SPECI FI CATI ON
DETERM NATI ONDEVI CEFORDETERM NI NGANTI RUST EFFECT OF TREATED
WATER AND METHOD FOR DETERM NI NG THE SAME

TECHNI CAL FI ELD
[ 0001]

The present inventionrelates to a determ nation device
for determ ning antirust effect of treated water and a net hod
for determining antirust effect of treated water. More
particularly, thepresent inventionrelatestoadeterm nation
devi ce capabl e of determ ning, easily and in a short tine, an
enhancenent in rust-prevention of treated water as a result
of thetreatnment, andtoanet hodfor determ ningantirust ef fect

of treated water

BACKGROUND ART
[ 0002]

In general, when a netal pieceis imersedin water for
along tine, the surface of the netal piece becones corroded.
Metal corrosionis caused by | ocalized pol ari zation of a part
of the surface into an anode and a cat hode. A small anount of
el ectriccurrent fl ows bet ween t he anode and t he cat hode, whi ch
causes an oxidation reaction at the anode and a reduction
reaction at the cathode. The oxidation reaction at the anode
oxi di zes the surface of the nmetal piece, whereby the netal
corrosi on progresses.

[ 0003]

Various kinds of water treatnent devices capabl e of

purifyingwater withceram csthat emtsfar-infraredrays have

beenconventi onal | y knownas wat er t r eat nent devi ces. Anexanpl e



of the water treatnment devices may be a device naned “THE
Bl ONMATER" (registered trademark), which is sold on market by
TOSH KOGYOCQO. , LTD. (see Non- pat ent docunent 1). It i sreported
that water treated with this device has various advant ages.
Especially noticeable is its effectiveness in preventing
deterioration caused by red rust. Mre particularly, netal
corrosion progresses nore slowy in water treated with this
wat er treat nent devicethaninuntreatedwater. I nother words,
t he treatnent of water withthewater treatnent devi ce enhances
antirust effect of water. Wien the water treatnent device is
installed, for exanple, inthe piping, through whichthe water
treated with the water treatnment device i s made to pass, the
progress of netal corrosionontheinner surface of the piping
i s capabl e of being controll ed.

[ 0004]

It normal lytakesatineperiodfromafewnonthstoseveral
years to assess the progress of netal corrosion by observing
and anal yzi ng the surface of netal pieces i mersed in water.
Conventionally, it also takes atine period froma few nonths
to several years fromthe installation of a water treatnent
deviceinapipingtodeterm nethe effectiveness of the device
incontrollingnetal corrosionontheinner surfaceof thepiping
Thus, currently it is not possibleto determ ne an i nprovenent
in the rust-prevention of treated water within a short tine
period fromthe installation.

[ 0005]

Also, in general, a water treatnent device is usually
placed in a piping of large facilities such as factories and
bui | di ngs. When the piping in which a water treatnment device

isinstalledisexam nedandtheeffectivenessintreati ngwater



withthe water treatnent deviceis determned, it i s necessary
to tenporarily stop operation of the equi pnment provided with
t he device, todrainwater fromthe pi pi ng, and t hen to observe
t hei nner surfaceof thepiping. However, itisoftenpractically
difficult to stop operation of the equi pnent and it requires
prodi gi ous | abor to drain water fromthe piping. Thus it is
difficult to check whether the anti-corrosion perfornmance of
wat er i s enhanced owi ngtotheinstall ment of awater treatnent
devi ce by exam ning the piping in which the water treatnent

device is install ed.

PRI OR ART DOCUMENTS

[ Pat ent Docunent s]

[ 0006]

Non- pat ent Docurnent 1: “Introduction of the Products” in the
websi t e of TOSH KOGYOCO, LTD. whose URLi s htt p: // wwv. bi owat er .
co.j p/product/feature. htm (searched on April 21, 2014).

DI SCLOSURE OF THE | NVENTI ON

[ Problens to be Solved by the Invention]
[ 0007]

The objective of the present inventionis to provide a
determ nati ondevi cefor determ ni ngantirust effect of treated
wat er, capabl e of determ ning, easily and in a short tine, an
enhancenent i nanti -corrosi onperfornmance of water treatedw th
awat er treat nent devi ce, and a net hod f or det er mi ni ng anti r ust

effect of the treated water.

[ Means to Sol ve the Probl ens]
[ 0008]



Means to achi eve the objective are as foll ows:
(1) A determnation device for determ ning antirust effect
of treated water conprising a first potential difference
measur enent devi ce and a second potential difference
nmeasur enent devi ce, each of which includes:

at | east one anode el ectrode,

a pair of cathode el ectrodes,

afirst current generator for appl yinganel ectriccurrent
bet ween t he anode el ectrode and a first cathode el ectrode of
the pair of cathode el ectrodes,

a second current generator for applying an electric
current between the anode el ectrode and a second cat hode
el ectrode of the pair of cathode el ectrodes,

an electric current changer for periodically changing
a magni tude of an electric current between the first cathode
el ectrode and the second cat hode el ectrode,

a measur ement and out put devi ce for measuringapotenti al
di fference across the first cathode el ectrode and the second
cat hode el ectrode,

wherein the at | east one anode el ectrode and t he

pair of cathode el ectrodes of the first potential difference
measur enent device are imersed intreated water that has been
treated wth a water treatnent device, and the at |east one
anode el ect rode and t he pai r of cat hode el ectrodes of t he second
potential difference nmeasurenent device are imrersed in
untreat ed wat er t hat has not beentreatedw th awat er treat nent
devi ce, and

a determner for determning antirust effect of the
treated water based on an output signal A outputted by the

measur enent and out put devi ceof thefirst potential difference



measur enent devi ce and an output signal B outputted by the
measur enent and out put devi ceof t hesecondpotenti al difference
measur enent devi ce.
(2) The determ nation device according to item (1), each of
the first and second potential difference nmeasurenent devi ces
further including a third current generator for applying an
el ectric current between the first cathode el ectrode and the
second cat hode el ectrode.
(3) The determ nation device according to item (1) or (2),
wherein the determ ner determ nes the antirust effect of the
treated wat er based on aratio of alevel of the output signal
A to a level of the output signal B
(4) The determ nation device according to any one of itens
(1)-(3), whereinthepair of thecat hodeel ectrodes hasasurface
made of silver and the anode el ectrode has a surface nmade of
pl ati num
(5) The determ nation device according to any one of itens
(1)-(4), whereinthewat er treatment devi cecontactswater with
a hybrid ceramc which emts far-infrared rays having
wavel engths from4.4 umto 15.4 uymat an integral em ssivity
of 92% or nore.
(6) Anmethod for determ ning antirust effect of treated water
conpri si ng:

