iON COﬁCEMRATION METER |
Technical Fiéld of the I £

The present invention relates to an ion concentration meter, and
specifically, relates to an ion concentration meter which can
measure a minute change in ion concentretion at an extremely high
-acc.:urat':y and which lS suitable for detection_of a chaﬁge in ion
‘concentration, a leakage .o.f ions or the like 'in 'verioﬁs app_aratuéeé
or various systems. _ | | |

| : Background Art o! £ 'tlh,e Invention

Measﬁrement ef the eohcentfations of ammoniuﬁ, sodium, chloride,
calcium, potassium, carbonate, siliea) maénesium, sulphate ions and
the like may be required in various industrial fields. For example,
.in a cooling water producing system, as described later, heat
exchenge_is carried out between.the side of a refrigerator and brine_
used for respective use points by a heat exchangei:, and the cooled
brine is stored in respective target tanks and used as cooling water
_et the respective use points. In sﬁch a system, particularily, .
because leakage of ammonia frofn the refrigerator side into the brine
through the heat exchanger, etc. poses a problem, it is requir.ed to
measure and '.monito.r the concentration of the ammonia which has
leaked into the brine. It is known that the concentration of ammonia |
in a sample has a correlation with the conductivity of tile sample,
and that it is effective to measure the conductivity of the sample
for determining the concentration of ammonia.

Generally, in a conventional method for measuring a
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concentration of ammonia in a sample, for: example, an aliquot amount

. of sample is collected for measurement, ammonia in the sample is

evapoiated by heating or using a strong alkali and the evaporated
ammonia is trapped in deionized .water_, and the concentration of
ammonia' and the ‘char_lge of ‘the .concentration are detected. by.
measuring a Chancje ir_1 éo_nductivity of water. In this n_tethod,'
sampliné,_ cleaning, watér- for trépping, etc. are necéésary, and
there is a possibil:i.ty.that .an.apparatus for this method may. become .
extrémely _expénsive for achieviné a high-accuracy measurement though
it depends upon the performance of a conductivity meter.

Further, in a' case where a conventional-type condu_ctivity inete_r
is used and whén a base conductivity of a sample is very gre'at, it is
impossible_ to detect a minute change in concentration of ammonia.
For example, assuming that the conductivity of a. éamp],e having' a

base conductiirity of 3000 u S is changed by an amount of 0.5 uS by

-adding ammonia, the ratio of change in conductivity is about 1/1000,

-and it is impossible to measure such a change by'a conventional-type

conductivity meter ih view of its noise'level. Therefore, if a
sample ion is absorbed to a low-conductivity water such as deionized

watef and 1 u S water is prepaired for example, because the above-

described change becomes about 1/2, detection may be possible.

However, because such. a measuring method is carried out at a
repeated batch sampling formation, equipment and reagent therefor
are required, and the measuring apparatus becomes expensive as well

as the measuring operation becomes troublesome. Moreover, it is



difficult to continuously -measure the change in concentration.
Accordingly, an object of the present invention is to provide an

ion concentration meter which can measure a change .in ion
concentration, such as of ammonia, with extremely high accuracy and
's-e'nsit-ivity,‘ which .also can'. carry out continuous measur'ement; and
which has a 'eimple strui:ture and caﬁ be manufaetured at a low c’_ost.

To aCcomplish - the abeve -objeet,_ an ion cbnc'en'tration meter
a’ccoidincj to the pr.‘esent invention comprises a diff_erehce
conductivity meter wherein tWe conductivity meesuring eells eech
having 'at least two électrodes are arranged in series in a flow path
of a sample to be measured so that the sample being sent' may make
contact with the cells in sequen’ce,. the diffefence conductivity
.meter. produces a difference between signals themselves detected by
the conductivity measuring' cells as a difference in conduetivity of
the sample between_'the positions of the conductivity measuring
cells, and the ion concentration metef derives a. change in ion
coneentration of the sample from the output from the difference
conductivity meter, based on a predetermined correlation between a
- change in conductivity of the sample and a change in concentration
of an ion to be detected in the sample.

In the p_resent invention, although the ion to be detected is not _.
particularl—y restricted, as ions capable of being effectively
detected, at least one selected frem the group .consisting of

ammonium, sodium, chloride, calcium, potassium, carbonate, silica,.



magnesium and sulphate ions can be cited.-

In this ion concentration meter, it is 'preferred that a time
delay column having a predetermined capacity is interposed between. |
the above—described two c:_onductivity measuring cells arranged in the -
flow path of the sample to be measured. Namel;}, at a condit_ion where
a time _differenee s'e_t_ by the time delay .column is given, a
- difference between lsignal-s the;nselves detected by both conductivity
measuring cells is produced, and based on the output, the‘ change' 1n
ion concentration is measuredlk_. Although directly it is detected as
a .ehaﬁge in conductivity of a sampie, since the correlation between
: e.change in conductivity of the salﬁple and a change in concentration
of an ion to be detected in the semple has been deterzﬁined in
:advanee, by reading or. by using a siméle_ calculating means (a
| c-:a.];culatiqn program) based on the correlation, a change in ion
concentration of the sample ie easily derived. |

Further, in the ion concentration meter, it is preferred that a
..degasif.ier capable of’ degasifying and defoaming the sample being
sent is disposed upstream of the two conductivity measuring _cells
arranged in the flow path of the sample to be measured. By this, any
influence of micro bubbles'and the- iike on the measurement can be .
reIrtoved.

Further, the ion concentration meter can further comprise means
for sending a sample to be measured with respect to a change in ion
concentration to the flow path of the sample to be measured, and

means for injecting a standard raw liquid into the sample to be



me;sured with respect to a“change in ion concentration. In such a
structure, because it is- possible to always coﬁpare thé ion
concentration of the sample with _the stapdard raw liquid, for
example, even'if a change in ion concentration of the sample fo be
measured exhibits to be.extremely minute during a short period of
time and it is difficult t§ defect the minute change, in a case
where the change is continued, when the change in ion concentration
becomes more-than_a'cértain-level after a certain time,'the chénge
éan.be surely detected. Further, a structure also can.be employed
for thé'ion concentration meter wherein a standard raw'liquid, for
ekample, a- standard raw.liquid having a constant ion concentrafion
or Substantiaily contaiﬁing no ion is used as a carrier fluid, means
for sehding the carrier fluid to the.flOW-path of"the-sampie to be
measured is provided, and whilé the sample to be measured with
respect to a éhange in ion concéntration is injected into _the
carrier fluid,- the_change in ion concentration of-the.sample is
measured. In such a.structure,.because it is possible to always.
compare the ibn concentration of the sample with the standard raw -
liquid, for example, even if a change in ion concentration of thel
sample to be measured exhibits to be extremely minute during a short
period of time and it is difficult to detect the minute change, in a
case where. the change 1is continued, when the change “in ion
concentration becomes more than a éertain level after a certain
time, the chahge can be surely:detected.

