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JAPAN ASSOCIATION OF CORROSION CONTROL



Pipe Renewal Technology to Prolong Water Supply
Pipe Works

Katsuyuki Kumano

Japan System Planning Co.,Ltd. President

Abstract

We define anti-corrosion technology, for the corrosion problem which formed

inside of steel pipes for cold and hot water supply pipes and air-conditioning

water pipes by reducing corrosion to passive state magnetite by using
NMR(Nuclear Magnetic Resonance) phenomenon, is NMR Method. We
present Practical examples which had exerted effect by NMR Method, and

review the difference of the effects under the different conditions of pipe works.

KEYWORDS:Corrosion(FeO(OH)), Passive state, Magnetite(Fe;04), Black
body radiation, Electromagnetic wave(micro wave), Paramagnetic resonance,

Fe ion content, Weight percentage of magnetite, Improve the clogging, Hy-

drated electron

1 Introduction (Definition of
NMR Method)

Water flows pass through "NMR Method
equipment” which is installed outside of
steel pipes for cold and hot water supply
pipes and air-conditioning water pipes, and
recieves electromagnetic wave (microwave)
of specific wavelength which arises from
the convination of blackbody radiation from
"NMR Method equipment” and the free

electron method laser. The microwave

breaks up clusters of water molecules for
about 6 hours, using resonannce phenomena
of electron and proton of the hydrogen of the
water molecule. The smaller-size clusters of
water molecules are moved in the pipes by
the energy of pressure pumps or the energy
of gravity, the water molecules run into each
together, and electron detachment(hydrated
electron) is induced. the process is simil-
lar to the phenomenon in thundercloud. The
hydrated electrons reduce corrosion to mag-
netite, so Fe ion content in the water is re-

duced. In addition, the hydrated electrons



scale down the blockage of corrosion in the
pipes, withhold from errosion by corrosion,
and prolong water supply pipe works.

Usually, water supply pipe works are
made of iron. Iron (Fe) of the pipe is ox-
idized by oxygen (0,) and water molecule
(H,0), come to corrosion (FeO(OH)), en-
large the volume, and arise the blockage in-
side pipe. When hydrogen electrons are sup-
plied to the corrosion, water molecules con-
tained the corrosion are detached by hydro-
gen electrons, and the corrosion is reduced
to magnetite which is solid and small-size.
So errosion by corrosion of water supply
pipe works is stopped and the pipe works are
prolonged.

1.1 Basic theory about Black Body
Radiation

In the late 19th century, Planck, physicist
in Germany, assumed that the energy levels
of a harmonic oscillator are equally spaced,
not range continuously, as shown in Fig.1*!

This is the basement of blackbody radia-

tion theory.

*1 Fig.1 is quoted from Reference[5] The Peynman
Lectures on Physics Volume 1
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Fig. 41-5. The energy levels of a
harmonic oscillator are equally spaced:
E, = nhw.

h i Planck constant = 6.62606876 x 10734(J - s)

{TJ chf2n

For the reason, the harmonic oscillator
can take up energies only 7iw at a time.

After calculating energy distribution /(w)
from blackbody radiation on the premise of

this theory, we get this formula.

fiw?

;,TQCZ(ewﬁ/kT = 1)

I(w) = (1)

k : Boltzmann constant = 1.3806503 x 1072(J/K)
c: Light velosity = 2.99792458 x 108(m/s)

According to this formula(1), even when
frequency w comes to large enough, the

term in denominator e“"/kT

gets larger ex-
ponentially than «® in numerator, and I(w)
converges. Therefore, distribution of /(w)

becomes like Fig.2.
%2

2

*2 Fig.2 is quoted from Reference[7] The Feyn-
mann Lectures on Physics Volume I



fw/ kT

Fig. 4-10. The frequency spectrum
of radiation in a cavity in thermal equilib-
rium, the "blackbody" spectrum.

These formula(1) and Fig.2 are Planck’s
low of frequency spectrum of blackbody ra-

diation.