appl yinganel ectric current between a cat hode el ectrode
and a first anode el ectrode, and bet ween t he cat hode el ect r ode
and a second anode el ectrode, wherein the cathode el ectrode,
the first anode el ectrode, and the second anode el ectrode are
imersed in treated water that has been treated with a water
treat ment devi ce;

applying an electric current between a conparative



cat hode el ectrode and a first conparative anode el ectrode, and
bet ween the conparative cat hode el ectrode and a second
conpar ati ve anode el ectrode, wherein the conparative cat hode
el ectrode, thefirst conparativeanodeel ectrode, andthesecond
conparati ve anode el ectrode are i mrersed i n untreated water
t hat has not been treated with a water treatnent device; and
determi ning antirust effect of the treated water based
on a first potential difference across the first cathode
el ectrode and the second cat hode el ectrode, and a second
potential difference across the first conparative cathode
el ectrode and the second conparative cathode el ectrode.
(7) Thenet hodaccordingtoitem(6), wherei ntheantirust effect
of thetreatedwater i s determ ned basedonaratioof thefirst
potential difference to the second potential difference.
(8) The nethod accordingtoitem(6) or (7), wherein the pair
of cathode el ectrodes and the pair of conparative cathode
el ectrodes have asurfacemadeof sil ver, andtheanodeel ectrode
and the conparative anode el ectrode have a surface nade of
pl ati num
(9) The net hod according to any one of itens (6)-(8), wherein
t he wat er treat nent devi ce contacts water with ahybridceramc
which emts far-infrared rays havi ng wavel engths from4. 4 um

to 15.4 uymat an integral em ssivity of 92%or nore

[ Advant ages of the Invention]
[ 0009]

Accordingtothe present i nvention, the cathodereaction
i s capabl e of bei ng expedited by the applicationof anelectric
current betweenthe anode el ectrode and t he cat hode el ect r odes.

Thus the formati on of a cal ciumcarbonate fil mon the cat hode



el ectrodes progresses so qui ckly that a di fference betweenthe
rust-prevention of thetreated water and t hat of the untreated
wat er can be determ ned even if a short time is expended on
t he experiment. Thankstothisinvention, researchersnol onger
have t o conduct experinentsthat i nvol vei nersi ng net al pi eces
inwater for a long tine, fromnonths to years. The present
i nvention provides a determ nation device for determ ning
antirust effect of treated water and a net hod for determn ning
antirust effect of treated water, capable of determ ning an
i nprovenent in rust-prevention of water by a short-term
experinment that requires only several days.

Al so, the determ nation devi ce for determ ning anti rust
ef fect of treatedwater andthe nmethod f or det erm ni ng antirust
effect of treated water accordingtothe present invention are
capabl e of determning antirust effect of treated water by
utilizing apotential difference across the two el ectrodes of
a pai r of cathode el ectrodes. Thisis asinple nethodthat does
not i ncl ude actual observation of the surface of a netal piece

imMmmersed in the water.

BRI EF DESCRI PTI ON OF THE DRAW NGS
[ 0010]

[Figure 1] Figure 1 is a schematic illustration show ng the

structure of afirst potential difference nmeasurenent devi ce.
[Figure 2] Figure 2 is a schematic illustration showi ng the
structure of a determ nation device for determ ning antirust
effect of treated water according to the present invention.
[ Figure 3] Figure 3is aschematic circuit di agramof a contr ol
unit for the first and second current generators.

[Figure 4] Figure 4 is a schematic illustration show ng an



exanpl e of how the water treatnent device is installed in a
pi pi ng.
[ Figure 5] Figure 5is a graph showi ng how vol t ages neasur ed

in the working exanple changed with tine.

EMBODI MENTS TO CARRY OUT THE | NVENTI ON
[ 0011]

The det er mi nati on devi cefor determ ningantirust effect
of treated water accordingtothe present i nventionhas afirst
potential difference nmeasurenent device, a second potenti al
di ff erence neasur enent devi ce, andadeterm ner. Wewi | | expl ain
the first potential difference neasurenent device in the
following, referringto Figure 1. It shoul d be noted that the
second potential difference neasurenent devi ce has the sane
structureasthefirst potential difference neasurenent device
shown in Figure 1.

[ 0012]

As shown in Figure 1, the first potential difference
measur enent device 11 includes at | east one anode el ectrode
2, a pair of cathode electrodes 3, a first current generator
14 for applying an electric current between the at | east one
anode el ectrode 2 and a first cathode el ectrode 13 of the pair
of cathode el ectrodes, and a second current generator 24 for
applying an electric current between the at | east one anode
el ectrode 2 and a second cat hode el ectrode 23 of the pair of
cat hode el ectrodes. The at | east anode el ectrode 2 of t he exanpl e
shown in Figure lis conprisedof two anode el ectrodes. Afirst
anode el ectrode 12 of the two anode el ectrodes i s connected
withthefirst cat hode el ectrode 13 and a second anode el ectr ode

22 thereof with the second cat hode el ectrode 23.



Whenthefirst current generator 14 andt he second current
generator 24areactivatedafter theat | east oneanode el ectrode
2 and the pair of cathode el ectrodes 3 are i mersed i n wat er,
afirst electriccurrent fl ows betweenthefirst anode el ectrode
12 and the first cathode el ectrode 13, and a second el ectric
current flows between the second anode el ectrode 22 and the
second cat hode el ectrode 23. These first and second el ectric
currents respectively cause an anode reaction at the anode
el ectrodes 2 and a cat hode reaction at the cat hode el ectrodes
3.

There is no special limtation onthe shape of the anode
el ectrodes; they nay be in the shape of a plate, a rod, or a
wire.

[ 0013]

The anode reaction is generally an oxi dation reaction.
When t he surface of the anode el ectrode 2 is nade of a netal
with a small ionization tendency, such as Pt, the reaction
represented by fornmula (1) is mainly caused at the anode
el ectrode. On the other hand, when the surface of the anode
el ectrode2ismdeof anetal witharelativelylargeionization
t endency, such as Cu, the reaction represented by formul a (2)
is mainly caused.