Further, the ion concentration meter also can be structured so



as to further comprise means for switching a plurality of sample
sources and sending a sample from a selecfed sample source to the
flow path of the sample to be meésured. -In this structure, the path
of tﬁe sample to be measured having the above-described two
conductivity measuriﬁg cells - can be disposed for each of the
plurality of'sample sources. Whichever structure'is to be employed
may bé decided depending on the frequency or interval of
meésurement, the necessity of continuous measurement, etq. ,..
Although the strﬁcture of'the CQnductivity meésuring ce;l itseif
is not particularly résfricted, the following structures can be
employed. For example, a structure can be employedfwhereih the
above-described @ at least two electrodes in each conductivity
measuring cell comprisena conductivity detection eleétrode and an
electric current supply.electrode. ‘AlternatiVely, anothef structure
can be employed wherein each of the conductivit& measuring cells has
threé .electrodes,: the three electrodes include a conductivity
detection electrode.énd-two AC curfent supply electrodes'disposed on
both sides of the conductivity detection electrode at respective
distances, and an AC current of the same phase'is applied to the two
- AC current supply electfodes._'Aiternatively, a further structure
can be employed wherein eagh of the conductivity measuring cells has
‘three electrodes, _the three electrodes include a conductivity '
detection electrode, an AC current supply electrode disposed on one
side of the conductivity detection eléctrode at a distance, and a

grounded electrode disposed on the other side of the conductivity



detection .electrode at a distance. '

In such conductivity measnring cells, it is preferred'tnat th.e-
above—-described at 1least . two electrodes are constructed so .that
their' elect_rode surfaces are formed by titanium oxide layers on
electrode bodiee_ made of a  conductive metal. ~In such a
constitution,.iwhen organic_subétances and the like are contained in
a .sample .to be meaeured, the property for decomposing organic
substances based on the pnotocatalytic activit.y of the titanium
oxide, and its super-hydrophilicity can -be effectively utilized, in
- order te eliminate adverse .effects on tne meas_ureipent of the
conductivity due to thel adhesion or. 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 photocatalytic activity to. the titanium oxide layers. For -
example, each .conductivity measuring cell can be constructed so as
to have a space for storing a stlbstance to be measured defined
between respective electrede surfaces of the above—-described at
least two. electrodes, and light irradiating means that irraéliates '
light onto the respective electrode surfaces.

In the conduetivity measuring cells, it is preferred_that light
irradiated by the above-described light irradiating means has a
_wavelength .which brings about a photocatalytic activity of the
above—described titaniurn oxide layers. For example, light”with a
wavelength from about 300 to- about 400l nm can be employed. As the

light irradiating means, a light source compoeed of means for



irradiating ultraviolet'rays and the like such as a black light may
be directly employed, énd a light guiding'materiai_(for example, an
optical fiber) to guide light from a light source provided as means
for irradiating light may aiso be employed.

Further,.the above;described space for storing a substance -to be
measured may be defined by a light transmitting material, and.if may
be constituted so that the'light from the light irradiéting means is
ifradiated ontél an electrode 'surface through the light
transﬁittingfmatérial (for example, glass). In this case, if a
titanium oxide . coating layer -capable of transmitting 1light is
provided on the sﬁrface of the-light transmifting material at its
side facing the space for stofiﬁg-a'substance to be measured (a
surface in contact with solution), adhesion of organic substances
and the like to this éurface of the-lidht transmitting material can
be prevented by Super—hydrophilicity ana organics_ decomposition
property ascribed to the titanium oxide layer. |

The above—aescribed electrode can be produced by, for example,
the folloﬁing.method. Namely, a method can_be employed wherein an
electrode surface is formed by providing on a titaﬁium oxide.layer
on a surface of an elecfrode'body made of a conductive metal by a
surface treatment such as 'sputtering, plating or the 1like.
Alternatively, a method can also be employed wherein an electrode
surface made of a titanium oxide layer is formed by providing oxygen
to a surface of an électrode body made of titanium. As the ﬁethod

for forming a titanium oxide layer by providing.oxygen, a method



based on air oxidation other than a method utilizing electrolysis
can be employed.
| Such an ion concentration meter according to the present
invention is Suitable for application to the measurement of a change
in ion concentration. of a fluid' to be heat exchanged. in a heat
exchange systen, or“for application to the measurement of a change
in_ion concentration of a liquid diluted or mixed. Further, the ion
concentration_meter according to the presentzinvention is suitable
for.application to a cooiing water producing system. Fbr example,'
the ion concentration meter.can be constituted as a meter Wherein
the sample is collected from a brine in.a cooling water nroducing
system, and the ion _concentration meter measures a change in
-COncentration of ammonia which has leaked from the side of a
refrigerator into the'brine. |
In the ion concentration meter according to the present
invention, basically,.not an absolute value of a conductivity of a
sample but a change in conductivity is measured, and the measured
change  in conductivity is.determined as a value corresponding to a
- change in ion concentration. Since a value of a change is detected,
an extremely high-accuracy measurement becomes possible in spite of
a large base value of the conductivity or the ion concentration._
-Further, since a sample can be directly measured, equipment and
reagent for the measurement at a repeated batch sampling formation
as in the conventional method are not.required, and therefore, the

measuring apparatus and the operation can be both simplified.



Furthei:‘mofe, if the electrodeé utilizing the photocatalytic activity
of titanium oxide are used, a stable measurement can be possible.

Figure 1 is a sche:ﬁatic circuit diagram showing .an example of
the strﬁéture of al_ difference conductivity meter used in an ion
concentration meter according to the present invention.

Fl:'.Lgure 2 is a schematic circuit diagram 'showing another example
of ‘the .structu're of a difference contiuc‘tivity meter ﬁsed in an ion
concentration meter aqcording to the present invention' . o |

Figure 3 is a schemati.c- view showing an example of use of é
difference" conductivity meter with a time delay column used in an
ion concentration meter according to 'thé present invention.

Fi-gure 4 is- é schematic diagram showing an example of a
conductivity measuring cell usable for a difference conductivity
meter in the present imiéntion. |

Figuré 5 is a schetnatic diagram showing. another example of a'.
condtlctivity_ -measurirllg cell usable for a difference conduc_:tivit‘y
meter in the present invention.

Figuré 6 is a schematic diagram showing a further example of a'
conductivity measuring cell usable for a difference conductivity
meter in the present invention.

Figure 7 is an eXploded perspective view showing an example of
the mechanicai constitution of a conductivity measuring cell usable
for a difference conductivity meter in the present invention. |

Figure 8 is a perspective view showing an example of the



constitution of an electrode of a conductivity measuring céll usable
for a difference conductiﬁity‘ﬁetet in the present invention.

Figure 9 is a-schematic view of an experimental apparatus for
confirming the effectiveness of an ion concentration méter accordihg '
to the present invention. |

Figure 10 is a graph of a change in conductivity. showing an
eXample of the result of the experlment carried out by the
experlmental apparatus shown in Flgure 9.

Figure 11 is a graph of a chahge in.conductivity shoWing another
exampie éft the result of the experiment carried oﬁtl by 'the
experiméntal apparatus shown in Figure 9. |

Figures 12A and 12B are measurement charts of changes in
conductivity (changes in concentration of ammonia) in the result of
the experiment carried out by the experimentél apparatus shown in
Figufe 9, shéwing examples corresponding té the change shown. in
__Figurellb. |

- Figure 13 is a measurement chart of a change in conductivity (a
change in concentrétion'qf ammonia) in the result of the experiment
carried out by the experimental apparatus shown in Figure 9, showing
an example corresponding to the change shown in Figure 11.

Figure 14 is.a graph shoﬁing a correlation between a change in
égnductivity and a change in concentration of ammonia.

| Figure 15 is a schematic view showing an example that appiies an
ion concentration meter according to the present invention to .a

'cdoling water producing system.



Figure 16 is a schematic view sﬁowing another exampl§ that
applies an ion .conceptration meter according to fhe present
invention fo a cooling water prodﬁcing system.

Figure 17 is a schematiclview shoWing a fufther example that
‘applies én ion concentration meter accofding' to the preSent'
in&entioh to a cooling water producing system.

Figure 18 is a schematic.ﬁiew of an éxperimental appératus for-
investigating the performance of an ion. - concehtratibn metef
according to the present_invention..

"Figure 19 is a measurement chart of a change in conductivity

showing the result to the experiment carried out by the apparatus

" shown in Figure 18.

Figufe 20 is a graph. showing a. relationship between a
concentration of potassium chloride.and a change in_conductivity
‘obtained by plotting the result of the experiment carried out by the
épparatus_shown in Figure 18.

Figuré 21 is an eXploded. perspective view showiﬁg another
example of the mechanical constitution of a conductivity measuring
‘cell usable for an ion cqncentration ﬁeter according to the present
~ invention.

Hereinafter, more .detailed technical concept of the present
invention and preferred embodiments of the present invention will be
explained referring to Figures.

