SPECI FI CATI ON
DETERM NATI ON DEVI CE FOR DETERM NI NG AN | MPROVEMENT
I N WATER QUALI TY

TECHNI CAL FI ELD
[ 0001]

The present invention relates to a determ nation device for
determining an i nprovenent in water quality. Mre particularly,
the present invention relates to a determ nation device capabl e
of determ ning, easily and in a short tinme, an enhancenent in the

quality of water treated with a water quality-inproving device.

BACKGROUND ART
[ 0002]

I n general, when anetal pieceisinmmersedinwater for along
time, thesurfaceof thenetal pi ecebeconescorroded. Metal corrosion
is caused by localized pol arization of parts of the surface into
an anode and a cathode. A small anount of electric current flows
bet ween t he anode and t he cat hode, whi ch causes an oxi dati onreaction
at the anode and a reduction reaction at the cathode. The oxi dati on
reacti onat t he anode oxi di zest he surface of the netal pi ece, wher eby
the netal corrosion progresses.

[ 0003]

Vari ous ki nds of devi ces capabl e of i nproving the quality of
water with ceramcs that emts far-infrared rays have been
conventional | y known as wat er qual i ty-i nprovi ng devi ces. An exanpl e
of the water quality-inproving devices nay be a devi ce naned “THE
Bl OMATER” (registered trademark), which is sold on market by
TOSHI KOGYO CO., LTD. (see Non-patent docunment 1). It is reported
that water treated with this device has various advant ages.
Especially noticeable is its effectiveness in preventing
deteriorationcausedbyredrust. Moreparticul arly, metal corrosion

progresses nore slow y i n wat er havi ng beentreated wth this water
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qual i ty-inproving device than in untreated water. |In other words,
the treatnment of water with the water quality-inproving device
enhances antirust effect of water. Whenthe water qual ity-inproving
deviceisinstalled, for exanple, i npiping, throughwhichthewater
that has been treated with the water quality-inproving device is
made t o pass, the progress of netal corrosion on the inner surface
of the piping is capable of being controlled.

[ 0004]

It normally takes a tine period froma fewnonths to severa
years to assess the progress of netal corrosion by observing and
anal yzing the surface of netal pieces imersed in water.
Conventionally, it also takes a tine period froma few nonths to
several years fromthe installation of a water quality-inproving
device in piping to determ ne the effectiveness of the device in
controlling netal corrosion on the inner surface of the piping.
Thus, currently it is not possible to determ ne an i nprovenent in
the rust-prevention of treated water within a short tine period
fromthe installation.

[ 0005]

Al so, ingeneral, awater quality-inprovingdeviceisusually
pl acedinpipingof largefacilitiessuchasfactoriesandbuildings
When an i nprovenent in the quality of water that has been treated
with a water quality-inproving device is determ ned by exam ni ng
the pi pinginwhichthewater quality-inprovingdeviceisinstalled,
it is necessary to tenporarily stop operation of the equi pnent
provi ded with the device, to drain water fromthe pi ping, and t hen
to observe the inner surface of the piping. However, it is often
practically difficult to stop operation of the equipnent and it
requires heavy labor to drain water fromthe piping. Thus it is
difficult tocheck whether the anti-corrosi on perfornmance of water
i's enhanced owingto theinstallation of awater quality-inproving
devi ce by exam ni ng t he pi pi ng i n whi ch the wat er qual i ty-inproving

device is install ed.



[ 0006]

Adet erm nati ondevi cefor determ ni ngani nprovenent i nwat er
qual ity capabl e of determ ning an enhancenent in the quality of
treated water within a short tinme period has been proposed ( pat ent
docunment 1). This determ nation device for determ ning an
i nprovenent in water quality has excellent performance; “it does
not take a long tine period froma few nonths to several years to
observe the progress of corrosion in order to determ ne the
ef fectiveness of the device in controlling netal corrosion, but
just a short period of several days to check an enhancenent in the
antirust effect of water.”

[ 0007]

We wi |l explain the technical significance of water quality
i nprovenent hereinafter, referringtothe determ nation device for
determining an i nprovenent in water quality disclosed in patent
docunent 1.

[ 0008]

The inner walls of iron pipes for the distribution of city
wat er, whi ch contact city water, beconerusty as al ongtinme passes.
Due to various factors, the inner walls of iron pipes have parts
that easily rust, or anode parts, and parts that hardly rust, or
cat hode parts. The electric potential at the anode parts becones
different fromthe electric potential at the cathode parts. This
el ectric potential difference causes corrosion current to flow
bet ween t he anode parts and t he cat hode parts, whichis a corrosion
reaction. The corrosion current noves cationsincity water to the
cat hode parts and ani ons thereintothe anode parts. These novenents
of ions cause secondary reactions. The secondary reactions result
i n, for exanple, formati on of cal ci umcarbonate fil ns onthe surface
of iron at the cathode parts, and formation of filnms containing
red rust as a mai n conponent and silica substances on the surface
thereof at the anode parts. The filns forned at the cathode and

anode parts check t he novenent of di ssol ved oxygen and vari ous i ons
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which is necessary to the corrosion reaction. Thus the rate of
corrosion on the inner walls of iron pipes is somewhat | owered.
Al t hough the corrosion rate i s decreased, the corrosion reaction
still continues and corrosi on progresses because the fil ns are not
formed on the entire surface of the inner walls.

