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Some Factors and Countermeasures relating
to Corrosion and Fouling of Condenser Tubes

by Atsushi Kawabe, Yasukazu Ikushima, Satoshi Iijima,
Shiro Sato, Koji Nagata and Shigenori Yamauchi

It has often been experienced that ferrous sulfate injection and chlorination are very effective
to prevent corrosion and fouling of aluminum brass condenser tubes using sea water as coolant,
and these treatments have been considered to be inevitable. On the other hand, from the environ-
mental and/or ecological points of view, there is a trend towards using cooling sea water without
any additives. It seems essential to re-evaluate some factors relating to the corrosion and fouling
of condenser tubes.

This investigation was carried out to make clear the effect of controlling factors and coun-
termeasures on the corrosion and the cleanliness factor of aluminum brass condenser tubes under
the condition of using non-treated sea-water, namely with neither ferrous sulfate injection nor
chlorination.

Factors investigated were as follows:

For copper alloy tubes,

tube materials: aluminum brass, 90/10 cupronickel.

previous formation of protective film: none, iron oxide film by passing Fe' injected sea

water, film by painting.

chlorination: none, 0.2ppm as residual.

method of Fe'*injection: none, continuous injection of 0.01ppm as Fe" by FeSO. dosage, by

natural dissolution of steel, by electrolysis of steel

sponge ball cleaning: none, 10 balls/1 chance/week.

blockage of foreign bodies: none, fixing type, vibrating type.

For titanium tube,

Sponge ball cleaning: none, 10 balls/1 chance/week.

blockage of foreign bodies: none, fixing type, vibrating type.

flowing rate: 1.0, 1.5, 2.0, 2.5 m/s.

tube plate materials combined with titanium tube: Naval brass, aluminum bronze alloy D,

alloy E.
potential of cathodic protection: -0.5, —0.75, —1.0 V (SCE).

The experiment was conducted with the model condenser installed at Tanagawa Power Sta-
tion of Kansai Electric Co., for one year, since June, 1973.
Following results were obtained:
(1) In non-treated flowing sea water, aluminum brass tube shows a good corrosion resistance
over the all tube length excluding the portion of inlet and of blockage of foreign bodies. The
cleanliness factor for heat transfer is kept within the design value of condenser by the sponge
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ball cleaning of 10 balls/1 chance/week.

Continuous Fe' injection of 0.0lppm is not effective for prevention from erosion corrosion
which occurs at the portion of inlet and of blockage of foreign bodies.

Chlorination of 0.2ppm as residual is very harmful to corrosion resistance of aluminum brass,
which may be caused by suppression of protective film formation on the tube. Detrimental
effect of chlorination is accelerated by the sponge ball cleaning.

Corrosion resistance is significantly influenced by the flowing schedule of sea water, such
as season of test, starting date of test and intermittent shutdown of flowing.

Previous formation of protective film by Fe' injection is fairly effective to keep corrosion
resistance, but it is not durable during all test period.

Painting is very effective, in spite of peeling away slightly at the portion of inlet and of
blockage of foreign bodies. Tube with paint film, however, shows a great amount of slimy
deposit due to marine organism and mud.

Corrosion resistance of 90/10 cupronicke! to inlet attack and local erosion corrosion by
blockage of foreign bodies is several times as good as that of aluminum brass. This alloy,
however, suffers erosion corrosion by passing of sponge ball of 10 balls/1 chance/week. It is
necessary to examine the corrosion resistance of this alloy from the metallurgical point of
view, namely stabilization of alloying oxide film which seems to depend upon alloy composition
and heat treatment.

Titanium shows perfect corrosion resistance under all test conditions. Fouling rate is 2 to 3
times as large as that of copper alloy tubes. Even at the high flowing rate of 2.5 m/s, clean-
liness factor is not kept within the design value of condenser.

Galvanic corrosion of aluminum bronze tube plate coupled with titanium tube is lessened 5
to 6 times as much as that of Naval brass tube plate.

Hydrogen absorption in titanium tube occurs at the cathodically polarized potential of less
than —0.75 V(SCE).

Sponge ball cleaning is considered to be satisfactorily replaceable with chlorination with regard
to removing slimy deposit and recovering heat transfer rate. Optimum condition of cleaning
seems to be 2 to 4 balls/1 chance/week, considering both favourable corrosion resistance and
allowable heat transfer rate for copper alloy tubes.

Aluminum brass tube is expected to be used satisfactorily in non-treated sea water, under the
suitable application of cathodic protection to prevent inlet attack, of special filter in water
pipe in front of water chamber to prevent local erosion carrosion by blockage of foreign bod-
ies, and of sponge ball cleaning to prevent too much fouling.
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Table I Factors and their levels.

Tube material Factor Level
(A) Tube alloy Al . BsTF2 (JIS H 3632)
AZ : CNTF1 (JIS H 3635)
(B) Tube surface Al : As manufactured
(Previous formation) B2 : Iron oxide film formed by Fe' injection
of protective film B3 : Painting
(C) Chlorination Cl : None ,
C2 : 0.2 ppm residual
Copper alloy .
(D) Method of ferrous ion D1 : None
(25.4¢ x 1.245tmm) injection D2 : Ferrous sglphatfz dosage
<Continuous injecton of> D3 : Natural dissolution from steel plate
0.01 ppm as Fe* D4 : Electrolysis of steel rod
(E) Sponge ball cleaning El : None
(25 mm¢ medium) E2 : 10 balls/1 chance/week
F1 : None
(F) Blockage of foreign bodies F2 : Fixing type
F3 : Vibrating type
Gl : 1.0 m/s
(G) Flowing rate G2 : 15 m/s
G3 : 2.0 m/s
G4 : 25 m/s
Titani Hl : NBsP1
itanium . . :
(25.44 % 0.5tmm) (H) Tube plate material H2 : Alum{num bronze, Alloy D
H3 : Aluminum bronze, Alloy E
11 : None
(1) Potential by cathodic 12 : —0.50V (SCE)
protection 13 : —0.75V (SCE)
14 : —1.0 V (SCE)
Table 2 Properties of tubes tested.
BsTF2 CNTF1 i fhORTFORELBHELTCLEbRVIEEEZEE L T,
3632)|(J15 1 3635)|(Ja 5 : 5 1
JISH class 2 0.01 ppm FHEFEA &0 5 RfEBRAI,
Cu:77.13 | Cu:R Fe :0.05 SB ¥ SB PSSR 5 15~20{f/h x8h/5days T &
Chemical " Zn R Ni :10.07 | N :0.004 S T A BCBEAERERLDRE N SHBENH B,
emical composition) A] :1.97 | Fe :1.34 | O :0.10 - . - N
COREERL, 4EOHETIZ104E/1[E/1 A
(%) Si:0.24 | Mn:0.72 | H :0.0013 ) = B BB s @/ AR E
As :0.05 C :0.005 BRE2HRELI, F2 B o0 T RAVHEBETH 2,
Fe :0.01 BEBICHERT RS- TR, ECEKICET3ET
Proof EABEEA—VE IEASOBRATEC LU,
| .1 3.1 BB £ KBTI — R BT A S S T R
Moch Tensile b, BABTIES 74 D EOKERNPEBRINT VS
i- th . . . 13,11 =3 fe 19 S p =,
cal o | Gy | | Ao 0, KERIRON U 3 BREA, Wi —047 %
propertics Elongation o o 25 1213 —0.71 VysSCE (LI T4 ~NTSCEERTHY) Th 3
(%) EEINTV D, ERENICEIIES L > T—07", ¥
H"(‘Irf;‘)ess 82 72 155 R —12VP 8 il T de LM - TF 4 LB 5
Heat transfer rate 3,110 2 990*! ) - HAURESIR, SMeeEREOoO V=742 9 2 %51
(kcal/m*hC) ' ’ -860 U, DokERINDAEL 20 & 5 R REO B2 5
1

Y =t/2+(1/3110—0.0012/86.4)

t : tube thickness, 2:thermal conductiviy (kcal/mhC)

43.2 for CNTF1, 14.8 for Ti

4

PTELEVEETHS, COHRBRTIIRBEME LT,
KEAOBEBER 2 HOCCHIELICEMNT ob b BT
DENMZ —0.50, —0.75 8% r—1.00V ic&&E L,
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Fig. 1 Shematic diagram of Model Condenser.
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Table 3 Test schedule.

Date
Tube | Run Duration
alloy | No 73 & (Month)
slel|7lslolw|lulnlilajalalslsly
T T4——24 o i
2 +Z % %
3 | 26
: % 3
5 5 1
6 —3 1
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Table 4 Water analysis during the test.

Average Range
Temperature (C) 17.9 8.0~29.0
pH 8.2 18.0~8.5(red tide 8.9)
M alkalinity (ppm) 116 110~124
Total hardness (ppm) | 5,898 3,600~7,600
Ignition remnant (ppm) | 35,374 34,810~35,920
Suspended solid (ppm) 23.7 0.5~72.5
Chlorine demand (ppm) 1.2 0.8~2.2
COD (ppm) 4.4 0.8~13.0
Chloride ion (ppm) | 18,118 17,294~18,510
Sulfate ion (ppm) | 2,043 1,960~2,150
Total iron (ppm) 0.12 0.03~0.29
Silica (ppm) 0.39 0.112~0.90
Sulfide ion (ppm) 0.00 0.00
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Without sponge ball cleaning With sponge ball cleaning
151 o Fe™ injection Chlorination
-0- None
—A— FeSOs « 7 H20 dosage
| x L None
~0~ Natural dissolution
R b — X Electrolysis
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Fig. 4 Changes of inside deposit of BsTF2 ('73 6/24~'74 6/26).
15 Without sponge ball cleaning With sponge ball cleaning
n L Fe*t injection Chlorination
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- B -o- Natural dissolution None
L o R~ Electrolysis
= L - None i
T 10+
5 ~de- FeSQy - 7 H20 dasage
R - , - Yes
g - Natural dissolution
- o B % Electrolysis
‘0
2 i R
Qo
Q
o =
- L
O
° i B
£ 57
0

0 1 2 3 4 5 6 7 8 9 10 11 12 I 2 3 4 5 6 7 8 9 10 11 12
Duration {month ) Duration {month )
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Fig. 6 Changes of inside deposit of BsTF2 with prepainted film (73 6/14~'74 6/26).
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Fig. 7 Changes of inside deposit of CNTF1 (73 6/14~'74 6/26).
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Fig. 9 Growth rate of inside deposit on CNTF1 tested
for a month. Each point means the average

value of four conditions on Fe** injection.
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Table 5 Determination of inside deposit, chemical analysis of inside deposit, and heat transfer

coefficient of copper alloy tubes tested for 12 months (Run 19).