1.2 Basic Theory of Electromagnetic
Wave (Maxwell Equations)

In 19 century, Maxwell, physicist in Eng-
land, defined electromagnetic wave as the
phenomenon such that electric field and
magnetic field proceed together at light ve-
locity, and wrote Maxwell equations which

are time-dependent.

V-E=£
@
VxE=-2
(2)
V-B=0

2 — 1 4 9E
CVXB“GOJF&

E : Electric field(V/m)

p : Density of electric charge(C[m?)
€ Permirfivity%(F /nt)

B : Magnetic flux density(N - mfA)

j: Electric current density(A/m?)

Such a phenomenon that electric field and
magnetic field proceeds in space in obedi-
ence to these Maxwell equations, is princi-
ple of electromagnetic wave. It is shown like
Fig.3*.

Fig.3 Electromagnetic wave
proceeding z direction

1.3 Difference between Nuclear Mag-
netic Resonance and Paramag-
netic Resonance

Normal NMR method is, mainly, used to
analyze the structure of organism. Applying
magnetic field to sample artificially(usually
more than 2 Tesla; more than 20 thousands

Gauss), irradiating radiofrequency wave, to

*3 Fig.3 is quoted from Reference[12] Electromag-
netics.



arise nuclear spin. Measuring and analysing
spin echo which comes back from the sam-
ple after irradiation finishes, and analysing
the structure of the sample from the data of
spin echo.

The method of ESR(Electron Spin Reso-
nance) is normaly apply high magnetic field
to sample. But in some cases that don’t ap-
ply magnetic field and measure in earth’s
magnetic field. The electromagnetic wave
to irradiate is in the spectrum of microwave,
and the method uses 10° times larger than
normal NMR method, seeing wavelength
and frequency.

There is a phenomenon, ”The hypetfine
structure in hydrogen”, which takes absorp-
tion and emission of energy by interaction
of nuclei and electron. Hydrogen in atomic
state has two ground-state energies, which
are brought about by interaction of nuclei
and electron and differ in minute level. This
is such a phenomenon that, when ground-
state enegy of hydrogen atom is excited
from low one to high one, it absorbs spec-
ified wavelength of microwave, and when
ground-state energy of hydrogen atom goes
from high one to low one, it emit the same
wavelength of microwave. In astronomy, the
phenomenon is normally used for observe
This is the phe-

nomenon which is brought about by interac-

astronomic observation.

tion of nuclear spin and electronic spin, and

this is resonance phenomena which arise

without applying magnetic field.

Nuclear magnetic resonance phenomena
by NMR Method equipment is thought to be
a phenomenon which is similar to hyperfine
structure in hydrogen, in the points that elec-
tromagnetic wave of microwave spectrum is
irradiated to hydrogen atoms which are con-
tained in water molecules and induces para-

magnetic resonance.

1.4 Mechanism to emit single-

wavelength by  spontaneous
emitted radiation (Basic Theory
about Spontaneous emission and

Laser)

As the method to ingenerate microwave,
the above-mentioned blackbody radiation is
well known method from ancient days, such
as carbonization of wood(more than 800
°C), manufacturing of clay(more than 1200
°C). Using these method, ingenerate electro-
magnetic wave by blackbody radiation after
manufacturing.

However, conventional methods ingener-
ate electromagnetic wave in wide range
wavelength, as the distribution of Fig.2.
When wide range wavelength is generated,
electromagnetic wave weaken by interaction
between different phases.

On the other hand, NMR Method equip-
ment generates single wavelength, using

such a similar way which is usually called




laser.

1.4.1

Laser of spontaneous emission generates

Laser of spontaneous emission

electromagnetic wave using low energy, but
the electromagnetic wave contains various

wavelengthes. **

) £ R
A L e B0 e .
Electron emils
electromagnetic
wave and backs to
ground state

Give energy to electron  Eleciron gels energy
of ground state and excite

Electromagnetic wave of
spontaneous emission
contains various wave-
Iength and phase.