[ 0009]

Resear ches by t he i nventors of t he present i nventi onreveal ed
that the properties of the cal ciumcarbonate filnms forned at the
cat hode parts by the corrosi onreacti onwere changedby thetreatnent
with a water quality-inproving device, such as “THE Bl OMTER'.

[ 0010]

The inventors of the present invention also found the
foll ow ng: The cal cium carbonate in the cal cium carbonate filns
formed fromwat er whose qual ity has not been i nproved with a wat er
qual i ty-inprovi ng devi ce has a crystal structure of aragonite. The
aragoniticcrystalsareintheformof needles, andthefil nsthereof
are rough and have snall electric resistance. On the ot her hand,
t he cal ciumcarbonate in the cal ciumcarbonate filns fornmed from
wat er whose qual ity has beeni nprovedw th awat er quality-inproving
device has a crystal structure of calcite. The calcitic crystals
areintheformof granules, andthe fil nsthereof are densely f or ned
and have large electric resistance.

[ 0011]

Cal ci um carbonate fil ns becone densely formed on the inner
surfaces of pi pesthat contact wat er whose qual i ty has been i nproved
by t he water quality i nprovenent with the water quality-inproving
devi ce, because the change in the crystal structure of cal cium
carbonate prevents dissol ved oxygen from being supplied to the
cat hodeparts. Asaresult of theformati onof dense cal ci umcarbonate
films, the novenent of dissolved oxygen that are necessary to
corrosion reactions is prevented and the electric resistance of
the cal cium carbonate filns becones |arger. Thus, the corrosion

rate of iron on the inner surfaces of iron pipes is decreased.
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[0012]

The decrease in the corrosion rate al so del ays the growt h of
films of red rust, or iron oxide, at the anode parts, and further
densifies red rust filnms per se.

[ 0013]

As aresult, the oxygen supply to the surface of the iron at
the parts with red rust is decreased, which changes the red rust
to black rust. In other words, the life of Wistite (FeO is nade
| onger, which enables Wistitetoreact wthredrust (Fe,3;) toform
magnetite. As time | apses, a dense bl ack rust | ayer is forned from
the surface side of the iron inner walls, which keeps iron atons
from bei ng ionized.

[ 0014]

The i nvention di scl osed i n pat ent docunent 1 teaches pl aci ng
first electrodes in water whose quality is not inproved, such as
citywater, andsecondel ectrodesi nwat er whosequal ityisinproved;
nmeasuring an el ectric resi stance between the first el ectrodes and
the second el ectrodes; and determ ning an inprovenment in water
quality. The determ nation device for determ ning an i nprovenent
in water quality disclosed in patent docunent 1 is capable of
det ermi ni ng an enhancenent in the antirust effect of water in just
a short period of several days, which is excellent performance.
[ 0015]

However, determ nati ondevi ces for determ ni ngani nprovenent
in water quality that require a shorter tinme period to determ ne
an enhancenent in the antirust effect of water whose quality has
been i nproved are desired.

[ 0016]

Conductivity meters, or electroconductivity neters, are
commercially avail able. On the websites of business corporations
t hat manuf actureandsel | commerci al | yavai | abl econductivitynmeters
are carried technological stories |like the foll ow ng: The degree

of filthiness of industrial wastewater or of water di scharged from
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sewagetreatnent plantsisdeterm nedbasedonel ectricconductivity
nmeasured with a conductivity nmeter; pH and electric conductivity
areeffectiveasindi catorstoshowt hedegreeof rai nwat er pol | uti on,
and the degree is nonitored with a conductivity neter; an electric
conductivity of a food is neasured wth a conductivity nmeter and
the salinity of the foodis calculated fromthe resultingelectric
conductivity; and the electric conductivity nmeasured with a

conductivity neter is enployed as an indicator of the purity of
wat er when ultrapure water is produced. Judging fromthe stories
on such websites, conductivity neters have been used nainly as a

nmeasuring instrunent to neasure electric conductivity.

PRI OR ART DOCUMENTS

[ Non- pat ent Docunent s]

[0017]

Non- pat ent Docunent 1: “I ntroducti onof the Products” onthe website
of TOSHI KOGYO CO, LTD. whose URL is http://ww. bi owater.

co.j p/ product/feature. htm (searched on April 21, 2014).