Test

condition

Inside

Overall heat transfer

Chemical composition of deposit

__ coefficient
” . deposit | Foulin Degreeof (%) mg/cm?) R
2. ‘Fe. ggllxorma' Sponge P factorg drogp tob
i injection ball <10-5 new tube Cu Fe Mn Cu Fe Mn
(0.01ppm) | (02ppm) (mg/em®) (e /Keat) (%)
None 6.11 3.57 10.03 5.4 | 52 | 0.2 | 033 | 0.32 | 0.0l
None |_ome Yes 0.90 0.26 0.83 - = — = = =
- Yoo None 1.00 0.38 1.15 12.8 | 15.6 | 6.2 | 0.13 | 0.16 | 0.06
o Yes 0.84 0.02 0.09 - — — — — 0—(—)3
5 None 6.33 £.82 13.05 2.7 | 12.6 | 0.5 | 0.17 | 0.80 .
2 5&230‘ None Yes 1.32 1.26 3.79 = — = = — —
5 | docage None 1.98 1.98 5.81 6.9 | 25.9 | 1.4 | 0.14 | 0.51 | 0.03
g g Yes Yes 1.78 1.29 3.85 = — = - = —
g None 7.16 13.66 29.83 25.9 | 59 | 4.6 | 1.8 | 0.42 | 0.33
¢ | Natural | Nome Yes 1.34 1.10 3.34 - — — - - —
o~ | dissolution None 1.63 2.39 6.94 8.4 | 245 | 2.1 | 0.14 | 0.40 | 0.03
£ Yes T Yes | 1.56 0.72 2.18 e I I B R
2 Nome <N§>ne 13.39 18.29 33.3«.; 6.0 | 20.7 | 0.6 | 0.80 | 2.77 | 0.08
. es 2.20 .67 . —_ — — — — —
Electrolysis None 1.77 3.20 9.06 6.6 | 28.7 | 0.6 | 0.1z | 0.51 | 0.01
Yes Yes 1.72 0.63 1.92 = = = = = —
Nome None 8.00 4.00 11.28 5.1 | 5.4 | 0.3 | 0.41 | 0.43 | 0.02
g None Yes 0.89 1.37 4.08 — —
= Y None 1.81 1.32 3.95 13.0 | 16.6 | 3.9 | 0.24 | 0.30 | 0.07
o es Yes 0.87 —2.43 —8.13 — —
& | Zeson. Nome | None | 13.34 19.05 37.20 4.2 1 111 1.1 | 0.56 | 1.48 | 0.15
3 o Yes 1.53 2.34 6.78 — —
E | dosage Y " None 2.37 2.57 7.42 | 10.0 | 25.1 | 1.8 | 0.24 | 0.59 | 0.03
° €s Yes 2.33 1.55 4.60 e —
g None 9.59 9.20 22.25 4.0 | 10.4 | 0.2 | 0.38 | 1.00 | 0.02
& | Natural None Yes 2.07 1.97 5.78 — —
S Yes Yes 1.57 ~1.60 ~5.20 — —
3 Nome I\i{one 8.63 12.32 32.3? 5.2 | 17.7 | 0.6 | 0.45 | 1.53 | 0.05
. es 1.88 . . - —
3 |Blectrolysis - None | 2.38 412 11.38 7.6 1 20.3 | 0.8 | 0.18 | 0.70 | 0.02
es Yes 2.86 1.88 5.53 — —
Nome  |_None | 13.43 17.94 35.81 0.6 | 4.4 | 1.1 [ 0.08 [ 0.59 | 0.15
None Yes 0.65 2.75 7.90 I —
& < None 1.11 2.68 7.68 1.2 | 12.7 | 5.6 | 0.12 | 0.14 | 0.06
j es Yes 0.52 2.30 6.68 e l e
9 ] — None [ _15.66 38.18 54.31 0.5 [ 9.2 ] 12.7 | 0.08 | 1.44 | 2.00
£ |Feso None | ves | 1.07 3.28 9.29 — —
8 | dosage You None 1.92 4.58 12.47 2.2 | 25.2 | 4.2 | 0.04 | 0.48 | 0.08
9 Yes 0.73 1.18 3.53 i . —
& None | 19.99 41.02 56.07 0.5 | 6.2 | 1.0 | 0.10 | 1.24 [ 0.20
§ | Natural None Yes 1.54 4.10 11.31 — e .
B | dissolution| . None 1.90 5.74 15.17 2.4 | 21.7 | 8.3 | 0.06 | 0.41 | 0.16
o Yes 0.86 3.27 9.62 f— —
e N None | 17.20 39.08 54.88 0.9 ] 10.7 | 1.4 | 0.15 | 1.84 | 0.74
B | Electrolysis | Yes 1.15 6.09 15.94 — : —
T e None 2.32 6.96 17.81 1.9 | 33.8 | 2.0 | 0.04 [ 0.78 ] 0.05
Yes 0.19 3.82 10.64 — f—
Nome | None 5.24 18.22 35.04 2.0 | 6.1 1 09 | 0.10 ] 0.32 | 0.05
None Yes 0.84 2.90 7.94 — —
- Yoo None 1.17 1.0 2.90 14.8 | 17.0 | 3.8 | 0.17 | 0.20 ] 0.04
g Yes 1.24 2.07 5.81 — =
B . None 6.43 35.21 | 51.03 | 2.5 1 83 1 06 | 0.16 | 0.53 | 0.04
gl None ™Ves | 1.95 1.30 3.75 — —
2 | dosage ves None 1.98 5.25 13.45 6.9 | 25.0 | 3.8 | 0.14 | 0.50 | 0.08
g Yes 1.52 2.12 5.91 — —
& N " None 9.41 38.42 53.22 16 | 7.2 | 0.9 | 0.15 | 0.68 | 0.08
@ | Natural one Yes 1.90 2.85 7.80 — —
= | dissolution| . None 2.19 3.64 9.76 10.9 | 25.5 | 3.5 | 0.24 | 0.56 | 0.08
2 Yes 2.41 2.54 6.99 — f—
z Nome |_None [ 11.72 38.11 53.02 8.5 | 20.6 | 1.0 | 1.00 | 2.41 | 0.12_
Electrolysis Yes 3.32 2.20 6.11 — i
ves None 2.38 5.87 14.80 7.4 | 28.6 | 1.6 | 0.18 | 0.68 | 0.04
Yes 2.37 2.24 6.22 — ——
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Fig. 11 Maximum corrosion'depth of BsTF2 as a function

of time. Each point means the average value of
four conditions on Fe* injection.
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Corrosion loss of BsTF2 tested for 3, 6 and
9 months. Each point means the average value
of four conditions on Fe** injection. Figures
encircled show the periods in which tests are
started.
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Fig. 18 Maximum corrosion depth of CNTF1 as a fun-
ction of time. Each point means the average
value of four conditions on Fe™ injection.
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Fig. 19 Corrosion rate of CNTF1 tested for a month.
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4.2.5 ALy MISOEBEIRA

ALy PEBAOEAES %2 Table 6 1w/Rd, # 1 i
K % BEME L 72 Run 412350 T BsTF2 %6 & o8 BsTF2 37K
SR, HERMERPEBLIZEECOAER AL,
BsTF2 ~ 4 o M 13, BEbh—mdsickEl, CNTFL i
WMIZEAEBENEL o1, B2k zHERBLER
Run 20 iw BTk, BsTF2 [ EFENHOFMic L2 6
THROA S ERES 2RUIL, I VEAREDOEK
BIOEARIE, HELEZEBLZEEDIE D VES
R KE Moz, ENEMEICHEARS 2HHET 5 &,
BsTF22sfiic k% ¢, CNTFLZ#ED T/Hh 31, BsTF2
R4 PETIRERES B b RRie A o b BHIEED,
FOWFC L DEOHLAPREL T AHasd - 7005,
BBRURBETH -,

PEDA Ly b 742y 7L CEHEAZIZEASH

Table 6 Depth of corrosion pits at the inlet portion
and around the blockage of foreign bodies.

Lomm
Test condition Inlet portion |Blockage of foreignbodies|
+1 Run 4 | Run 20 | Run4 :°736/14(90 days)
Fe* Clz AHOY 73 6/14"" 3 9/26N Fixed Vibrati- Vibratig:
on typentype **
(90 days)(@ days) P | (gpell) | (Vinyl)
H 0 0.15 | 0.15 | 0.22 | 0.03
F 0 — 0.18 | 0.62 | 0.47
Nonme| o 0.281 0 — | 019 | 0.27
N N 0 0.11 | 0.10 | 0.14 | 0.05
one H | 022] 052 | 0.5 | 0.15 | 0.19%
ves | F 0.065 — 0.16 | 0.35 | 0.28
p 0 0 0.06 | 0.26 | 0.18*
N 0.2 | 0.05 | 0.14 | 0.17 —
H 0 0.46 | 0.32 | 0.64 | 0.16
F 0 — 0.30 | 0.32 | 0.21
FeSO None| p | 0 0.03 | 0.19 | — *
et N 0 0.05 | 0.12 | 0.27 | 0.09
THO H | 022]| 052 | 0.25 | 0.30 | 0.10
dosagel L1 F | 006 — |02 | 015 | o1
P 0 0.10 | 0.16 | 0.15 | 0.15
N 0 0.05 | 0.08 | 0.23 | 0.05*
H 0 0.85 | 0.20 | 0.36 | 0.23*
F 0 — 0.15 | 0.15 —

N
Natw | S| P | 0 0.27 | — | o021 | —*
ral N 0 0.10 | 0.10 | 0.08 | 0.03*
dissol- H 0.05| 0.85 | 0.30 | 0.33 —
ution | oI F | 0 — 015 | 020 | —*
p 0 0.20 | 0.03 | 0.10 | 0.10
N 0 0.05 | 0.08 | 0.18 | 0.08

H 0 0.32 = 0.52

F 0 — 0.15 | 0.48 —

N
°r¢l p | o 0 0.03 | 0.23 | —
Elect- N 0 0.05 | 0.08 | 0.21 | 0.07
rolysis H — 0.69 | 0.26 | 0.25 | 0.08*
F — — 0.16 | 0.24 — %
Yes | p 0 0 0.05 | 0.17 | — =
N 0 0.05 | 0.12 | 0.12 | 0.05

*t H: BsTF2, F: BsTF2 with iron oxide pre-film,
P : BsTF2 with paint film, N :CNTF1

*2 Star mark (*) shows that this type of foreign
bodies were lost during test.
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4.2.6 FRYy PRAETOEERA

Table 6 R U v IR 2HKERES 2R
T BADRIBHVGERH Xy bILL B DM D
Kal, Co—VHEEBFECy b, BXSEEFES
b OMECED L Totc, BBEOEME B L FEEERE
W 3 EERI 2HET 2 L, BsTF2 51 ¢"BsTF2
G NE S Kkx <, BsTF2%4 o &k X 8 CNTF1
2 1/2~1/3 OBEIWEEE T 5B, B EDFHES
v b7 Ay LT, BELES I OBREAZEEAL
BERRIZL T - 12,

4.2.7 SHEERE

(1) BsTF2

Fig. 22,23 it Run4 ¥ X 02010 T4 v L v R EB4YIC
BOTHIEL KO BEHEORBE2RT, Rund itk

105 T
For injection Chiorination

|—O Nong None
— F[-o-fFes0 - 7H:0 dosage Nane
o, 0| Natural gt i
E e Electroys®

.- None
8 ~#-1FeS04~ 7HO dosage

s HNatural

=} [ Erectrolysis
o 10°F
10
<
©
2
2
)
@
L
<
le}
)
N g
=10
© L
o]
o
103 A L Ll
1 10 100
Time (day)

Fig. 22 Polarization resistance of BsTF2 as a function
of time. (Run 4)

105', T .
Chlorination
acad None.
o~ |~ Nong
:EJ o None
e 1 None

o] .- None Yoo
~ o - | EeS80: 0 7HAD dosage Yes

10‘)-— td Naturai dissolution Yes
Q-) . = Eiectrolysis Yes
o]
C
«©
IS
R4
%23
[
e
<
©
=10
™~
e
i
[e]
a

10° e -

1 10 100 1000
Time (day)

Fig. 23 Polarization resistance of BsTF2 as a function
of time. (Run 20)
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106 ] 105 — .
b Fe'
Fe' injection Chigriaation o
[—O—| None None [«&—FeS0: - /HIO donape

— o{FeS0: - 7120 dosage | None —o-| Natural dissorut

£ —0-1  Natural dissolution None

© = Electrolysls Tone N

o] > Nane. Yes 5

— ~o-[FeSOr- /H-Q dosare]  Yes &

- Natural_dissolution Yes —
51 [ Electrolysis Y S

8 10 ectrolys es 10 E
<

0 8

g y

b n

s e

‘= [

® 2

10t =104

< L N

5 =
<

[a o -3 -
o

-
%
103 - : it 103 . L , .
1 10 100 - 0 4 100 1000
Time (day) ime (day )

Fig. 24 Polarization resistance of CNTF1 as a functon
of time. (Run 4)

WTEKERR 9 B Biclk gL, % OR10E BT AIR
BB & - 1253, ¢ ORI BIEHMEA 10°Qem® @ % — &
5 100 cm? 4 — X KEHEinL 7z, Z0®%%KLIC
Bk B EASR SN, HMEMEEERL ZHEa,
S RRIEE A 1 HTE < /D & < 030 KB 8L T
IE A HCETT 28808 -2, Run 20 BT
KB & & B ITEKERD 1~2Xx10°gem® 5B AT
WAL 14 BEAZIIE 100~10°Qcm? KL T 3,
BMUBEH TN TIE, 1HHE/DIVEERL 2250
HiEzK BRI 80 THBRIEMESIE T 2 HBE0 2 0, —
HEEA DS EIGERE CERAMEL L) L2882k
XHBNIEV, L&) LEFERESSBRIEIEZETS
FTVEEB L OGEABTBRERELZERSETOLN
A d.2.5lkic 4 v vy FIRICE T 3 EAOFRAERE
EXLARIEU TV B,

(2) CNTF1

Fig. 24,25 iz CNTF1 OoFFR 2R 9, V»TNoO Runi
BT BsTF2 & FREEARH & & 8 e RIEFEDHE
KA BND, BsTF2 &8s 3 i Run 4 ik T il
FUHETC L ABERECKTHA 60 1 ¥ HlKkiRic
i 1~3x10°Qem* L TWA L &, WTINd Run itk
WT 1R ERBEEAKRCSOT S SRIEHEC K
FHBAELNLNLETHDE, CDOLI A by FHiIcE
7% CNTF1 O ANRBORERE R, 4.2.5k~T014 v
Uy FEBICE T AEAFEDRI E L L HWIGEL T 5,
4.2.8 =I5

1 4K E (Run 19) O m#E M % Table 5 /R U 1z,
NI R L O SBEEH 2T o b ficis, BsTF2x
4 BB L CNTFL OFBENERS R XN EMBERS
N, RSB D IEREHEHEARL TOZ, —H,

Fig. 25 Polarization resistance of CNTF1 as a functon
of time. (Run 20)

WHRLE S %0 SB B2 LML ILES, BARREK
BiCETL T,

Fig. 26 wiEN AR LA EDBROBEERT, WHE DM
KEEOHEBEENRE SN, B—MERRCHd 2ENE
B dss, CNTFI B s k&, BsTF2 <4 o |
Ehrhiekis, BsTF2 &5k o8 BsTF2 s@KR BE»E &
NE o1z,

e / ;

-~ =4.20X —4.48

— ¥ =4.20% Y =2.00X +1.42

3

X

~

O

Ry

E (2)Y=1.38X—-1.33

7 /

2

X A

- (1)Y =1.33X —0.94

S

3]

8

ap

£

=

o

L

Tube o o ttieant [function
O] BsTF?2 0,908 {1)
A | BsTF2 with iron oxide hlm]oA903 (2)
o | BsTF 2 with paint fitm 0.974 ()
x| CNTF 1 0.945 4)
‘o i ‘n =16 N X
0 10 20 300 X)

Inside deposit (mg,/cm)

Fig. 26 Relation between fouling factor and inside
deposit of copper alloy tube tested for 12 mon-
ths (Run 19).
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4.3 FRUVEICHTIRBRER

4.3.1 MNE£EYFE

(1) NERR  SBEERZERL swFHa, ERicd =
S 4 LBHEL, EFE (1.0, 1.5m/s) KTy o
ERLTHF A HANSRICRABET S EMND- 12, Hic
WoE 1.0m/s OEE, T4E6 AU DALY F A H A
ELEONEZAEL, HKBHENL -T2, —7, SB
BeEREmLUZEBEIIE, ChbONFYKECD L
BoTHh, x4 2RONBYBRONEZDATH
-1,

() IR Fig. 271 K EYEROBRBELERT,
SB e efTnbinBa, HEDRIWEL, LER
BB ENBHEBRENHACH - 12, LM 1984
o 2.0m/s OBE, 127 AHCABEYES KBNS
S1cd8, FOEREHEL» T, —J, SBIHZEH
Uie, HEDRBEEASEAYET, 2mg/cm® DT
ThoT1Ts

25

\water x
velocity Sponge ball 1
{m/ S)}| cleaning
—o- None
—] 1.0
e Yes 3
*
A 15 None
20k - Yes B
il I None
— - Yes
E —%= 25 Nong
- ) Yes
~
£
151 4
it
0
O
Q
()
kel
)
°
%]
c N

1 2 3 4 5 6 7 8 9 10 11 12
Duration {(month )

Fig. 27 Changes of inside deposit of titanium tube (73
6/14~74 6/26).