2H,0 — O, + 4H" + 4e (1)

Cu — CQu** + 2e (2)

The reaction represented by formula (2) dissolves the
metal of which the anode el ectrode 2 is nmade. Wen the netal
isdissolvedintowater, inpuritiesinthe water i ncrease. The
i ncreased i nmpurities hanper t he anode reacti on and t he cat hode
reaction, which may, in turn, interfere with accurate

determ nati on of the antirust effect of treated water. Thus,



t he surface of the anode el ectrode 2 shoul d preferably be nade
of anetal with a small ionization tendency so that the netal
of the anode electrode 2 will not be dissolved into water by
el ectrolysis. Specifically, electrodes known as insol uble
el ectrodes may be used as the anode el ectrode 2. Mre
specifically, el ectrodes whose surface is covered with filns
of pl ati numor iridi umoxi de may be used as t he anode el ectrode
2. Electrodes coveredwith filns of platinumor iridiumoxide
may be produced by pl atingthe surface of a base for el ectrodes
made of ot her netal s suchas titaniumw th platinumor by baki ng
i ridiumoxide on the surface.
[ 0014]

The cat hode reactionis generally areduction reaction.

For exanple, areaction represented by formula (3) or (4) may

be caused.
O + 2H,0O + 4e — 40H (3)
2H0 + 27 — 20H + H (4)

The hydroxide ions OH produced in the reaction
represented by fornmula (3) or (4) raise the pH of the water
surroundi ng t he cat hode el ectrodes 3. When t he pHbecones hi gh,
CO;> ions are prone to be rel eased fromcar bon di oxi de gas t hat
i s dissolvedinthe water. Then cal ci umions Ca®* and CO;* are
prone to react with each other in the water, which produces
CaCG;. As aresult, as the cathode reaction progresses, afilm
of CaCQO;, whi ch may be cal | ed “cal ci umcar bonate” herei nafter”,
is formed on the surface of the cathode el ectrodes 3.

[ 0015]

The cal ci um carbonate can have a crystal structure of

aragonite or of calcite. The aragonitic crystals are known to

beintheformof needles, whilethecalciticcrystals are known

10



to beinthe formof granules. Cal ciumcarbonate with a hi gher
proportion of aragonitic crystals adheres to the cathode
el ectrodes in such a manner that needl e-like crystals adhere
totheel ectrodesw t hnmany gaps bet weent heneedl es. Asaresul t,
the surface of the electrodes is sparsely covered with filns
of cal ci umcar bonate. Onthe ot her hand, cal ci umcarbonatew th
a hi gher proportionof calciticcrystal s adherestothe cathode
el ectrodesi nsuchamanner t hat granul ar cryst al scl osel yadhere
tothe electrodes, with no space |l eft. Thus the surface of the
el ectrodesisuniformycoveredwithafil mof cal ci umcarbonate
wi t hout gaps. The l arger the area of the surface of the cat hode
el ectrodes 3 covered with filns of cal ciumcarbonate is, the
nore increased the electrical resistance of the cathode
electrodes 3 is. Therefore filns of cal ciumcarbonate with a
hi gher proportion of calcitic crystals closely adhere to the
surface of the cathode el ectrodes 3, wi thout gaps between the
films, conpared with fil ns of cal ciumcarbonate with a hi gher
proportionof aragoniticcrystals, evenif themassof t heforner
is the sane as that of the |atter. Thus, the fornmer increases
the el ectrical resistance of the surface of the el ectrodes nore
than the latter.

[ 0016]

When a netal pieceisimersedinwater, filns of cal ci um
carbonate are formed on the surface of the nmetal piece by the
cat hode reaction. The cal cium carbonate filns serve as a
protective filmfor the surface of the netal piece, which
control s oxi dation of the surface. Al so, when the surface of
the metal piece is covered with filns of cal ciumcarbonate,
it is hard for an electric current to fl ow between an anode

and a cat hode caused by | ocal i zed pol ari zati on of t he surface.

11



As aresult, oxidationof the netal surface caused by t he anode
reactioniscontrolled. Thereforeasfil ns of cal ci umcarbonate
adhere to the netal surface nore closely without gaps, it is
nore capable of controlling corrosion of netals.

[ 0017]

The surface of the cathode el ectrodes 3 nay be nade of
materials that are publicly known and used as nmaterials for
t he negative el ectrode of electrolytic apparatuses.
Specifically, the surface of the cathode el ectrodes 3 may be
made of a netal or alloy wth a small ionization tendency, or
a nmetal or alloy excellent in corrosion resistance. Mre
specifically, the surface of the cathode el ectrodes 3 may be
made of silver or copper. Cathode el ectrodes 3 whose surface
is covered with silver or copper may be produced by preparing
cat hode el ectrodes that are made of silver or copper intheir
entiretyor by platingtheouter surface of abasefor el ectrodes
made of other netals with silver or copper.

[ 0018]

The first current generator 14 applies afirst electric
current between the first anode el ectrode 12 and the first
cat hode el ectrode 13. The second current generator 24 applies
a second el ectric current between the second anode el ectrode
22 and t he second cat hode el ectrode 23. Eachof thefirst current
generator 14 and t he second current generat or 24 nay be a devi ce
for providing an electric current of a constant nagnitude.
Alternatively, it my be a device that is controlled to
periodically change the magnitude of an electric current to
be provi ded. The product of the mul tiplication of the nmagnitude
of theelectriccurrent appliedbythefirst current generator

l4bythetineperiodof theapplicationof theelectriccurrent,

12



whi ch product may be called a “quantity of electricity”

her ei nafter, shoul dpreferabl ybeal nost thesaneasthequantity
of electricity applied by the second current generator 24. For
exanpl e, when the first current generator 14 and the second
current generator 24 are operated for one hour, the val ue of
the current applied by the first current generator 14 may be
set to 4.5 pAand the val ue of the current applied by the second
current generator 24 may be set to 3.5 pAfor the first half
of thetinme period, whilethecurrent value of thefirst current
generator may be 3.5 pA and the current val ue of the second
current generator may be4.5uAfor thel atter hal f of t he peri od.
Thus the quantity of el ectricity generatedbythefirst current
generator 14 may be adjusted to the sanme as that generated by
t he second current generator 24 after one hour’s operation of
t he generators.

[ 0019]

There is no special limtation on the first current
generator 14 and the second current generator 24, as |ong as
t he generators are capabl e of generating electric currents.
Commer ci al power supplies may be used for this purpose. Al so,
a si ngl e power supply nmay be used for both of the first current
generator 14 and the second current generator 24.