Pat ent Docunment 1: WO 2015/181859

SUMVARY OF THE | NVENTI ON

[ Problens to be Sol ved by the Invention]
[ 0018]

The objective of the present invention is to provide a
determ nationdevicefor determ ningani nprovenment i nwater quality,
capabl e of determ ning, easily and in a short tinme, specifically
in less than a few days, an enhancenment in quality, such as rust

prevention, of water treatedw th awater quality-inprovingdevice

[ Means to Sol ve the Probl ens]
[0019]
Means to achieve the objective are as foll ows:

(1) Adeterm nationdevice for determ ninganinprovenent i nwater
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quality conprising a first nmeasuring device for neasuring by AC
term nal electric conductinetry a capacitance of afirst capacitor
formed between a pair of first el ectrodes that arei mersedin water
tobesuppliedtoawater quality-inprovingdevi ce; asecondneasuring
device for neasuring by AC termnal electric conductinetry a
capaci tance of a second capacitor forned between a pair of second
el ectrodes that are imersed in water that has been treated with
t he wat er qual i ty-inprovi ng devi ce; and a processor for cal cul ating
aratio (Y/X) of a capacitance Y to a capacitance X, wherein the
capaci tance X is a capacitance of the first capacitor in the water
to be supplied to the water quality-inproving device, outputted
by the first nmeasuring devi ce when an ACfrequency i s not nore t han
100 Hz; andthe capacitance Yi s acapacitance of the second capacitor
inthe water that has beentreated with the water quality-inproving
devi ce, outputted by the second neasuring device at the sane AC
frequency.

(2) The determ nation device according to item (1), wherein the
AC frequency is from0.1 to 100 Hz.

(3) The determ nati on device accordingtoitem(1l) or (2), wherein
t he processor conprises acorrector for correctingtheratio (Y/ X
of the capacitance Y outputted by the second neasuring device to
the capacitance X outputted by the first neasuring device based
on a capacitance outputted by the first neasuring device when a
hi gh frequency of not | ess than 10 kHz i s appli ed between the pair
of first electrodes and a capacitance outputted by the second
nmeasuri ng devi ce when the high frequency is applied between the
pair of second el ectrodes.

(4) The determ nation devi ce according to any one of itens (1)-(3),
whereinthe processor isinstalledat aplacerenotefromalocation
where the wat er qual ity-inprovingdeviceisinstalled, and neasured
data are sent fromthe first and second neasuri ng devices to the
processor through wire or by radio.

(5) The determ nation devi ce according to any one of itens (1)-(4),
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wherein the determ nation device conprises a judgi ng device for
judging that the water quality inprovenent has been carried out
effectively when the ratio outputted by the processor exceeds a
predet erm ned t hreshol d.

(6) The determ nation devi ce according to any one of itens (1)-(5),
wherei n the determ nati on device conprises an al arm ng devi ce for
rai sing an alarmwhen the ratio is not nore than the threshol d.
(7) The determ nation device according to item (6), wherein the
judgi ng device and the alarm ng device are installed at a place
or places renote froma | ocati on where t he wat er qual ity-inproving
device is installed, and t he judgi ng devi ce, the al arm ng devi ce,
and the processor are connected with each other through wire or
by radi o.

(8) The determ nati on devi ce accordingto any one of itens (1)-(7),
wher ei nt hewat er qual i ty-i nprovi ngdevi cebringswater intocontact
with a hybrid ceramc which emts far-infrared rays having
wavel engths from4.4 uymto 15.4 uymat anintegral em ssivity of 92%

or nore.

[ Advant ages of the Invention]
[ 0020]

The det erm nati on device according to the present invention
i s capabl e of instantly determ ning aninprovenent inwater quality
based ontheratio (Y/ X) of the second capacitance (Y) of the second
capacitor, fornmed in water that has been treated with the water
qual i ty-inproving device, tothefirst capacitance (X) of thefirst
capacitor, formed in untreated water, the rati o cal cul ated by the
processor, wherei nthe second capacitancei s neasuredby ACterm na
el ectric conductinetry with the second neasuring device, and the
first capacitanceis nmeasured by ACterm nal el ectric conductinetry
with the first measuring device, wherein the alternating current
has an AC frequency of not nore than 100 Hz, preferably from not

less than 1 Hz to not nore than 100 Hz.
8



[ 0021]

Contrarytothecomontechni cal know edgethat it i snecessary
toincreasethe frequency inorder to precisely neasure an el ectric
conductivity by AC term nal electric conductinetry, such as AC
two-termnal electric conductinmetry, the device accordingtothis
i nventionis capabl e of easilydeterm ninghowt hequalityof treated
water is inproved, conpared with the quality of untreated water
by applying an alternating current wwth al owfrequency of not nore
than 100 Hz, within a short period of tine.

[ 0022]

The determ nati on device for determ ning an i nprovenent in
water quality according to the present invention has a processor
with a corrector, which enables the determ nation device to
accurately determ ne an i nprovenent in water quality even if the
cell constant of the first nmeasuring device and that of the second
measuri ng device are changed.

[ 0023]

The present invention nmakes it possible to install the
processor or the judgi ng device, which deals with data outputted
by the processor, at a place renote fromthe | ocati on where the
first and second neasuring devices are installed. Wen neasured
dataout puttedbythefirst andsecondneasuri ngdevi cesor cal cul at ed
dat a out putted by t he processor are arrangedtobe sent tothejudgi ng
device through wire or by radio, data outputted by the first and
second neasuri ng devi cesinstall ed at several | ocations, especially
at a plurality of |locations, may be centrally controlled fromone
pl ace.

