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F ig .  1 -1  Schemat i c  d i ag ram o f  the  a i r  condi t ion ing  sys t em 5 ,6 ) .  
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Fig .  1 -2  Schematic diagram of the mechanism of the absorption 

refrigerator. 
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Fig .  1 -3  Schematic diagram of the mechanism of the compression 

refrigerator. 
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F ig .  1 -4  Schematic diagram of open-circulating cooling water system. 
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Tab le  1 -1  Corrosion classification of copper tube and causes13,14),72). 

 

 

 

 

Type I’ Type I” Type II Moundless type

Groundwater Heat strage tank water
Cooling water

Transient type Circulation type Circulation type Transient type

Environment Free carbon dioxide
15ppm Particles

SO4
2 /HCO3 >1

high R-Cl, low flow
velocity

SiO2 20ppm

SO4
2 /HCO3 0.5

Materials

Soft copper tube
(Residual carbon

amount;
5 mg/m2)

Soft copper tube
(Residual carbon

amount;
2 mg/m2)

System

Conditions
for

corrosion
Regardless soft and hard copper tube

Classification

Pitting corrosion

Type I Type II

Water Tap water
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2 -1 .  

1

1 2 )

3 ) 1 1 )

2  mg/m 2

1 2 1 5 )

1 2 )

 

1 6 ) X

X-ray  photoel ec t ron  spect roscopy XPS

1 7 )   
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2 -2 .  

2 -2 -1 .  

9 J IS  H3300  C1220

Table  2-1

0 0.5  mg/m 2  15.2  mm t  0 .4  mm

0 0 .5  mg/m 2 7

 15 .88  mm t  0 .8  mm 0 mg/m 2

0 .5  mg/m 2 3 .0  mass% 1 0  s

 

I 50  mm

#400

5

XPS C

II

10  s

 

 

2 -2 -2 .  

F ig .  2 -1 I

KCl KCl
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0 .1 0 .5 1 .0 2 .0 3 .3  M pH 6

100 mL 80  mL ―

―

4 mL

HZ-5000

KCl / SSE

150 s n  =  5

E=E i n s i d e E o u t s i d e

 

I I XPS Qua nte ra  SXM

Fig .  2 -2 XPS

Fig .  2 -2

3  mm 10 X

 100  m 15  kV 25  W Al  K

(h =1486 .6  eV) C  1s ,  Cu 2p 3 / 2 ,  O1s

Pass  Energy  55 .0  eV

C 1s 285.0  eV  

 

2 -3 .  

2 -3 -1 .  

1 )  

F ig .  2 -3 0 .5  M KCl 6.6 mg/m2 

-0 .18  V vs .  SSE
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-0 .08  V vs .  SSE

 

 

2 )

F ig .  2 -4 Fig .  2 -5 0 .5  M 3.3  M KCl

ΔE 0 .5  M 

KCl ΔE

30  s

3 .3  M KCl ΔE 0 .02  

V vs .  SSE 0 .5  M KCl

60  s 90  s

ΔE

ΔE

ΔE 3.3  M KCl

KCl

ΔE

30 s  

 

3 ) KCl  

F ig .  2 -6 KCl 30  s

ΔE 0 .5  M KCl
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0 .1  M KCl ΔE 0 .07  V vs .  SSE 0 .09  

V vs .  SSE

1 .0  M 2.0  M 3.3  M KCl

1 .0  mg/m 2 1 .0  M KCl 0 .5  M 

KCl ΔE 2 .0  M 3.3  M KCl

ΔE 0.02  V vs .  SSE 0 .04  V vs .  SSE

Fig .  2 -4

F ig .  2 -5 KCl

 

F ig .  2 -7 2 .0  M KCl

1 .0  mg/m 2 C_1.0

6 .6  mg/m 2

C_6.6

13 .0  mg/m 2 C_13.0

6 .0  mg/m 2

 

0 .5  M KCl 30  s

ΔE

 

 

4 ) KCl  

ΔE KCl
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30  s

F ig .  2 -8 0 .5  M 3.3  M KCl

30  s ΔE 30  s

0 .5  M KCl C_1.0

2 .0  ppm C_6 .6 3 .3  ppm C_13 .0 5 .0  ppm

3.3  M KCl C_1 .0 3 .7  ppm C_6.6 4 .3  ppm C_13 .0

7 .2  ppm

3.3  M KCl 0 .5  M KCl

3 . 3  M KCl ΔE  

ΔE

C_13 .0 ΔE 4 .0  

ppm ΔE  

pH 6 pH 6 .5

1 8 2 0 ) pH

0.5  M KCl  pH 7 F ig .  2 -9 pH 6

pH 7  30  s ΔE

 pH 7 ΔE 0.08  V vs .  

