric conductivity
measuri ng cBl PPFEtat o the Girdrding, rans theseeelechnersst 8%a§6hard dismdedsomm

constructiqgﬂ;pomn in ) ,
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
_conductiv:i_ty 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 conduct.ivity detection electrode 84,
thereby preventing the élf-zctric 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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Figure 9 for exanple. In the electric conductivity neasuring cell 91 shown
in Figure 9, an electric conductivity neasurinng electrode 24 in
Figure 10 is preferably used for exanple, wherein an electrode surface is
formed by a titaniumoxide |ayer 93 on the surface of an el ectrode body 92
made of a conductive netal. The titaniumoxide |ayer 93 is fornmed by a
surface treatnent such as sputtering, plating and the like, or 1is forned
by oxidi zing the surface of the el ectrode body 92 nade of a titanium
metal . The oxida{iophis conduct ed b%Felectrolysis or air oxidation. The

y

el ectric conductTVi ty°nBASEFThg BV 8EH Yestion mpehankeal agondtantatdges of
correspondggg ip é@Dqu three el ectrodes shown in Figure 6 to 8, and are
attached t 6 an €T ectTOdERAPAELVitY Measusingn Geddul 4Fi gwtnebart ddularly
condi tion @Q%Eei% e ele%trpde surfaces are exposed as shown in Figure 9. .
Three el ettrodéS 847 af8ithoSal PF LR il Bheosiséenctdes Shavandin 94b
at both si 83 %gngtk{ute AC current sugply el ectrodes connected to a power
source, and‘PhE®elPedtFodedRlieat the teenetartpbsi eppAuchitsttiyt Utesswning
det ecti on elﬁitggde functioning as a sensor for detecting electric
conduct i vi £y EPECTTEYE HAt dBHIwee | @/ f rRedlactaier eordierividy posddimimef a
substrate %g.ckg the substrate 96, inlet. 97 for 24 3 June 2004 introducing
a fluid to°n& 280 84 THOY" eXanpteire &P dGuesesersblut noed , foutdmas: f or
dischargin% the.fluid, and flow holes 99 and 100 for measuring electric
conducti vi yegFénprad’\/i gigctrode surface is formed by a titanium oxide
layer 93 on the surface of an 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 tiFanium. 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
95 made of an insulation material in a condition where the
electrode surfaces are exposed as shown in 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 detecting 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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In the el ectrode holder 95, flow holes 101 and 102 are provided, and the
flow hole 101 is disposed to communicate with the flow hol%‘Rgeg%OQhe
substrate, and, the flow hole 102 is disposed to communicate Wt I

hol e 100 of the substrate, respectively. A fluid to be neasured introduced
frominlet 97 is sent' into a space 104 for storing a substance to be
measured, 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 holder 95. The space
104 for storPHPHEMstanEsuie e rkmsuradured mifar fexampiath dor ageasusi ng
electric conductivity of a fluid to be neasured. The fluid fromthe space
104 for stoiqifFienisusdttdste %o fos Weasbroding thechingdd aAndnfbow| ko188
through the flow hole 102 of el ectrode holder 95, the flow hole 100 of
the substrat® 389 ARE &Py rMEsaRuPdAKh ADSctie t bendudistvidte @6 phovilgad.
hol es 106a, 106b, 106c are opened at positions corresponding to the
respect i ve ¥l &dt 6d€strods, hodfder 09%, Sai HedessdOy ehdcipcankrgsoarded,
pul l ed out of the through hol es 106a, 106b, 106c. The space 104 for
storing a StsStEifcefdy bolredddr déb, dimpolsies tenbotinmentatéeswiiehi tied byow
sheet-1i ke packing 107, and a transparent glass plate 108 provided as a
li ght trandifla iSfy ofatiérs dubstiveftei s a8, $hguizoR0bdld| §pased tbsposéd ond
el ectrode holder 95 with a gap via packing 107. It is preferred that a
titani um o EE&ELtRg Widyefloy podei 88 d $heh sabstertent rekabctheelyght

transnittingigrqperty is not damaged, also to the
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
embodiment, 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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surface of glass plate 108 on its side facing the space 104 for storing a
subst ance to be neasured. The electric conductivity of the fé%g, bl OW ng
in this space 104 for storing a substance to be nmeasured, is 528 gd.