*1 Some barnacles attach to tube inside.
*2 Some mussel attach to tube inside.
*3 Many mussels plug tube bore.

Q) 1=#USHE - Table 7 1120 HHAKBOENRE 2
KT, SB BB EZHBL L WEE, BB 47~71x
10°*m*h'C/kecal Th -1z, —J5, SB B 2EML LB &
Wik, BERERH1.2~3.9x10°m*h’C/keal & CTEB L 72,

Fig. 28 wWiENWERENEMBEOBR2R T, MF DR
CEEOMHBEMNRE S S,

Table 7 Inside deposit and heat transfer
coefficient of titanium tube tested
for 12 months (Runl9).

Test condition | Inside Fouling | Overall Degree of
deposit | factor heat drop to
Velo] Sponge < 10-5 transfer | new tube
city ball coefficient
. 2
(m/s) Cleanlng (mg/sz) (m hl?c/al) (kcilléhwc) (0/0)
136.58 . . -
Lo L Neme | Goog)r
Yes 0.46 1.16 2,768 3.21
7.90
Ls None (5.42)* 5.20 2,489 12.97
Yes 0.61 1.81 2,719 4.93
None 2.40 4.67 2,523 11.46
2.0 ‘
Yes 1.65 3.92 2,631 8.00
None 6.37 7.11 2,376 16.92
2.5
Yes 1.08 3.54 2,597 9.19

* Values in parentheses are determined after removing
the barnacles or mussels inside tubes.

(vy)s8
v O//
ER .
X
O s =
= O
w4
L R o Y=O.77><+11.94
= |
< 3 Correlation coefficient : 0.906
n=7
o]
Ny
8 2 0
%
£ | o
21
le]
e
0 2 3 4 5 5 7 8
Inside deposit (mg/ o) (x)

Fig. 28 Relation between fouling factor and inside
deposit of titanium tube tested for 12 months
(Run 19).

4.3.2 BEKA

SB @B, KEIAWIB LT KD » F AHEDS S
D BIMA BN TRELCHENTH - 12,

4.3.3 EWOHANNRZ v 578w D

1) BWEEM

Fig. 29 1w 2m/s M@ AkAics 33574 Y E LS
ERHEBOWARMN S L OE 2EMI B EOBND
RRZEEERT, 74 VERMOBEMNE, BAKAH0~—
0.1V Tad 3%, BABEOKR B nobles RN
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U, Bk +04V BE -7, —H, BROBE
i, A —SVEBHOES —02~-04V, Alloy D 04
—0.2~—0.3V, Alloy E ©0HB& 0~—03V Thh, 72
DL DBRIIER 03~0TV Thotz, TNEEER 2H
i x Wi EBeoBME ~03~4+02V Th b, BHOBEN
B s EE OEMick b 0.1~0.5V noble ZANCE] X
EenT (BmRL T) vwi,

STHEEEAETH-, PN 9w I H o TIPS
RHEB L CEREAEL S AOERICIXER S ERIZE
Cigdro iz °

Table 8 Corrosion depth of copper alloy tube

plates coupled with titanium tube in
flowing sea water of 2 m/s.

Galvanic current Corrosion rate measured by

and corrosion rate

_depth gage

(mm/y)

" Coupled with titanium

Uncoup;

T : T
1‘0_ o Naval brass (uncoupled) e Naval brass {coupled )
| & Alloy B (uncoupled ) 4 Alloy D (coupled )
a o Alloy £ (uncoupled) B A{ioy E{coupled )
5 o *Ti
15} |
o , ; !
; 0.5 ; - ;
L 1 {
Z ' IR
s ] ;/‘\H
| ; S - -
* L
=3 \\ i | \
el e o S P S |
3 % el N T
= ¢
PN SN
}""\o/"/}‘ ! ‘
-0.5 - -
0 20 40 60 80 100 120

Duration  (day)

Fig. 29 Corrosion potential of titanium tube and
copper alloys tube plate.

() HWNNZy FEBHREHNMNRZ y TR v TORA
Fig. 30 wH v "= o SBEOREES 2R T, TN
Z o VBER A~ SVEHOE TR K& L, Alloy D,
E &% 0l/5~1/3FETh -1z, Table 8 1z
o VEROSHER 2 B BEEEL Z2h & RO
EROEAEE Run 27) &, BHICALTTEROHEARS
B R HIEARE (Run 24, 27) 2R LI, HeT—05V
(SCE) THEHpif Lz (Run 24) L FH V= v
ZHh oy AUkt Ea (Run2?) OHFaGEROER
YR, A2 w 74y 7OEEER Run ik b
R T0aED, BElELTH—SVESSRES KA,
AlloyD Sz hic#iz, Alloy E B d/ha o170, BA
DTG, *— "VEEOSEAEEEELHIINEARTH
b, AlloyD,E O&B b &b liirr i = v AE%H

Run 27 (120 days)

tube

galvanicfed

Average/Calcula-Not cathodically
polarized

current [Crrosion
rate

Run 27

Cathodica~ led
13

pglarized at| Run 27
Run 24 -0.5V(SCE)

Run 24

(#A/cm?)| (mm/y) (120 days)|(18) days) (180 days)i(120 days)

Naval

10.7 9.0 0.6 0.5
brass

360 | 4.5(11.0%)

AlloyD| 94 1.2 3.7 9.0 0.6 0.5

Alloy E| 62 0.78 0.7 5.0 0.6 0.6

* Assuming that corrosion progresses only by dezincification

4.3.4 BEHEIC & DKERIX

Fig. 31 I EMBOKKE L BEEMOBEHEZR T /K
FWE B EBL —0.50, —0.75V TIREE Tl d - 12585,
~1.00V TUHBEETH .02,

70
c 60 ' e mean value
\8 50 o maximum or minimum value 0

©

=40 T 1
%
< base
o 20
? ;/‘ metal
210
=

0 ‘[ L N N
) 50 0.75 1.00

not cathodically
polarized Potential (—V vs SCE )

Fig. 31 Hydrogen content of titanium tube as a
function of cathodic potential. (Run 24)

T T
’é\ o Naval brass
Rl ! a Al-Bronze Alloy D~ |
," \)—0\ o Al-Bronze Alloy E
. I3
% //
400 !
o
5 Y
3 /
£
=
S0 A N
()
) &
|
0 20 40 60

Time {(day)

Fig. 30 Galvanic current betweeen titanium tube and
copper alloys tube plate (Run 27). Exposed
area of tube plate is 3.1 cm?

Potential Tube plate
i (V vsSCE)

oi—1.00 Naval brass

o}-1.00 Alloy D

- ®|-1.00 Alloy E
& 0[=0.75 Naval brass

@ al—0.50 Alloy £
o x| - Naval brass

/i

07
I
|

1
____-—————_______.—-—)?‘—'ﬁ O
===

g

0 50 100 150

Distance from tube end {(om)

Fig. 32 Distribution of hydrogen content
tube cathodically polarized (Run

in titanium
24).
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Fig. 32 wKEBOEMHMOSHRERR T, Bk
b 150mm B ER OB TR, KEREBEAERRINT
WO EBDbNT, $IKERN AT ZE A,
KEHBEIRICFHELTE Y, ZOESIEEA010mm
TH-1T,

5. # =
5.1 $AEEE—FLLTT7IILHEE—DOWMEEICRE
FIEBETFOZE
5.1.1 EFRLRE

olE B3 EE I K T CA L ILEKEE (BsTF2) oEA
HHC W THEIL, RERARE N, Hkho<oyy
AF BB CEELEE BELBENH B ERNTH
32, BHELIHBELERETLO, EREATFTY Y
Ho4 % (02~03ppm) ZHEATHIE, BsTF2 0RE
wWBEOv A o EREESHEL, BEVEETR L
BREBL T 3919,

SEIORBRTCIE 1L b@EAKLIZE Runl, 4,8, 13,
19) o> LEERBEEPRBLICESEDY, NECERE
A —VHBERIN, FOHII 2~10% O~ F o BEH
INTi, 2LTeh 5D BsTF2 i3 SB i %2775 -
NEAIB - THEARERZR, THEABLET CRERK
Intcar—aicd v oy rabn b SZREEEINE
BEEHo720 (Run23:2.3%, Run9:5.0%, Runl2:
3.6%), LOBARBEADORERZ AT, DR
HRREELOEBIL-HTEL5Thb, §ubbEHE
WHEBF T~ oA B2y — VBRI N, ZTHL5E
—VOREBIIHDHELLBEGTEABRELIZE AL
5%

L L—FTEELTE 2 #ici@BAL R Run (16, 20)
TEWTIE, voHrvElRsr —VvOBERSE L THEE
MBEREBL T3 BSCREEREAPEL TV L E
Db, BREFBECH L CHELETTERI v
B2y — Vv AMEERTR S 2B EERTR LV &
AbN5,

SEDRBEZEL BsTF2 OrhREicEHERBRERED
HRBREAICIE T 2 BRI “HELBOER TH D,
ZE R~ VIEEEHBLULESE LI, ¥
ROROET A EALBE L Y HHIh T E, BEor
& LEFMIL BsTF2 R BERER I Uk TE
oy (BER) WFCTrseHmiTss, CoXisnER
PR D BsTFZ Ol &l ic i3 2 H M 1 ppm OB
A (BHETRZW) ToRBIEBWTED N, TTKK
WL,

BEBFEOWAIC R TER 2 +DIEET 5 C L,
BRATIRTEL0D, KROS5 EBHEEINS,

O BREEZRBAVHEGSE FieBm) »HEHEME

BT B, (—RIEIE)

@ BEEEVENHEICBY 3HARKOER2IHL,
ZORER, HARHEAELYE, (TSR

® BHEEVPENEHCERS L ZEEE AL~
A CERBEBEOER) 7o EMC&BHIL
L OEHM) RELLELIY, ZOHE, HADH
ERELRPTLTH, (TIREEIE)

HED I L@ 20 TRELFPOLIZINTLEL, @
KOWTIRSHORERICKNT, HEFEACLDBLWE
BHBECIEE (82, 3 wEHNmMcABED»IIEA
ERdoliCeED b bFYEEARING, T CORER
25 4 LDFEEBSIE - TIBHT DA 0E05, 25
4 LD EEBEOER g h BELEERRIIL TV
EHETENTED, LD THAMLENZS 4 LD
FAEROGIL, ZOKE, EEOBRSHHINS & OH
EWER b Lo,

@RO2VTRINEZIFATAENLFEHR BB LALD
Sich, WEEAR L DREVOMEBESELT Z (]
A A EES ZORBEBOEGROETEE)
RN T, SHEECRHTIDHENHZ O LED
N3,

5.1.2 RRTER—LHkE

SB O X HIEEERE T 2HET3 2L Th 3
B, BECEZNIREAE L TERAEOEAREAI TS
CEHILALGNTLEY,

SEOBBRCBON TR LIOEAZZRL, 10E/1E/H &
WO ESEEOMERICE EDRER, COBRBEOERTHY
BENBREEAZEL, HELBRBEL 3L 4230
o T COBEOWEG 1 7 EICh T 2 EKRBICB L
T BsTF2 WBEELERZETUDLVCE 2THBLUI,
BsTF2 o AM»EXEE R I N L ER (FE5Y) ok
DBEHECRTET 2 L 2BANGEREABER2H T
BARY R —VIEERR RS> SHAEL 5 2 B/R
WEEDTEBLLENEI LY, ZLTL2r BEBAKTE
ERAWT, ¥—VvOBREICEZBENREK, FEDEBS L
ABEHEOL{2HEL, Fig. 33, 34 OER*2EL,
BsTF2, CNTF1 N oHaE bR — 2 ~ 4 @O
& o THENRBIBKREICETL T3, —F, SEEHHE
BAE~V2~4 BOBBICE > TREFNBENIL T
WV, COFERD b EEERER & TR A MO % EE
LT, SBEMHE 2~4/11E/8 &3 3FEi(EHEE T
bt ThBIEEL BN,

51.3 4Ly bOELHE

WEEBERIA Ly PITBOTHEELEE (97T
BEX085mMm ICET B CEMdbo1r) 24U, KiclE
REATTHEREOREBENRKE L1, LOLHE
e U TEEA (0.0 ppm) (ZHIZHI R 2 F - T
-1,

Ay b FE Y I RIET AICDIEEBEREPER)
THHIELEMINTNE, PTREBEOFREITEL TR
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Fig. 33 Effect of sponge ball passing on fouling factor, Fig. 34 Effect of sponge ball passing on fouling factor,

inside deposit and polarization resistance of
BsTF2. Sample tube has been tested in Run
19 for 12 months with Fe* injection by elec-
trolysis and without chlorination and sponge
ball cleaning.