SSE pH 6

pH 7

ΔE  

 

5 )

F ig .  2 -10 6 .1  mg/m 2 p H 6 0 .5  

M KCl 30 s ΔE
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6 .0  mg/m 2 ΔE

Fig .  2-7

23 .0  mg/m 2

(b ) 5 .0  mg/m 2

9 .7  mg/m 2 (a )

6 .0  mg/m 2

 

6  mg/m 2

E

XPS

 

 

2 -3 -2 .

1 )  

F ig .  2 -11 0 9 .7 23.0  mg/m 2
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C  1s ,  Cu 2p 3 / 2 ,  O1s XPS C 1s

23 .0  mg/m 2 286  eV

Cu  2p 3 / 2

O 1s

 

F ig .  2 -12 F ig .  2 -13 C 1s

Cu  2p 3 / 2 10

C 1s

Cu  2p 3 / 2

C  1s

XPS C 1s

 

 

2 )

6  mg/m 2

5 .0 6 .1  mg/m 2

XPS

Table  2-2
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5 .0 6 .1  mg/m 2 7 .1 5 .8  

mg/m 2

XPS 5 .0 6 . 1  mg/m 2

C 1s

4 .9 6 .9  mg/m 2

XPS

 

XPS

XPS

6  mg/m 2

XPS

3  

 

2 -4 .  

XPS

 

(1)  pH 6 0.5 M KCl
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30s

E

 

(2)  

6  mg/m 2

E  

(3)  XPS C 1s

Cu 2p

 

(4)  C 1s

XPS

 

(5)  n

XPS  

3
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F ig .  2 -1  Schemat i c  d i ag ram o f  co rros ion  poten t i a l  measu remen t  

dev ice .  

 

 

Reference electrode: Ag/AgCl Working electrode: Specimen

Luggin
capillary

Silicone
stopper

Potentiostat

Test 
water

Beaker

Outer Inner
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F ig .  2 -2  Schemat i c  o f  measu rement  po in t s  fo r  XPS.  
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F ig .  2 -3  Poten t i a l  measu rement  r esu l t s  (0 .5  M KCl  t es t  so lu t i on ,  

C_6.6 ) .  
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l [
V

 v
s.S

SE
]

Time [s]

inside

outside

0 30 60 90

Tube-inside

Tube-outside
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F ig .  2 -4  Re la t ionship  between  r es idual  ca rbon  amoun t  in  0 .5  M 

KCl  t es t  so lu t ion  and  poten t i a l  d i ff e rence .  
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Residual Carbon Amount [mg/m2]

0.5 M KCl

30s 60s 90s
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F ig .  2 -5  Re la t ionship  between res idual  ca rbon  amoun t  i n  3 .3  M 

KCl  t es t  so lu t ion  and  poten t i a l  d i ff e rence .  
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F ig .  2 -6  Re la t ionship  be tween res idua l  ca rbon amoun t  in  s evera l  

concent ra t i ons  o f  KCl  and  poten t i a l  d i ff e rence  30s  a f t e r  

the  s t ar t  o f  immers ion .  
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0.1 M 0.5 M 1.0 M

2.0 M 3.3 M
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F ig .  2 -7  Inner  su r face  obse rvat ion  resu l t s  (2 .0  M KCl  t e s t  

so lu t i on ) .  
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F ig .  2 -8  Re la t ionship  between  res idual  ca rbon  amoun t  a t  0 .5  M 

and  3 .3  M KCl  t e s t  so lu t i ons ,  po ten t i a l  d i ff e rence  30  s  

a f t e r  s t a r t  o f  immers ion  in  add i t i on  to  copper  

concent ra t i on .  
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F ig .  2 -9  Re la t ionship  between res idual  ca rbon  amoun t  i n  0 .5  M 

tes t  so lu t ion  a t  pH 6  and  pH 7  and  po ten t i a l  d i ff e rence  

30  s  a f t e r  s t a r t  o f  immers ion .  
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F ig .  2 -10  Ver i f i ca t ion  resu l t s  on  commerci a l  p roduct s  and  heat  

t r ans fe r  t ube .  