[ 0024]

Thus, the present invention nakes it possible to centrally
control, fromacontrol room dataneasured by determ nati on devi ces
for determining an i nprovenent in water quality placed everywhere
in Japan or in various countries of the world, and to judge the

degree of inprovenent in the quality of water by each water
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gquality-inproving device into which the determ nation device is
i ncor por at ed.
[ 0025]

The determ nati on device for determ ning an i nprovenent in
wat er quality accordingto the present invention nakes it possible
to place the first and second neasuring devices at many renote
| ocations, to centrally control fromone place data outputted by
the first and second neasuring devices, centrally analyzing the
effects of water quality inprovenent affected by differences in
areasandinwater qualities, andtocarryout appropri atemi nt enance

of the water quality-inproving devices.

BRI EF DESCRI PTI ON OF THE DRAW NGS
[ 0026]

[Figurel] Figurelisaschematicillustrati onshow ngaconbination

of a determ nation device for determ ning an i nprovenent in water
gquality according to the present invention and a water

qual i ty-inprovi ng device.

[Figure 2] Figure 2 is a schematic illustration show ng anot her
exanpl e of a determ nation device for determ ning an i nprovenent

in water quality according to the present invention.

EMBODI MENTS TO CARRY OUT THE | NVENTI ON
[ 0027]

VWhat isinportant tothisinventionisthat the determ nation

devi cedet erm nes ani nprovenent i nwat er qual i ty not by respectively
nmeasuring the el ectric conductivity of water the quality of which
has been i nproved and t hat of untreated water but by neasuring the
capaci tance of a second capacitor forned in the i nproved water and
that of a first capacitor fornmed in the untreated water.
[ 0028]

Inthefoll ow ng, wew || explainthereasont hat ani nprovenent

in water quality is determ ned not by neasuring the electric
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conductivity but by neasuring the capacitance of the capacitor.
[ 0029]

The treatment of city water with the wat er quality- i nproving
devi ce, for exanple a hybrid ceramc, provides thecity water wth
various effective properties such as bacteriostatic capability,
anti oxi dativecapability, detergent ability, environnental cl eanup
capability, treated condition-sustaining capability, and
anticorrosion property. In order to search for the cause of the
effectiveproperties, theinventorsof thepresent i nventionstudi ed
the electric conductivity of a solution and the capacitance of a
capacitor forned therein. Asaresult, it turned out that the water
gquality inprovenent caused a difference between the capacitance
of a second capacitor formedinwater whose qual ity had been i nproved
and t he capacitor of afirst capacitor formedin water whose quality
had not been inproved when the applied alternating current had a
| owACfrequency. It al soturnedout t hat t hewat er qual i tyi nprovenent
caused no di fference between the capacitance of a first capacitor
formed in water before the water quality-inproving treatnment and
t he capacitance of a second capacitor forned in water after the
treat ment when the applied alternating current had an ACfrequency
of not |ess than a certain val ue.

[ 0030]

An exanpl e of the determ nation device for determ ning an
I nprovenent in water quality according to the present invention
IsshowninFigurel. As showninFigurel, the determ nation device
for determ ni ngani nprovenent i nwat er qual ity lhasafirst neasuring
device 2, a second neasuring device 3, and a processor 4. In a
pref erabl e enbodi nent, it further has a judgi ng device 5.

[ 0031]

Thi s determ nati on devi ce for determ ning an i nprovenent in
water quality 1 is a device for judging an inprovenent in water
qual ity made by, for exanple, a water quality-inproving device 6.

The water quality-inproving device 6 may include devices having
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a hybrid ceramc, such as “THE Bl OMTER’ (regi stered trademark)

manuf act ur ed by TOSH KOGYOCO., LTD., whi ch hybridceram ci s pl aced
i n piping. The hybrid ceramc is one which emts far-infrared rays
havi ng wavel engt hs from4. 4 ymto 15. 4 ymat anintegral em ssivity
of 92%or nore. Citywater treatedwiththi shybridceram cisinproved
in at | east one of a bacteriostatic capability, an antioxidative
capability, adetergent ability, anenvi ronnment al cl eanupcapability,
a treated condition-sustaining capability, and an anticorrosion
property (see non-patent docunent 1).

[ 0032]

Wththiswater quality-inprovingdevice6iscoupledasupply
pi ping 7 for supplying water, for exanple city water, to the device
6 through an upstreaminl et thereof and a di scharge piping 8 for
di scharging quality-inproved water fromthe device 6 through a
downstream out | et thereof.

[ 0033]

The first measuring device 2 is placed at an appropriate
position in the supply piping 7. The first neasuring device 2 has
an arrangenent capabl e of neasuring t he capacitance of a capacitor
formed in water, for exanple city water, by ACtermnal electric
conductinetry, such as ACtwo-term nal electric conductinetry or
ACfour-term nal el ectricconductinetry. Thefirst nmeasuri ngdevice
2 wth an arrangenent for carrying out AC two-term nal electric
conductinetry has a pair of el ectrodes to be i mersed in water that
will be neasured. An alternating current with a predeterm ned
frequency is applied to the pair of el ectrodes. The frequency of
thealternatingcurrent appliedtothe pair of el ectrodesis changed
by orders from outside devices, such as a control unit not shown
inthe figures. The ACfrequency of the appliedalternating current
of the first measuring device 2 may be set to a given frequency
bet ween 1 Hz and 200 Hz. The frequency nmay al so be swi t ched t o anot her
frequency within the range.