As shown in Figure 3, for exanple, the device may be
provi ded with a single power supply 92 for both of the first
current generator 14 and t he second current generator 24, and
further provided with two current transducers 93 and 94
downst ream of the power supply 92. The power circuit should
be so designed that the first current transducer 93 and the
second current transducer 94 send electric currents

respectively tothe first current generator 14 and t he second

13



current generator 24. Specifically, the power circuit should
be providedwithacontrol circuit 95whichcontrol sthecurrent
transducers i n such a manner that the first current transducer
93sendselectriccurrentstooneof thefirst current generator
14 and second current generator 24, and the second current
transducer 94 sends el ectric currentstothe other of thefirst
current generator 14 and second current generat or 24. The power
circuit shouldfurther be providedwithaflip-flopcontroller
96 capabl eof swi tchingafl owpat hof t heout put el ectri ccurrent
at regular intervals between a path fromthe first current
transducer 93tooneof thefirst current generator 14 and second
current generator 24 and a path fromthe second current
transducer 94 to the other of the first current generator 14
and second current generator 24. Althoughthereisnolimtation
on the frequency at which the flow path is switched by the
flip-flop controller 96, the fl ow path shoul d be switched at
a frequency from approxi mately once every five mnutes to
approxi mately once an hour.

[ 0020]

The | arger t he magni tude of the el ectric current applied
by the first current generator 14 and the second current
generator 24is, thenorerapidlythecathodereactioniscaused.
Thi srapi dcat hodereacti onneansthat thetineperi odnecessary
for the determinationis decreased. On the other hand, if the
el ectric current appliedbythefirst current generator 14 and
t he second current generator 24istoolarge, thereis a danger
t hat the user receives an el ectri c shock when s/ he touches the
el ectrodes. Al so, hydrogen gas vigorously produced at the
cat hode el ectrodes nay deprive the cat hode el ectrodes of the

cal ciumcarbonatefilnms. Thereforethe current density applied

14



by the first current generator 14 and the second current
gener at or 24 shoul d be appr oxi mat el y f rom10 pA/ cnft o 200 pA/ cnf.
[ 0021]

The at | east one anode el ectrode 2 may be conpri sed of
one anode el ectrode or several anode el ectrodes. The nunber
of the at | east one anode el ectrode 2 shoul d preferably be the
same as that of cathode el ectrodes 3.

[ 0022]

The first potential difference neasurenent devi ce 11 has
an electric current changer 35 and a neasurenent and out put
devi ce 36, as shown in Figure 1. The devi ce may further include
a third current generator 34.

[ 0023]

Thethirdcurrent generator 34appliesanel ectriccurrent
bet ween the first cathode el ectrode 13 and t he second cat hode
el ectrode 23. The electric current changer 35 changes the
magni t ude of the electric current flow ng through the pair of
cat hode el ectrodes at regul ar intervals. Al though thereis no
[imtation on the frequency at which the magnitude of the
el ectric current is changed by the electric current changer
35, t he magni t ude shoul d be changed at afrequency approxi nately
fromonce every five mnutes to once an hour.

[ 0024]

Any generator may be enployed as the third current
generator 34, as long as it i s capabl e of appl yi ng a const ant
magni t ude of an el ectric current. Comrerci al constant current
sources may be used as the third current generator 34.

This third current generator 34 may be operated while
thefirst current generator 14 andt he second current gener at or

24 are bei ng operated. Wienthe third current generator 34 and

15



the first and second current generators 14, 24 are operated
si mul t aneousl y, the magni tude of the el ectric current applied
by the first current generator 14 should be the sane as that
of theelectriccurrent appliedbythesecondcurrent generator
24. Al so, the magni tude of the el ectric current applied by the
third current generator 34 should preferably be snmaller than
that of the electric current applied by the first current
generator 14 and that of the electric current applied by the
second current generat or 24. Whentheel ectriccurrents applied
by the first, second and third current generators satisfythis
rel ati onshi p, the cathode reaction al ways occurs at the first
cat hode el ectrode 13 or the second cat hode el ectrode 23. Wen
the third current generator 34 is operated while the first
current generator 14 and the second current generator 24 are
kept operating in such a manner that they generate a sane
magni t ude of anel ectriccurrent, the magni tude of theelectric
current flow ngthroughthefirst cathode el ectrode 13 andt hat
of the electric current flow ng through the second cat hode
el ectrode 23 nmay be controlled by controlling the direction
and magni t ude of an el ectric current applied between the pair
of cathode el ectrodes by the third current generator 34.
Therefore the enploynent of the third current generator 34
enabl estheuser tocontrol theelectriccurrent fl ow ngthrough
t he pair of cat hode el ectrodes only by controllingtheelectric
current applied by the third current generator 34 without
controlling the electric current applied by the first current
generator 14 and that applied by the second current generat or
24.

Alternatively, only the third current generator 34 may

be activatedafter thefirst current generator 14 andt he second
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current generator 24 are stopped.
[ 0025]

The neasur enent and out put devi ce 26 neasur es a potenti al
di fference acrossthefirst cathode el ectrode 13 and t he second
cat hode el ectrode 23, and outputs and sends the neasured
potential difference to a determ ner 91. Wen the potentia
difference i s neasured, either the first cathode el ectrode 13
or thesecondcat hode el ectrode 23i susedasreferenceel ectrode
and the other is used as working el ectrode.

Applicationof avoltageis necessarytoenablethethird
current generator 34 to pass an electric current through the
first cathode el ectrode 13 and the second cat hode el ectrode
23. Avoltagenecessarytodriveanel ectriccurrent of aconst ant
magni tude isinproportiontothe electrical resistance of the
cat hode el ectrodes 3. As expl ai ned herei nbefore, the nore
cal ci umcarbonatefilns arefornedonthesurfaceof thecat hode
el ectrodes and t he hi gher the proportion of calcitic crystals
inthe calciumcarbonate filns is, the |larger the electrica
resi stance of the cathode electrodes 3 is.