 

y = -0.0043x + 0.1029
R² = 0.9841
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commercial product (b) (23.0)

Heat Transfer Tube (5.0)



 - 53 -

 

 

 

 

 

F ig .  2 -11  XPS  measuremen t  r e su l t s  ( r es idual  ca rbon amount  0 ,  6 .6  

and  23 .0  mg/m 2 ) .  
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F ig .  2 -12  Re la t ionship  be tween re s idual  ca rbon  amoun t  and  

in t ens i t y  o f  C  1s .  The e r ro r  ba rs  ind ica t e  the  s t anda rd  

dev ia t ion  (n=10) .  
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F ig .  2 -13  Re la t ionship  be tween re s idual  ca rbon  amoun t  and  

in t ens i t y  o f  Cu 2P 3 / 2 .  The  e r ro r  ba rs  i nd i ca t e  the  

s t anda rd  devia t ion  (n=10) .  
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Tab le  2 -1  Desc r ip t ion  of  the  t e s t  mate r i a l s .  

 

  

Residual carbon
amount [mg/m2]

0 0.5 1.0 2.1 5.3 6.1 6.6 13.0 23.0

Diameter, φ  [mm] 15.2 15.2 15.9 15.9 15.9 15.9 15.9 15.9 15.9

Thickness, t  [mm] 0.4 0.4 0.8 0.8 0.8 0.8 0.8 0.8 0.8

Test I

Test II
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Tab le  2 -2  Each  measuremen t  r esu l t  o f  unknown res idual  ca rbon 

amoun t  t es t  tubes .  

 
 

 

 

 

sample
XPS measurement

(C 1s)
[mg/m2]

Potential difference
measurement

[mg/m2]

Conventional
procedure
[mg/m2]

4.9

Relative standard
deviation: 1.8 %

6.9

Relative standard
deviation: 3.4 %

A 7.1 5.0

B 5.8 6.1
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1 )  52 2008 25 .  

2 )  31 1980 432 .  

3 )  F.  J .  Cornwel l G .  Wi ldsmi th and  P.  T.  Gi lbe r t  ASTM STP 576

1976 155 .  

4 )  

48 1999 425 .  

5 )  48 1999

647.  

6 )  55 2006 505 .  

7 )  

41 2002 131 .  

8 )  20 2013 27 .  

9 )  

51 2012 186.  

10 )  

69 2020 17 .  

11 )  UACJ Technica l  

Repor t 2 2015 10 .  

12 )  

47 1998 7 23 .  

13 )  63 2014 158 .  

14 )  63 2014 804.  
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15 )  94 2019 73.  

16 )  

59 2020 110 .  

17 )  

70 2021 267.  

18 )  T.  Kodama T.  Fu j i i ,  H .  Baba Cor ros ion  Enginee r ing 30 1981

723.  

19 )  Q&A 110

1988 8.  

20 )  

34 1995 107.  
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3 -1 .  

I I ’ 5  mg/m2

1 , 2 ) 2  mg/m 2 3 )

2

4 6 )

7 )

8 )

9 11 )
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3 -2 .  

3 -2 -1 .  

1 )  

J IS  H3300 C1201

 16.0  mm t  0 .5  mm l  20  mm

1 cm 2

I  

 

2 )  

J IS H3300 C1220 1/2H

 19.0  mm t  1 .0  mm l  20  mm 3

Fig .  3-1

0 .45 mm

1 cm

1 mm
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1 .0  mm

3

1 cm 2

 

1

300 rpm

II

 

 

3 )  

J IS  H3300  C1220

0.5  mg/m 2 C_0 .5 6 .6  

mg/m 2 C_6 .6 13 .0  mg/m 2 C_13 .0

C_0.5  15 .2  mm t  0 .4  mm l  20  mm C_6.6

C_13 .0  15 .88  mm t  0 .8  mm l  20  mm

3-2-1 2)

3

3 1  
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cm 2

I I I

 

 

3 -2 -2 .  