First, a difference conductivity meter used in an ion



'concentratiqn meter according to the presént invention will be
explained, .neXt, the ibn .concéntration meter according to thé
- present inv_en’cion- will be eXp'lained mainly as to experiments for
confirming the efféctivéness of use of the difference -condﬁctivity
meter for the measurement of i_on concentration, -and .further',
ex_amples' of the cénstitutions when fhe ion concentration metér is
applied to concrete _fields IWill be explained.
| Firstly, a difference cdnductivity meter used in an ion
concen'trat.ion ' 'mei_:er according - to the present .- invention will lbe.
explained. The différenc_e conductivity meter used in the present
iﬁ\}ention' .is a difference conductivity meter wherein two
condudtivity meésuring cells each having at least two électrodes are
arranged in series in a flow path of a sa1ﬁpie to be measured so that
the sample being sent may make contact with. the cells in sequence,
the diff.erence conductivity meter p'r_oduces a difference ' between
-signals themselves detected by the coriductivity measuring cells as a
difference in qonductivity of Ehe sample between: the positions of
the c_onductivity measuring cells. | |
Figure 1 shows an example of the difference conductivity meter
used in an ion concentration meter according to the present
invention. Iﬁ the difference condu'ctlivity meter 1 shown in Figure 1,
an AC current from an AC oscillator 2 is supplied to the resp.ective
conductivity measuring cells 3, 4, The AC current, which is
amplified by a phase reversing amplifier 6 with a magnification

setting unit 5 at a predeterminéd magnification and the phase of




which is reversed, ié supplied to one conductivity measuring cell 3,
To the othef conductivity measuring cell 4, an AC current amplified
at a constant magnification by an amplifief 7 is supplied without
reversing 'its phaée. The output sides of the réspective
conductivity measuring cells 3, 4 are conneéted to each other, and
since the phase of.thé aboﬁefdescribed one AC.current supplied is
revérsed{ a subtraction treatment is cdnducted to create a
difference between the sensihg signals themselves'sent.froﬁ.both of
the conduétivity meaéuring cells 3, 4. This subtraction tfeated
signal'is amplified by an amplifier 9 with a sensitivity (méasuring
fange) switching unit 8, and output as a single output signal 10.
Therefore, this output signal 10 indicates a difference or variation
between the detected'éonauctivities of both of the conductivity
measuring celis 3, 4.

Thﬁs, since'thé differencé or the variation is not Calgulated
from the.absqlute values of thé sensing ' signals .output fromlthe
respeétive condﬁctiVity measuring apparatuses, but the sﬁbtraction
treatment is carried out with respect to the sensing signals
themselves from fhe respective conductivity measuring cells 3, 4 in
a single differehce conductivity meter 1, only the difference or
variation between conductivities of béth -0of the conductivity
measufing cells 3, 4 can be eﬁtrdcted accuratély. Further, because
the measuring range at the time of this measurement may be adjusted
not relative to ‘the absolute value of conductivity but relative to

the difference or variation of conductivity to be detected,'even if



the difference or variation is much.smaller than the absolute value
of condﬁctivity, the adjustment to an optimum measuring range
regardless Qf the absolufe-value_of conductivity is possible, and an
extremely high-accuracy and..high—sensitivity"méasurement ‘becomes
possible.

FUfther,.since the level of the cufrent'supplied to one électric
coﬁductivity measuring bell 3 can be appropriately switched by the
mégnification switqﬁingfunit 5, an optimum adjustment of sensitivity
can bé performed for_aqy of a cohcenfration sysfem or a dilution.
sySteﬁLl MOreoﬁer, since the sensitivity'(measuring‘range) switchin§
unit_8 is proﬁided also on the output-side, the level of the signal
finally‘output can aléo be adjusted,to an optimum level, and the
data of the difference or vafiation of conductivity can be
determined at an optimuﬁ sensitivity. As a result, extremely high-
reliability data of the difference or variatioh in the conductiﬁity
' measuremeﬁt can be obtained with a high accuracy and a high
sensitivity. -

‘Such a difference éonductivity meter can also be constituted as
- shown ih' Figure 2 for example. In Figufe 2, a difference
conductivity.meter 11 has at least two conductivity meaéuring cells
(ih this _embodiment( 'a. two-cell constitution is depicted) eéch
- having ,at‘ least two electrodes (in this embodiment, a three-
electrode cpnstitution is depicted) brought into contact with a
substénce to be measured (a sample) . In this embodiment,. the

conductivity measuring cells 12, 13fare connected electrically so



that sensing signals themselves from the conductivity measuring
cells 12, 13 can be treated to be subtracted.

The conductivity measuring cells 12, 13 are connected

electrically in parallel with each other, and an AC current with the

same phase'is supplied from an AC oscillator 14 provided as a power
source to electric current supply electrodes 12a, 13a of the
respective conductivity neasﬁring cells - 2, 3. The conductivity

detection electrodes '12b; 13b of the respective conductivity

'meaSuring cells 12, 13 are électrically connected to each other, andf

the detection signals themselves from the conductivity detection
electrode§ 12b, 13b aré subtracted_as follows. A phase reversing
unit 15 cabable of amplifying or attenuating the supplied AC current
at a predeterminéd magnification is provided before the conductivity
detection electrode 13a of the conductivity measuring cell 13, and
the levél of a conductivity of a substance to be measured as an
object detected .by the _conductivity"meésuring cell 13 is ﬁade
different from that'by the conductivity measuriné cell 12, as well
as the phase of the.sensing signal.is reversed. By this; the sepsing
signalé themselves from the respective cdnductivity measuring cells
1é, 13 are substantially subtractedf _

The signal obtained after the above-described treatment of the
electric calculation, namely, the signal obtained from a ;Dupled
point  of the conductivity defection electrodes 1éb, 13b, is
amplified to an apprépriafe level suitable as an output signal; by a

single amplifier 16. At this juncture, an optimum measuring range



can be selected depending upon the measurement object by a measuring
range switching unit 17.

In - this embodiment, the signa; sent from _amplifier 16 is
synchronized with the output side of the AC cufrent oscillator 14 by
a synchronous rectifief 19, after a temperature compensation fof the
meésurement enﬁiroﬁment ié'carried but by a temperaturé compensator
18. Further, the signal is ampiified_by an aﬁplifier-Zl with-a raﬁge
cﬁntroller 20 éo as to became a éignﬁl with an optimum level for a
.certain kind of control or display of output, and it is extracted as
an actual output 22. |

In the above-described différencé conductivity meters, a change
in conductivity of a sample (a substance to be measuréd)-with.time
cén be accurately determihed by using a time deiay columq.. For__
example, as shown in Figure 3, when a change in conductivity between
different positions is measured in the flow direction of the water_
flowing in a water fléw tube 52, a difference conductivity meter 51
is disposed to take oﬁt a sample Water through; for example, a
Venturi tube 54 at an upstream position 53. After the conductivity
of this sample .watef is af first detected by one conductivgty
measuring cell 55, the saﬁple water 1is- sent' to the other
conductivity measurihg cell 57 through a time delay column 56, the .
conductivity of the sample water is measured again in this ceil 57,
and the sample water after the measurement 1is returned to a
downstream position 58 of the water flow tube 52. The time delay

column 56 is designed to adjust a residual time from an end of inlet



to an end of outlet by, fér example, winding a capillary spirally,
and in this embodiment, the =r¢siduél time is adjusted to
substantially correspond to ‘a flowlfime from the upstream position
53 to.the downstream position 55 of the water flow tubé 52.

By providing such a time délay column 56‘and timely shifting the
timing of conductivity detection“as tg an identical samble Water, it
can be observed - how ‘the conduct;vity -varies betwéén fhese two
different times. And, by employing -the difference conducfivity_
metér 51 aécording to the preéenf ihvéntion for this observation,
the change in conductivity is detected with a high reliabiiity, a
high accurécy and a high sensitivity.

