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Effects of Other Elements in Spectrochemical
Analysis of Copper Alloys and

Aluminium Alloys by Using Quantometer
by Toshio Sawada

For the spectrochemical analysis, it is necessary to know the effects of other elements.

This investigations treated this problem in detail with analytical curves for Zn, Pb, Sn,
Al, Si in brass, and for Mg, Si, Fe, Mn, Cu, Zn in practical aluminium alloys.

With the point-to-plane technique, copper alloys are excited by low voltage spark (L=360
uH, C=10 pF, R=3Q) and aluminium alloys are excited by high voltage spark (I.=360 pH,
C=0.007 uF). Following results were obtained.-

(1) Cu-alloys;
(a) The chart reading of Zn increased with the increasing amount of Sn, Al, Si, and
decreased with the increasing amount of Pb.
(b) The satisfactory analytical curves for Zn, Pb in the lead brass have been obtained
by poltting weight percentage in stead of contents ratio to Cu. (that is Zn% in stead
of Zn/Cu X 60)
(c) On the analytical curves for Al, Si in Albrac, differences in Zn, Al, Si contents had
no effect.
(2) Aluminium alloys (alloying elements) ;
(a) The chart reading of Mg, Cu increased with 5.5% Zn, 29 up Cu contents. Analytical
curves of 245, 755 were differrent from other curves.
(b) At Si 0.39 up, chart reading of Si decreased when the alloy contains Cu and Mg.
Analytical curves of 24S, 14S, Al-Mg,Si alloys were differrent from other curves.
(¢) In general, chart reading of Mn was not changed by the presence of other elements.
(d) Chart reading of Zinc was not changed at 1.5%Cu content and was increased by
2.594Mg content, and was increased more by containing 2.595Mg-1.6%Cu.
(3) With low elements of aluminium alloys, integrating times had effects on the chart
reading, and became longer with the elements in the following order Mg and Zn >
Cu > Si and Mn.
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A: Tube furnace

B: Steel crucible
C: Water tube
Fig. 1 Casting of Aluminium alloy sample
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Table 1 Excitation condition.

Alloy Cu-alloys Al-alloys
Discharge é}?;;k voltage g)lagrki{ voltage

Inductance, pH 360 360
Capacitance, pF 10 0.007
Resistance, © 3 Residual
Out-put voltage, V 1,000 17 KV
Pre-sparking time, sec. 15 10
Integration time, sec. About 25 About 20
Spark gap, mm 3 3
Sample Disk, + Disk, +
Counter electrode 120° Cone, — 20° Hemispher, —
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Fig. 2 Effect of Pb and Sn on analytical curve for
Zn in brass.

Table 2 Chemical compositions of samples

Chemical composition, %
Material
Cu Pb Sn Fe Zn
Cu-Zn 65.34 0.006 Tr 0.013 34.64
62.80 0.008 Tr 0.012 37.18
60.25 0.007 Tr 0.015 39.73
Cu-Zn-Pb 64.78 0.57 Tr 0.017 34.63
62.40 0.46 Tr 0.021 37.12
60.08 0.47 Tr 0.015 39.44
64.86 0.97 Tr 0.017 34.15
62.25 1.05 Tr 0.019 36.68
59.83 0.73 Tr 0.018 39.42
64.28 1.40 Tr 0.020 34.30
61.99 1.29 Tr 0.018 36.70
59.66 1.09 Tr 0.016 39.23
63.17 3.28 Tr 0.014 33.54
60.97 3.25 Tr 0.020 35.76
58.68 3.20 Tr 0.019 38.10
Cu-Zn-Sn 64.96 0.010 0.63 0.015 34.39
60.20 0.009 0.63 0.014 39.15
64.80 0.011 1.12 0.017 34.50
62.17 0.010 1.16 0.016 36.64
59.61 0.010 1.11 0.014 39.26
59.51 0.012 1.88 0.015 38.53

Zn % = Remainder
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Fig. 3 Effect of Pb and Sn on analytical curve for
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Table 3 Chemical compositions of samples