1 ) I   

BTA

Table  3-1

Table  3-2

 

 

2 ) I I I I I   

Table  3-3 A F

BTA

II A F III I I

F   
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3 -2 -3 .  

F ig.  3 -2 1  L

1000 mL 300 rpm

1

5 min 16 2 h

PM3

100 MΩ KCl /

SSE

I

n=1 II I I I n=3

 

 

3 -2 -4 .  

SEM X

EDX SEM-EDX

JSM-6490 15 kV

SEM 10%
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3 -3 .  

3 -3 -1 . I  

3-2-1 1) Table  3-2

1 Fig .  3 -3

1 2 )

1 3 )

BTA1 mg/L

BTA 5  mg/L

BTA 1 4 1 8 )

BTA

 

10  mg/L

300 mg/L BTA10 mg/L



 - 69 -

1

7 )  

 

3 -3 -2 . I I

 

3-2-1 2) Table  3-3

1 Fig.  

3-4 Table  3-4

A 0.29  V vs .  

SSE

B

C

BTA D

0.24  V vs .  SSE

BTA

E

BTA F
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BTA

 

Fig .  3 -4  F

SEM Fig .  3-5

EDX Fig .  3 -6

EDX

Cl

Cl  

I 10 mg/L

300 mg/L BTA10 mg/L

1

Cl

F

 

 

 

3-2-1 2)

1

Fig .  3-7
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F ig .  3 -8

Table  3-5 Fig .  3 -7

 

F ig.  3 -8

0 .20  V vs .  SSE

0.18  V vs .  SSE 0.21  V vs .  SSE

0.15 0 .17  V vs .  SSE

0.19 0.22  V vs .  SSE

 

 

3 -3 -3 . I I I  

1 )  

3-2-1 3) C_0.5 C_6.6 C_13.0

1 Fig .  3-7~3-9

Table  3-6 C_0.5

C_6.6 Fig .  3 -7
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3

C_13.0 C_6.6

C_0.5

C_13.0 C_6.6 C_0.5

C_6.6 C_0.5

C_13.0

 

1 9 )
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3 -4 .  

 

(1)  

4 1

 

(2)  10 mg/L 300 mg/L

300 mg/L 10 mg/L

1

 

(3)  

 

(4)   

(5)  
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F ig .  3 -1  Appearance  o f  t es t  spec imens .  

 

  



 - 75 -

 

 

 

 

 

 

 

 
F ig .  3 -2  Schemat i c  d i ag ram of  expe r imenta l  s e tup .  
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F ig .  3 -3  Specimen  su r faces  o f  copper  tubes  af t e r  one  day  

immers ion  in  t es t  so lu t i ons  i n  Table  3 -2 .  
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F ig .  3 -4  Specimen  su r faces  o f  copper  tubes  be fo re  and  a f t e r  one  

day  immers ion  in  t e s t  so lu t ions  i n  Table  3 -3 .  
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F ig .  3 -5  SEM images  o f  depos i t  on  the  specimen o f  t e s t  so lu t ion  

F.  ( a )a f t e r  immers ion  t es t ,  (b )a f t er  r emoving  depos i t s  

and  ( c )magn i f i ed  image  o f  (b ) .  
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F ig .  3 -6  EDX mapping  r e su l t s  o f  spec imen shown in  F ig .  3 -5 (b ) .  

 

 

 



 - 80 -

 

 

 

 

F ig .  3 -7  Specimen  su r faces  o f  copper  tubes  be fo re  and  a f t e r  one  

day  immers ion  in  t e s t  so lu t ions  F.  ( a ) ,  (b )  machined-

s imula ted ,  ( c) ,  (d )  scra t ched ,  ( e ) ,  ( f )  a s - r ece ived .  
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F ig .  3 -8  Specimen  su r faces  o f  chemical  t r ea tment  copper  t ubes  

be fo re  and  a f t e r  co r ros ion  t es t .  ( a ) ,  (b ) ,  ( c )  machined-

s imula t ed ,  (d ) ,  ( e ) ,  ( f )  s c ra t ched ,  (g ) ,  (h ) ,  ( i )  a s -