In the present invention, the structures of the respective

-conductivity measuring cells themselves ‘are not particulariy

-restricted, and they may be each constructed to have at least two

electrodes brought into contact with a substance to be measured (a
sample). In the case where two electrodes are used in each

conductivity. measuring cell, one is a conductivity detection

. electrode and the other is a electric.current supply electrode, and

when - three-electrode constitution is employed, one of the: three
electrodes can be formed as a grounded electrode. Aithough it is
preferred that an AC current is supplied to the electric current
supply electrode, a’constitution for supplying a DC currenf can also
be employed.

Figure 4 shows a scheﬁatic constitution of a conductivity

measuring cell having a two-electrode formation applicable to the



present in%entiqn. In the conductivity measuring cell 61 shown in
Figure 4, a power subply electrode 64 and an electric conductivit§
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
fube.62. An AC.current ie applied to the power supply electrode 64
'from,-for example,_a poﬁer source (nqt shown) through an amplifier
66, and a detection current from the eonductivity deteetion-
eiectfode 65 receives the treatment of the 'aforementiened
subtractioﬁ.'

‘In the conductivity'measﬁfing'cell él of two-electrode formetion
as described above; the :meésurement tube 62 is composed of an
insulafion material (for example, a vinyl chloride tube) at least at
the position-of the above-described conductivity measurement, since
the system is often substantially_in.a grounded condition at any
position of the extending porfion of the tube, noises may be picked
up ffom the eﬁVironment,,originating from the grounded condition.

Iﬁ order to remove any effect ascribed to such noises, it is
preferred that conductivity measuring cells having three-electrode
consfitutioﬁs, for example, as shown in Figures 5 and 6; are used.
In a conductivity measuring cell 71 ‘shown in_ Figure 5, three
electrodes 74, 75; 76 brought into contact with a fluid 73 to be
measured are provided in the fluid 73 to be measured and flowing in
an insulated measurement tube 72 or being stored in the measurement
tube 72. The three electrodes comprise a conductivity detection

electrode 74 for detecting conductivity and two AC current supply



electrodes 75, 76 disposed on both sides . of the conductivity

" detection electrode 74 at respective distances. AC current of the

same phase is applied with a constant voltage and the same potential

to the two AC current supply electrodes 75, 76 through an amplifier

77. The detected current from the conductivity detection electrode

74 receives the treatment of the afbrementioned subtraction.

in_the conductivity measuring cell 71 shown in Figure 5, the

: conducfivitY'measuring electrode 74 is electrically-shielded‘against

a'grounded point which would exist at any point of the extending
portion of the measurement tube 72 by.the two AC current supply
electrodes 75, 76, which are disposedl on both sides of the
conductivity detection electrode 74, and to which an AC current of
the same phase is supplied. Namely, sincé.a constant voltage AC
current with the same phase is applied to the two AC current éupply
electrodes 75, 76, and the potential difference betweenl the

conductivity detection electrode 74 and the AC current supply

. electrode 75, 76 is alWays maintained at a predetermined constant

value, substahtially no electric resistance exists between the
conductivity detection electrode 74 and an outside grounded point.
Therefore, any resistance between a conductivity detection electrode
and an outside grounded point, and aﬁy influence on an output
electric current from the conductivity detection. electrode
originating'frém a variation of any such resistance, as in the cell
constitution shown in Figure 4, disappear substanfially completely..

In other words, any leaked electric current from the conductivity



detectien electrode 74 to the outside grounded point does not. exist
at all. As a reeuit,- the output electric current from the
, coﬁductivify detection.electrode 74 is extracted at a condition with
no disturbance at all times, and dispersion and variation due to the
disturbance are prevented, thereby' ensuring a stable and high-
accuracy measurement of cohducfiviﬁ& at all times.

_In the coﬁductivity méeasuring cell 81 shoﬁn in Figure 6, three
electredes 84, 85, 86 b;ought into-contact-with a flﬁid 83 to be
measured are provided in the fluid 83 flowing in an insu]..ated~
measurement tube 32 or being stored in the measurement tube 82. The
three electrodes comprise a conductivity detection electrode 84 for
detecting conductivity and an AC current supply electrode 85
disposed on one side of the conductivity detection electrode 84 at a -
distance, and a grounded electrode 86 disposed on_the other side ef
the conductivity'jdetection' electrode;_84 at a distance. An. AC
current with a predetermined phase is applied at a constant voltage
to the AC current supply electrode 85 through an amplifier 87. The_
detected currentl from the conductivity ~detection eiectrode 84
reCeives the treatment of the aforementioned subtraction. .

In the conductivity measuring cell 81 shown in Figure 6, an AC
current with a constant voltage is supplied only to the AC current’
supply electrode 85, the grounded electrode 86 is forcibly made to
be zero in potential by the grounding, ‘and these electrodes 85, 86
are disposed on both sides of the conductivity detection electrode

84. Therefore, the portion between the electrodes 85, 86 is divided



in electrical circuit in é formation of a so-called résistive
division, by the conductivity detection electrode 84. 'In the
circuit between_these eiectrodes 85, 86, a predetermined AC current
with a constant voltage is applied to the .electrode 85, and the
poténtial of the electrode 85 is always forced to be zero, ahd this
_.conditidh is always maintained, stably.' | Namely, _eﬁen if  any
éxtghdiné portion offfhe measurement tube.82 is grounded;.thefe-is
no room to allow a resistance to enter between the grounded point
and tﬁe éoﬁductivity detectioh electrode 84, thereby pfeventing the
electric current extracted from the conductivity detection electrdde
84 from shiffing or varying. Therefore, the output electric,éurrent
from..the conducfivity' detection electréde 84 is éxtracted at a
condition with no disturbance at all times, aﬁd. dispersion and
variation due to the disturbance are prevented, thereby ensuring a
stable and high—accuracy'méasurement of conductivity at all fimes._
In the presenf._invention, fhe mechanical -construction of a
conductivity measuring cell is-not particularly restricted, and it
can be formed as -a construction shown in Figure 7 for example. In
the conductivity measuring .cell 91 shown in.Figure 9, a conauctivity
measuring electrode 94 shown in- Figure 8 is preferably used for
example, wherein an electrode surface is formed by a titanium oxide
layer 93 on the Sufface of an electrode body 92 made of a conductive
metal. The éitanium.oxide iayer 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 titanium metal. The



oxidation is conducted by electro-lysis or air oxidation.

The conductivity measuring electrodes 94 are used as electrodes
corresponding to two or three electrodes shown in Figure 4 to 6_, and
-are attached to an electrode holder 95 made of an insulation
material in a condition where the electrode surfaces are exposed a.s

shown in_-Figure 7. Three electrodes 94 are di_sposed 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 condnctivity.
'E-lectrode holder 95 is fixed at a predetermined position of a
substrate 96.. In the substrate 96, inlet 97 for introducing a fluid
to be measured (for example, an agqueous solution), outlet 98 for
.discharging the fluid, and flow holes 99 and 1'00 for meesuring
conductivity are provided. _In the :electrode nolder 95, flow holes
101 and 102 are provided, and the -flow hole 101 is di_Sposed to’
communicate with the flow hole 99 of the substrate, and the flow
hole 102 'is disposed to cOmmnnicate 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 suiostance to be
measured,, which is defined on ‘the side of the electrode 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 electrode
holder 95. .The space l04 for storing a substance to be measured

forms a flow path for measuring conductivity of a fluid to be



measured. The fluid from the_space’lO4 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, 106¢c 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, 1is defined fby a sheet-like packing 107, and a
'transparent glass- plate 108 provided' as a light transmitting
material which is-disposed to confront electrode holder 95 with a
gap via packing 107. It is preferred that a titanium oxide coating
layer is provided to such an extent.that the lightitransmitting
property is not damaged, also to-the surface of glass plate'108 on
its side facing the space 104 for storing a substance to be
measured. The conductivity of the fluid, flowing in this space 104
for storing a substance to be measured, is measured. |