[ 0034]
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A commercially avail able LCR neter may be enpl oyed for the
first neasuring device 2. Conmercially available LCR neters are
capabl e of neasuring t he capacitance of a capacitor forned between
a pair of electrodes.

[ 0035]

Det ected data outputted by the first neasuring device 2 are
i nputted into a processor.

[ 0036]

The second neasuri ng devi ce 3 nay enpl oy t he sane arr angenent
as the first measuring device 2 has. Al so, the second neasuring
device 3 may be a device of the sane nodel as the first neasuring
device 2. Detected data outputted by the second neasuring device
3 are inputted into the processor.

[ 0037]

The processor 4 calculates a ratio (Y/X) of the second
capacitance of the second capacitor to the first capacitance of
the first capacitor, fromdata outputted by the first neasuring
device 2, which is the capacitance of the first capacitor forned
bet ween a pair of el ectrodes of the first measuring device 2, the
first capacitance (X) of the first capacitor fornmed in untreated
wat er, and fromdata outputted by the second neasuring device 3,
whi ch is the capacitance of the second capacitor forned between
a pair of electrodes of the second neasuring device 3, the second
capacitance (Y) of the second capacitor fornmed in treated water.
[ 0038]

The judgi ng device 5 conpares the ratio (Y/X) outputted by
t heprocessor 4wi thapredeterm nedthreshol d. Whent herati oexceeds
the predeterm ned threshold, the judging device recognizes that
the water quality-inproving device 6 has i nproved water quality.
On the other hand, when the ratio is not nore than the threshold,
t he judgi ng device denies an i nprovenent of the water quality by
the water quality-inproving device 6.

[ 0039]
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The predeterm nedthreshol di s usually agivenval ue norethan
one (1). Under sonme circunstances, however, the threshold nay be
set to an appropriate value nore than one (1), such as 1.1, 1.2,
or 1.3. What is neant by that the ratio of the second capacitance
tothe first capacitanceis essentially one (1) is that water which
has been suppliedtothe water quality-inproving device and treated
thereby is not inprovedinits quality. That theratio of the second
capacitance to the first capacitance is essentially one (1) neans
that it is not problematical if one considers the val ue out putted
by the first nmeasuring device to be the sane as t he val ue out putted
by t he second neasuri ng devi ce, al thoughtheratio (Y/ X) cal cul ated
fromthe outputted data is not exactly the integer one (1); data
out putted by the first and second neasuri ng devi ces may have errors
caused by differences in nmeasuring devices and el ectrodes, which
errors shoul d be taken into account.

[ 0040]

Thi s processor may have a corrector
[ 0041]

When the pair of electrodes of the first measuring device 2
Is imersed in water in the supply piping 7 of the water
qual ity-inprovingdevice6for alongtine, andthepair of el ectrodes
of the second neasuringdevice3isimersedinwater inthedischarge
pi ping 8 thereof for a long tine, the surface of the el ectrodes
becones dirty, which causes changes i n data outputted by the first
nmeasuri ng devi ce 2 and t he second neasuri ng devi ce 3. As under st ood,
t he reason why data outputted by the first measuring device 2 and
t he second nmeasuring device 3 vary as tine passes is that the dirt
causes changes of the cell constants with the passage of tine.
[0042]

The ratio (Y/ X) of the second capacitance to the first
capaci tance, whi chchangesasaresult of changesof t hecel | constants
wi th the passage of time, may be corrected in the foll ow ng way.

[ 0043]
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The correction of the ratio (Y/ X) of the second capacitance
tothe first capacitance shoul d preferably be carried out eachtine
the first capacitance of the first capacitor forned in water to
be supplied to the water quality-inproving device is nmeasured by
thefirst neasuring devi ce 2 andthe second capaci t ance of t he second
capacitor formed in water discharged fromthe water
qual i ty-inprovi ng devi cei s neasured by t he second neasuri ng devi ce
3. Under certain circunstances, the correction nay be carried out
at longer intervals, every three nmeasurenents or every five
nmeasur enent s.