received .  
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F ig .  3 -9  Specimen  su r faces  o f  copper  tubes  wi th  r e s idual  ca rbon 

amoun t  o f  0 .5  mg/m 2 .  ( a ) ,  (b ) ,  ( c )  machined-s imula t ed ,  

(d) ,  ( e ) ,  ( f )  s c ra t ched ,  (g ) ,  (h ) ,  ( i )  a s - r eceived .  
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F ig .  3 -10  Specimen  su r faces  o f  copper  tubes  wi th  r e s idua l  

ca rbon amoun t  o f  6 .6  mg/m 2 .  ( a ) ,  (b ) ,  ( c )  machined-

s imula t ed ,  (d ) ,  ( e ) ,  ( f )  s c ra t ched ,  (g ) ,  (h ) ,  ( i )  as -

received .  
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F ig .  3 -11  Specimen  su r faces  o f  copper  tubes  wi th  r e s idua l  

ca rbon amount  o f  13 .0  mg/m 2 .  ( a ) ,  (b ) ,  ( c )  machined-

s imula t ed ,  (d ) ,  ( e ) ,  ( f )  s c ra t ched ,  (g ) ,  (h ) ,  ( i )  as -

received .  
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Tap water
pH 7.8
Conductivity mS/m 16.7
M-alkalinity(pH4.8) mg CaCO3/L 35
Ca hardness mg CaCO3/L 39
Mg hardness mg CaCO3/L 14
SiO2 mg SiO2/L 18
Cl- mg/L 14

SO4
2- mg/L 15

Tab le  3 -1  Chemical  compos i t ions  o f  t ap  wate r.  
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No. H2O2

(mg/L)
Cl -

(mg/L)
SO4

2-

(mg/L)
BTA

(mg/L)
HCO3

-

(mgHCO3
-/L)

pH Conductivity
(mS/m)

0 314 315 10 43 7.2 168

10 314 315 10 43 7.2 168

10 214 215 10 43 7.2 124

10 114 115 10 43 7.2 71

10 314 315 10 287 8.0 180

10 314 315 10 165 7.8 172

10 314 315 5 43 6.9 161

10 314 315 1 43 6.9 160

Tab le  3 -2  Chemical  compos i t i ons  o f  t es t  so lu t i ons  fo r  Tes t  I .  
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H2O2

(mg/L)
Cl -

(mg/L)
SO4

2-

(mg/L)
BTA

(mg/L)
pH Conductivity

(mS/m)

A 10 0 0 0 5.7 0.1

B 0 300 300 0 5.9 164

C 10 300 300 0 5.8 163

D 10 0 0 10 5.9 0.1

E 0 300 300 10 5.7 163

F 10 300 300 10 5.8 164

Tab le  3 -3  Chemical  compos i t i ons  o f  t es t  so lu t ions  fo r  Tes t  I I  and  

Tes t  I I I .  
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5 min 16±2 h 24 h
A 0.29 0.10 0.09
B -0.01 -0.06 -0.06
C 0.03 0.03 0.04
D 0.33 0.25 0.24
E 0.02 0.20 0.19
F 0.02 0.16 0.15

(V vs.SSE)

Tab le  3 -4  Cor ros ion  po ten t i a l s  o f  t es t  spec imens  in  F ig .  3 -4 .  
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Initial treatment Copper 5 min 16±2 h 24 h 5 min 16±2 h 24 h

Machined-simulated 0.02 0.14 0.16

Scratched 0.02 0.17 0.17

As-received 0.02 0.16 0.15

Machined-simulated 0.02 0.07 0.06 0.22 0.22 0.22

Scratched 0.01 0.07 0.07 0.18 0.21 0.19

As-received 0.00 0.05 0.06 0.20 0.20 0.20

(V vs.SSE)

Chemical treatment Corrosion test

No treatment

Chemical
treatment

Tab le  3 -5  Cor ros ion  po ten t i a l s  o f  t es t  spec imens  in  F ig .  3 -7  and  

F ig .  3 -8 .  
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Carbon Copper 5 min 16±2 h 24 h
Machined-simulated 0.01 0.15 0.17

Scratched 0.01 0.11 0.13
As-received 0.01 0.16 0.17

Machined-simulated 0.04 0.14 0.14
Scratched 0.02 0.12 0.15

As-received 0.15 0.15 0.16
Machined-simulated 0.06 0.15 0.15

Scratched 0.03 0.15 0.16
As-received 0.15 0.15 0.19

(V vs.SSE)

0.5 mg/m2

6.6 mg/m2

13.0 mg/m2

Tab le  3 -6  Cor ros ion  po ten t i a l s  o f  t es t  spec imens .  
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1 )  48 1999

647.  