Fig.4. Laser of spontaneous emission

1.4.2 Laser of induced emission
Laser of induced emission generates elec-

tromagnetic wave of single wavelength, but

this laser requires strong light source, so ex-

ternal energy is necessary.

*4 [lig.4~TPig6 are quoted from Reference[10] II-
lustrations of general knowledge of electromag-
netic wave

SN (E) - [

=

= Flectrun cmits electro-
magnetic wave of same
wave-length and phase as
given clectromagnetic wave

Give light(electromagnetie-
wave) to electron of
excited state

Electromagnetic wave of induced
emission has united wave length
and phase,

Fig.5. Laser of induced emission

1.4.3 Laser of free electron

There is laser of free electron, which gen-
erates electromagnetic wave of single wave-
NMR

Method equipment is starting from the idea.

length using blackbody radiation.

Mngnets
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Arbitrary wave length of electromagnetic wave can be given
by controlling the energy of drived electron.

Fig.6. Laser of free electron

1.5 Mechanism of NMR Method equip-
ment

NMR Method equipment, which contains
material of blackbody radiation that was
made by sintering powder mix of 23 kinds

of metals and combines many layers of mag-



netic materials with many holes that has
the effect of laser of fiee electron to gather
the microwave from the blackbody radiation
material to specific wavelength, is installed

on the outside of steel pipe.

Material ef

Ta—— Blackbedy radiation
e Steel plpe
o g = % N T Vg
o7 : : | - ST A W »
” N, e gl I
in b =

Many layersof
magnetic materials

Fig.7, NMR Method equipment

NMR Method equipment bring out in res-
onance phenomenon using specific wave-
length electromagnetic wave (microwave)
to nuclei and electron in hydrogen atom
of water molecules which go through in-
side steel pipe. By the resonance phe-
nomenon, condition of clusters of many
water molecules changes to the exited
state condition of smaller ones. When
the water on such condition is moved by
the energy of pressure pumps or some-
thing, water of exited state condition go-
ing through in steel pipe emits electrons,
simillar to the phenomenon of electric dis-
charge(thunder) which is generated when
exited state cluster of water moves in thun-
dercloud. These hydrated electrons changes
corrosion(FeO(OH)) which has occured in
steel pipe to magnetiteFe; 0y, stops errosion

of corrosion and prolong the life of steel

pipe works.

2 Result

2.1 Corrosion which had formed in-
side of a water supply steel pipe
of one way flow of water, was re-
duced to magnetite.

2.1.1 The result of measurement of all
the Fe ion content in the sam-
ple water from the water sup-
ply steel pipe in the building
of Hokkaido Industrial Research
Institute of Japanese Govern-
ment

The equipment of NMR method (name of
the commodity is NMR Pipetector) was in-
stalled on the outlet steel pipe (inner diam-
eter size is 100mm) of an elevated tank on
the building of Hokkaido Industrial Experi-
mental Laboratory. The sample water which
was not used during the night for more than
10 hours, was taken in the morning, and Ta-
ble 1 and Fig.8 show the result of water ex-
amination of the sample water. It indicates
that corrosion(FeO(OH)) has formed in the
water supply steel pipe, and it had dissolved
into the water during the night. However,
all the Fe ion content of the sample water
decreased to 0.423mg/l in 2 months after

the installation of the equipment. Further-




more, as the result of water examination of
the sample water, in 4 months after the in-
stallation, all the Fe ion content decreased
to 0.262mg/1.

Table 1. Measurement result of all the Fe ion content in
the sample water of Hokkaido Industrial
Research Institute’s building before and after
the installation of the equipment.
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Fig. 8.  Changes of all the Fe ion content in the sample
water of Hokkaido Industrial Research
Institute’s building before and after the
installation of the equipment

2.1.2 The result of measurement of all
the Fe ion content in the sam-
ple water from the water supply
steel pipe in the building of Med-
ical Center Hospital of Japanese
Red Cross Society.