[ 0026]

As anot her net hod of neasuringtheel ectrical resistance
of the cathode el ectrodes 3, a constant-voltage supply for
appl ying a constant voltage may be used as the third current
generator 34 and then the magnitude of an electric current
fl ow ng through the first cathode el ectrode 13 and t he second
cat hode el ectrode 23 may be neasured with t he neasur enent and
out put devi ce 36. Thust hi snet hodal soworksfor thisinvention.
[ 0027]

As shown in Figure 2, the first potential difference

measurenent device 11 is used for treated water 41 that has
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been treated with a water treatnent device, while a second
potential di fferencenmeasurenent device6li susedfor untreated
wat er 42. More specifically, whenthe determ nati on device for
determ ning antirust effect of treated water accordingto the
present invention is used, the at | east one anode el ectrode
2andthe cat hode el ectrodes 3of thefirst potential difference
measur enent device 11 are imrersed in the treated water 41,
whi | eat | east oneconpar ati veanodeel ect rode52andconparati ve
cat hode el ectrodes 53 are inmersed i n the untreated wat er 42.
[ 0028]

The wat er treatnent device may include those having a
hybrid ceram c placed in a piping, such as “THE Bl OMTER’
(registered trademark), which i s manufactured by TOSH KOGYO
CO., LTD. The hybrid ceramc is one which emts far-infrared
rays havi ng wavel engths from4.4 ymto 15.4 ymat an i ntegral
em ssivity of 92%or nore. Water treated with this device is
inmproved in at | east one of a capability to activate life,
bacteriostatic capability, antioxidative capability,
detergent ability, environmental cl eanup capability, treated
condi tion-sustaining capability, and anticorrosion property
(see Non-patent docunent 1).

[ 0029]

Treated water 41 that has been treated with a water
treat ment devi ce has enhanced rust-prevention, conpared with
untreated water 42. In other words, a netal piece inmersedin
treated water 41 has a smaller rate of corrosion than a netal
pi ece imersed in untreated water 42.

Specifically, the cathodereactiontendstoformcal ci um
carbonat e crystal sabundant incalciticcrystal sonthesurface

of a nmetal piece that is imersed in treated water 41. As a
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result, the surface of the nmetal piece is covered with filns
of cal ciumcarbonate all over. The filns control progress of
t he corrosion. On the other hand, the cathode reaction tends
to formcal ci umcar bonat e crystal s i ncl udi ng a hi gh proportion
of aragonitic crystals on the surface of a netal piece that
is imersed in untreated water 42. As a result, the surface
of the netal piece is sparsely covered with filnms of cal ci um
carbonate. The netal piece begins to corrode at the portions
t hat are not covered with the cal ciumcarbonate filnms and t he
corrosion is likely to further proceed.

[ 0030]

In Figure 2, filnms of calciumcarbonate with a high
proportion of calciticcrystals arelikelyto be formed onthe
cathode el ectrodes 3 imersed in treated water 41, conpared
with those fornmed on the conparative cat hode el ectrodes 53
imersedinuntreatedwater 42. Thus the el ectrical resistance
of the cathode el ectrodes 3 becones |larger than that of the
conpar ati ve cat hode el ectr odes 53. Consequent |y, asthe cat hode
reacti on progresses, the voltage necessary to nmake a const ant
magni t ude of anel ectric current passthroughthefirst cathode
el ectrode 13 and t he second cat hode el ectr ode 23 becones | ar ger
than the voltage necessary to nmake the sane magni tude of an
el ectric current pass through the first conparative cat hode
el ectrode 63 and t he second conpar ati ve cat hode el ectrode 73.
[ 0031]

The determ ner 91 is capable of determ ning antirust
ef fect of treated water 41 based on an out put signal A and an
out put signal B. There is no special |limtation on the kinds
of the output signals A and B, as long as the signals serve

t he functions required by the present invention. For exanpl e,
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the potential difference across the first cathode el ectrode
13 andt he second cat hode el ectrode 23, theval ueof theelectric
current passing throughthe first cathode el ectrode 13 and t he
second cat hode el ectrode 23, or the el ectrical resistance of
t he cat hode el ectrodes 3 may be used as the output signal A
The out put signal B shoul d be a signal of the sane kind as the
out put signal A For exanple, when the output signal Ais the
potential difference acrossthefirst cathode el ectrode 13 and
t he second cat hode el ectrode 23, the output signal B should
bethepotential differenceacrossthefirst conparativecathode
el ectrode 63 and t he second conpar ati ve cat hode el ectrode 73.
[ 0032]

The determ ner 91 is capable of determ ning antirust
effect of treated water 41 based on the output signal A and
t he out put si gnal B. Specifically, thedeterm ner 91 cal cul ates
the ratio of the output signal Ato the output signal B, the
ratio of the output signal B to the output signal A or the
di fference between the out put signal A and the output signal
B, based on which the antirust effect is determ ned. Let the
case where t he out put signals Aand Bare potential differences
across the respective pairs of cathode el ectrodes be taken as
an exanpl e. When t he out put signal Ais |larger than the out put
signal B, the cathode el ectrodes 3 imersed in treated water
41 is considered to have a surface a |l arger area of which is
covered with filns of cal cium carbonate including a high
proportion of calcitic crystals than the conparative cat hode
el ectrodes 53 i Mmersed in untreated water 42 have. Thus when
t he determ ner 91 finds that the out put signal Aislarger than
t he out put si gnal B, t he determ ner determ nesthat t heexam ned

wat er has been treated to a water in which netal pieces are
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not easilycorroded, or therust-preventionof thetreatedwater
i s enhanced.
[ 0033]

Aconventional | y known devi ce may be used as the el ectric
current changer 35. The neasurenent and out put devi ce 36 may
be a conbi nati on of a device for neasuring electrical val ues
such as the potential difference across one cat hode el ectrode
and t he ot her cat hode el ectrode of a pair of cat hode el ectrodes,
and an out put devi cefor out puttingandsendi ngneasuredresults
to the determ ner 91.

[ 0034]

The operati onof t hedevi cewi | | beexpl ai nedherei nafter.
[ 0035]

Facilities suppliers would sonetines |ike to check
whet her water in a pipingis treated and whether netal on the
i nner surface of the pipingiskept fromcorrodingbyinstalling
awat er treat ment devi ce 102, such as “THE Bl OMTER (r egi st ered
trademark)”, i nthepi pi ngi nsuchamnner as shown, f or exanpl e,
in Figure 4. On such occasions, facilities suppliers my use
the determ nation device for determ ning antirust effect of
treatedwat er accordingtothepresent i nvention. The operation
met hod of thisdevicew || beexplainedinthefoll ow ng: First,
untreated water 41 inthe pipingis sanpledthroughathree-way
val ve 104 that is fixed to the piping at a pl ace upstream of
t he wat er treat ment devi ce 102. Treated wat er 42 i s al so sanpl ed
t hrough a three-way val ve 105 that is fixed to the piping at
apl ace downst r eamof t hewat er treat nent devi ce 102. The sanpl es
are collected in vessels such as beakers. As shown in Figure
2, the cat hode el ectrodes 3 and anode el ectrodes 2 of the first

potential difference neasurenent device 11 areimersedinthe
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treated water 41 in one vessel, and the conparative cat hode
el ectrodes 53 and conpar ati ve anode el ect rodes 52 of t he second
potential difference neasurenent device 61 areimersedinthe
untreated water 42 in another vessel.