AERBELSENEHCERINIEE (&Y ok
PR L TE UL ELT B &, SREAVERINZL
BECIE 4 vy S OERIE O K 5 D EBESER
IANWHCEEEBUBRABR2RBT I LELH 5,
i, R b IR K B T s CRIE N E O iR
HifEds 2,000 0cm® BEIRTERVERET S L, B
5 10cm BELFETAFRTHIME 1AM D 20mA D
PBAEREEL™, REOCHEENLHRETHS 5~ 10
mA/EA 2 KFEICERS, #-TIDLIBRHEFITBKRE
DOBIENEEZE T2 BE 2 HEERE S CEBHETL L0
STHBTFE2ET IBNENDH B,

51.4 FRv b

FHRSy POFEABELVVEA (3B THEARS 0.64
MM ICET 3 EMBh-o72) 2RESE, ZOFEIER
WHEB L OBEAL EOKELOELZREELTLE S 3
FHKTh-1, HEEECB N TEYOFEE b IR b
FUTCEAZBHEZINNLGTIDLALENE, FHYy
ORI E SEARS4 A OERBEEA (1ppmx1h
JA) Lo THHIELARZ N DTH H Y, fE-> THRL
EYKERETEEEDO DTV, U UERENE T
B TEEKERHECKEBRIEREL 12 AEVIER L NE
HAFBEAT S EPHENTOEREDERB I FEIN

inside deposit and polarization resistance of
CNTF1. Sample tube has been tested in Run
19 for 12 months with Fe* injection by elec-
trolysis and without chlorination and sponge
ball cleaning.
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TOEEKES 0.0Ippm e L Lz L iiBRT 2 80
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FNED 5012 SB R R EBLILH/CEETH - 12,
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QMK E 25 L, ChiRfELIZAS
A4 LB EHELICRER (Fig. 35) b AROHENSA 5
51,

300
Chlorination
® None
200 Yes

o
ts3

Growth rate of slimy deposit
on PVC plate(ug / o/ day )

=3
T

g9 10 11 12 1 2 3 4 5 6
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Fig. 35 Seasonal change of growth rate of slimy
deposit on PVC plate'.
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Fig. 36 Effect of intermittent shutdown of flowing on
polarization resistance of BsTF2. Solid lines
mean sea water flowing and dashed lines mean
shutdown of flowing, namely drying.
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Fig. 37 Effect of intermittent shutdown of flowing on
polarization resistance of CNTFI1. Solid lines
mean sea water flowing and dashed lines mean
shutdown of flowing, namely drying.
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Fig. 38 Relation between corrosion rate and inside
deposit of BsTF2.
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Pitting Corrosion of Copper Pipes and
Tubes in Fresh Water.

by Shiro Sato, Kiyoji Sagisaka and Shigenori Yamauchi

Althouth large amounts of copper pipes and tubes are used in fresh water services with

satisfactory results, limited number of failures of copper pipes and tubes by a variety of damages
has been known. Our statistics on the failures of copper pipes and tubes revealed that pitting
corrosion by water was the most serious type of attack. Investigation has been made on 36 cases
of pitting attack and following characteristic features were obtained.

D
2)

3
4)

5)

6)

For pitting attack in the pipes of water service :

28 cases of pitting attack have been experienced in hot water except one case in cold water.
The corrosion pits of these copper pipes are covered with mounds of greenish blue corrosion
products which contain basic cupric sulphate.

The pits contain reddish brown corrosion product of crystalline cuprous oxide.

The surface of tubes between the pits is covered with black layer of cuprous and cupric
oxide, on which light blue corrosion product of basic copper corbonate is usually found.
Analysis of water for these pipes is characterized by the facts that water is soft quality
with pH below 7, is lower in HCO. and is higher in SO.*" and CI" in comparison with the
data of average river water in Japan.

For pitting attack in copper tubes applied to air conditioners and heat exchangers :

Pitting attacks are found under dark green or yellow green mounds of corrosion products in
which appreciable amount of phosphorus is contained.

It is suggested that pitting attack of copper pipes and tubes by water is developed by the

local formation of copper salt containing anions, such as SO.*, CI', PO.*, which can form strong
acid by hydrolysis. The importance of water composition mentioned above can be explained by
taking account of the instability of the basic copper carbonate film under the condition of high

ratio of aggressive anions to bicarbonate ion.
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TaBle 1 Classification of failures in copper pipes and tubes.
Pipes for water service Tubes for air conditjoners and
- heat exchangers Total
71| °72 | °73 | °74 | 75 | 76 [’7T7** Total| '71 | '72 | *73 | '74 | '75 | ’76 |'77*3 Total
DP 12| ~|4|1]|3[40 15O 1|20 2 |20 —|—|—| 70 20
Pitting corrosion ¥3
OF |2 111130 4,3 210 —|83@Q —|—|2|—|— 5@ 20
Impingement attack 1 51 2 2 7 110 4 31 | — | 2 1= —|—1— 3 34
Stress corrosion cracking 1 4 + — 1 2 1 2 | — 10 1! —t11|—|—1|2|— 4 14
Corrosion fatigue — 1 4 1 2 3 3 4 17 1| — | 3| —] 4| —11 9 26
Outer surface corrosion — | 2 3 2 | — 1 4 1 12 - == — 0 12
Faulty workmanship 2 3 1 2 8 1 — 17 — == | — | 0 17
Special case —_ = — 1 1 1 — 3 1 1 2 2 4 7 4 21 24
Total |7 |2 | s 182527 |15 21| af8]9]a|10]o]|s]| 4| 10
*]1 Phosphorus deoxidized copper
*2  Oxygen free copper
*3 until April
(O : Duplicate recordings are possible for six cases among the ones listed in the above.
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KEFHBABTHAL, BERLUTERL TV,

2.2 BHERIOERKR

BBK, EEABIEAKL L TS RBHKCR, H5
BOBERIZRMNTECEBHDZ, ZOHMIR, BERN
WHEETIEHEL S BB ED 2T 5 EVTEKT
bb, HERFARTIIIODOIDTIZE L,

2.2.1 EBERAE
HamEp28ttos b, 54 (CaseNo. W-7, W-17, W-
22, W-26 L8 W-27) wiEmERpHEK 2 AL T

CEYSYES
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5, CD3b 1# (Case No. W-26)- &g & HgEHID
HRZHRIEL T 325, COBEARBEFIH BB LA
BHEL T b, ZOMO23H Tk, BisERlZ2 AT
AT AN

2.2.2 ZHABRE
FRABTHAREL TS 58055, 4kl
{%ﬁﬁb’(t\é.o 1¢ (Case No.F-1) 37 v o+ b A
IERF85HI, 2 #F (Case No. F-3 &5k (8 F-5) i1 h A M
gl T b, i 1 (Case No. F-4) i, %4
2~3EH Y v AR+ Y ABIEPEHZ o T,
OH%ITHREBEEEHEACT Y BATH 3.

2.2.3 BEREE
FLAEFEF3HDS 5, 24 (CaseNo. H-2 ik ¢8 H-3)
B EERI 2 BT 3, Case No. H-2 (WRiw 201 i R 66
&) Tid, bABIE% 4~5ppm {INL T 5%, Case No.
H-3 (#ko—32) Tit, EEEHYTON 107 HiE
7o LBES Y ABEEREERL T, Z0%D
ABEEERICYI D B A T %, LA, O
FICEFRRICERCAEL T 3

3k, AEZICRTAHEAIE LTIy o L BIEY R
PHEOLAVTOIED, ZO0HAKBIBERRELD Tk
Dol, D ABERMERIE @Y v 2B+ b AR
SRR HEHTALic > Th b, AR ZHER2AED
Tind,

23 LEZETHETOHY

2.3.1 EEER&E
ARBETOHARET 2 T TOMBIR, 916EE»LH
VETH B, AEDPLEEDLONBL L, VHTHSET
»HBb,

2.3.2 ZTRARE
AHBTOARZETE T TOMMIER, W2E»HH5
FThh, FEHKYIIETH 3,

2.3.3 BIXBIRE
LERETE ETOHM
Thb,

2.4 SMEOHHE, HAlb LU

2.4.1 EEEBWRE

FRZEOAREFIBIED > b, MEEERE I3, ) o
IR E A 130F, M ICIHLAMNEL T3 s OS2 T
bBo KEXHEMINTOBEEIE, Vo RERAEDSHE
FRSREE & 0 A FEBICZ uaT d boob 59, FLE i ilidn
BCHEUHHAEL T3, $12, Case No. W-20 iz 351 T
3, ERFEHES ) CMBEES Y 7 Mok S s
T, BERELRETHY, FBROAIA AL
T 3o Wiz, Case No. W-27 1230 T8 &1 L £ s
T, AAOREHEE S L O QERESHEO S
FEBIRcB L DTh %,
BACOW T, 7THSEEEM T b,
BHTH B,

i, KPEEE, J934ER LN 44

fid 4~ T

WEONIRG, AR ~1%" Tohh, 34" 3164 TH
<, DTV MBIBTHE, FEDSATIE, M#

47023 (55 1 HIENZ 1 7 3 BEA

2.4.2 ZRBWE
ALK SHD 55, 3{F (Case No. F-2, F4, F-5)
FHERRIRE TH D, 2 (Case No. F-1, F-3) b A
IREERE TH B, KAHBR~DMEDOHA IR, b ANBEE
Ol BEBRFEHELI D IELL B EARZEINED, A
OFRARBEBEREDOHFBZ 0. COLEIF, AIEOE
BHHEETLIALNIZICETH B,

Bk, T OM ThHb, FEDOTHRIE, MiEH0.2
mme~20.0mme¢ Th» b, WED 0.4mm~0.6mm Th 3,
2.4.3 BGZHIEE
KABTHAERAECIZIHE, TN b AKBEST
bD, HANGEEEM S U REEMTH B, Tk, 4
D3 9.5mme, 16mme & 20mme, FE 3 0.5mm, 0.9mm
& 10mm Th3, 2%, 1 (Case No.H-1) idw—7
t VHETH B,

2.5 LEOHKESTH

FEDEIR L 6 iR, Efick - TR T
WARTENBZNTNES, Chbe2BEELICAIETS &
KDL Dt 5,

NETEIR - () BERE (B 224b0 (R :a),
@) FHMEEEEZLT 0 (BBR b)),
A () RFCEET S 0 (LF
BRMoEELTW3 b GiB :d),
T3 30D (5 e,

AFBFRCUIH - T, FHEHINcB I 2 A DRI E S
%&%KibT%mZm%m WRL TH B,

o DAEE, HREAMICH L KRR E 22 LT
RFFRNCER S 2 THRAL T3, AAakl% Fig. 1 iid,
2.5.1 EERRE

AFE O, AEICERIRE 2T b DK 5 IR
MG RE2 53§ D, BIZA¥S D, MENRET 2
bDbd B,

HLEDHTEHRT I, R EET 2 & obs11:, W1
CHTET 5 6 O34 fF, SEICHTET 3 800 91Ed b,
BOEVRET S 08410 3,

Bl Case No. W-8, W-15, W-18, W-26 13, 3k
DI BEVHEHF N H L - THT, BHMICEELTED,
b & 2725, %) Case No. W-1, W-2, W-4, W-
14, W-19 13, FLAMLEEBICEIEL T 5325, WA
KARBEEL TOBMETBH D, h 5380 Iz i
LT3 L &ML,

2.5.2 ZERABMRE

HAEERIRZZ LT3 & O A
HBo FLEEAEL T3 & 0h% a5, Case No. F-1 i1
ARBEFCZHEEL THh, fbo s Ottt L TE &R
WHHM LG, 14 (Case No. F-5) dFLfid, A&

1) EEHEB .

1C). (2) Wi
(8 R BEL

(5{FrF4 k) T
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(a) Copper pipe used for hot water service in Sapporo (Case No. W-1).
(b) Copper tube used for air conditioner in Tokyo (Case No. F-1).

Fig. 1 Pitting corrosion of pipe and tube.