[ 0044]

The correction of the ratio (Y/ X) of the second capacitance
of thesecondcapacitortothefirst capacitanceof thefirst capacitor
may be carried out by applying an alternating current with a high
frequency of not less than 10 kHz to the el ectrodes of the first
measuri ng device 2 and to those of the second neasuring device 3.
During the researches on water inprovenent with the water
qual i ty-inprovi ng devi ce by the i nventors of the present i nventi on,
t hey observed that the ratio (Y/ X) of the second capacitance (Y)
of the second capacitor outputted by the second neasuring device
3 when the alternating current applied to the el ectrodes of the
second neasuring device 3 that were i mersed i n wat er di scharged
fromthe water quality-inproving device, or i nwater whi ch had been
supplied to the water quality-inproving device and the quality of
whi ch had been i nproved, had a frequency of not |ess than 10 kHz,
to the first capacitance (X) of the first capacitor outputted by
the first measuring device 2 when the alternating current applied
tothe el ectrodes of the first measuring device 2that were i nmersed
inwater to be supplied to the water quality-inproving devi ce had
a frequency of not |ess than 10 kHz, becane essentially one (1).
Based on these observati ons, when the cell constant of the first
measuri ng device 2 and that of the second nmeasuring device 3 vary

for sone reasons, the value of the ratio (Y/X) of the second
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capacitance of the second capacitor to the first capacitance of
the first capacitor, which are cal cul ated fromdata outputted by
the first nmeasuring device 2 and the second neasuring device 3,
shoul d be corrected so that the ratio (Y X) will be one (1).

[ 0045]

Specifically, when each of the alternating currents to be
appl i edrespectivelytotheel ectrodes of thefirst neasuringdevice
2 and those of the second neasuring device 3 has a | ow frequency,
suchas 100 Hz, | et t henmeasuredval ueout puttedbythefirst neasuring
devi ce 2 be denot ed by Xigo and t he measur ed val ue out putted by the
second neasuri ng devi ce 3 by Yip0. Then, when an al ternating current
that is applied to the electrodes of the first measuring device
2 has a high frequency of not | ess than 10 kHz, for exanpl e a given
frequency bet ween 10 kHz and 100 kHz, | et t he measur ed val ue out putt ed
by the first nmeasuring device 2 be denoted by Xjo. Let the neasured
val ue out putted by the second neasuring devi ce 3 be denoted by Yo
when an al ternating current having the sane hi gh frequency as the
alternatingcurrent appliedtotheel ectrodes of thefirst neasuring

device 2 has is applied to the second neasuring device 3.

[ 0046]

The correction is calculated in the follow ng way.
[0047]

For wat er tobesuppliedtothewater quality-inprovingdevice:
Cl = Xioo/ X10

For wat er di scharged fromt he wat er qual i ty-i nprovi ng devi ce
C2 = Yoo/ Y10

When the resulting value of the division Cl/C2 exceeds one
(1), an inprovenent in water quality is recognized. On the other
hand, whentheresultingvalueis essentiallyone(1), inprovenents
in water quality are deni ed.
[ 0048]

The corrector has a calculating function to carry out the

correction and corrects the val ues cal cul ated by the processor.
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Thus the judging device 5 is capable of judging the ratio (Y/ X
of the second capacitance of the second capacitor to the first
capaci tance of the first capacitor correctly, whenthe sensitivity
of the el ectrodes of the first neasuring device 2 and that of the
el ectrodes of the second neasuring device 3 vary as tinme passes.
[ 0049]

The first neasuring device 2 and second neasuring device 3
of the determ nati on device for determ ning an i nprovenent i n water
gquality according to the present invention nay be installed in a
pl ace where it is necessary to judge whether the water quality is
i nproved. On the ot her hand, the judgi ng device 5 may be install ed
not only at a place where the judgnent of an i nprovenent in water
gqualityisrequiredbut al soat aplacerenotefromthefirst measuring
device 2 and the second neasuring device 3. Furthernore, both of
t he processor 4 and t he judgi ng device 5 nay be installed at a pl ace
renote fromthe first neasuring device 2 and the second neasuri ng
device 3. Data outputted by the processor 4 nay be transmtted to
the judgi ng device 5 through wire or by radi o. Data outputted by
the first measuring devi ce 2 and second neasuri ng devi ce 3 nay al so
be transmtted to the processor 4 through wire or by radio.

[ 0050]

As showninFigure?2, thedeterm nationdevicefor determ ning
an i nprovenent in water quality may be designed in the foll ow ng
way: Apair of first and second neasuring devices 2, 3isinstalled
I n each of the places, areas or facilities where it is necessary
to check whether or not water quality is inproved. A centra
controlling and nonitoring device 9 placed in a single centra
control ling and noni tori ng roommay be desi gned t o noni tor sever al
pairs of data wherein each pair of data is outputted by each pair
of the first measuring device 2 and the second neasuring device
3.

[ 0051]

The central controlling and nonitoring device 9 is capable
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of checking whether water quality is inproved by the water
quality-controlling devices 6 that are installed in various areas
and pl aces, based on the data outputted by the pairs of first and
second neasuring devices 2, 3installedinthe correspondi ng areas
and pl aces. Thecentral control |l i ngandnonitoringdevice9i scapable
of controlling the AC frequency of the alternating current to be
appliedtothe el ectrodes of the first neasuring device 2 and t hose
of the second neasuring device 3.

[ 0052]

Thecentral controllingandnonitoringdevice9 my be conposed
of various el enments including a display, such as a liquid crystal
di spl ay or a bi g screen, aconputer for controllingvarious devi ces
and acontroller for controllingthe ACfrequency of thealternating
current tobeappliedtotheel ectrodes of thefirst measuringdevice
2 and those of the second neasuring device 3.