The equipment of NMR method (name
of the commodity is NMR Pipetector) was
installed on the outlet steel pipe (inner di-
ameter size is 200mm) of an elevated wa-
ter tank of the building in the testing area.
The sample water which was not used dur-

ing the night for more than 10 hours, was

taken in the morning from the faucet of
the outpatient baby room, and Table 2 and
Fig. 9 show the result of the water ex-
amination of the sample water. Before the
installation of the equipment, the result of
the water examination showed that all the
Fe ion content was 2.00mg/l. It indicates
that corrosion(FeQ(QH)) had formed in the
steel pipe of the water supply of the build-
ing, and it had dissolved into the water dur-
ing the night. However, all the Fe ion
content of the sample water decreased to
0.48mg/l in 2 weeks after the installation
of the equipment, and all the Fe ion con-
tent of the sample water showed 0.49mg/l
in 4 weeks after the installation, and then,
all the Fe ion content of the sample water
decreased to 0.27mg/l in 6 weeks after the
installation of the equipment.
Table 2. Measurement result of all the Fe ion content in the

sample water of Medical Center Hospital of
Japanese Red Cross Society.

T Euuminsionben | ANFefeacoctet (mgl)

Before instalation 200
2 weeks sfter nstallafion 0.48

4 weeks after fstallasion 0.4%
6 weeks afler nstallasion. 027

Fo ion content(mg/1)

Before 2 weeks after 4 weeks after 6 waeks after
installation installation instalation instalation

Fig. 9.  Changes of all the Fe ion content in the sample
water of Medical Center Hospital of Japanese
Red Cross Society.



2.2 Corrosion(lFeO(OH)) formed in-
side of a hot-and-cold water steel
pipe of an air conditioner with cir-
culating flow of the same water,
was reduced to magnetite(Fe;04).

221 The result of examination
of weight percentage of
magnetite(Fe;04) which was
existing in the rust formed
inside of the hot-and-cold
water wateel pipe of the air
conditioner

The equipment of NMR method (name
of the commodity is NMR Pipetector) was
installed on the outlet steel pipe (inner di-
ameter size is 200mm) of the hot-and-cold
water generating machine, in which all of
the hot-and-cold water circulating passes
through. Table 3 and Fig.10 show the mea-
surement results of the weight percentage
of magnetite(Fe30,4) in the rust formed in-
side of the branch steel pipe (inner diame-
ter size is 80mm). The weight percentage
of magnetite(#'e304) in the surface of the
rust which was contacting with water, was
2.2% before the installation of the equip-
ment. However, the weight percentage of
magnetite(Fe3O4) in the rust increased to
14.4 % in 3 months after the installatiion
of the equipment. Furthermore, the weight

percentage of magnetite(Fe30,4) increased

to 53.4% in 6 months after the installation,
and it increased to 72.9% in 12 months after

the installation of the equipment.

Table 3. Measurement result of the weight percentage of the
magnetite in the rust of the air-conditioner’s steel
pipe.

A 43 | b perventage of magacte (Fe0n) (%)
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Weight percentage of magnoetite (%)

o

Before 2 weeks after 4 weeks after 6 weeks after
instaflation installation instafation installation

Fig. 10.  Changes of the weight percentage of magnetite
(Fe30,) in the rust of the air-conditioner’s steel

pipe of Foundation Wakabadai Administration
Center’s building.

3 Difference of Effect by Instal-
lation Condition

3.1 Difference of Effects by Diameter
of the Pipe

We confirmed and demonstrated, by test
of stopping erosion of corrosion by reduc-
ing corrosion insite steel pipe works to mag-
netite by NMR method, that NMR Method
is available to use under the conditions
which inside diameter at the installing point
are from 40mm to 200mm.

All 53 results of the test are classified by

inside diameters like this table.