WL s - THAITHMAEL T b,

2.5.3 BZBMEE

KD 3H O AR, BRSNS RLT > T b,
4225, Case No. H-1 @ BERUIR DA ALPRWIEL T3
»$, Case No. H-2 35 EFL b fTic sfE L, Case No.
H-3 @RI ABSEICELL T b,

2.6 ILEWMOMHEY

sl 1T A AT, (iR D Bt g E R
OEEERMEEIRL T D, COCEE, SHEORE
OIEEIT, WTROE/ICEAONBELETHY, LA
HOKELHBEL> T b,
FLEmoREDR, BBRIN T 0T, XREFC
T AR, AAMBLOEPMASHICEL 3I0ES %2
oo tie €T, XMETEMERLL TV EIHL
TRBHRETI D S 5 05, HEEERIC ARG R IRBOYEIC
WLTRECHREGEN2HELL L, LIth->T, FEDHE
DIETEISHER BB IR EEMARTH
B

A B OEAE KD 2 XRETT5 &, BB a:
12.76A, bo : 9.86A, co : 6.03A, B : 90°00” T FLHE R BAER
[CuSO. (OH)e) 2L BHBEITHHBL T3, £, |k
OB &, T b 5 —HoBEEmSBE 8T
B a0t 13.05A, be: 9.83A, co: 6.01A, B:103°22") ©
QMO » SR s b H B TS OEALERY

CxTh, BREK

OXBEITHE 2 Fig. 2 wWRT, ZoOfic, KEAAER

Y53, HEEEEREBE  (CuCO.Cu (OH).), MR
(Cu.0) BB (CuO) 2B T3 LD 5B,
BHERATE T 2 AATOEAERYOX FEITHR2E

i

= CulOH)6s O
[ E—
o ~
e —~.. &
<Q S © .
olfffz& g o
o 3 o O
S 8 Sl <1 22
- — =3 yny = 3
F - e (] =
< o0 N
IR | o S S
TR < & = S o o~
S = - =3 S
~ m Q o

1132,402)

(150, 440% )

Cuo (202)

S

7.0 A.05.55.04.54.0

.23.02‘.8 26 2.4 22212019 1.8

dlAG

o~
»

CusSO:(OH)s a.12.76A b, 9.86A /3 90700
Cut(OH )5S0 3, 13.05A b, 9.834 103722
CuCOsCulOH;

Cuz0

CuC

oDexp>o

TNEE S A 3200 01618 L 16 1.5
aiA;
Fig. 2 X-ray diffraction patterns of greenish

corrosion products on pits.
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Table 3 Composition of mounds of greenish corrosion products covering pits.
(wt. %)
Case No. Analysis* Inhibitorr | Cu | O C S |Fe | Zn | Si |Cr| P |Cl | Ca Al | Mg| Na
W—1 | EPMA None 47.2121.8] 2.3 0&1”5 4.3]7.6 4.6 0.5 0.5 0.5 |0.030.06| 0.3
W—2 ” ” 27.8 0 |05]1.0/6.0]86.9 0 |01 0
W3 ” ” 46.7]13.8 78785 3.1 0.5 0.9
w—7 | sea | gum | gg | |+ |
W-—15 ” None ” ++ A A +
W—23 | EPMA None  |44.1/13.5 9.710.1] 0 | 0 | ©
F—1 | EPMA %Eg?;ha;fe 37.4[12.5| 0.6 | 0.9(<0.1} 0 | 0 [17.1 3.4 0 | 0.1 0
H—1 ” None | 81468 2.7 197|15.4) 0 |99 0 0 |o6|59]1.2] 0
H—2 ” Phosphate |25.9|24.3| 1.2 | 0.5 |14.9 0.4] 0.5 0.1]3.4] 2.0 0
” %ﬁggggﬁf; 54.5/22.0| 8.2 | 2.4 | 1.2 0.2 1.2 0003 0]0
T oa | emosmnare fRZT (S B2 02

# LT Table 2 FRRBIICRL TdH %,

D CuSO.(OH)s ZHHL T3, Z ofiue,

*Analysis EPMA : Electron probe micro analysis

SGA
CA

. Spectrographic analysis
: Chemical analysis

gio, RERER
Yeakakt, EPMA ik X obZ2a8 LItER ok
% Table 3 /R d,
2.6.1 EEERRE
AEMOBEERAERYOSNEEZ, BBERR -0
TEONTIN DG T EHBEL,
ARBHBIED I B, BT H>OTARELOREE= 7
— e XBEYT LIz, 2 OFR, 240 iz T Cuw
SO(OH)s 2 LIC, 55, 12/HCTFEEMNRL 2 2
50
§ iz CuCO:Cu(OH)., 12 4 miz Cu.0, 3HEDH O
i CuO ZHEHL T3,
AERERY % HSHEFHH & o EPMA 544 3 &, Cu,

O, Fe, Zn, Si, §, C 4 & %% {93, Fe, Zn, Si %
i, FERERVONEBOBBRAY — LIt EN
BOTH2L5AHATEING,

2.6.2 ZRANRE

h AR SER 2 HWIML T3 0k, LEROBEE
RELERIPEEEZEE T 3BEED 5,
HLBEASHDI L, 4> TXBET2EHBL T
5%, 3ff (Case No. F-1~F-3) iz Cu,SO.(QOH): %4
HUTED, CuCO:Cu(OH). vk or Cu.O HH L T
%, fthd 14 (Case No. F-5) & CuCO,Cu(OH). % i
UTehs, CuSO(OH)s BHHIT X s o 17,
FEBEERD 2 EBRAFTUIERIE, Table3 X 3T
b5, Case No. F-1 e T3, REAEERDH» 5 Cuy,
O, Cl z&ofic, Cr 22 BMHL T3, 23, 0
BEPOSHIZEBL Tz,

2.6.3 BERREE

AEBASHONTIE, LAROBREEEAERY L

5 CusSO:(OH)s 2L T 5,

h ABBESRIGEFI 2 ML T3 2 4 (Case No. H-2,
H-3) oA AMOERAERDIZ, ETRAREOHS L FE
HEW2HEHONEEBR2EL Tv5, Table 3 itk T
Batad &z, Case No.H-3 0#4 Cu, Fe, S, Zn 73
Eofic, PR2ZIHEHLTHBLETHB,

BigEHl % ATz Case No  H-1 i, FLAMOEE
BHAERMONEBGREOR Y — v THEDATE L, FL
B2H-> COAEAERBRIBAERZEITHZL, 20
5% EPMA S¥rUT#EE, O, Fe, Si, Al Cu, C, S 7
ERBHLUITY, PREBHEL T,

2.7 ILEAOEEERY

AEPICRFERED 3 LB R B RB R o/BEIR
WEAEBRMSHE-> T h, thbs2XBEFTIETEL
T Cu.0 ZfHHT 3,

2.8 FEFLEZOfFEY

WENHOIFAATORNEY X, Bhlict - T, %,
HER (B3) BLORABEL B T EHBEBL,

NS DREYNC DO TERHL T, Table2 wiRl, &
B LcH% Table 4 R4,

2.8.1 EEERIE ;

MEONHE, KRG, RBGH3 0 EEEE2HONE
BREBENSEEL T3, ZORER, BE2HILHE,
ERFE, BBarEorr—uvhibs, X5k, 20
ECHBRORENHCHEELTO S T EBE L,

NEICEET BB 3 VBB OB X
B#Hd+5E, CilO 2102 Cu,0 & CuO 2#H T3,
TOLBOBRHBCEEEORS I HEERDA Y — 1 1,
Cu, O, Fe, Si W %2HATHEY, Bk Zn 24t &
bbb, INbDORT— L% XBETT 2 & R R
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Table 4 Composition of scales on copper pipes and tubes on the area between the pits.

(wt. %)
5 =
Case No|A721Y"| Scales | Cu | O | C | Zn | Si | Fe| Al |Mg|Ca|Mn|Na| P | S |Cr|Cl Mo Lor
‘w—1 |EPMa| x |13.4|183 7.4] 3.7| 3.7 47|15 32 6 0.05
w—2 | » | X+Y|27.8 1.0] 6.9/ 1.0 0o 01| 0 0.5
W—7 | CA | X+Y 284 2.513.6| 1.1 0.7 0.1 14.7} 9.2
W—1s| sea | x | s I R N } 1
” % yA S T B i
W—17| CA X | 6.0 39.0/12.5| 1.9} 1.2 0.2 | 0.5 {€0.1|<0.1|<0.1{<0.1 }<0.1 4.0]10.0
" p Y [19.3 13.2]13.2] 1.7/ 1.4] 0.2] 0.6 <01 t<0.1 €0.1{<0.1 {<0.1 14.210.2
F—1 |EPMA| X [31.1]23.8] 4.5 05}02 0.8 |zg 1&5 0.3/ 0.9 o
” P z |68.2]10.3]12.2 0.2] 0.4] 0.2 0.2 0.8 0.2] 0.1 0.5
F—2 | » | X+Y|24.335.3 5.2| 6.9/15.7 0.4 0.4 0
p p Zz |7.2|21.0 0.1] 0.6] 0.1 0.1 0 0.1
F—3 | SGA | X+7Y [H++H N s +
F—4 | 7 X s FR S + + ++
H—1 EPMA}X+Y 8.1]46.8] 2.7| 0 | 9.9]15.4|5.9| 1.2 0.6 0.1 L2 0
" " 7 |23.4|38.7| 4.0/ 0 | 42 81 1.4 0 © 0
H—2 | 7 X [11.1]35.2] 0.4 1.0]17.2] 2.0 3.6 0.1 0.2 06| 0
H—-3]| # x| 63.2|19.9| 1.8 0.9] 1.6 1.8/ 02| 0 | 0.9 0 1.0] 1.1 07
_ IEPMA . Electron probﬁz micro .analysis
#*Analysis {SGA @ Spectrographic analysis
IC A : Chemical analysis
X : Upper layer
*#* Gcales Y : Middle layer
Z : Under layer

[QﬁOﬁMOHﬁ]%ﬁ&?%ctﬁ&b,CmO%ﬂQh
SO(OH)s2tRiE T 5L bbb,

B K PR~ B R B B0 % BN L T 5 Case No. W-
7, W-17, W-22, W-26 & o8 W-27 o, RLE
B — o, FRBICHRERER 7 — VBB CAERLVTE
b, ZOFREGZHLBEEE (Ck0) o - TEE
wE LT3, Case No. W-7, W-17 @ = r— DT
flix Table2 #54fi, Tabled DL 5TH Y ERER L O
o2 —vicid Cu ofic Zn, Si 2E L CFATEH
b, XEEHT T Zn(0H):5i.0r H:0 2 L T 5 A
BOWE A Y — VIS REBRIE SRS K & (B R LICH
LT3 EDDDL, Zn SEEBEClinhi| s k8L
Eh-T, FNIHIEH LI Zn S U ICAIERED IR,
&g (Case No. W-8, W-12, W-15) i & o' &M
(Case No. W-5) iK1 286, BELEETIEBEEX
@R, REGERAr—ADBCLECERL T
BICTEILV, COTER, BT A& DI, HKEEK
OHMEB I LI DI, Ar— vOHERICEES T 3RTBD
Nt HEARLN S,

7

2.8.2 ZABEE

AABEORENEICIE, Cu:0 b 5/ 2 EHEESE
HEL T3, 2oLBRERE, KERE, KERERLE
DAT = UBHERL T Y, BREBRECHEEA Y — v
HWLAERL TS T EBE,

2.8.3 BZHME

h ABREN SR 2 HEHE L T 3 CaseNo. H-2, H-342, &
B CBET ARBER 2y — L0 ki, REEEZ T — L
WOTLHCERL TR D, FICE » TRABIICEE T 505
BEAT—ABHADIFTED 5,

il 2 En L Ty g uCase No. H-1id, BHEEGREED
EHBEEELTED, 20O LECEER AT — VSRR
LT3,

2.9 X ® \

L% U I EBic 81 B KBS R % Table 5 1R
¥, Table5 4y HHEIRERUKDORM 2321, MBI
TR ETHNM G E-TcbDe, HHABEMCHSNT
BHRLIL DEDD B, VWIh b, RABEHZRETHS
OB, —BiT, K1 P EEFEETHE, pH
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EREDEL DB 05~1 UEEEF LT BTN
%1y, 153, Case No. W-4, W-8, W-12, W-15, W-20, W-
23, W-27 o 23 B UBRSHC T, pHZe EORIER2ERL I,

2.9.1 EERRE ’

KHBRTOKBELOBMEREZEDNERDE > TH 5,

pPH :64~76 b %, KBTS ETROS~1EH
TAHLEREBANRANSCE, HOpHER 722N
LUTTas b0 EtBbhis,

BIAAT : 55~296pT /cm Tdh b, 20¢Fr14{4 s 1502T/
cmPl ETH B, DVBEOEJIADFEHMEY 2 111.5£T /cm
ETBRIMBAOCNE L ELLEAT, KBtk 3 HH
KA B 5 VEER L KE b, 24, Bl
BOBENKBELI2dDEBLNS, LU, BHEET
B3 ETREL,

MRy & Bz 351 T Langelier Index 23 h
ATh3, 4B, DBEHOMIKE, 1E2EAEDS DM
Langelier Index 2Bl TETH 5 DT, KEHDKES
LORIEDOVTHRBELZ LD THE CEIZEL HHELL,

A F L REKE A 4 2 (HCOs )i 8.5~52.5ppm (0.14
~0.86me/¢), 45 30.1ppm (049me/ ) Th %, T DA
W, DYEOTERIIKDREBKE 1 4> 25 0.64me/s
(B9ppm) TH B L & & LET 5 &, 155 picflL, ik
F v EFEA 4 L TR, SO 559 ~70.4ppm (019
~1.5me/¢), NifE 32.6ppm (0.68me/¢) Tah b, CI° »5
3.6~31L.3ppm (0.10~0.89me/¢), ¥i5{E 17.3ppm (0.49
me/ L) Th b, COMEDDBEINKDEHEHEIZ, SO
$s 13.9ppm (0.29me/¢), Cl- 55 8.5ppm (0.24me/¢) Tdh
50T, AOMEE SO, Clico0nTE b 2E5TH
%, HCOs 34720 4, SO, Cl B & 3FLADFE
EOBBEICBNTHETELR NS DEEAL D (),

2.9.2 ZRBWRE

KE oW #L, RERMRE ST LU THS
DRI - Td, Tbb, BEHED 142.5~1150 pT/
cm &b b E <, HCOs 13 53.7~219.6ppm &% <, ©
NI LT, SO Lo Clidte LAD L,