[ 0053]

Into the central controlling and nonitoring room where the
central controlling and nonitoring device 9isinstalled, are al so
i ntegrated the processors 4 each of which recei ves detection data
outputted by the first neasuring device 2 and t he second neasuri ng
devi ce 3, which are coupledw ththe water quality-inproving device
6 installed in each of the places where water quality i nprovenent
is desired; the judgi ng device(s) 5 for judging an i nprovenent in
wat er qual ity basedontheratios (Y/ X) cal cul ated by t he processors
4; and al armdevices that may be installed if necessary. The al arm
deviceis adevicewhichraises analarm specifically sounds al arns
and/ or turns on warning lights, or shows warning i ndi cators on the
di spl ay, especially whentheratio (Y/ X) of the second capacitance
of thesecondcapacitortothefirst capacitanceof thefirst capacitor
is not nore than 1.

[ 0054]
This central controlling and nonitoring device 9 enables

nmoni t ori ng personnel inasinglecentral controllingandnonitoring
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roomto judge whet her proper water quality i nprovenent is carried
out by the water quality-inproving device 6 even when the water
qual ity-inproving device 6 is installed in a renote place, area,
or facility where water quality i nprovenent is required. Also, the
central controlling and nonitoring device is capabl e of changi ng
the AC frequency of the alternating current to be applied by the
first measuring device 2 and second nmeasuring device 3 which are
installed at a renote pl ace.

[ 0055]

In the previous exanples, the first measuring device 2 is
installed in the supply piping 7 coupled with the water
qual ity-inproving device 6 that is placed in the piping through
whi chwat er fl ows, andthe second neasuri ngdevice 3inthedischarge
pi pi ng 8 coupl ed with the water quality-inprovingdevice. The first
nmeasuri ng device 2 may be placed in a vessel for sanpled water,
such as a beaker or a bucket, whichis connectedw th apipe branchi ng
of f fromthe supply piping 7. Inthe sane way, the second neasuri ng
devi ce may be pl aced i n a vessel for sanpl ed wat er, such as a beaker
or a bucket, which is connected with a pi pe branching off fromthe
di scharge piping 8.

[ 0056]
< EXAMPLES >

W wi Il show exanples where water quality inprovenent was
actual | y judged by neans of t he det erm nati on devi ce f or det erm ni ng
an inprovenent in water quality in the follow ng.

[ 0057]

As shown in Figure 1, “THE Bl OMTER (regi stered tradenark)”
manuf act ur ed by TOSH KOGYO CO., LTD., as a water quality-inproving
devi ce, was pl acedina pi pingthroughwhichwater fl ew. ALCRnNeter,
a nodel ZM2372 conponent neasuring equi pnent manufactured by NF
Corporation, asafirst neasuringdevice2, wasinstalledinasupply
piping 7 coupled with the water quality-inproving device. A LCR

net er of t he sane nodel , as a second neasuri ngdevice3, wasinstall ed
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in a discharge piping 8 The sensor of the LCR neters was a nodel
9382- 10 wat er pr oof submer si bl e-type conductivitycell nmanufactured
by HORI BA, Ltd.

[ 0058]

Cty water was allowed to fl owthrough the supply piping 7,
the water quality-inproving device 6, and t he di scharge pi pi ng 8,
for the first experinent.

[ 0059]

The supply of city water was begun and the AC frequency of
the applying alternating current of the LCRneters was set to the
val ues shownin Tabl e 1. After apredeterm ned peri odof tine passed,
a first capacitance of the first capacitor outputted by the LCR
neter for thealternatingcurrent of each ACfrequency, whi ch served
as afirst measuring devi ce 2, was recorded and a second capaci t ance
of the second capacitor outputtedbythe LCRneter for thealternating
current of each AC frequency, which served as a second neasuri ng
device 3, was recorded. The outputted data are shown in Table 1.
[ 0060]

The ratio (Y/ X) of the second capacitance of the second
capacitor to the first capacitance of the first capacitor for the

alternating current of each AC frequency is shown in Table 1.

[ 0061]
[ Tabl e 1]
Applied AC|Water (untreated) |Water (treated) (V1 (X
frequency |Capacitance of the | Capacitance of the
capaci tor neasured |capacitor neasured
with the first LCR |with the second LCR
meter (X) (nF) meter (Y) (nF)

1 Hz 930 1005 1.081
10 Hz 34.4 38. 3 1.113
20 Hz 13.8 15. 4 1.116
50 Hz 4. 17 4. 66 1.118
100 Hz 1.76 1.95 1.108

200 Hz 0. 80 0. 87 1.088

1 KHz 0. 208 0.212 1.019
10 KHz 0. 145 0. 145 1. 000
20 KHz 0. 144 0. 144 1. 000

100 KHz 0. 142 0. 142 1. 000
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[ 0062]

In order to ensure reproducibility, the sane experinent as
the first experinent was carried out as a second experi nent, when
one week passed after the conpletion of the first experinent.