El ectrode hol der 95, packing 107 and gl ass plate 108 are fixed to 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
the el ect rOTEOSEH ftec e BRIt Heleckgsiec hpidere Pe ctitb de sya@4 aria PHokingd407t hrmrugh
glass plate 108 fromthe wi ndow 111. - Light having a wavel ength that

bri ngs abot PXepfidtdcaial y itétamivivpride epattingabivem 0xi pieovitiey eos s i
selected as the light to be irradiated. For exanple, an wultraviolet ray
with a spedftered Ehenkitght ( Femsekeiipbeprepenty else mgt hdarfakd| nd.swi tdithea
range of 300 to 400 nm) can be enployed, and as light irradiating neans
112, a bl RKIPFYIRE girms Pratediad en dbs rsivie ofssting rdpsspaoe 1@k d@opl soromn sbe
used. If such an electric conductivity neasuring cell 91 is constituted,
by irradi &¥PHGaRGegRe Hor BeAsurgit  The sdieatiingcommubivity2of trhé afluiky EXbwitg

| ayers 93 provided on the surface's of the respective electrodes 94a, 94b,
94c exhi bi¥" AhphoPacatlaf yidrc stawing\a sybs tamde etehe witenuosdgahs eessibstiances
are contained in a fluid to be neasured flowing in the space 104 for
storing a 3 JuRechorie boldarfBe narkbey ®dsanddilashglatgallsc asel rikanors aar e
deconposed by the photocatalytic activity. Therefore, even if ion
exchange i@vﬁérl?%ib/n&? 6h Uisesatfacerdde slistbsesitddd by bdies 100asur ety Of
el ectric conductivity, the nonconductive organic '

11 for transmitting light is opened on cover body 110. Through this
window 111, light from 1light 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 ray 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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substances are prevented from adhering or being adsorbed onto the

el ectrode surfaces. As a result, a periodical cleaning of %ﬁﬁngbﬁﬁﬁric
surfaces. is not required any nore, and electric conductivity c¢an be
neasured 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 neasunﬁgﬁ:the %gh%§ion or adsorption of organic substances to this
surface side 15 alSo “CprevERfEHredndtae coREF LT ot anre orgenidecoubesadces
in the spage %:4 for torin% a,substance to be neasured is prevented,

t her eby maiht ai Mishg PPRECRAGATEELEr adGt HEREUr enerfher@fons.r usgne of t hen
portion of the electric conductivity neasuring cell is not [imted to that
shown in Fieg‘ijcﬁ‘g‘rﬁ{e ahtl, PFdrr8esnpte, the cakeafsedde segAsrractditriag shoan
in Figure 11. In the electric conductivity neasuring cell 121 shown in
Figure 11FPSHEEEEcOrfogdeCts2y, C2PIRCEIPDEY artthemiatediucsigef organic
exanpl e, the el ectrode 122a, 122b on both sides are constituted as power
suppl yi ng SBRAPOEES ARG PeveraderFing andbeing abecrbedeonac.
di sposed b meeqﬁ%?en1is constituted as a 27 3 June 2004 detection

el ectrode fUNCtI'GINTTGIgs SH LERESr s detkaaulty &n Pegliosticrd comduthigveLy.
Thr ough ho%_s 123a, 123b, 123c are opened at the central portions of the
respective Bi%cttdesic 198utagenpis 1 poE, naanimedamnm bxiee kagerdegteic