Case No. F-2, F-4 &5 % ¢ F-5i13, HCOs it LU T SO.*
BE o Cl 38,

2.9.3 #3TRHEE

Case No. H-1 & X ¢f H-2 14, HCO, izhH: L T SO& 8
e, BRBEnHARCEN TS0 2 2RI LIz &
BEEDE 3,

Case No. H-3 3ZHARBTOKESHEEELIL T
Bo

3. & 23

#HE DI BT, Campbell® i Typel & Typel
HEL T3,

Type 1. OfL&E, WAZHE > HBRKARECERELT
Bh, FLAMICERBEY V> v LA(CaCO,) & R R B
(CuCOsCu (OH)=) » 5 i5 2 FEOERD M LRI D L
Do TN B, AR S »0liEEEHR (Cu-00 25
KEATHWT, RcdfHeE- -6 (CuCl) 3 4ERL T3
LEWHBELTWA,

Type I OFLEE, HkZHRIBBRABTCTEELT
W, AT EEEERBEH (CuSO: (O X tf
Cu:0 % &1 BERE OERBRE D Edd-> THERL T3,
FHLENECEED Ct.0 285ATH3EE LT3,

& b Campbell iy, 74U %, 4 F¥Y A, BEA Y,
RUVF—, F5UF, Z2—-P—5 0K, Frev—sBL
B7 4250 k&R Tid Typel oFlaBR LN, =
D x—Fr, BEAY, B LIEKREEE, 1 ¥ )20
— R L X F —DO—Eic B TiE Type | OFAAR
55 EIBRTI B,

Franqué® 52, & OF A% Typel, Typel 8L ¥
Typell AL T3, Typel & Typell oFL&OEH
iz, Campbell OBELRALTH 3, Type Il oA
EAEDT ) HOBKT, REEEEOHENNE L,
Cl, SO.%, NOy oA KO THETEEL T, £
LT, Typel,I, 1 0FL AT 212 00KE% Table 6
DEHIECHFEL T AB,

Table 6 Type of pitting corrosion of copper pipes and tubes and
characteristics of water summarized by Franqué.”

Ttem Type Type 1 Type Il

pH 6.5~7.5 4~6.5 >6.5
aggr. CO: (ppm) <10 10~50 <10
Total hardness (ppm as CaCQs) >215 (80%)* 0~143 <143 (90%)*
Carbonate hardness,~Total hardness >0.5 (85%)* >0.25 (70%)* >0.6 (90%)*
Chloride ion (ppm) 10~100 <60 10~30
Sulfate ion (ppm) 30~200 C-W- 30710077 <30

H.W. 10~100%**

Nitrate ion (ppm) <50 5~80 <15

* Valid for percentage indicated
** For cold water
#+* For hot water
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Mattsson® 5id, 27 = —F BT AREOFLEITD
WT, KELEROLI ZHEXEHZCEE2HD T B,
(1) pPH2E T & (7HT), REBAKEA F 2 (HCO 3 28
=100mg/tTah b, HLE0mg/tTH B &, () THEE
4% (80570 55 20~70mg/f ThHs T &, BL ()
MiEMBETHE L &,

3T, AP BT 3HEOARICDOTEELTAHL I,
Table 7 AT 1T 2 EEHAYE, HHEAHES L O#
THWAEOILAN O T, ZhZIKE OB E T &
HTHELILIOTH S, 7, KRB 3HLAHB6D
56, BBl LD RERMRECLACDNT, ZOH
NEHEHTNES2EDE ST B,

EEAFAEOIARK2E ¢ ) ASBcldBEtoss
HERWBEEDY E2s- TELTVE, 2) Z2085F0E0HEEA
AR IR BS (CuSO.(OH)dd 28T, 3) LA
LA ORE SIS, BRCESETIBRBOREREZRL,
OEEER Cu.0 & CuO 25, 4) BEOKED EI
WIFEOROGRERD (ERERREAT &) PBEOH
HubonrfEMEEZEL ThE, b5 HHINIIK
i, EKZPHOIZEAKTHY, VTR KTH 5,

351, BROEKIZIZEAEDHENKIZLSE BDTH
25, Table 7 A Aic Uiz BAONEHEIIK DK
B &, N7 EERAEOKEOEE & &It
N, P¥OBBELBERBIYLLENTEL, TbbL,
EE D ~5) wo3nT, 6) FLARAEL Kk, HCO
B, SOFECIME W, 7) AF A3 Table6 ity
ZaEwiEAdE, Type | KBS 280EH56N03%,

THEARES L OB ARE O AL Tk, BE
AFEOMERLY, WoLRBHMBTEET2, $4bb,
PP 5T IZBAEERIE UT b ABRIE S ik s o A 8RR +
DABEZBNTED, 2Le->TIEROXOEEN 3,
D fLERE2E-> CosMEDIE, BEEHEBCH- TR
BEAZELTHRIOREL, BRI REREBEZERELT
V"B, 2) IS OREBEY ORI, b hEED DA (P)

B aNG, 3) KEWBEL T, BHH»EE MY
OFWE L b RMed v 59, 20RO HES L
{, = 20EHMAERL T3 EREDALL, 4) 351
KEWR2NT, BERRECENTALNIICE, T4b
L EmIIAK b U T, HCO: 3472 <4, SO2 & Cl s
L EiEAHsNT, LA HCO:,S0.2, Cl miEstthic
BSU TIZSEHRANZKICE N § O E N, 5) KA By
Fle LT, WABBEIIE, o 2B8E+ b ABERSK »
BOTH3 0M¥E 0 (8fIH 54), 2L TREE A
WHNT &Iy v AR SHERIOERAR TOL AR SN
TR,

UEOHH»S, Db MBABe B TREBRL TR
WEOWKICL BFRITIE, ZHoD0WBH BT EBDdo
7, FD—2id, EERMABL{CHERHRECA LN
72k 5 mFAHRE OBEICS N TEL TV T &5
EALNDIBEHNTH 3, MMSEHARSOATHRSG 2 &
THLNI L e, BEKIZ DT 5 HE DB %2 RN
U608, MA Sh T38RI HEE— b A B
HElI—AHbh, ZORBEREOREER2E S LT HER
TEUVEFTH 5,

IR A NIz E S, AFY R, BEEA v EDS
T RaNT3 Type]l BT 3b0EALLTIN
ThsH, ARMOEFlic k> THERBETIIEE, 2¥DLdic
G5, TabL, ABBHREGAEECE AL, AT
HENMBHEL ) 22 8EERDTEDLTEH, ZoK
HIZWAKTH b, BN EKITHU TRBKEA 4 B
J (HCO: izt % SO 2 Cl" 0 B&H D10,

415, Type [ OFLADRKER L OHETOBMIC T
&, Mattsson® i Xk b, HCO, JaE 1wt LT SO2& o
BHBRTH-70E &, REEEOEEERBRAZEOER
b T, BREDS 3 HEMHEBERKOERSE b
SBLDTHBEDHEIBZINT VD, LT, 20n%
HEHEUILEZE CORBEBH 50, »wihd—oDE
ABRUICEETH D, SBFERL SIS LT RS

Table 7 Comparison of data on analysis of water in which copper

pipes and tubes were corroded by pitting.

Air conditioner

Heat exchanger

Reference ; Japanese

Ttem 1 Copper water pipes copper tubes copper tubes rivers in average?
Number inspected ' 28 5 3
pH ] 6.4 ~ 7.6 7.4 ~ 9.1 6.5 ~ 8.0
Conductivity (/zfj‘/cm)‘ 55 ~ 296 142.5 ~ 1150 102.5 ~ 800 111.5
HCOs (ppm) 8.5~52.5 (30.1) 53.7 ~ 219.6 6.1 ~ 52.5 39.0
(me/¢) 0.14~0.86 (0.49) 0.91 ~ 3.6 0.10 ~ 0.85 0.64
SO% (ppm) 9~70.4 (32.6) 8.4 ~ 41.0 33.7 ~ 300 13.9
(me/{) 0.19~1.5 (0.68) 0.17 ~ 0.85 0.70 ~ 6.24 0.29
Crr (ppm) 3.6~31.3 (17.3) 7.6 ~ 25.5 4.1 ~ 170 8.5
(me/¢) 0.10~0.89 (0.49) 0.21 ~ 0.72 0.12 ~ 1.97 0.24
None for 23 cases, Phoshpate or phos- Phosphate or phos-
Inhibit di licate f phate + chromate hat h £
nhibitor sodium silicate for for 3 cases, nitrite phate+-chromate for
5 cases for 1 case 2 cases
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BLLTW38DEEA D,

BEICH- T, HEHAELTOHABIALECELT
HE@Hx2s L EMBEDNS, i, Bl LT
b ABEOEEESEEIN TV %, Haase® i khid,
h ABRERE GEL TROBEOBLE G - HIOAR
i 7Cu0 - CuPO,) 2L, Tl b R& LIEME
BPHTIILDIBASETZEINT VS, AHOFHER
Reahid, FLEAM2ES FREDEAERM» LKL IR
BohA(P)BHHENTVE, oL Lid, HioRMK
EFBETE DT,

—fRHKBTHEA I N T MRS ORmE, MELE
EHLUTREED Cu.O Elid b, ZoLBRZEER
HERBBEADPE > T 5, HEAMRBRGBREMNIL,
LELIEH D TR L, KDL CREBRZET 2 C &2
Ve —7F, SEBKPTHERA A, HEA L, F2idh
ABBA A EEBRIGLT, ZNETNREHOEZ2ED,
CNBERmECAET S, b OEFEEHFcL > T
IKDRTEE aMd BB, CoLsx, wIFho
BB TH M, HEE LYABERERTZTHA 5,
rEAE, WMEOCHEAPIECARINLSELY ORETO
bE&T, TRORIGZETBZLEBEALLINTL S,

CusS0.(0OH) s +2H.0—4Cu(OH).+H.SO.

Cu:(OH)sCl+H.0— 2Cu(OH).+HCI

2Cu:0 -CuPO; +3H:0—3Cu-0 +2H,PO.
cor &y, HCOS R (&) whL T, ok 14>
B GER) PRk VExERR, ABERPETE—~D0D%
HeH52530DEBAILLEDBTELI,

ZDEBREALTLNE, EhkELUTHEDE KRS
ALTHIZicd b s, flAZEUAHET OH,
Case No. W-8, W-12, W-15 § BE /Ly — 2 TRV E S
iw#z oz, Case No. W-8 W-12, W-15 21T, 7K
i3 BEER  55~6520 /cm, SO : 9.8~10.1ppm, Cl":
36~4.6ppm &KLy, TS OEHIcE T, BREICE
BEOH B + BSEHOER R 2 6 T bR R
BE ORI PITREBEL TOAICEBX P12, DL
it HCO, OBEMSENCEEHMBEL TV EDTHS
5, Tiebb, Keie HCOs 934k ds- 72 C & SR
ORI SO TR 2R U, Z Ok
LT, MELHBSFEELTOERA >, SO& 2 Cl o
ERZ2ZURTL, ARDOFEEZHNCIDEEZABLL
EBTEBRIHIlEbNG,

ok, AAORERFA—-OKEFBEL TH2REICHH
THEFELTOBRDITTRIBLTEL, LA, FLAFREE
O BEBBDHFICET 2, cOZEDH, KEED
BERE LU TARTEHEI N ERS Z BT A% RE
2 bOTRE L, BARKMES EARBEIUNOEN & HR
STHABHESZEFULDTEIDEEALLNS, 1L A
¥, Case No. W-27 iz T, E—DKZHEHL TS
i bbb oTHBBRMCI DAEVBREL TS DL

EFHTROLOMND Y, FLAVFHAEL T 3R ET
B e, KBNWETCM# SN, BERECBNTEN
DBETTEL2FL2BBLTVWELETHDE, COLE
W, KEDHTLE CBKREBIAFREOERLTERTSH
BLERRELTHE OEEDbNE, TR HDEIZDN
T, SESBRORIAVBETHS 5,

4. © 9 U

wAkZHOCTOAEREOMTR, 836 AR
TELEDBDL, COHADERK 2%, 6OFEHITE &
SNTHREZPMATER, ROXIuFERE2HET,

EEREEDLEICDNT :

1 28fE0FBEEHAD S B,
HECBITELDTH B,

2) HAREARERDOREMCELDN TS, LB
BHERD P 5, BEEOEEERBRAISHHBINL TS,
3) LARCRFRREOHMFIR Cu.0 B> T3,

4) FEHEBRELEELTCLO»BHY, ZoLBE
R R B 7 Ofthofi Rk d 3 VW IBIEE Rtk

BHBBHBEND,

5) Kid#AkThHb, pHR7UTWEAdINT) T
HollEHrbNb,

6) JKOE#E LT, BAEOMIKO—MEIILL T,
HCO; izxi4 5 SO & Cl oletsg - 12,

IR B L O REE ORI OV T

7 S8{EDFAHEHAS i, BEBOLA(P)2E8LH
AEFPCHEDNIAARSBA LN T3, T b6DARK
DN, BASERIE LT O ABRERHA L T 3 SbsdhE
LT3,

PEDX > n@EER» S, DYFECBOTREBRINT
HEOFREEBELT, DX¥0X51EALL,

K@ HCO: BERHL T, ZhichbiE A x &
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Al-Zn-Mg & & PHEHEN 213 U o & 9 2 IfSisne
IR eNTIN D
PRIULTINCEMBHILATIEY,
RHANBSE I L TR AR,

K Al-Zn-Mg & &5 AR I 0 v 2 By 2
T & DR RZE

K OB OB k% b IE g
E 5 e 7[{&****?@ # ¥ ?****

Structural Change in Edge of Commercial
Al-Zn-Mg Alloy Thick Plate Caused by
Weld Heat Input

by Masao Mizuno, Masao Kikuchi, Yoshio Baba
and Toshiyasu Fukui

A study was made on structural change in plate edges of bead-on-plate 'weld, three-pieces
joint (deformed cruciform) fillet weld, and T-joint fillet weld in a commercial Al-Zn-Mg alloy
caused by weld heat input. Structure of heat-affected zone was unsymmetric in both sides of
weld bead closed to plate edge.