Table 4. Test results of 53 cases

Diameter of pipe | Number of cases
40mm and below 4
50mm~100mm 36
125mm~160mm 11
200mm 2
Total b3

3.1.1 Relation between Diameter of
Pipe and Decrease of Fe ion
content in Water (29 test results)

The relation between diameters of steel
pipes and results of decrease of Fe ion con-

tent in the water was like this table.

Table 5. Test results of 29 cases

Eter ;m ecetent Fe fen ccsteat
Naye of the boildirg of pipe | beferairstallaticn | after icstallatica
{r=) (=/1) (22/1)
1 | Mitaks Seeny condoniniim . €5 0.1 0.05
2 St-Petesturg Slut!ﬁ P,ssi; 169 471 e 1.8
3 | Jesenese Ped Cress ¥edical Center 20 20 021
4 | Nitea Uaiversity £ L2 Toder 0.01
5 Bobialdo Jodustrlal Poscarch ;utilL(E 100 - 0.789 0.252
[ & | FOJIFILN 7E Fectory 20 0.5 [oder 0.05
7 | La1 Girls High Schoal €5 1.23 018
8 | Aparteect ia Talwan 25 a9 0.2
[0 [shiratar] Pareacestical company ) 50 | 0.2
10 | Vased University darsitory ) 0.4 T o
11 | Bakodate New City Baspital 1 [ 0.05
[ 12 | Hakodste-city Rebllc Prizary Schosl & 3.2 013 |
| 13 | Pagrers Thres Stars cobminica 8 0.93 0.17
1t | cbas tniversiny 125 0.95 012
| 15 [ur-16 condnletim B ) 1.3 0.03
16 |Witsal Solkl fo., 114 s | 052 o
17 | SHILLA BOTEL e 0.1 0.
18 | Japen Baclog Assoclation dorsitory | &0 0.£0 0.03
19 | Moate Fasa cordoalnicn & 1.5 0.18
20 | Aceort Sog> Securiy Services O, Ltd, ) 0.11 0.09
21 | IR Hireshiza Bailueay bespital 125 .9 0.18
[ 22 |Wiva Residozce condoninica | € 0.61 [T
23 | #xite prefestorero residenca 10 [ 0.05
24 | Fazelchi tuildicg I L9 0.05
25 | Witra Trainlog Ceater Bacing kall 8 0.4 0.06
28 | Maritize SOF Sasebo dock L] o 1.19 - 0.05
27 | Batel Crura Ssppore 19 0.7 0.09
23 | Bamsmatsa Ped erces heepital 129 0.35 Urder 0,05
29 [Wetal taiversity T 037 0.6

Fa ion content in water{mg/1)
T

| Eﬁf 4 o n_ - T{ B

Diameter of pipe(mm)

Fig. 11 Relation between diameter of pipe and Fe ion content in water

We indicated the relation of 29 test results
between diameters of steel pipes and Fe ion
content in the water on Fig.11. O indicates
Fe ion content in the water before installa-
tion, and @ indicates Fe ion content after

installation.

3.1.2 Relation between Diameter of
Pipe and Increase of Weight Per-
centage of Magnetite (7 test re-
sults)

The relation of 7 test results between di-
ameter of steel pipes and results of increase
of weight percentage of magnetite was like
this table.

Table 6. Test results of 7 cases

Diaseter | Veight percentags | Velght perecatage
Naze of the building of pipe | of magretite before | of megretite after
(o) | iostallatica () | installatien (8)
1 | iteka Saay condoninlim & 5.2 3.2
2 | varsradat control ceater 200 2.2 29
3 | Rikea ¥itaaln Ca., L1d, 125 12 6.8
1 | Feratsa Red ercss Faspitel & 33 7.3
5 | Japanese Bed Cross balldiva 125 5.6 E0.0
6 | Kedicm ad Swall Congazies University | 100 3.9 Y
7 | Hatata Statica buildicg ) 221 3.2
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Fig. 12 Relation between diameter of pipe and weight percentage of magnetite

We indicated the relation of 7 test re-
sults between diameter of steel pipes and
weight percentage of magnetite. O indi-
cates weight percentage of magnetite before
installation, and @ indicates weight per-

centage of magnetite after installation.