provided on the . |
conductivity can be measured stably and 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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i nner surfaces of the respective holes 123a, 123b, 123c. Spacers 124a,
124b, 124c, 124d made of a light transmtting insulation R@rial for
exanpl e, 4-fluoride ethylene) are disposed on both sides o ne Pg pective
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.
Support materials 126a, 126b are di sposed outside of spacers 124a, 124d
positionedd%% b%th sides, and a stacked body conprising the el ectrodes
122a, 122b° C1558 108 FL99E OS5a e e tipad NIl B, 2 1 388SOT2 AP sdet e drimdini mhed
from both eﬁg%%s.by. th support. materials. Through holes 127a, 127b are
opened al sGH THE CEMPH L PIi-ons Brrquah r bepest ivBasuppesl, MiBer i ats
126a, 126b, and into the holes 127a, 127b, one end of a tube 128a for

i nt r oduci n§PEFAUI W t 6PBe AR e R OHHP BheoBndheof respediti e 8bLE ot rode s
discharginq éhe fIng are inserted and fixed, respectively. A flow path of
a fluid to B&%medéaPedl et orhddt HrAHoMme 9 X iP5 4 ayE28a are25lovia8d, ol 260e
123b, 125d,connected_b stackinglthe' el ectrodes 122a, -122b, 122c and the
spacers 1228P°1248°rf3%9%, o4dhea rpaPactdvoe hskesur d@3ant r ddabed 1h3ough
tube 28 3 QUne 2004 128a js discharged through tube 128b, after fl owi ng

i nsi de of “PRFETFI dvf Pat ht24Mresé2ftbed 2498 41ade28bt are Ligipos&danémattinght
transnittimg t&ﬁialéﬁfor exanpl e, 4-fluoride ethylene), and an

ul traviol et Fgga PR d\predictler fifRed aEsePbagt MiBluoride 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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irradiated fromblack Iight 129 provided as nmeans for irradiating |ight.
As the ultraviolet ray irradiated repeats diffusion and refy petiggain
tubes 128a, 128b as well as transmits the tubes, the ultraviolet ray is
gui ded al ong the tubes 128a, 128b, and guided to the inner surfaces forned
by titanium oxide |ayers in the. - respective el ectrodes 122a, 122b, 122c
fromthe portions of holes 127a, 127b at both sides. Further, as the
respective spacers 124a, 124b, 124c, 124d are al so conposed of a |ight
transmttin ;ateria[, the ultraviolet ray fromblack light 129 is

i rradiated 10°% ht® | AhdrD3E9eAcERT ORIle| Bieke oledb, 129%ker 182pwitgoénatderof
transmtting each_spacer while utilizing diffusion and reflection.

Especi al | y,‘gb’ySfSEL ndadch elBrasodeukerl dgfeer k2Btbeare elcampesky tdfi na
(for exanple, the thickness of each electrode is about 0.2 net, and the
thi ckness of-Bic 1wt tiadapateriammy fopeesamal e het Tl niateh ethyi sed) by

t he respective el ectrodes and spacers becones relatively short, even if a
particul ar 31Yhe™ r ShERRYEPhet netder i WitBuch ®redetepmivafl fyaerlenigshnolis
used, a sufficient anount of light for neasurenent is irradiated onto

pr edet er mi ek eadet zaR f kachy tight i gh?® gubdewided ongs| i ghéns for
transmitting tubes 58a, 58b as described above, and by the Iight- guiding

t hrough | i ghifadatsifict t ildghdpacer §s12the, wPdisviaipic, rapddrrafietef orepeats
this enbodi ment, a sinpler and snaller unit can be constructed. 29 3 June
2004 | ndust9itarsigppEpdareBhechion Hm |tibent128a. | A28heasmielll phe lestitisc the
conductivity neasuring apparatus according to the present invention, a
mcro diffdrbRge Bhe aricdst ofrae| £t suwdged cahrivcttibei tybdmet1A8en 3285, ursalli t y
of measuring points different in position or tinme can be determned with a
high reli atﬂ%&fi?‘é/, ta Rhghinegursiefacend farmed 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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high sensitivity. Therefore, the nultiple. electric conductivity measuring
apparatus according to the present .invention is extrenely %igﬁgl 04
particularly for nmeasurenment of a mcro difference or variati 5P

el ectric conductivity 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 nmultiple