The structure of plate edge was affected by distance from bead center to plate edge (L), plate
thickness (T), temper of base metal, joint design and welding conditions. Re-solutioning of 7’
precipitates occurred in the plate edge by weld heat input, when plate edge was closed to weld
bead (for instance L/T <C1 in thickplate, L/7 <2 in middle thick plate). The difference of the
structure in heat-affected zone between T6 and T7-treated plates was negligible. When plate edge
was slightly separated from weld bead (for instance L/T=1~ 2 in thick plate, L/T=2~ 35 in
middle thick plate), various structural changes such as partial re-solutioning of 7’ phase, reversion
of G.P. zones, growth of ' phase or its transformation to » phase occurred, which depended on
L/T and temper, and resulted in a difference of the structure in heat-affected zone between T6
and T7-treated plates. The width of heat-affected zone in T7-treated plate differed from that of
T6-treated one. Little change was observed in structure, when plate edge was considerably
separated from weld bead (for instance L/7 ™2 in thick plate, L/7 >3.5 in middle thick plate).

1. ¥ El AR 2185 FAMT, EMOALZnMg 6% £~ |
cF e T — bR LT AREEL ORI T

) DO OEMELZ2H~NIIEDOTH B,
25, 1T Al
D DEGS

o oPIEBH ST

T D Fr & B

2. BEMBLURERAE

B2,

TO& DS ARING E T AREREL MO,
e — FIIEBUIREME T EL R0, coflho
BFIRE LT, BRI & s & 2 Ml
EWEBALNDZH, TN LHOEIBL TEAEM RN

N ONTTHEE S E D <, RPELEBZ L,

ARG BHEIC BT 3 N 5 OMEA 2R T 3 L TD

g

Ji, 26 (1976), 564 ITHEE
HEEUE o TR TR
R .

G HTITAY,

GEHT » RN

2.1 #EM

HEE B 0 JIS- ATNOL 60 T4 (465°C x 1hr 754
{LALBE R %, #20Cike k33 1 4 B o AR,
T6 (465°C x 1hr {A{LALEE « Hflze ek, 100C x 3hr F
frikezl, 150°C x 10hr BEEE L)) 3 & vT7 (465C x 1hr
A (LALE - Bl %, 100°C x 3hr FES%), 175°C x
Shr BB UKD MBI U 7R 8, 20 35X ¢ 32mmd &
Thb, 5%, &Hm&%QWMM&bTA%%mw%
FloTed, CTRRATORERSENATH 3, Hindtic
JIS-A5356 WY-1.6 35Xk ¥ 24mme % i 7z, a:z;;;mg:m
B L NIEI oSy % Table 1 1R,
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Table 1 Chemical compositions of test materials.

Chemical compositions (%)
Materials Remarks
Cu Fe Si Mg Mn Zn Cr Ti Zr
Base metal 0.15 0.19 0.05 1.7 0.39 4.2 0.16 0.07 0.16 ATNOL
Filler metal | <0.01 | 0.11 0.03 5.0 0.11 0.01 0.09 0.10 — 5356 WY

2.2 RBRAEH

R MIG Bl s L o HBEETIER LI, £
B#, 20mmiEoT6 % & o T7H %2 v, & b 15,25
B 3bmm WIS VEERILD, FRENEELML
(15,000 joule/cm) ICTE— Fed e L — MABELIZ,
CHRBIE L b &~ Pl F TOREE (L) & Bl (Do
HigceRTEZNZENL/T=075 1266 L 1758753,
Kiz20% & o 32mm H o T6 M % vy, Fig. Lic/R4 & 5
RERAFTARABI O THTAREBEE 2T -1, CC

A) . Bead-on-plate weld

\(7/ W.C. : 300 A
- AV. 125V
W.S. : 30cpm
B). Three-piece joint filet weld
D e g
AV Y4 W.C. : 310A
1 AV. @33V
WS. : 60cpm
2 passes
e
C). T-joint fillet weld
W.C. : 300A
AV. .28V
W.S. : 40cpm
)
-

Fig. 1 Joint design and welding conditions. Location

investigated is shown by arrow.

TEETFTAHRCTE L/T=0, TEHTARABETKL/T
=11Tdh s, 5 8mm D T7# % THT APHHE
BeRfTlo -0, COR, BEOBMIEL MRS ComR
BE (L) % 10, 15,20, 25 % X ¢ 30mm & Uiz, L/T=1.25,
1.88,2.50,3.13 3% * 3.75 Tdh 3,

REE 7 ok, W&, EREYE, XH/DAEEY

BdOEBETHEMEERC L > T, BRI

WmE (Fig. 1 iR REE) OMBEic 20Tk -
o w7 uifkomtiicid Tk (HNO-+HCD % i,

Wi, Wrfs & OBME 2 € v 7 — 2B EEE (GkgHiE)
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Fig. 13 Small angle X-ray scattering intensity of T-joint
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Table 2 Structural change at plate edge caused by weld heat input.
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Joining Aluminum to Mild Steel by Resistance

Spot Welding

by

Toshiyasu Fukui and Yoshihiko Sugiyama

A study has been made on the resistance spot welding of Aluminum (A5052) to mild steel
(8541) by using stainless steel (SUS27)—aluminum (A1050) clad sheet as transition piece.

The results obtained in this experiment were summarized as follows.

1). It was possible to join aluminum alloy to mild steel by resistance spot welding using transition

piece of SUS-AIl clad sheet in principle.

2). On welding A5052 to SUS-Al clad sheets and SS41 to SUS-AIl clad sheets, a nugget was
formed at the contact surface of A5052 and A1050 in SUS-Al clad and at that of $SS41 and
SUS27 in SUS-AI clad respectively, though two nuggets were formed at both sides of SUS-Al
clad interface on welding these three pieces (SS41—SUS-Al-clad—A5052).

3). Mechanical properties such as tensile shear and cruciform tensile strengths of spot welds
were comparatively excellent in all combinations of SUS-Al-clad—A5052, SS41—SUS-Al-clad

and SS41—SUS-Al-clad—A5052.

4). No alloying layer was oberved in an interface of SUS27—A1070 clad, unless welding condi-

tions were extremely excessive.
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v AR —AL050 7 v 2 = ¥ AR (L7Tmm) [Ty 5 v F
(BT SUS-Al-clad &39) T3, T SUS-Al-
cladid b o 2val s E—2L UTHWAEDT, 75
v FIEZES 400C x 1hr OBILER 2 fi5L T %, SUS-Al-
clad © SUS27 i 02mm, Al1050 & 1.5mm Tah b, <
5 DRI © — VBT 20~23 (kg/25mm rf1) T
H127, ’
2.2 REFH
BT 28w A Fig. 1 R4 38 b oMl e 8 TFF
%71,
(@ SUS-Al-clad—A5052 (# 3 » K ®AL050 filic A5052
RERD)
by SS41—SUS-Al.clad (# 5 » F SUS27 fiilic SS41
ZERL)
() SS41—SUS-Al-clad—A5052 (# 5 » o SUS27 {l
iz SS41, A1050 fliz A5052 % 3)
ks, i oiz o SS41 i & # nF 4 A1100, A5052
T2 LRDEEEA AR Y SRS INAT
PR3 ERS A R S00KVA o= fEMHt 28 v e
Hamiwv Fig. 2 WRTv— 2 20 ATk - 10, BfEE
PP X b e oA oM eI b L 4k
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SUS-Al clad

A5052
(a) SUS - Al - clad-A5052 ( .

SS 41

SUS-Al clad
(b} SS41-SUS - Al - clad

SS 41

P~ sus-al clad

l J

A 5052

(¢ ) SS41-SUS - Al - clad-A5052

Fig. 1 Combination of test materials.

Forge pressure

current

Welding

!
|
!
!
i
1
|
!
|
1
I
|
|

1
]
]
]
I
|
!
i
1
I
|
j

| I | |
Squeeze time Weld L Decay time Hold time

delay Heat time
Cool time

Fig. 2 Welding sequence used in this experiment.
(Three-Phase Convertor Resistance Spot

Welding Equipment).

2 BE L RO TITE -1,

welding current : 42,000~60,000A
squeeze time 1 25 e

heat time 1 2~5 5

decay time Y S

cool time 12~3 =

hold time ;40 ~ 60 ~

forge pressure : 800 ~ 1,000kg/cm?

M Fig. 3 wRd IR, +olREH L 3 =
Ay bR OB E OB LRSS, EPMA
T & BRI ORI E I DT - T,

3. R B B B

F e, Al100 % & o AS052 7uu t = v AfRE SS41
B 2 TR 28y b BB LT, ISR 42,000 ~
48,000A TH 3, C OWiHEHEAIRN 2 Fig. 4 1WRT, T
NIXbBEL»ITE <, SS41-A1100 % & ¢ SS41-A5052
OWTNOHMERICHNT S, BERRIKEVEF Y
A&V, UL, WINogEsBiirr iy A

120

215

A) Tensile shear test

150

B) Cruciform tensile test

Fig. 3 Shape and size of tensile shear and cruciform

tensile test specimens.

S$541
48,000A
- A1100
S541 46,000A
A1100
SS541
44,000A
A5052
4
sS4 42,000A
A5052

Fig. 4 Macro-photograph in cross-section of direct
spot weld of A1100 and A5052 aluminum to
SS41 mild steel. (X10% %)

HTCOAELTE D, HEEMAIZBERL THEY, 7205,
FECEm Uo7 ov 2 oy saiREicEE I NI L H
W AEL T3,
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Ay VBRI BT I =y L RO BS

)

e, SUS-Al-clad 2 vy, DR 5oL are B
2 & AB052 & % ik SS41 iffL A A v MIEEE, IO
S§841—SUS-Al-clad—A5052 0= & FBEE 2178 - 12,
S TR 51,000~60,000A Tdh %, T OWFHESRW %2
Fig. 5 w9, 9, SUS-Al-clad& A5052 #EH T,

SUS-Alclad

60,000A
A5052

§541
51,000A
SUS-Alclad
5541
SUS-Alclad
60,000A
A5052

Fig. 5 Macro-photograph in cross-section of spot
weld using transition piece of SUS-Al clad
sheet. (x9x1%)

AB0S2E 75w KD AWT0 T 7y FMERIN, 75w
F o SUS27 213 & A EHERIL T, (X5, SUS:
Al-clad & SS41 OFE&TIESS4L & 75 » F SUS27T ¢
F&y FBEREINT VS, LdL, 739 RO AL0B0%
R L T b, i d o SUS-Al-clad—A5052,
5S41—SUS-Al-clad ow¢FhoEa s, SUS27 & A1050
DT Ty FERZIEE A EBREDE N,

SS41—SUS- Al-clad—A5052 =% FIKpe A ¢ SS41
V5w N SUS2T T—D7 &y b MERS N, [k
W AB052 & 75w Fop A1050 T & 5 4w F BERENT
Wi, TbDE, SUS-Al-cladoAESEROTMIIT 7 v
FATERRE N, 3OoORAVBESENTVE, TOBR,
WA D+ 7 o ME/h & &, SUS-Al-cladFEESER £ T
LTV, ZFrizogsflloFsy b kil
SUS-Al-cladp/F#EBEHRETHL TV 5, UL, 75y
o> A1050 ASpAs L T &, SUS27 & A1050 &, EHRT
WY,

Table 1 12 &L A5 OIS 2 A v B OB 5

BRI S 10D A K » bR DERR, Buhis & o
HTRLTH D, T T =9 L& WMBHEBEARy I
U 12 SS41—A1100 #3 & o8 SS41—A5052 ¢ &, G uiis|
R snzgh 262 & x302kg/spot T, /N5 v FH
ENZEN163 kot 202% T, BRI 2 kT EEE
Thr, chicwl, SUS-Al-clad? r5 2> a0 &
—~ A&l ’CJ':Il]l,ST: SUS:Al-clad—A5052 % & ¢ SS41—
SUS-Al-clad Ti&, Zh %, 485 &5k r 521kg/spot ®
HMBIERSMBE LN, N UL FNFNIB2 L

Table 1 Results of tensile shear and cruciform tensile
tests of spot welds in various combinations.