[ 0036]

Then, the first current generators 14 and 64, and the
second current generators 24 and 74 are activated to make
el ectric currents pass through the first cathode el ectrode 13
and the second cathode el ectrode 23 and through the first
conparati ve cathode el ectrode 63 and the second conparative
cat hode el ectrode 73 respectively. Theel ectric currents cause
t he cat hode reaction respectively at the cathode el ectrodes
13, 23 and at the conparative cathode el ectrodes 63, 73, on
t he surface of which filns of cal cium carbonate are forned.
For exanple, when electric currents are applied by the first
current generator 14 and the first current generator for
conpari son 64 at a current density fromabout 10 pA/ cnf to 200

uA/ cnf for about 5 to 500 hours, filns of cal cium carbonate
are fornmed on the surface of the cathode el ectrodes 13, 23,
63, and 73 to such a degree that the antirust effect of the
treated water 41 is determ ned. Al so, when t he hardness of the
treatedwat er 41andt hat of t heuntreatedwat er 42arei ncreased

it servestoreducethetineperiodfor whichelectriccurrents
are applied. If anincreaseinthe hardness of the treated and
untreated waters is desired, the addition of a salt, such as
cal ci umcar bonat e, woul dsufficefor thepurpose. For anaccurate
determ nation of the antirust effect, the salt to be added to
the treated water 41 should be the sane as that to be added
to the untreated water 42 in the kind and quantity.

[ 0037]
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The treated water 41 has enhanced rust-preventive
propertyconparedw ththeuntreatedwat er 42. Cal ci umcar bonat e
crystals abundant in calcitic crystals are nore easily
precipitated out at the cathode el ectrodes 3 i mersed in the
treated water 41 than at the conparative cat hode el ectrodes
53 imrersed in the untreated water 42. Thus the surface of the
cat hode el ectrodes 3iscoveredwthfilns of cal ci umcarbonate
all over, conpared with the surface of the conparative cat hode
el ectrodes 53.

[ 0038]

The third current generators 34 and 84 are further
activated, while the first current generators 14, 64 and the
second current generators 24, 74 are being kept driving. The
third current generator 34 nmakes a constant magnitude of an
el ectric current pass through the first cathode el ectrode 13
and the second cathode el ectrode 23, and the third current
generator for conpari son 84 nakes a constant magnitude of an
el ectric current pass through the first conparative cat hode
el ectrode 63 and t he second conpar ati ve cat hode el ectrode 83,
wherein the electric currents are adj usted so that the forner
constant magnitudei sthesaneasthel atter constant magni t ude.
Furt hernore, the magnitude of the el ectric current applied by
the first current generator 14 should be the sane as that of
the electric current applied by the first current generator
for conpari son 64, and the magnitude of the electric current
appl i ed by the second current generator 24 shoul d be t he sane
as that of the electric current applied by the second current
generator for conparison 74. Moreover, the magnitude of the
el ectriccurrent appliedbythethirdcurrent generator 34shoul d

be smal |l er than that of the electric current applied by each
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of thefirst current generators 14, 64 and by each of t he second
current generators 24, 74.

When t he current density of theelectric current applied
by thethirdcurrent generator i s fromabout 0.5 uA/ cnf t o about
25 uA cnf, the antirust effect of thetreatedwater 41is capable
of being determi ned pronptly and accurately.

Then, the neasurenent and out put devices 36 and 86
respectively neasurethe potential differenceacrossthefirst
cat hode el ectrode 13 and t he second cat hode el ectrode 23 and
the potential difference across the first conparative cat hode
el ectrode 63 and t he second conpar ati ve cat hode el ectrode 73.
The larger the potential difference across the cathode
el ectrodes, thelarger theel ectrical resistance at t he cat hode
el ectrodes, whi chneansthat fil ns of cal ci umcar bonat e abundant
incalcitic crystals are fornmed at the cathode el ectrodes.
[ 0039]

The neasur enment and out put devi ces 36 and 86 out put and
send the neasured potential differences, respectively as an
out put signal A and an output signal B, to the determ ner 91.
The det ermi ner 91 checks whet her the rati o of t he out put signa
Ato the out put signal Bis norethan 100% Wenit isthe case,
t he det erm ner 91 det er mi nes t hat t he cat hode el ectrodes 3 have
a larger electrical resistance than the conparative cat hode
el ectrodes 53 and that the antirust effect of treated water
41 i s enhanced.

[ 0040]

The determ nation device 1 for determ ning antirust
effect of treated water according to the present inventionis
capabl e of checking an i nprovenent in the antirust effect of

wat er by neasuring electrical properties such as potenti al
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di fferences across the cathode el ectrodes 3 and across the
conparati ve cat hode el ectrodes 5. Thus it i s not necessary to
observe the inner surface of the piping 103 to check whet her
corrosion of nmetal on the inner surface of the piping 103 is
controlledbytheinstallationof awater treatnent devi ce 102.
Therefore the user does not bother to stop the operation of
t he equi pnent or to drai nwater fromthe pi ping 103; this device
enabl es t he user to check whet her a wat er treat ment devi ce 102
servestoinprovethe antirust effect easily and conveni ently.

Furt hernore, the determ nati on device 1 for determ ning
antirust effect of treated water according to the present
invention is capabl e of expediting the cathode reaction that
occurs in netal pieces imersed in water by the application
of anelectriccurrent. Thusit does not takealongtine period
froma few nonths to several years fromthe installation of
awat er treat ment device 102 i napi pi ngtoobservethe progress
of corrosion in order to determ ne the effectiveness of the
deviceincontrollingnetal corrosion, but just a short peri od
of several days to check an enhancenent inthe antirust effect
of water.