2 )  54 2005

20 .  

3 )  
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4 -1 .  

2 3

1 )

2 )

2  mg/m 2

pH

3 )

 

4 - 6 )
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4 -2 .  

4 -2 -1 .  

Ta ble  4 -1 J IS  H3300 C1220

0 mg/m 2 C_0

0.5  mg/m 2 C_0.5 6 .1  mg/m 2 C_6 .1

3 C_0 C_0 .5 15 .88

t  1 .0  mm l  200  mm C_6 .1 15.88 t  0 .8  mm l  200  mm

C_0 C_0.5 10 mass%

0.3  m/s

1

2 6

IE  

 

4 -2 -2 .  

F ig .  4 -1

2
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3

Table  4 -2 2 6 4

1 2

KCl / SSE

3 1 1

0 .1  m/s

 

 

4 -2 -3 .  

VHX-5000

 



 - 98 -

4 -3 .  

4 -3 -1 .  

 

Fig. 4-2 C_0 A 1

2

3

C_0.5 A C_0 A

C_6.1 A 3

C_6.1 A 3

 

C_0 B C_0.5 B 1

C_0 B 3

1

C_6.1 B 1

C_6.1  A

2

Fig .  

4 -5  
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F ig .  4 -3

3 3

C_0A_IT C_0.5A_IT

C_6.1A_IT

C_0B_IT C_0.5B_IT

C_6 .1B_IT Fig .  4-5

C_6.1B_IT

C_6.1B

 

 

4-3-2.  

Fig. 4-4 C_6.1 

Fig. 4-5 C_6.1B C_6.1B_IT 3

3

2.9 /cm2

0.5 /cm2
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4-3-3.  

Fig. 4-6

Fig. 4-7

30 mV

40 90 mV vs. SSE C_0 

C_0.5 0 60 mV vs. SSE

C_6.1 2 180 mV 

vs. SSE 160 mV vs. SSE

160 mV vs. SSE

120 mV vs. SSE

100 mV vs. 

SCE SSE 147 mV vs. SSE Fig. 4-6 Fig. 4-7

7 )  C_6.1 B C_6.1 B_IT 2

1

 

8 )  
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0.5 mg/m2

6.1 mg/m2

7 9 )

0 3 8 

mg/m2 2 ) 0 mg/m2

3 8 mg/m2

2 )

5  

 

4 -4 .  

 

(1) 

 

(2) 0.5 mg/m2

6.1 mg/m2

 

(3) 6.1 mg/m2

2 160 mV vs. SSE
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F ig .  4 -1  Schemat i c  d i ag ram o f  the  t e s t  un i t .  

 

  

Water tank

Flow LV=0.1m/s

Copper tube/residual carbon 0 mg/m2

Valve

Reference 
electrode(Ag/AgCl)

Upper without initial treatment
Lower: with initial treatment

Copper tube/residual carbon 0.5 mg/m2

Copper tube/residual carbon 6.1 mg/m2

Return to 
cooling tower
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F ig .  4 -2  Obse rvat ions  o f  inne r  su r faces  o f  copper  tubes  wi thou t  

in i t i a l  t r ea tment .  
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F ig .  4 -3  Obse rvat ions  o f  i nne r  su r faces  o f  copper  t ubes  wi th  

in i t i a l  t r ea tment  a f t e r  3  mon ths .  
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F ig .  4 -4  Change  in  the  maximum pi t  dep th  wi th  t ime.  
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F ig .  4 -5  Observat ions  o f  inner  su r faces  and  c ros s  sec t i ons  o f  

copper  tubes  a f t e r  3  months :  ( a )  C_6 .1_B,  (b )  C_6.1_IT.  
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F ig .  4 -6  Poten t i a l - t ime  cu rves  fo r  copper  tubes  under  

deve lopment  chemical  t r ea tment .  
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F ig .  4 -7  Poten t i a l - t ime  cu rves  fo r  t e s t  specimens  under  cu r ren t  

chemica l  t r ea tmen t .  
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Without With Without With