3.1.3 Relation between Diameter of
Pipe and Decrease of Corrosion
Blockage in the part of joint (18
test results)

We studied about changing of corrosion
to magnetite by looking the decrease of cor-
rosion blockage using the phenomenon that
the volume of rust become less than one of
tenth when red rust (FeO(OH)) is reduced
magnetite(F'e30y).

The relation between diameter of pipe and
decrease of corrosion blockage in the part of

joint.

10

Table 7. Test results of 18 cases

Nare of the building Dizcreter of pipe | Decrease of :orrosin?l
(em) blockage (%)
1 Ererald Shimizu condoniniva 80 36.2
2 Kuruza CGaeshi residence 160 44.3
3 Shaerel Bonen condoniniua 40 69.6
4 Yomiurirard conduninive E5 32.3
5 Chisan Kinokava condoainium 100 331
6 Feights Tekznodai condonminivm 100 3.7
T Falm Kiyoshigaska condszinicm 100 13.4
8 Green Majzen residence 75 13.4
9 Ikko Heiguts Shichiho condozinivm 109 14.1
10 Cratelet Jozn condoziniva €0 13.5
11 Seibu Haijina condoniniva 100 1.8
12 | Shirkai condoainim §0 1.1
13 Shirogaze Flat condominium 50 11.3
14 | Licns condoniniva £0 10.3
15 [ Dormi Tsuru=a cordoainium 100 10.3
16 ¥oshin Kikuna condominium €5 10.2
17 Albi Peights cendeainim 160 10.1
18 ¥etro Estate condoainium 125 10.6
s S
£
& " .
g [ —
als
c&
SEs
3.5
g0 .
LR
et °
°a,l__ e ] o
2e
85
g » —
e 0
g 8 . ° —0— o
o
o
o k2 L] L3 ] W \M - 1.
Diameter of pipe{mm)

Fig 13 Re'ation between damater of pipe and decreass of corroson blockage in ths part of joint

We indicated the relation of 18 test re-
sults between diameter of pipe and decrease
of corrosion blockage. We plotted each test
results on the graph, whose horizontal axis
is diameter of pipe(mm) and vertical axis is
decrease ratio of corrosion blockage in the

part of joint(%).
3.2 Difference of effect by distance

We confirmed and demonstrated, by test
of stopping erosion of corrosion by reducing
corrosion inside steel pipe works to mag-
netite by NMR method, that NMR method is

available to use under the conditions which



distance between installation point to effec-
tive point is under 150 meter.

All 53 results of the test are classified by
distance like this table.

Table 8. Classification for distance

Distance from installation point | Number of cases

Under 10 meters 2
11 meters ~ 20 meters 17
21 meters ~ 30 meters 14
31 meters ~ 40 meters 3
41 meters ~ 60 meters 11
Total of below 50 meters 47

51 meters ~ 100 nmeters 4 )

150 meters 2 ]

Total 53

3.2.1 Relation between distance and
decrease of Fe ion content In

water (29 test results)

Relation between effective distance and
decrease of Fe ion content in water was like
this table.