Electrode holder 95, packing 107 and glass.plate.108 are fixed:_
to a cover body 110 on one.surface side of substrate 96 by bolts 109.
A window 111 for transmitting light is opened on cover body 110.
Through this window 111, 1light 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 the

respective electrodes 94a, 924b, 94c through glass plate 108 from the



window 111, Light having a wavelength :thaf brings about a
photocatalytic actiﬁity ofltitanium oxide layers 93 is selected as
the liéht to be irradiated. For_éxémpie, an ultraviolet ray with a
spedified wavelength.(for example, a wavelength falling within a
range of 300 té 400 nm) can be employed, and as light irradiating
ﬁeans 112, a black light ‘that irradiates ultraviolef rays-for_
example, can be uéed.
| If ‘such a cqnductivity-measuring.cell 91 is constifutéd; by
irradiating light from light irradiating means 112, titanium oxide
layers.93 provided on the surfaces of the respective electrodes_94a,
94b, 94c exhibit é photocafalytic éctivity, and éven when organic
substances are contained in a fluid to be measured fiowing in the
space 104 for storing a substance to be meésured, the organic
substances .are | decomposed by the photocatalytic activity.
Therefore, even .if ion exchange is performed on the electrode
surfaces during the measurement of conductivity, the nonconductive
organic substances are prevented from adhering or beihg adsorbed
onto the electrode surfaces. - As a result, a periodical cleaning of
the electric surfaces is not required any more, and 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 bn 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 substances to this surface side is _also prevented, and -
-.accumulation of the organic substances in the space 104 for storing
a substance to be measured is prevented, thereby maintaining the
high-accuracy measurement. |

Although the '. differencel conductivity meter _.used in an ion
concentration meter according to the present invention haa 'been
explained in detail, in the present invention;' the above-described
' difference conductivity meter is incorporated into the . ion
.concentration'meter. With.respect to the _effectiveness according to
use of .t_he d_ifference' condiictivit‘y meter for the measurement of ion
concentration in the present invention, namely, with respect to the
essential technical' concent according to tne present invention, the
“ion concentration meter according to the"present invention will be
expl.a.ined'ma‘inly as to experiments for confirming the effectiveness.

As described above, since lthe difference conductivity meter used
in the present invention can have- an electrode constitution using
electrodes covered with titanium oxide layers on their surfaces and
being used under -a_ condition of  light i_rradiation and has ‘an
apparatus constitution including a specified | differential
measurement circuit, an extremely minute change in conductivity can
"be stably detected particularly in a system such as one containing
water-soluble organic substances with a high conductivity. The ion
concentration meter according to the present invention determines
this change in conductivity as a change in ion concentration.

For example, although a stable -measur_ement has been almost




impossible .in a Dbrine containing organic substances in the
conventional technology because the dirt.of electrodes is great, as
aforementioned, by employing "a constitution wherein electrodé
surfacés nre' covered with titanium oxide layers and thé layers are
irradiated wi.th light having a wavelength of about 3.50 nm capable of
activating the titanium oxide, the electrc_;de surfat:es are re'mar_kably'
enhanced in 'hydrophilic'i'ty (super_—-hYd:;bp’hilic interfaces are formed)
and ‘they have an oxidizing decomposition property for organic
Substances 'and the -'like by the photocatalytic activity, and
therefore, the. .adhesion of orcjanic substances and the like onto the
elet:trode surfaces do not occur. Further, because the hydration
structure of ions is not brciken at the interfaces, an extremely high
stability can be ensured as compared with conventional electrode
naterials. In particular, by forming two conductivity measuring
cells each having a constant AC voltage drive and AC current
amplification_”s'yst_'em using three electrodes, and by using the
differenti-al measui'ement . circuit, an almost nltimat'e : high—'
sensitivity and high—stability difference conductivity meter
utilizincj the cha:facteristics of the electrode -materiall cén be
constituted.

. In -order to confirm the effectivenéés of usel of such a
- difference conductivity meter for the measurement 6f a change in ion
concentration, the foilowing experiment was carried out. Flgure 9
shows a .schematic constitution of the experimental apparatus. In

. the experimental ion concentration meter 200 shown “in Figure 9,



brine 202 in a cooling water:producihg system is stbred in a sample
bottle 201 aé a sample, ahd the sample brine is supplied to a sample
injectioﬁ valve 205 by a pump 204 through a degasifier 203. The
_sample'injection valve 205 éupplies a predetermined constant volume
of the supplied sample brine or a sample supplied from another
system 206 to é sample measuring fldw path 208 through a-degasifier
267. .'In ‘this sample measuring flow péth 208, a difference
'conductivit? meter 209 such as one aforeﬁéntioned is disposed.  Thé
difference conductivity meter 209 has two conduétivity'measuring
cells 210, 211 (channel chl ahd channel ch2),.and a time'delay
cdlumn 212 having a predeterminéd capacity is interpbsed between
both conductivity measuring cells 210, 211. A signal of .i
difference - between ~detection signals from both conductivity -
measuring cells 210, 211, that is, a signal of a cﬁfférence in
 conductivity between the positions 6f both conductivity measuring
'cells.210, 211, as aforementioned, is output at a high accuracy from
- an amplifier 213 of the difference conductivity meter 209.
| Where, the degasifiers 203, 207 are provided particularly tq
stabilize the difféfence conductivity mefer 209. Namely, they-are
used for preventing the swing of the conductivity caused by passing
of micro bubbles. 'By préviding the time delay column 212, a
conductivity at a constant interval of time can be detected as a
difference_between conductivities from the channels chl and ch2, as
long as the time delay column 212 has a constant volume and a

constant length and the sample is sent at a constant flow rate for



detecting a change in ¢6nductivity_hith time.

Thé sam?le brine used in this experiment has a conductivity of
about 3000 £ S and is a sample contéining isopropyrene glycol at a
chtent of 30 to 40 % as an anficorrosive and having a pH of about
10. An extra pure ammonia solution was added to this: sample to
.adjust'the ammoﬁié concentration, and the change in conductivity of
the sample was determined. | |

As aforementioned, a difference in conductivity'fbetween the
positions of conductivity measuring cells 210, 211 is measured a£ a
high- accurécy by the' difference conductivity meter 209. ' Thé
relationship betweeg the change-in concentration of ammonia in the-
sample brine aﬁd the detected'output obtained in the above-described
experiment is shown in Figures 10 and 11. Iﬁ a case where the
concehtration 6f ammonia in.the Samplé brine continuoﬁsly dhanges/
.when "the Eime differential thereof 1is taken, the chaﬁge in
conCentration.of ammonia is detected -as a single peék as shown in
_.Figuré 10. On the other hand, in'a case where thg concentration of
ammonia changes temporarily, the change in concentration of ammonia
is detected as an overshoot wave form aé shown in Figure 11. 1In a
case where a conventional-type conductivity meter is uSed, when the
base conductivity of a sample is-#ery great, it is impossible to
detecf such a minute change in conqentration of ammonia.

In the above-described experiment, a change in ion concentration
(concentration of ammonia) up to a minute value could be detected at

high accuracy and sensitivity. In this experiment, 29% extra pure



ammonia solution on the market was diluted by ultrapure water to
prepare a solution with an ammonia content of 8700 ppm. A constant
volume of this master was éddéd to the sample brine bottle 201 shown
in Figure 9.; Where, the volume of the brine befére addition had been
determined.

Since the concentration of ammonia in the sample briﬁe~bottle
261 is'cqnsidered to becomé uhifotm almost immediateiy after_the
addition, a.concentratioﬁ gradient is generatea.in the tube along
with tthe supply of the solution by the pump. The change in
concentration of ammonia can be deteqted by determining a diffetencé
at a time delay longer than.the concentration gradient. Figures 12A
and 1ZB show examples otlthé measurement (charts of the result of
the experiment). As undérstood from these Figures, as the change in
concentration of ammonia corresponding to the change in conductivity
(ns: micto Siemens), a change of 0.1 to 0;2 ppm can be sufficiently
measured. The examples of the'measurement-showh in.these Figures
indicate the aspect wherein the concentration of ammonié in the
sample changes relatively siowly and continuously. and the
conductivity changes in éorrespondence with the change of the
_ concentratioﬁ of ammonia, as shown in the aforementioned Figure 10.
Figure 13 shows_ an example of the measurement wherein- the
concentration of ammonia in the sample changes relatively quickly
and temporarily and conductivity changes in correspondence with the
change of the concentration of ammonia, as shown in the

aforementioned Figure 11.