[ 0041]

In addition, the antirust effect of treated water may
be det er mi ned by neasuring the potential difference acrossthe
first cat hodeel ectrodeandt hesecondcat hodeel ectrodew t hout
usingthethirdcurrent generator 34. For exanpl e, t he potenti al
di fference acrossthefirst cathode el ectrode 13 and t he second
cat hode el ect rode 23 nay be neasur ed under t he condi ti ons where
t he magni t ude of anel ectriccurrent appliedbythefirst current
generator 14isset toavaluethat i sdifferent fromthemagnitude

of anelectric current applied by the second current gener at or
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24. Al so, the nagnitude of electric currents flow ng through
t he cathode el ectrodes 3 may be controlled by changi ng the
magni tude of an el ectric current applied by the first current
generator 14 and t he nagni tude of an el ectric current applied
by the second generator at regular intervals by neans of the
el ectric current changer 35. Furthernore, when the potenti al
di fferences are used as out put signals, the operation of the
first current generators 14, 24, 64 and 74 shoul d be control | ed
so that the nagni tude of the electric current flow ng through
thefirst cathode el ectrode 13 and t he second cat hode el ectrode
23 is the sane as that of the electric current fl ow ng t hrough
the first conparative cathode el ectrode 63 and the second
conparative cat hode el ectrode 73.
[ 0042]

Wew || further expl ai nthei nventi onbyneans of exanpl es.
[ 0043]
(Wor ki ng Exanple 1)

Cal cium sul fate was added to 5,000 nL of tap water so
t hat t he hardness of t he wat er woul d be 300 ppm Untr eat ed wat er
42 was thus produced. Two pieces of hybrid ceram c, each of
whi ch was 13.5 nmin di aneter and 19 nmin | ength, were pl aced
inthe untreated water 42. The hybrid ceram c pi eces were t he
sane as those i ncorporated into a devi ce naned “ THE Bl OMTER’ .
The water with the two pieces of hybrid ceram c was al | owed
to stand for 15 m nutes. Treated water 41 was thus produced.
In this treated water 41 were i mmersed two anode el ectrodes
2 and two cat hode el ectrodes 3 of afirst potential difference
measur enent devi ce 11 of adeterm nati ondevi cefor determ ning
antirust effect of treated water 1. Al so, in untreated water

42 were i mersed two conparative anode el ectrodes 52 and two
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conparati ve cat hode el ectrodes 53 of a second potenti al
di fference neasur enent devi ce 61 of a determ nati on devi ce for
determ ning antirust effect of treated water 1. An el ectrode
wi thasurface of polishedsilver was used as each of t he cat hode
el ectrodes 3 and 53, whil e apl ati num pl at ed el ect rode was used
as each of the anode el ectrodes 2 and 52. Each of the cathode
el ectrodes 13, 23, 63, and 73 had a surface area of 0.2 cnf.

Then, thefirst current generators 14and 64 andt he second
current generators 24 and 74 were driven for 48 hours so t hat
t hey woul d provi de an el ectric current of 4 yA. The magni t ude
of theelectriccurrent appliedbythefirst current generators
14and 64 was 4 pA. After the48hours, thethirdcurrent generat or
34 and 84 were activated while the first current generators
14 and 64 and t he second current generators 24 and 74 wer e kept
operating. The third current generators 34 and 84 nade an
el ectric current of 0.5 pA flow through each of the cathode
el ectrodes 3 and the conparati ve cat hode el ectrodes 5. After
30 m nutes fromthe activationof thethirdcurrent generators
34 and 84, or after 48 hours and 30 m nutes fromthe activation
of thefirst current generators 14 and 64 and t he second current
generators 24 and 74, the magnitude of the electric current
provi ded by the third current generators was changed every 30
m nutes by electric current changers 35 and 85. A series of
changes of the electric current was conducted on a one- hour
cycle, beginning at the activation of the third current
generators 34 and 84.

Si nce t he magni tude of the el ectric current provi ded by
the first current generators 14 and 64 and t hat of the electric
current provided by the second current generators 24 and 74

are | arger than the magni tude of the el ectric current provided
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by the third current generators 34 and 84, electric currents
al ways flowed into the cathode el ectrodes 13, 63, 23, and 73
wher e t he cat hode reacti on al ways occurred while the electric
current was bei ng provided by the third current generators 34
and 84.

VWil ethethirdcurrent generators34and84wereprovidi ng
theelectriccurrent, thepotential differenceacrossthefirst
cat hode el ectrode 13 and t he second cat hode el ectrode 23 and
t hat across the first conparative cat hode el ectrode 63 and t he
first conparative cathode el ectrode 73 were continuously
measured. The results are shown in Figure 5. The potenti al
differenceinthefirst half, or the first 30 m nutes, of each
cycl e, had positive val ues, while the potential differencein
the latter half, or the latter 30 m nutes, of each cycle, had
negati ve val ues. The average of the values of the potentia
difference in the first 30 m nutes and that of the val ues of
thepotential differenceinthel ast 30m nuteswererespectively
cal cul ated. The results are shown in Table 1 below. In Figure
5, the zero on t he axi s of absci ssas, or the axi s of t he el apsed
ti me, denotes the point whenthe operationof thethird current
generators 34 and 84 was begun.

[ 0044]

In addition, the electrical resistance, which may be
call ed “pol ari zati on resi stance” herei nafter, of the cathode
el ectrodes 3 or 53 was cal cul at ed for each cycl e. The fol | owi ng
equation was used for the cal cul ation:

Ro1 = (V- Vi) /21 -R (5)

Ro1: polarization resistance in each cycle

Vi.: average of the values of the potential difference

in the first 30 m nutes
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Vi.: average of the values of the potential difference
in the ast 30 m nutes

[ magnitude of the electric current that was made to
fl ow t hrough the cat hode el ectrodes by the third current
gener at or

R resistance of the sol uti on betweenthe pair of cat hode

el ectrodes

The resi stance of t he sol uti onbetweent he pair of cat hode
el ectrodes was aut omati cal | y deci ded dependi ng ont he di st ance
bet ween t he cat hode el ectrodes and whet her the sol ution had
been treated or untreated.

I nequation(5) above, theentireresi stancei scal cul at ed
according to “(Vi+-Vi.)/21”. The subtraction of “R’, the
el ectrical resistance of the solution, fromthe entire
resi stance provides “R,;”, the electrical resistance of only
t he cat hode el ectrodes.