el ectric conductivity measuring apparatus conprising: at |least two electric
conductivity measuring cells each having at |east two electrodes to be
brought into contact wt Ind S lafddication ofsibhe T ZienAC current supply
for applying an AC current directly to said at least two - electric
conductivity n&gs T G ePtss e laferisi AordycHl ety cineassriem dppprativsy aoeasiing ng
cells are conpected electrically such that an output signal is obtained
froma cou%?iﬁﬁeo?rT¥%Fséﬁ§¥ﬁgm§igth§r?h@H#éPW€§ foroerestdhnsaf dedatetiei c
conductivitéwgggsurin cells, said sensing signals thenselves are added

t oget her aff OWEY Bel{ashradilep ity mi heassehes pointse dpbifesent dnapssiedsment
function to the AC current supplied to at |east one of the electric
conduct i vi Py WEEsGRP iy Cebemuined wile anlighprediabiddtyi @ ddgdaidavady and a
nmeasuri ng ﬁgratus;according to claim1, wherein said at |east two

el ect rodes SSOR VY | Ehrshiatrt the mylhadsurlergr e chndmipyityenemsuring
electric conductivity detection el ectrode and an electric current supply
el ect r ode. BP3FHES MACPHL&del Bet rthe deredert i vinvsntieasurs ngxapwelnt useful
according to clajm2, wherein an AC current is supplied to said eleéectric
current suBpPiCBIEN offE measarensnt wife | Bieno idfechrcei van yvarsasiot net
apparatus agccording to claim3, wherein said AC current is to be anplified
or attenuaPtertind FHaaty ooeiivep as Plorrl ity eeff micoswrinpeptingspih ya water

el ectrode. :
treatment system, thereby obtaining reliable measured data at a high

accuracy and a high sensitivity.

30



5. The multiple electric conductivity measuring apparatus according to
claim4, wherein the phase of the AC current that is anplifipd.oGihog
attenuated is reversed. 6. The multiple electric conductivity nmeasuring
apparatus according to claim1l, wherein the output signal obtained from
the coupling of said sensing signals fromsaid electric conductivity
measuring cells is anplified to an appropriate level by a single anplifier.
31 3 JukARA@84 7. The multiple electric conductivity apparatus according to
claim1l1, wherein each of said electric conductivity measuring cells has
three el ectrodes include an electric conductivity detection electrodes and
two AC duppl A relidplt retebtric abingipciidtg nesasbhididraspatiatas ebmprsing:el ectric

conductivity detection, el ectrode at, respective.distances,,  and an AC current
of ‘the same phasé! IGhS TS e NG mRESGiTer SIF Serpheviey SLisasdes 5
The mul eleptreded te tierbrought irdo contscitwithnae ashstaneg tappanedsusedaccording to claim
1, wherein each of ectric conductivity suring.cells has thr
el ectrodes, said €f CW%PP%@%&" aPRMnQ(?@n% cgqrgr}t%rle tiyc@ﬁafijz?til?ﬁsﬁs"’o
det ect i electricaohduddigity mead\CingLoetignt el ectrode di sposed on one side of said
el ectric conducti vit .det@ctiﬁn el egt rt.oge at a.di stlﬁ_‘nce, and a 39:'0 md(ﬁd
el ectrode di spos&HeiT SAE YPREE CONARCHYEY mGaguring tells arecentiaeted «%%Lfnca y
det ect i sacteihatan ogtputadigraal & titainedfrodh. a dhuplinglbf ihelsensihg eighile tharnskiads frarh y
measuring .a ratus accordi.ng to claim1, erein said at |east two
o1 ot r ola S8 ke, A KA tut oS Bl sald SHRMY eSS kestispeas Adec
const r utdgethes @ntiloatont e subted ottt fromieths witiicrde sespyonsé @ aetebddyieht madétidmnt}o(mé de
| ayers surface .treatnent on rfaces of electrode hodi made of a
conduct ec%pgfquge%go ?)tg% Hpeloﬁtﬁg e?%cgrrlﬁ ‘é‘?ﬁd“\ﬁﬁ iy “%?fl%”%%ﬁé%ance. 10. The
mul ti ple conductivity neasuring apparatus according to claim9, wherein
each el,ectrig co ctjvit asuring cel.l has space for, storing.a .
Subst anle. t o 158 TGS plefirioaRRSVY Bikesfiune ASarRs HEETpetip vea) L dtrBeein
sur f acesaidfat $zmstitvat eleetasdestineach elictrivdemdustivity acesutig sell corprisecrséletiio
gL??;ngSﬁducﬁ\ﬂgf JBRERn oRotrbhid 8% 8k 'eirld! AenPlidyf d8cfrPect t ve el ectrode