Table 9. Test results of 29 cases

[ T Distance Fe ioa conteat Fe fon cootest
Kzma of tha building {x) before installatica | after icstallatiea
{rg/1) {ng/1)
1 Nitaka Sooy cecdoainia @0 0.1 0.05
[ 2 [St-Peteshurg State in Fursia 14 Ll 1.8
3 | Japanzsa Bed Cross Medical Ceater 35 2.0 0.27
4 | Bitea talversity ) 12 Lrder 0.01
5 Bekiaido Indostrial Fescarch festitute ¥ 0. 763 0. 282
6 | FUIIFILN D68 Factery ] e 0.5 Ueder 0.65
7 | Lai irls High Schaal 100 1.25 0.18
8 |Karteent in Taivan D 19 0.2
9 | Shiratori pramsceatical comacy » 5.0 T e ]
10 | Nased Untversity dorsitery s | [ 015
11 | Bakodate Nev City Hospital 3 0.37 0.05
12 | Hakodste-city Peblic Frisary Schoal 1 12 013
13 | Bapgorg Thres Stars cerdoniniva 2 0.91 o1
|14 | Cton Untversity ) 0.55 oz
16 [¥1-16 condomintia ) 1.3 0.6
16 | Witeal Saikl Co, L4 B 0.52 0. 14
BEE 0 0.78 0.21
18 | Jesan Preing Asscciatica d:rllltt,r 2 n 0.50 0.03
19 | Woote Posa cordeainicn ) 20 L5 018
20 | Aemari Sogo Security Services Ca,Ltd = | el 0.09
21 | IR Bireshiea Rallvay tespital ) ) 0.18
72 |Mina Fesidence conboaleicn 1 o6l 0.14
23 | Mita prefestirerin residercs 3 6.1 0.0
24 | Kereichi bailding 15 1.3 "o
25 |Mitra Trainics Cester Bacirg Fall 0 0.44 0.05
%6 |Wsritize SIF Sascto dock 10 119 0.05
27 |Hatel Chura Ssppero 2 077 0.09
(23 [Hezacatss 2ed cress baspital 0 0.3 Toder 0.05
23 | Meikal University . Fa) 0.a7 0.03 =]

11

Fe ion content in water(mg/1)

Distance({m)

Fig. 14 Relation between distance and Fe ion content in water

We indicated the relation of 29 test results
between effective distance and Fe ion con-
tent in the water on Fig.14. O indicates Fe
ion content in the water before installation,
and @ indicates Fe ion content after instal-

lation,

3.2.2 Relation between Effective dis-
tance and Increase of Weight
Percent of Magnetite (7 Test Re-
sults)

Relation between effective distance and
increase of weight percentage of magnetite

was like this table.

Table 10. Test results of 7 cases

Veight percentege

Distarce Veight percentage

Naze of the building {n) of pagnetite before | of magnetite after

installaticn () installation (8)
1 | Miteva Surey cosdoainiua 20 6.2 53.2
2 | Fzkakadai coatrol ceater 150 2.2 72.9
3 | Rikea Viteain Co.,Ltd. 50 1.2 T6.8
4 | Karatsa Ped ercss haspital L] 3.3 743
5 | Jszanzse Ped Cross baildicg £0 36,6 E0.0
6 |¥edimazd Su..lﬁ[‘o::-::ﬂu Uriversity ko 39 7.4
7 | Hakata Statien buildirg £0 22.1 3.2
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Fig. 15 Relation between distance and weight percentage of magnetite

We indicated the relation of 7 test results
between effective distance and weight per-
centage of magnetite. O indicates weight
percentage of magnetite before installation,
and @ indicates weight percentage of mag-

netite after installation.

3.2.3 Relation between Effective dis-
tance and Decrease of Corro-
sion Blockage in the part of
Joint (18 test results)

Relation between effective distance and
decrease of corrosion blockage in the part

of joint was like this table.

Table 11. Test results of 18 cases
Nz=e af the building Distance Decrease of corrosien
{n) blockage (%)
1 Exerald Shimizu condominium 20 36.2
2 Euru=a Gaeshi residence 150 44.3
3 Shaenel Bonen condoxiniim 20 9.6
4 Yoziurirend condoziniua 20 32.3
|5 | Chisan Kinskava condonlniua » Bl
6 Heights Tekarodai condsrinivm 40 LT
7 Kalm Kiyoshigaoka cordeniniva - 20 13.4
8 Creen Maizon residence &0 13.4
9 Ikko Heiguts Shichiho condominium 30 14.1
10 | Chatelet Jean condosiniun 30 135
11 [ Seibu Haijiea ainiua 20 1.8
12 | Shirkai condoniniva 30 1.1
13 Shirogare Flat cosdeminiva 20 1.3
14 Liens condoninica 30 10.3
15 | Dorei Tsuruza condoainiva 10 10.3
16 [ Koshin Kikuna condoainita 20 10.2
17 | Albi Heights cordoniniia &0 10.1
18 | Metro Estate cocdiainita 5 108
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Fiz. 16 Relation between distance and decreass of corrosion blockege in the part of joint