[ 0063]

The results of the second experinent are shown in Table 2.
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[ 0064]
[ Tabl e 2]

Applied AC|Water (untreated) |Water (treated) (V1 (X
frequency |Capacitance of the | Capacitance of the
capaci tor neasured |capacitor neasured
with the first LCR |with the second LCR
meter (X) (nF) meter (Y) (nF)

1 Hz 1052 1144 1. 087
10 Hz 39.3 44. 1 1.122
20 Hz 15. 7 17.7 1.127
50 Hz 4.90 5. 54 1.131
100 Hz 1.96 2.21 1.128

200 Hz 0. 87 0. 97 1.115

1 KHz 0. 218 0. 223 1.023
10 KHz 0. 146 0. 146 1. 000
20 KHz 0. 145 0. 144 1. 000

100 KHz 0. 144 0. 142 1. 000
[ 0065]

The results shown in Tables 1 and 2 show that the ratio of
t he second capacitance of the second capacitor to the first
capaci tance of the first capacitor at each of thel owACfrequenci es
froml Hz to 200 Hz exceeds one (1). Thus it can be determ ned t hat
the water quality-inproving device changed the quality of water.
In addition, the reproducibility of the inprovenent is excellent.
[ 0066]

The enpl oynent of t hese LCRnetersnadeit possibletoinstantly
determi ne an inprovenent in water quality by the water

qual i ty-inprovi ng device.

EXPLANATI ON OF REFERENCE SI GNS

[ 0067]

1 determ nati on devi ce for determ ning ani nprovenent i n wat er
qual ity

2 first measuring device

3 second neasuring device

4 processor

5 j udgi ng devi ce
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to 5-4 judging device
wat er quality-inproving device
supply piping
di scharge pi pi ng

central controlling and nonitoring device
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We claim:

1. A determination device for determining an improvement in water
quality comprising:

a First LCR meter for measuring a capacitance of a first capacitor
formed between a pair of first electrodes that are immersed in water
to be supplied to a water quality-improving device, while applying
an AC voltage with a predetermined AC frequency to the pair of first
electrodes;

a second LCR meter for measuring a capacitance of a second
capacitor formed between a pair of second electrodes that are
immersed in water that has been treated with the water
quality-improving device, while applying an AC voltage with the
predetermined AC frequency to the pair of second electrodes; and

a processor for calculating a ratio (Y/X) of a capacitance Y
to a capacitance X, wherein the capacitance X is a capacitance of
the first capacitor between the pair of first electrodes immersed
in the water to be supplied to the water quality-improving device
as outputted by the first LCR meter when the predetermined AC
frequency is not more than 100 Hz; and the capacitance Y is a
capacitance of the second capacitor between the pair of second
electrodes immersed in the water that has been treated with the
water quality-improving device as outputted by the second LCR meter
at the predetermined AC frequency;

wherein the calculated ratio is indicative of an improvement
in a rust-prevention quality In the water treated with the water
quality-improving device.

2. The determination device according to claim 1, wherein the
predetermined AC frequency is from 0.1 to 100 Hz.

3. The determination device according to claim 1, wherein the
processor comprises a corrector for correcting the ratio (Y/X) of
the capacitance Y outputted by the second LCR meter to the capacitance
X outputted by the first LCR meter based on a capacitance outputted
by the first LCR meter when a high frequency of not less than 10
kHz is applied between the pair of first electrodes and a capacitance
outputted by the second LCR meter when the high frequency is applied
between the pair of second electrodes.

4. The determination device according to claim 3, wherein the
corrector corrects the capacitance X outputted by the first LCR
meter to C1=X100/X10, and the corrector corrects the capacitance
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Y outputted by the second LCR meter to C2=Y100/Y10, where

X100 is a measured value outputted by the first LCR meter when
alternating currents with a frequency of between 0.1 to 100 Hz is
applied to the electrodes of the first LCR meter,

X10 is a measured value outputted by the first LCR meter when
alternating currents with a frequency between 10 kHz and 100 kHz
is applied to the electrodes of the first LCR meter,

Y100 is a measured value outputted by the second LCR meter when
alternating currents with a frequency of between 0.1 to 100 Hz is
applied to the electrodes of the second LCR meter, and

Y10 is a measured value outputted by the second LCR meter when
alternating currents with a frequency of between 10 kHz and 100
kHz is applied to the electrodes of the second LCR meter.

5. The determination device according to claim 1, wherein the
processor is installed at a place remote from a location where the
water quality-improving device is installed, and measured data are
sent from the first and second LCR meters to the processor through
wire or by radio.

6. The determination device according to claim 1, wherein the
determination device comprises a judging device for judging that
the water quality improvement has been carried out effectively when
the ratio outputted by the processor exceeds a predetermined
threshold.

7. The determination device according to claim 6, wherein the
determination device comprises an alarming device for raising an
alarm when the ratio is not more than the threshold.

8. Thedeterminationdevice according toclaim7, wherein the judging
device and the alarming device are installed at a place or places
remote from a location where the water quality-improving device
is installed, and the judging device, the alarming device, and the
processor are connected with each other through wire or by radio.

9. The determination device according to claim 1, wherein the water
quality-improving device brings water into contact with a hybrid
ceramic which emits far-infrared rays having wavelengths from 4_4
um to 15.4 um at an integral emissivity of 92% or more.
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