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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11. The multiple electric conductivity measuring apparatus according to
claim 10, wherein |I|ight irradiated neans has a wavel ength %ﬂfﬁ@f@bh”gs
about a photocatalytic activity of said titanium oxide Iayers

mul tiple electric conductivity neasuring apparatus according to claim 10,
wherein said light irradiating nmeans conprises a light source. 13. The
mul tiple electric conductivity measuring apparatus according to claim 10,

wher ei n7, sai Théirglitiple rél@éﬂﬂl@bbﬁtﬁicﬂﬁ@népﬁéﬁﬂﬂéla%@&dﬁld 1098hinD Y1 dhBEbinRLEH 'o?'
sour 3 June 2004 14. The mul tip

VQ’{“EE[‘ r ?3' 8&?&?&& 9%9{@%?&3@??3%9 gﬂ'a&@amr@e §l?€89‘éﬁﬁw’§°‘t~‘6€ an &ierﬁrmonﬁmtway n

sai d spdetecfian ei&bt%ddégarﬂt SHPACHIPHI t&e&@d@@%ﬁ%@éﬁ ofi &8 L1aBE dPXart dib&ht
, and light fromsaid light irradiating nmeans Is

|t : ?23 F]a%‘t%'ﬁ%ﬁg@t g%f?%f'oé'l %'ew‘?ﬂfea% (Rspgelver ¢f§féug¢§ andli an g urrentaglstier same

mat er i aphaskSs anlQedWU'sbldﬁlN@m BGtdrit GuSPeieirbddst Y measuring apparat us
according to claim 14, wherein a titanium oxide coating |ayer capabl e of

transmtting light is provided on a surface of said 1|ight transmttlng

mat er i aB, whi trh Uit Be bleetrisl BAdAtiviRhidas taé %wre & WRih AN GRekdin
measured. 33,3 © gnt?ezomrwum PLE %LEETRI (&:1 éﬁr X m?/EASUR NG APPARATUS

ABSTRACTEH R elec |°e°%1%€WWd“€@ﬁiﬂﬂSt?ﬂVﬁt'}ﬁSn@@ﬁmmgO%&ﬁpaﬁa&i three signtiodeng at

| east tineluakedtdiédiric @&Wéﬁﬁt&‘defébtnﬂﬁé%@frbd@ ahAd éuﬁ&ﬁ@léﬁﬁ%b@%sﬁ&écﬁ% bnd WO
el ectrodes ? 3ght into contact with a ubstance to be measured, wherein

the. el oBp 0 SEE HRALIS GaNdyiciivity Sgtaction slspirade,nlea distanceancha GepusKiad eleckade y

that t hgispessi diohs gt skictdiehRdlcumiCa&hd e v @eécméréatrédébétraa%ﬁﬁ?e The
nmeasuri ng apparat us can neasure a mcro difference or variation o t he

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

said at least two electrodes of each of said electric conductivity measuring cells are
constructed so that their electrode surfaces are formed 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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conductivity between a plurality of neasuring points different in position
or time with high reliability, accuracy and sensitivity. Fisgﬂjrng 2%0334

14.  The multiple electric conductivity measuring apparatus according to claim 10, wherein
said space for storing a substance to be measured is defined by a light transmitting material,
and light from said light irradiating means is irradiated onto said electrode surface through

said light transmitting material.

15. The muitiple electric conductivity measuring apparatus according to claim 14, wherein
a titanium oxide coating layer capable of fransmitting light is provided on a surface of said
light transmitting material which forms the side of said space for storing a substance to be

measured.
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