"The correlation betwecn a change in conductivity and a change in .
ion econcentration can be deteimined by vériously changing the ion
concentration of a sample in a similar experiment. Figure 14 shows a
graph plotted with the relationship between the concentration of
ammonia (a range lower than about 1 ppmi measured by a method
similar to that shown in Figure 12 and_é-peak height. ( u8) of
Uconductivity such as that shown in Figure-lQ; -In the experiment for
- determining the relationéhip shown in Figure 14, only the samples
were changed, the'measuring appératUs, the.pump.and the like were
left- untill.they reached - at their equilibrium conditions after
' deposition of power (about 2 hours for stabilizing the apparatus),.
and thereafter, tne measurement was carried out. The interval
_betwcen the measurements of the white circular marks and the black
circular matks was one week. Where, as the pump used for sending the
solution, a pumn "CCPM" for liquid chromatograph (manufactured by
Toso Corporation) was used at its reciprocélusingle cylinder mode.

- As shown in Figure 14, as the result that the repeatability was
investigated at an interval of one week, it was understood that the
data were plotted on a single straight characteristic line with no
problem. Namely, it was confirmed that the change in concentration
of ammonia and the change in conductivity were in an almost compléte
correlation in the region of a minute change in concentration of
ammonia. Further, even in a system indicating a temporary change as
shown in Figure 11, it is understood that the measurement can be

easily carried out from this result, if the delayed time énd_the'



amount of injection are appropriately adjusted.

Thﬁs, in the measurement principle according to the present
invention that the changé‘in-ion concentration is determined by
' measuring the.change in conductivity, it becomes cléar that even a
minute.change_in ion_concéntration can be measured at extreﬁely high
accuracy and‘sensitivity.

Next, examples applying the ion concentration meter according to
the preéent invention to actualjapﬁarétuSes will.be_explained.

Figure 15 shows a case where an ammonia concentration meésuring
appatatus provided"és the ion céncentration.metef according to the
present inﬁention "is applied to a systém_ for ﬁeasuring. the
concentration (change in concentration) of ammonia leaked into a
brine from the side of a refrigerator in a cooling water producing
system. in Figure 15,'an_ammonia_concentrdtion measuring apparatus
301 provided as the ion concentration meter according to ﬁhe present
invention is incorporated into a cooling water producing system 300,
A.plﬁrality of refrigerators 302a - * " 302n aﬁd heat exchéngers'303aJ
* * * 303n and é surge tank 304 are provided in the cooling water

- producing system 300, the brines.supplied from the surge tank 304 by
pumps 305a * * +3035n are cooled in the respective heat exchangers
303a - - '303n by heat exéhange with refrigerants containing.ammonia
of the sides of the reépective refrigerators 302a * - '302n, and the
cooled brines are cifculated into ‘the surge tank 304. The cooled
brine in the surge tank 304 is sent to respective target tanks 307

for cooling the'target tanks via respective pumps 306. The cooling



water is sent to a predetermined use point difectly from each target
tank 307 or further via a pump. )

In such a cooling water producing system 300, partiéularly since
a-leaka.ge of ammonia from the sides- of refriger'atofs 302a + * * 302n
into the brihe- at the portions of heat exchangers 303a *oe o 303n. is
considered to be a problem, it is required to monitor and detect
this at a .high a'c_cﬁracy. To detec-t such a leakage of ammonia, the
ammonia concentration measuring ) apparétﬁs accqrding to the present
inventién can be applied.. |

- Namely, in the embodiment showh in Figure 15, the conductivity
-of the. Sample brine extracted from the dis'charge. port and the like
of each of the heat exchangefs 303a * * *303n is compared with the
conductivity of the brine extracted from the surge tank 304,
réferring to the conductivity of the brine from the surge ténk 304
as a base valﬁe. In the eﬁample depicted in the Figure, the brine as _
a base is taken from thé surge tank 304 by a pump 309 through a base
line 368, it is supplied to an injection valve 310, and the sample
brines are sﬁpplied to the injecti_on valve 310 from the respective
heat exchéngers 303a * + - 303n through sample taking lines 311. In -
this énubodiment, the éantple‘brines from the respective sample taking
lines_ 311 are supplied to the injection valve 310 selectively by
éwitching a switch wvalve 312. Therefore, Ehe respective sample
‘brines from the respective sample taking lines. 311 can be measﬁred
repeatedly at a certain time'interval..

The respective sample brines in the injection wvalve 310 are



conveyed by the base brine from the surge tank -304, and they are
supplied _ to a sample measuring f_low path 314 of the amxnonia'
concentrat_ion lmeasuring apparatus 301 through a degasifier 3i3 as
-samples-' to be m_easured for determining a change in concentfation of
ammonia. The brine which has not beén' used ‘for the measurement is
returned to the Surgé tank 304 through a return liné .315, .a_s it is.

Two c_onductivi-ty measuring cells 316, 317 are arranged in series.
in the _s_'ampie mcasuring flow path -314., and Ith.e_'r-ebe'twe.eln a time: delay
column. 318 having a predetermined capacity is interposed. Thus, a
difference conductivity meter 319 is constituted which outputs al-
difference betweén the signals themselves ~detected by- conductivity
' _measuring celis 316, 317 as a difference in conductivity of the
sample between the positions of the conductivity- measuring cells
316, 317, and- the signal is output wvia an amplii‘.ier'32'0. From this
 output from the difference conductivity meter 319, similarly to thnt
-shown in Figure 14, the change in concentration of ammonia in the
sample 1s derived based:on a predetermined correlation between a
change in conductivity of the sample and a change in conc'entration
of ammonia to be detected in the sample.

By such a constitution, the sample brines from the respectiue
sample taking lines 311 are _sént by the base brine from the surge
tank 304, thereby detecting the change in concentration of ammonia
at a high sensitiyity. Moreover, because - the_ change in -
c'oncentration of ammonia in the surge tank 304 can almost be ignored

by altering the length of the time delay column 318, etc., the



leakage of ammonia cam be detected at high accuracy and sensitivity'
regardless of the change in'coneentration of the base.

Hewever, as shown in Figure 15, the time for one measurement
depends on the flow rate of the pump, the dead volume and the like of
_ the apparatus (particularly, depends on the volume of the
degssifier), and in the system shown in Figure 15, it took about 5
mdnutes_to complete one measurement. Namely, if there'are three
refrigeratOrs, each refrigerator is to be checked_at an'intervsl of
atlleast 15_minutes,' In a case'Where a continﬁous.measurement is
required, a system described later ss showntin Figure 16 can be
. employed.

As understood from Figure 15, since the brines sampled through
the_respeetive sample taking 1ines 311 are returned to the 'surge
“tank 304 vis a return line 321'or the return line 315, it does not
occur that they are discharged outside the system. Further, the
difference. conductivity meter 319 is extrémely' stable, and for
example, it can be stably operated by an overhaul at a frequency of
about once per a year. As the present actual result,!the apparatus
has been used at a condition of maintenance free for about 8 months.

Figure 16 shows an example of a multi4channel measuring system
wherein a -sample measuring flom path having two conductivity
measuring cells is .disposed relative to each of a plurality of
sample sources. In this system, respective difference conductivity
meters 40la * * * 40ln are provided for respective sample taking

lines 402a - * - 402n, and a base sample line from surge tank 304, a



switching valve and an'injection valve are not provided.. Other
constitutions are substantially the same as those shown in Figure
15.

In such é nmlti—channel measuring system, it is possible to
_deternine the chanoes in concentration of ammonia of the respective
sample brines from the'recpective sample taking lines 402a * - - 402n,
indenendently from each other directly and continuonsly. In a case
Where the Velocity _or. volume of leakage of ammonia is to. be
considereo, it is preferable to thus diépose difference conductivity
meters one by one in correspondence with *tho respective
reftigefators and continuously'monitor.