Tests Combination Strength* Scattering™*
of materials (kg/spot) (%
5541 280 240
! - 15.3
A1100 260
S541 326 265
| —— 20.2
A5052 302
) SUS~AII clad 505 441 15.2
Tensile A5052 185 .
shear test
5841 544 482
| — 11.9
SUS-Al clad 521
4
SS‘l 388 342
SUS-P?I clad — 12.7
A5052 363
SS41
i | 315 273
Cruciform | qyg Al clad | oo = 14.6
tensile test | 288
AS5052
* Max. Min. ** Max. —Min. o
A —Ave x100 (%)

119%Cah b, WFEHEBRIFECRET, »2O%EEL T
%, SS41—SUS-Al-clad—A5052 O=& Rk 2 4 v b &
BTk, BUNE BB X 13363kg/spot, N T v 2 i312.7%
Thbh, SS41—-AS020EEEZA AN » FEB LI DI bilk
FHBEBEN T B,

WY, COZEREE 2K N IEEMO-FED | ERS
12, ZOWMEIRRS X b U BN, 288kg/spot D
2RL, ARBMBEOREO+FI|EMI &L TRERN
1 OThb, NSVFRLNILLEFTH D,

CmX3ic SUS-Al-clad 2r 3Py v ¥—2d
ULTHWRCEwED, 7t = v o & WO 2 # o
MBI X AEEIETDCATRETH b, F70E OTFEEEE
L HhEN TS,

Fig. 6 iz SS41—A1100 5 X ¢ SS41—A5052 i 2 % &
v+ ISR OBINTE R B O BIRTIRIR 2R ¥, SS41-A
1100 T HKH 5 AL1100 i 5% » b A O R &
5o T BM(—HE, BEEBAEE L b)), SS41—A5052

A1100 5541
innzr side

outer side

A5052 8541

inner sido

outer side

I R G
Fig. 6 Fracture mode of tensile shear test specimen
of direct spot weld of A1100 and AS5052 alumi-
num to SS41 mild steel.
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Tid, RTHESERRTCOBRTTH - 10,

Fig. 7 12 SUS-Alcladpbr50v a2 =2 %
WIS TH B, SUS-Al-clad—A5052 =it A5052 i,
S$S41—SUS-Al-clad T 7 5 » Ffl& X ot SS41—SUS-
Al-clad—A5052 Tz AS052 I THMF L, s +5 v
N R DRI T d - T2

SUS-Al clad

A5052

inner side

outer side

inner side

outer side

SS41 (SUS-Al clad)

St

inner side

outer side

Fig. 7 Fracture mode of tensile shear test specimen

of spot weld using transition piece of SUS-Al
clad sheet.

Fig. 8 i3 SS41—SUS-Al-clad-—A5052 Ol & & D1
BURRE T OWMERI TH 5, INI VPSS HTEL,
W AS052 [ THEL, 7y FBUOBMBENTS %,
COIHTFI ey P—2RHOEE, Bk
BB L OFFEIEONTICENT S, Bl r v A
SOEMTHEDL, ZORRELT, CAMBNNTY FEE/N
CULThaEEEHEESN S,

ELATTN =Y A ERBOERETE, ZOBRGHEA
B D B RESHBEE 55, £ L THE

BT 2N ZNoBEERRc >0 TIHEL
A8052 5541

inner side

outer side

Fig. 8 Fracture mode of cruciform tensile test speci-
men of spot weld using transition piece of
SUS-Al clad sheet.

Fig. 9 13 SS41—A1100 # X of SS41—A5052 D £ =
Hy b REROEAER B X o SS41—-SUS-Al-clad—A
5052 @ 2Ky kIEERIC I 5 SUS27—A1050 7 5 » |
BARAOMMERT. chbs0BBA TR, WINoBHED
TAT T AMUE TS P BERUBELTO 3, Zhic
HUMRIBEBL Toawv, £72, CnbOBaRATIR
ASROTMIEEAERD 5RLL,

5§41

46,000A

5541

42,000A
A5052

SUS 27 in
SUS-Al clad
6
AT050 in 0,0004
SUS-Al clad

Fig. 9 Micro-photograph in cross-section of spot

weld in various combinations. (X100X3%)

Fig. 10 & SUS-Al-clad ®o =z # o MEBEHVBHIO
SUS27—A1050 FEE R E s D Feds & o8 Al ORI %
EPMA TH~IIERERT, chE b CE{, C
DEFHERTIE Fe-Al OASBOEBRIEED S,
(Fexdk ot Al © X#RENEFER CEHCELE T,
ETFOBx2RL TS0, EPMA Ov—4+44 X%
X ORI OF + - P HRERL LB BDTH3,)

X-ray intensity of Fe Ka and Al Ka.

Fig. 10 Distribution of Al and Fe at interface of
as-rolled A1050-SUS27 clad sheet.
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Fig. 11 12 ¢ @ SUS-Al-clad %Hilniz LT, % Ol
WCAL100 35 & 8 SS41 2 Fh, ZHEBA L, MEEBELR
Krp SUS27-A1050 7 5 o FEERTOE/AZRLIZS DT
bhHo CHEANy FEFENTDH 2D, SUS27T kot A
1050 oWFROMT L IERIS (+4 v 1) BEFERE T
FLTWEWEEH %, Fig. 10 &gl e b o
X, 2Ry MABEL T EERRCESHOERRZED
LN, 2Ry AT BT AMHBELREL THL

e

X-ray intensity of Fe Ka and Al Ka.

Fig. 11 Distribution of Al and Fe at interface of
A1050-SUS27 clad sheet after spot welding.
No nugget was formed in A1050 closed to
clad interface.

Fig. 12 3@ o3k T, AL050 fliOEEE(F4 v 1)
A3SUS27 & OEFEEFRICETEL T 380 EPMADK
BTdhr, TCT, zone  3SS41-SUS27{ D + 4 » I,
zone ]| 13 SUS27T @ JEMERIES (4 » b AL ¥4 ¢f zone]]
i3 A1050-A1100 o >4 » b ¥BTH B, Th X DL 2
T &L, SUS27-A1050 Eseft Fig. 11 @R, £<%
fois < TuikEE (Fig. 10) 2 RUTH 3,

X-ray intensity of Fe Ka and Al Ka.

Fig. 12 Distribution of Al and Fe at interface of
A1050-SUS27 clad sheet after spot welding.
A nugget was formed in Al050 closed to
clad interface.

b o Fig 9 iR 1 7 oflfk ko Fig. 10~12

iRd EPMA Of8HE L b, F52v e E— 2T

@ SUS27-A1050 SR Ti2, 24w MABELTH S84
BOERIBEEAEEL TR T ENDD S,

4. & £

Tz A LBEOBEEREL T, EREMCRETS
HREDflic e 0BRSS (Rl BER NI, o
REDTHE, 73294 L IEROBENESEE
ULTROEDHEUL I OMBEL, CRETI Ry 740
PRIV F TR E OB REL TH 3 EEM
Zi, U UEE, BRI 7o e oo a VEREYD, @
BRI E2 5 U248y MEE (FE)IBESN
TEY, SHOBRBEHFEI LT3,

KETHRRIZF S0PV ar e P25l BECRE
OEFTL A F v b IEBERER, R0 2 FoRE (AfESR)
PEHEEATZ 28y MVEBEIVOCHBTH D, TS
BLBEET BN, (FEESBEICECECIEDOSOT
B2, ULLLoFIRBLTIE, ERAETOZENRFhLO
BAECEUEADOLRL2SBEL L & 5,

W iZ 5, PEBERYIcIE Table 1 1R & < JElticEesE
UTWd, BEETIR TN =9 LDEH A H o B
Bo 288 (JIS-Z2-3612) T, MEBEOHED { 0ic-on
THgs5& Table2 & i3, Tbb, B0

Table 2 Tensile shear strength of spot welds using
transition piece of SUS-Al clad sheet comp-
aring with JIS Z 3612.

Tensile shear strength
(kg/spot)

JIS spec. |14~20kg/mm?| 215 (Min), 270 (Min. Ave)
(1.42mm)

Materials

20~39kg/mm?| 234 (Min), 292 (Min. Ave)

S541--A5052 265~326 (302)

SUS-Al clad—A5052 441~505 (485)

S5841--SUS-Al clad—A5052

342~388 (363)

FIEM & A5 14~20kg/mm® i35 & (820~39kg/ mm*l o
T ZULAGRICERINARECHRHIET AL, SHD
SUS-Al-clad® fji 7o 7 v & = o 4 (A5052) & #1060 (SS41)
D ZAFy M IEERETIRNNRR T ORAR S B X RN
VS GHRSEEFSREBE LTV 3,

COMBBETR MY, SS41-A5052 OEBEA KR v A
M b BB E U T 328, Tablel iRz ¢k <,
SUS-Al-clado s> s e ¥—22HT Db
NSy FENKE L, b Fig. 6 wRLizToE L, BE
BRI T, MEFEEROBRERICR T 2ENH 5, O
ERBE-HEOERSETE T, MELEESEBTRN
W, COEMALS AT TRL L,

SUS-Alclad %2+ 520 g el —2E ULTHOI
Bfr, REREMRELEN, boREL T3 0 Fig. 9~12
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WRTCEL, 20735y FEBEBEATCHRB L&BRALE
MeREAEERLTELY, FR2AXy FBELTHK
BUTOWRWIDTH B, Lhid, BEEEBSHEYTCHN
WHEAE (757 b)) OBRREHB b TEHL L &l
RAUT3EEbNsg, LU 5, @R HEEH
BB RSSETR) T8y FNEET 5 &, Fig 13

SUS27 in
SUS-Al clad

A1050 in
SUS-Al clad

SUS27 in
SUS-Al clad

A1050 in
SUS-Al clad %

SUS27 in
SUS-Al clad

A1050 in
SUS-Al clad

Fig. 13 Micro-photograph in cross-section of spot
weld made under excessive welding condi-
tions using transition piece of SUS-Al clad
sheet. (X100x%%)

KRTCEE, DTOPOFEBOIEK, SUS27OREMHER
@5mu#v574®%mc& FEEERTOERMNISE
BELRLE DD, T, PIPiare V- 2%
AVagEaTs, s OB L TIOEIE L ERERT

OBEEPEOOTEETH %,
Itd, RERCERERBROEREZHRIDLE LTS

W, SUS-27 & 70229 LDI Ty Fite LTI, B
EOBAEADATIE, SS4l L EDWMPFAE TV T 2T LD
So FMPRNTE IV, IHIIZSy P 2HE

Hi4mos o (SUS/Al=0.2/1.5) ME#EE ZR 5 L0,
KEEE2EBLT A/ NS DEIRDWT § 2
RBREBREE L X S,

i

5. #&

AEBRICIDBONIHERZPENTAERDCELTH
3,

. SUSSAIFFIEZ S o FMfR PSP a e E— 2K
LTHWVWBCEIRE Y, 7ot ow s kRO 2
Ry MEBR I ABERETOARETH 3,

2). SUS-Al 255 Fp Al fllic7 v i =9 &% ERT
BETsE, ALICTOA 75 v P MERE N3, SUS-Al
72y RO SUS [ic il 2 Bh TAEET 5 £ SUS ¢ ik
SETr sy bR EN, IS0 FO AL il § R
ANTIERL T b, Lo IEH, E—SUS-Al 75 5 F—
T oo LRFBEET2ESUS-Al Y5 FIER 2
LT, fiflic2 2075y rERIN S,

3). SUS-Al 735y F—7b & =9 4, WEH—SUS-Al »
T K, BMIE—SUS-Al 75 o F—70 3 29 4D TH
OBE VTR RITT, »2HEEL TV,

4). BB KSR 2 ER U LR Y, SUS-AL &

5y FEFICESEOERIZ L O,
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Application of Operational Amplifiers
for Corrosion Study

by Zen-ichi Tanabe and Hiroshi lkeda

1. & A M &

HARPE B TESAENNE EHREMN 2B
L) BRARBBEHTH 5D, MEZOBEERRT
BIFEMSR L » B N o T, FOHEBD O & DiT,
FNOHEEBESEAMCBESEMOBERBERTH 312
», BEWCHET S0P WEIETIEBRBETH- 2L
EMHTENL D, 7o rHEEDY L REL I HA R
88 (Operational Amplifier ; IFOP 7 > 7 & ET) 3
ERBEROOES>TH Y, BIEOLENE & VR
BREbOHTREFT, RBLHRCHEHATE28DTH S,

BEAEONFIBIZ0P 7 > 7OiGHE, 1963ED
RO LY RREMCEHA BN T E I, HE, OP7
VIWNE D — L INTTEBRET & U T LB ER I A
FTEBRI L ick bEHITERL, WA
sl B A TNIEHER OEBEESY, OP 7 > 7 2 BRE
FETAUREEL2HOIERSER @b aNn3
B N [T/t f

AETIE, ZNHWHUE S LWL 2 DOHEEE 2
ERITEIEL, EREEREL R TRL I,

2. ¥

21 OP7 L 7Eld
OP7 ik, BIEMAT s OBEXTIRSI N TH D,
FREFNIE OEHEE > T3, —Ricko & 5 ik
H2HTI2ERBERTH 5.

(1) RSN EDbOTREN,
(@) HWELHIE,
@) AJIA v E—F U 2ADE N,
(4) W4 =2 2 HEn,
B) FUZE, 24 ZHBPE.
T, WEELEDDTRTH B3 DI, —BicEE

X

RIS

1
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ZOizwiT, BaDA v ¥— & 2AE8HITE LT S EER
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FR/FOWERE L TRaNG, 272, #ofeBiz® 2
RTE D43 20BiIkBlansd, 2-a) FEATIRDAA
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OP7 7Dy Hi=—2

® 1
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2-DYRIE AT DA AT DEII & 1 3 IER S iEss ©
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Eout=s {(Ria+Rt) /Rin} » Ein (2)

72, 2-¢) BIEATA I I T AT H5EI0 & h 3 28 B
WMT, AhEHhEoBRE XL > 3,
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FVEENC DO T O BEIIZE L O KER 3
EVUT, CCTRUEDXI>HOP 7 7OEE « ik »
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A .
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