We indicated the relation of 18 test results
between effective distance and decrease of
corrosion blockage. We plotted each test re-
sults on the graph, whose horizontal axis is
effective distance(m) and vertical axis is de-
crease ratio of corrosion blockage in the part
of joint(%).

4 Discussion

It is well known that a galvanized steel
pipe, which is very popular to use for a water
supply pipe and hot-and-cold water pipe of
the air-conditioner, easy to lose coated zink
layer inside of the pipe in 4 or 5 years after
being built, and the steel inner surface of the
pipe is oxidized by water and oxygen that
dissolved into the water, and formed corro-
sion(FeO(OH)). This corrosion(FeO(OH))
has made a red water problem since old
days, because this corrosion(FeO(OH)) is
easy to dissolve and spread in the water, so
all the Fe ion content in the water increased

when the water is kept inside of the pipe for



along time without being used, and it makes
the red water problem. However, there was
no solution of the corrosion and red wa-
ter problem until today. This NMR method
proved that when the corrosion(FeO(OH))
was changed to magnetite(Fe304) which is
not solved into the water, the corrosion and
red water problem were solved.

The reaction formula of reduction is as

fellows.

6FeO(OH)+2e” — 2Fe304+2H,0+20H™

5 Conclusion

In case of all of 29 test of de-
crease of Fe ion content in water, the
corrosion(FeO(OH)) which had formed in
galvanized steel pipe of water supply pipes
and dissolved into the water, were de-
creased step by step after the installation
of the equipment of NMR method equip-
ment(name of commodity is NMR Pipe-
tector), and finally all the Fe ion content
decreased to the level that there was no
corrosion(FeO(OH)) formed inside of the
pipe. It indicated that corrosion(FeQO(OH))
was changed to different type of crystal
which is insoluble and difficult to spread
into the water. It is very difficult to

think about other component or crystal
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except for magnetite(Fe;04). This indi-
cates that the reaction of reduction oc-
curred and, at the same time, new form
of corrosion(FeO(OH)) was prevented, be-
cause it was proved by continuous decrease
of all the Fe ion content in the sample water
after the installation of the equipment.

In case of the inside of the hot-and-
cold water pipe of the air-conditioner in
which the same water was circulated,
the corrosion(FeO(OH)) which formed
inside of the steel pipe was reduced
to magnetite('e304) by installing NMR
method equipment(name of commodity is
NMR Pipetector).

the increase of the weight percentage of

This was proved by

magnetite(Fe;04) in the rust formed inside
of the steel pipes of all 7 tests after the in-
stallation of the equipment.

Using data of all 53 test results, We veri-
fied about the relation between diameter of
pipe(below 200mm) and decrease of Fe ion
content in water, the relation between di-
ameter of pipe and increase of weight per-
centage of magnetite, and the relation be-
tween diameter of pipe and decrease of cor-
rosion blockage in the part of joint. Al-
though there are some spread of data, all 53
test result proved to reduce corrosion in the
pipe to passive state magnetite and accom-
plish stopping corrosion in the pipe. Addi-
tionally, we verified also about the relation

between effective distance(under 150m) and



decrease of Fe ion content in water, the rela-
tion between effective distance and increase
of weight percent of magnetite, and the rela-
tion between effective distance and decrease
of corrosion blockage in the part of joint-
ing. These results proved to reduce corro-
sion in the pipe to passive state magnetite
and accomplish stopping corrosion in the
pipe. Accordingly, it was proved that NMR
method is expected to be effective to almost
all buildings, when flow-rate is more than
certain amount to produce hydrated electron

to reduce.
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