Further, Figure 17 shows an example of a measuring system where
.a standard raw liquid is injected, for example, as an example in
which means for injecting a standard raw liquid is added to. the
system shown in Figure 16. 1In tho-multi-channel'measuring system_
_shown in Figure 17, as compared with the system shown in Figure:16;
an injection valve 501 is intcrposed'between each pump 309 and each.
degasifier-313; énd_to each injection valve 501, standard raw liquid.
injecting mcans 502 for supplying a standard raw liquid uséd as a
carrier fluid (a standard raw liquid_prenared at a constant ammonia
concentration, or a standard raw liquid which substantially does not
contain ammonia) is connected. The standard raw liquid is injected
into the sample brine supplied from each of sample taking lines 402a

« + +402n by each injection valve 501, and the sample mixed with the

brine and the standard raw liquid is served to the measurement of



change in ammonia~concent£atiqn by each of difference conductivity
meters 40la - - -401n;

| In such a constitution, since the change in -ammonia
concentration of the sample can be always determined based on the.
standard value of the standard raw liquid, it becomes possibie.to
-determine the change and to -further increase the measurement
accuracy even in a case where a change in concentration of amﬁonia
of a sémple is very sméll but the change is continuously mainfainea
and therefofe the change reaches a level to be detectééi aftef a
relatively long period of time, iflsuch a change is measured by
utilizing the tiﬁe delay column 318, it mist be a'time deiay column .
set with a fairly lohg time, and thereforé the measurement using
such a time delay column is not practical. Further, if the supply of
“the standaid raw li;:Iuid is stopped, the'. system becomes the same
éystem_as that shown in Figure 16.

In the measuring syétém shown in Figufe 17, as depicted‘by the
‘two-dot chain line in Figufe-l?, it is possible that a standard raw
liquid supply system 503 .from the surge tank 3_04 is provided instead
of the standard raw liquid supély systaﬂ 502 ‘and the raw liquid
theréfrbm. is used as the carrier fluid.  Namely, because the
capacity of the surge tank 304 is great, the concentration of
ammbnia of the raw liquid in the surge tank 304 does not rapidly.
change so much and it is considered to be almost constant, and
therefore, the raw liquid can be used as the carrier fluid.

Aqthough the ébove—described example of application of an ion



concentration meter according to the present invention has been
explained as an application to the ‘measurement of a change in
concentration of ammonia in a cooling water producing system having
a reffigerator, the appliCation- of the ion concentration meter
according to the present invention is nct limited tnereto, it can
also be applied to any Ifield requiring the measurement of a minute
‘change in concentration of ions such as sodium, chlorine, calcium,
-potas,sium, carbonate, silica, magnesium and sulphate ions except
ammonia. | .For e'>_<amp]_.e, the ion concentration meter_ .can alsd be
- applied to the measurement of a minute change in concentration of
ammonia in the water fcr cleaning alr in a clean room, t_he
measurement of kinds of ions contained in a condensate in a power
plant,. the measurement for monitoring a leakage cf sea water into
the condensate and the like. f‘urther, it can also be applied to the
measurement of a change in ion .concentration of a fluid to be heat -
exchanged in a .heat exchange _sy_étem or the measurément of a change
in ion concentration of a usual diluted or mixed solutionl.

Figure 18 shows an example of a constitution _cf an experimental
apparatus for continuously monitoring and measuring a water quality.
In Figure 18, provided - are a sample bottle 601 for storing a
pui:ified water (conductivity: 2.3 uS/cm) as a standard liquid and a
sample bottle 602 for storing a potassium chloride solution as a
sample solution. Using a diffetence conductivity meter 209 similar
to that shown in Figure 9, the purified water from the eample bottle

601 was continuously sent to a sample injection valve 605 via_ a



degasifier 603 and a pump 604, and therefrom the standard liquid was
continuously supplied..to the differenee conductivity meter -209.
Relative to _this supply system, respective potassium chloride
~ solutions having concenfretions.of potassium chloride of 5 ppb, 10
PPb, 32.5 ppb and 75 ppb and a blank water having a concentration of
pdtassium. chloride of 0 ppb (thaf is, substantially lthe same
purified water as the staﬁdard liquid) were discontinUoﬁsly supplied.
to the-sample-injection valﬁe 605 via a pump 606, and the selﬁtion
mixed with the standard liquid and. the sample was continuously
supplied to the difference conductivity meter 209.

Figure 19 shows the resﬁlt of the measurement of the change in
conductivity in the above-described experiment (charts in the cesee
of 0 ppb, 5 ppb and 10 ppb). As shown in Figure 19, it is understoode
that an eﬁtremely' minute change in concentration of potassium
_chloride could be determined as the change in conductivity_at high
accuracy and sensitivity. Where, the reason why a change exhibited
even in the case of .the sample at 0 ppb is considefed'that, because a
degasifier was _nof provided on the sample supply 'side,. gas
components such as COZ2 contained in the sample at a fine content
could not be removed, and it influenced the measurement.

Fiéure 20 shows the result of. the measurement fo; determining
-thelcorrelation between the concentrations of potassium chloride
from 0 to 75 ppb and the corresponding changes in conductivity.(;z
S/cm). As shown in Figure 20, the cerrelation is expressed by a

complete straight line, and it is understood that a change in ion



concentratién up to a ndnﬁte change can be détermined with high’
accuracy and sensitivity by_the ion concentration meter according to
the pfeéent_invention.

Thus, according to thé present invention, since the ion
' concentratiqn meter is constituted using a -high—sensitivity
difference conductivity meter, a change in ioh concentration of a
sample. can be _aetermined with extremely :high accuracy énd
sensitivity, whiie a_coﬁtinuation measurement can bé eaSily-cérried
out. | Futther, in this ion concentration meter, chemicais 'and
reaction apparatuses for the measurement are not requifed as in the
conventional .technology,- and the measurement itself land the
operation thereof are very simple.- The samplé used. for the .
'measurement can.bé returned directly to an originél line.

Further, the ion concentration meter according td the present
invention is simple iﬁ structure and can be manufactured at a low
cost. Moreover, if the electrodes utilizing the phdtocatalytic_
activity of titanium oxide is: employed, dirt of the electrodes does
not occﬁr} and ftee‘maintenance for the meter can also be achieved.-

Furthermore, many requirements from a nmlti—channel_switching
type to a multi-channel continuous monitoring type can be accepted
flexibly and easily. |

In tﬂe present invention, the structure of the portion of the
conductivity measuring cell is not limited to that shown in Figure
7, and, for example,_it can also be constructed as.shown in Figure

21. In a conductivity measuring cell 121 shown in Figure 21, three



electrodes 122a, 122b( 122¢ are provided, and for example, the
eléctrode 122a, 122b on both sides are_constituted as power supply
_ electrodes .connected to a power source, and .the electrode 122c
disposed between them; is constituted as a detection ‘electrode
fﬁnctioning as a sensor for detecting a conductivity. Through holes
123a; 123b, 123c are opened at the central portions. of " the
respective'eiectrodes 122a, 122b, 122¢, and titanium oxide layers
‘are ptovided on the innef.surfaces of the respectivé holes 123a,
123b, 123c. | Spaceré ;124a,‘-124b, 124c, ;124d. ﬁade of_ a light
transmitting ihsulation material (for example, 4—fluoride ethylene)
‘are disposed on both sides of the respectivé electrodes. 122a, 122b,
122¢, and thé respective electrodes and spaCérs are stacked -
alternately. Through hoies 125a, 125b, 125¢, 125d aré opened'also
in the central portions of spacers 124a, 124b, 124c, 124d,
‘respectively. Support materials 126a, 126b are disposed outside of
spacers 124a, 124d positioned at both sides, and a stacked.body'
comprising the electrodeé 122a, 122b, 122c and thé tpacers 12443,
124b, 124c, 1244 ére sandwiched from both sides by the support
materiais. Through holes 127a, 127b are opened also in the central
portions 6f the respective suppbrt'materials 126a, 126b, and into
the holes 127a, 127b, one end of a tube 128a for introducing a fluid
to be measured, and one end of a tube 128b for dischargihg the fluid
are inserted and fixed, respectively.
A flow path of a fluid to be measured is formed by holeé 125a,