0 C_0 A C_0 A_IT C_0 B C_0 B_IT

0.5 C_0.5 A C_0.5 A_IT C_0.5 B C_0.5 B_IT

6.1 C_6.1 A C_6.1 A_IT C_6.1 B C_6.1 B_IT

Residual
carbon
amount
(mg/m2)

Water treatment New
 chemical

Current
 chemical

Initial treatment

Tab le  4 -1  Desc r ip t ion  of  the  t e s t  specimens .  
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Make up
water

Circulating water
new chemical

treatment

Circulating water
current chemical

treatment
pH 7.7 8.1 8.4
Conductivity mS/m 17.9 48.1 69.1
M alkalinity(pH4.8) mgCaCO3/L 36 95 138
Total hardness mgCaCO3/L 59 173 255
Ca hardness mgCaCO3/L 49 138 206
Cl - mg/L 6 17 28
SO4

2- mg/L 20 65 101
SiO2 mgSiO2/L 21 59 86
Total PO4 mgT-PO4/L - 0.6 0.4

Tab le  4 -2  Chemical  compos i t ion  o f  t e s t  wate r s .  
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5-1 .  

4 0  mg/m 2 0 .5  mg/m 2 6 .1  

mg/m 2

6 .1  mg/m 2

1 - 4

 

  

 

5-2 .  

5-2 -1 .  

J IS  H3300  C1220

0  mg/m 2 C_0 0.5  mg/m 2 C_0.5

6 .6  mg/m 2 C_6.6 13 .0  mg/m 2 C_13.0
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4

C_0 C_0 .5  15.88  mm t  0 .4  mm l  100  

mm C_6 .6 C_13 .0  15.88  mm t  0 .8  mm l  100  mm

C_0 C_0.5 3 .0  mass% 10 s

1  cm 2

 

 

5-2-2.  

Table  5-1

2

A

B

Fig .  5 -1 1L 500 mL

300 rpm

KCl / SSE

HZ-5000

20  mV/min n  =  3  
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5-3 .  

5-3 -1 .  

4

A

B 6.1 mg/m2

 

Fig. 5-2 A

C_0 C_0.5

-100 mV vs. SSE C_6.6 C_13.0 -150 mV vs.  

SSE

C_0 C_0.5

-40 mV vs. SSE +100 mV vs. SSE

+120 mV vs. SSE

C_6.6 C_13.0

-50 mV vs. SSE +100 mV vs. SSE

+120 mV vs. SSE 0 

mV vs.  SSE -100 mV vs.  SSE +100 mV vs. SSE

C_0 C_0.5 C_6.6 C_13.0

 

6.1 mg/m2 B

Fig. 5-3

C_0 C_0.5 -140 mV vs. SSE -170 mV vs. SSE

C_6.6 C_13.0 -210 mV vs. SSE -230 mV vs. 
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SSE A

C_0 C_0.5

-50 mV vs. SSE +100 mV vs. SSE

+120 mV vs. SSE

C_6.6 C_13.0 -70 mV vs.  SSE +100 mV vs.  SSE

+120 mV vs. SSE

A 0 mV vs. SSE

C_6.6

C_13.0 -50 mV vs. SSE -70 mV vs. SSE

 

 

5-3-2.  

Fig. 5-4 A

C_0 C_0.5 -30 mV vs. SSE -10 mV vs. 

SSE C_6.6 C_13.0 +30 mV vs.  SSE

-100 mV

-400 mV vs.  SSE

C_6.6

C_13.0 C_0 C_0.5

 

-100 mV vs. SSE -400 mV vs. SSE
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-200 mV vs. 

SSE

-300 mV vs. SSE

 

Fig. 5-5 B

C_0 C_0.5 -50 mV vs. SSE -10 mV vs. 

SSE C_6.6 C_13.0 +30 mV vs.  SSE

A

-100 mV -400 mV vs.  SSE

C_6.6 C_13.0 C_0 C_0.5

C_0.5 C_13.0 

-80 mV -110 mV vs. SSE

-100 mV vs. SSE -400 mV vs. SSE

-300 mV vs. SSE C_0.5

C_13.0

A  

 

5-3-3.  