The pol ari zati onresi stance of eachcycl eandthe average
of the polarization resistances of all the cycles are shown
in Table 1 below. In addition, theratio of the average of the
resi stances of the cathode el ectrodes inmersed in the treated
water to the average of the resistances of the conparative
cat hode el ectrodes imersed in the untreated water was al so

cal cul ated: The result was 137.5%
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[ 0045]

(Table 1)
1°' potential difference 2" potential difference
nmeasur enment device (for nmeasur enent device (for un-
treated water) treated water)
Average | Average | Pol ariza- | Average | Average | Pol ari za-
voltage |voltage |tion re- voltage |voltage |tion re-
(mv) for | (nmV) for |sistance |(mV) for | (nV) for | sistance
+0.5 pA | -0.5 pA | (kQ) +0.5 pA [-0.5 pA | (kQ)
1% cycle | 170. 58 -350.51 |519.00 159. 01 -241.88 | 398. 80
2" cycle | 157. 22 -298.26 | 453.37 203. 36 -179.57 | 380. 84
3" cycle | 216. 44 -279.99 |494. 33 138. 55 -184.84 | 321. 30
4™ cycl e | 198. 03 -363.43 | 559. 35 110. 34 -218.23 | 326. 49
5t cycle | 210. 01 -207.42 | 415. 32 130. 57 -200.00 | 328.48
6" cycle [ 171. 21 -230.93 | 400. 03 164. 61 -147.46 | 309. 98
Aver age 473. 56 344. 32
(137.5% (100%
[ 0046]

As under st ood, t he wor ki ng exanpl e shows t hat t he cat hode
el ectrodes 3 inmersed in the treated water 41 has a | arge
el ectrical resistance, conpared with the conparative cat hode
el ectrodes 53 imersed in the untreated water 42. Therefore
t he experinments provedthat the cathodereactioninthetreated
water 41 forned closer and nore uniformfilns of cal cium
carbonate with a |l arger proportion of calcitic crystals than
t hecat hodereactionintheuntreatedwater 42di d. Theformation
of the cal ciumcarbonate filnms controls netal corrosion. Thus
it was proventhat thetreatedwater 41 had an enhanced anti r ust

effect, conpared with the untreated water 42.

EXPLANATI ON OF REFERENCE NUMERALS
[ 0047]

1 determ nati on device for determ ning antirust

effect of treated water
2, 12, 22, 52, 62, 72 anode el ectrode

30




3, 13, 23, 53, 63, 73 cat hode el ectrode

11 first potential difference neasurenent device
14, first current generator

24, 74 second current generator

34, 84 third current generator

35, 85 el ectric current changer

36, 86 nmeasur enent and out put device

41 treated water

42 untreat ed wat er

61 second potential difference neasurenent device
91 det er m ner

92 power supply

93, 94 current transducer

95 control circuit

96 flip-flop controller

102 wat er treatnment device

103 pi pi ng

104, 105 t hree-way val ve

31



W claim

1. A determ nati on devi ce for determ ning antirust effect
of treated water conprising a first potential difference
measur enent devi ce and a second potential difference
measur enent devi ce, each of which includes:

at | east one anode el ectrode,

a pair of cathode el ectrodes,

afirst current generator for appl yinganel ectriccurrent
bet ween t he anode el ectrode and a first cathode el ectrode of
the pair of cathode el ectrodes,

a second current generator for applying an electric
current between the anode el ectrode and a second cat hode
el ectrode of the pair of cathode el ectrodes,

an electric current changer for periodically changing
a magni tude of an electric current between the first cathode
el ectrode and the second cat hode el ectrode,

a measur ement and out put devi ce for nmeasuringapotenti al
di fference across the first cathode el ectrode and the second
cat hode el ectrode,

wherein the at | east one anode el ectrode and t he

pair of cathode el ectrodes of the first potential difference
measur enent device are imersed intreated water that has been
treated with a water treatnent device, and the at |east one
anode el ect rode and t he pai r of cat hode el ect rodes of t he second
potential difference neasurenent device are imersed in
untreat ed wat er t hat has not beentreatedw th awat er treat nent
devi ce, and

a determner for determning antirust effect of the

treated water based on an output signal A outputted by the
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measur enent and out put devi ceof thefirst potential difference
measur enent devi ce and an out put signal B outputted by the
measur enent and out put devi ceof t hesecondpotenti al difference

measur enent devi ce.

2. The determ nati on devi ce according to claiml, each of
the first and second potential difference nmeasurenent devi ces
further including a third current generator for applying an
el ectric current between the first cathode el ectrode and t he

second cat hode el ectrode.

3. Thedet ermi nati ondevi ceaccordi ngtocl ai mlor 2, wherein
the determ ner determ nes the antirust effect of the treated
wat er based on a ratio of a level of the output signal Ato

a level of the output signal B

4. The det erm nati on devi ce accordi ng to any one of cl ains
1- 3, wherein the pair of the cathode el ectrodes has a surface
made of silver and the anode el ectrode has a surface nade of

pl ati num

5. The determ nati on devi ce accordi ng to any one of cl ai ns
1-4, wherein the water treatnent device contacts water with
a hybrid ceramic which emts far-infrared rays having

wavel engths from4.4 umto 15.4 uymat an integral em ssivity

of 92% or nore.

6. Anet hod for determ ni ngantirust effect of treatedwater
conpri si ng:

applyinganelectriccurrent between a cat hode el ectrode
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and a first anode el ectrode, and bet ween t he cat hode el ectr ode
and a second anode el ectrode, wherein the cathode el ectrode,
the first anode el ectrode, and the second anode el ectrode are
imersed in treated water that has been treated with a water
treat ment devi ce;

applying an electric current between a conparative
cat hode el ectrode and afirst conparative anode el ectrode, and
bet ween the conparative cat hode el ectrode and a second
conpar ati ve anode el ectrode, wherein the conparative cat hode
el ectrode, thefirst conparati veanodeel ectrode, andt hesecond
conparative anode el ectrode are i mersed in untreated water
t hat has not been treated with a water treatnent device; and

determi ning antirust effect of the treated water based
on a first potential difference across the first cathode
el ectrode and the second cat hode el ectrode, and a second
potential difference across the first conparative cathode

el ectrode and the second conparative cathode el ectrode.

7. The met hod according to claim6, wherein the antirust
effect of the treated water is determ ned based on a rati o of
the first potential difference to the second potenti al

di f f erence.

8. The nmet hod according to claim6 or 7, wherein the pair
of cat hode el ectrodes and the pair of conparative cathode

el ectrodes have asurfacemdeof sil ver, andtheanodeel ectrode
and the conparative anode el ectrode have a surface nade of

pl ati num

9. The net hod according to any one of clains 6-8, wherein
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t he wat er treat nent devi ce contacts water with ahybridceramc
which emts far-infrared rays havi ng wavel engths from4.4 um

to 15.4 uymat an integral em ssivity of 92%or nore.
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