123a, 125b, 123c, 125¢, 123b, 125d connected by stacking the



| ele_ctrodes.122a, 12.2b, 122c. and the spacers 124a, 124b, 124c, 124d.
A fluid to be measured introduced through tube 128a is discharged
through tube 128b, after fiowing inside of this .flow path. The.se
tubes 128a, 128b are composed of a light transmitting materiai (for
example, 4-fluoride ethylene), and an- nltraviolet ray with a
predetermined wavelength is irradiated from _a' black light 129 |
provided as .means for irradieting iight. As the ultraviolet ray
irradiated repeats diffusion and reflection in-tubee 128a, 128b as
"well as transmits the tubes, tne_nltraiviolet ray is guided along the
tl.Jbes' 128a, 128b, and guided. to the inner' surfacee formed by
titéniuin oxide layers in -the respeetive electrodes 122a; 122b, 122¢
_from.the portions of holes 127a,127b at both sides. Further, as the
respective spacers 124a, 124b,124<i, 124d are also composed of a
light trensmitting material,- the ultravio.'let ray from the black
light 129 is irrédiated to the inner surfaces of electrodes -122a,
122b, 122c¢ after transmitting each spacer while utilizing diffusion g
and reflection. Especially, by _fofming each electrode enc_:l spacer to
-be_ relatively thin (for example, the thickness of each. electrode is
about 0.2 mm, and the thickness of. each spacer is about 1 mm),
because the flow path formed by the respective electrodes and
spa-cers becomes relative_ly. short, even if a particular 1light
transniitting material such as an optical fiber ie ‘not used, a
sufficient amount _of light for measui‘ement is irraciiated onto
predetermined electrode surfaces by the light guiding along light

transmitting tubes 58a, 58b as described above, and by the light



guiding through iight transmitting spacers 124a, 124b, 124c, 124d.
Therefore, in this embodiment, .a sixﬁpler and _sma_ller unit; can be
constructed.
ri l

In the ion concentratiqn meter according to the preéent _
~ invention, because changes in"-c.o_ncentration of | various ions can be.
measured at extremely high accuracy and sensitivity, the meter can
b.e suitably employed in -any' ‘syste;m- requiring the detec_:tion of change
in ioh conééntrati_on} and. a minute change in conc'éntration, wh‘ich
has been impos_sible_ td bé detec_téd, can be détected accurately. By
suéh a high-accuracy measufemént of ion coﬁcentration, it becomes
possible to prevent a great leakage 'of i.tnpurities into a sjstem or
an undesirable change in ion concentration in the system in advance,
and further, it becomes possible to maintain and control fhe ion

concentration in any system to a desired value at all times.



CIATMS

1.  Bnjion concentration meter characterized in that said ion

concentration meter comprises a difference conductivity , meter

wherein two L(fnductivity mé_asuring cells jeach having at least two

electrod .E)are arranged .in series in aflow path ,of a ‘samplg to be

measured 50 that the sample being sent may make contact with the
cells in_sequence,_ said difference chdgctivity meter producing a
' difference between siénals themselves detected by the conauctivity
measufing célls as a -d'ifference..in conduétivity of the sample
between the-positions.- of the condﬁctivity measuring cells, and said
ion ééncentration meter dérives a change) in ion concentration of tﬁe |
sample from the éutput.frmm said- difference conductivity meter,
based on a predetermined correlation - between a change in

conductivity of the sample and a change .in concentration of an ion

* - C L M s *

2. _.The ion concentration meter according to claim 1, wherein said

to be detected in the sample.

ion to be detected is at least one. selected from the group
consi'sting of ammonium, sodium, chloride, 'calcium, -potassium,

carbonate, silica, magnesium and sulphate ions.

3. The ion concentration meter according to claim 1, wherein a time
delay column having a predetermined capacity is interposed between
" said two conductivity measuring cells arrainged in said flow path of

the sample to be measured.



4, The ion concentration meter according to claim 1, wherein a
.degasifier capable of degasifying and defoaming the sample being
sent is disposed upstream of said conductivity measuring cells

arranged in said flow path of the sample to be measured.

5; '_I'he ion concentra-ti_on meter aceording to claim 1, wherein said
| ion cornicentration -meter- f_lirther 'cempris'es means for sending a sample
to be measured with respect- to a ‘change in ion COncentration to said
flow path of the sampie to be measured, and means for injecting a

standard raw llq‘l.lld into sald sample to be measured w1th respect to

" chande i fon coneentrEen R R O lIIl

6. The ion concentration meter according to claim 1, wherein said

ion concentration meter further comprises means for sending a
standard raw liquid to said flow‘ path of the sample_ to be measured as
a carrier fluid, and means for injecting a sample to be ﬁeasured
with respect to a change in ion concentration into said carrier

fluid.

7. The ion concentration meter according to claim 1, wherein said
ion concentration meter further comprises means for switching a
plurality of sample sources and sending a sample from a selected

sample source to said Flow path of the sample to be measured.



8. The ion concentration meter according to claim 1, wherein said
flow path of the sample to be measured having said two conductivity

measurihg cells is disposed fb_r each of a plurality of sample

sources. 1
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9. The ion concentration meter aécording_to claim 1,-wherein_said
at ieast two electrodes in each conductivity measuring cell comprise
a'conductivity detection electrode and an eiéctrié current supply

electrode.

10. The ion concenfratién,metér according to claimll, wherein each
of said conductivity measuring cells' has thrée_electrodes,.said'
three electrodes include a conductivity detéCtion electrode and two
AC current supply eléctrodes diSposed on both sides of said
conductivity détection electrode at respective distances, and én AC
current of the same phasg is applied to said two AC current supply -

electrbdes.

11. The ion concentration meter according fo claimll, wherein each
of said'conducfivity measuring cells has three electrodes, said
.three eléctrodeé include a conductivity detection electrode, an AC
current supply electrode disposed on one side of said conductivity
detection electrode at a distance, and a grounded electrode disposed
on the other side of said conductivity detection electrode at a

distance.



12. The ion concentration meter according to claim 1, wherein said

at least two electrodes of each of said conductivity measuring cells

are constructed so that their electrode surfaces are formed by

titanium oxide layers Qn surfaces of electrode bodies made of a

jonductivemetal. AR )RR
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13, The_ion concentration meter éccording to claim 12, wherein each

cohductivity measuring cell has a space for storing a substance to
be measured which is defined betweeh respective electrode surfaces
of said at least two electrodes, and means for irradiating 1light

onto the respective electrode surfaces.

+14. The ion concentration meter according to claim 13, wherein

light irradiated from said light irradiating means has a wavelength
which brings about a photocatalytic activity of said titanium oxide

layers.

15. The ion concentration meter according to claim 13, 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 surfaces through said light

-transmitting'material.

16. The ion concentration meter according to claim 15, wherein a



titanium oxide coating layer capable of transmitting 1light is
provided on a surface of said light transmitting material of its

side facing said space for stbring a. substance to be measured.

17. The ion concentration meter according to claim 1, wherein said
ion concentration meter is employed for measuring a change in ion

concentration of a fluid to be heat exchanged in a heat exchange

S |1 1L

18. The ion concentration meter according to-claim 1, wherein said
"ion concentration meter is employed for measuring a change in ion

concentration of a liquid diluted or mixed.

19. . The ion concentration meter according to claim 1, wherein said

sample is collected from a- brine in a cooling water producing

system, and said ion concentration meter measures a change in

concentration of ammonia - which has leaked from the side of a
. ‘\ N ) * . .
refrigerator into said brine.