Fig. 5-2 Fig. 5-5
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C_0 C_0.5 C_6.6 C_13.0

0.5 mg/m2 6.6 mg/m2

 

Fig. 5-6

4 ,5 )  

0.5 mg/m2

6.6 mg/m2

6.6 mg/m2 13.0 mg/m2

2

6 )

0 mg/m2 1 2

6 )

7 )

0 mg/m2 5 mg/m2

 



 - 121 -

A B

+120 mV vs. SSE

+120 

mV vs. SSE  

 

5-3-4.  

A B Fig. 

5-2 Fig. 5-3

A

6.6 mg/m2 0 mV vs.  SSE

A

Fig. 5-4 Fig. 5-5 B

C_0.5 C_13.0

Fig. 5-7

8 ) 0 mV vs. SSE

0.5 mg/m2 A

A

 

4

A 40

90 mV vs. SSE

B
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6.1 mg/m2 2 180 mV vs. SSE

120 

mV vs.  SSE

B 6.1 mg/m2 2

 

 

5-4 .  

 

(1)  

0 mg/m2 0.5 mg/m2 

6.6 mg/m2 13.0 mg/m2

0.5 mg/m2 6.6 mg/m2

 

(2)  

A 6.6 
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mg/m2 0.5 mg/m2 0 mV vs. SSE

 

(3)  

+120 mV vs.  SSE  
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F ig .  5 -1  Schematic diagram of polarization curve measurement. 

 

Potentiostat

Reference electrode Ag/AgCl
Counter electrode Pt

Working electrode Test specimen

N2 gas

Magnetic stirrer
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Fig .  5 -2  Anodic  pol a r i za t ion  cu rves  o f  t he  specimens  in  t es t  

wate r  A .  
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Fig .  5 -3  Anodic  Pola r i za t ion  cu rves  o f  t he  specimens  i n  t es t  

wate r  B .  
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Fig .  5 -4  Ca thodic  po la r i za t ion  cu rves  o f  t he  specimens  i n  t e s t  

wate r  A .  

 

 

1.0E-08

1.0E-07

1.0E-06

1.0E-05

1.0E-04

1.0E-03

-400 -300 -200 -100 0 100

C
ur

re
nt

D
en

sit
y 

[A
/c

m
2

]

Polarization Potential [mV vs. SSE]

C_0
C_0.5
C_6.6
C_13.0

test water A



 - 128 -

 

 

 

 

 

 

 

Fig .  5 -5  Ca thodic  pol a r i za t ion  cu rves  o f  the  specimens  i n  t es t  

wate r  B .  

 

 

 

1.0E-08

1.0E-07

1.0E-06

1.0E-05

1.0E-04

1.0E-03

-400 -300 -200 -100 0 100

C
ur

re
nt

D
en

sit
y 

[A
/c

m
2 ]

Polarization Potential [mV vs. SSE]

C_0
C_0.5
C_6.6
C_13.0

test water B



 - 129 -

 

 

 

 

 

 

 

F ig .  5 -6  Re la t ionship  be tween co r ros ion  po ten t i a l  and  r es idual  

ca rbon amount  in  ca thod ic  pola r i za t ion  measurement .  
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F ig .  5 -7  Re la t ionship  between max imum cur ren t  dens i ty  and  

res idual  ca rbon amoun t  in  anodic  pol a r i za t ion  

measurement .  
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Tab le  5 -1  Chemical  compos i t ion  o f  t e s t  wate r s .  

 

 

 

 

 

Make up
water

Test water
A

Test water
B

pH 7.8 8.2 8.3
Conductivity mS/m 17.9 60.7 76.5
M alkalinity(pH4.8) mg CaCO3/L 36 117 155
Total hardness mg CaCO3/L 57 222 289
Ca hardness mg CaCO3/L 51 178 229
Cl - mg/L 7 23 30
SO4

2- mg/L 20 83 110
SiO2 mg SiO2/L 21 75 94
Total PO4 mg T-PO4/L - 0.3 0.7
Turbidity NTU <1.0 <1.0 <1.0
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0.5 mg/m2

6.6 mg/m2

BTA
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