Mark Chemical composition, %

No- | cu | AL | si | As | Fe | Pb | zn
1 76.49 1.36 0.13 0.020 0.037 0.052 21.81
2 80.13 2.94 0.23 0.029 0.088 0.078 16.46
3 78.%0 1.¢8 0.25 0.040 0.009 Tr 19.48
4 74.91 1.83 0.25 0.050 0.009 Tr 22.59
5 80.99 1.74 0.25 0.040 0.010 Tr 16.99
6 77.95 2.50 0.21 0.060 0.014 Tr 19.26
7 77.24 1.45 0.22 0.059 0.010 Tr 21.03
8 74.17 1.93 0.16 0.030 0.010 Tr 23.70
9 76.73 1.96 0.40 0.060 0.010 Tr 20.84
10 79.31 1.96 0.17 0.070 0.010 Tr 18.49
11 75.69 1.98 0.23 0.060 0.013 Tr 22.06
12 77.02 1.96 0.22 0.050 0.010 Tr 20.74
13 79.86 1.63 0.23 0.060 0.010 Tr 17.92
14 77.06 2.12 Tr 0.077 0.024 Tr 20.72
15 77.62 253 Tr 0.034 0.019 Tr 19.75
16 78.10 2.15 Tr 0.070 0.023 Tr 13.68
17 78.01 1.79 Tr 0.074 0.018 Tr 20.11
18 77.38 1.51 Tr 0.076 0.015 Tr 21.02
19 79,87 2.01 Tr 0.071 0.017 Tr 18.03
20 78.97 2.09 Tr Tr 0.020 Tr 13.92
21 75.92 2.06 Tr 0.078 0.018 Tr 21.93
22 74.79 1.99 Tr 0.078 | 0.020 Tr 23.12
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Fig. 5 Effect of Zn for Pb in Pb brass.
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Table 4 Chemical compositions of Al-Mg-Si alloys.

Chemical composition. %
Material p
Cu Fe Si 1 Mg Mn
0.002 0.04 | 0.37 0.52 0.002
0.003 0.05 0.62 1.01 0.001
Al-Mg»Si 0.002 0.06 0.86 1.60 0.002
0.003 0.06 1.07 2.09 0.002
0.002 0.07 1.35 2.59 0.002
0.002 0.05 0.84 1.01 0.002
Al-Mg-Si 0.003 0.06 1.07 1.23 0.001
0.003 0.06 1.21 1.27 0.001
0.002 0.04 0.40 1.17 0.002
0.002 0.04 0.57 0.66 0.001
Al-Mg-Si 0.002 0.03 0.60 1.52 0.002
0.002 0.04 0.57 2.13 0.001
0.002 0.04 | 0.59 2.53 0.001
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Fig. 8 Effect of Cu on the analytical curve for Mg
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Table 5 Chemical compositions of samples.

Chemical composition, %
Material

Cu | Mg | zn | Fe | si
0.002 Tr 4.95 0.02 0.01
Al-Zn 0.002 Tr 5.47 0.02 0.01
0.002 Tr 6.03 0.02 9.01
Al-Cu-Za 1.64 Tr | osma | o002 | 002
Al-Zn-Mg 0.02 2.55 ] 5.67 0.05 | 0.02
Al-Cu-Mg-Zn 162 |25 | s | 004 | o
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Mg 7 8nx 52 5, Al 27 P vBICEEL 52 Th
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EIFbNAWTNE & 78S /4 Sl kT 5 Mg 0%
B E, Zn, Mg LU Cu o0& HERNESY 5252
LA DI BND T ETH D,

Table 6 Integration time on aluminium alloys.

Material ! %?I;%g’r:;éon t Material %ﬁfﬁfrsgéon
28 20.5 178 23.5
38 20.0 A 178 23.4

Al-1.5% Mn 19.9 Al-5% Cu 23.1

Al-1% Si 20.1 Al-1% Zn 23.0

Al-49; Si 21.1 52 S 24.2

Al-7% Si 21.1 Al-2% Mg 24.4

Al-11% Si 21.2 1S 26.0
43 S 22 0 248 26.6

Al-1% Cu 22.0 56 S 27.0

Al-19% Mg 22.4 Al-49% Mg 27.0
61 S 22.5 Al-49% Zn 27.0
1S 22.6 Al-6% Mg 28.5
238 22.6 Al-5.5% Zn 28.1

ABlS 22.5 %S 30.0
4 & El
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Condenser at Shin-Tokyo Power Station (Rep. 1)
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Corrosion Testing on Condenser Tubes by

Model Condenser at Shin-Tokyo Power Station
(Rep. 1

by Takemichi Otsu and Mutsumi Okawa

In order to investigate the factors of corrosion and their methods of prevention on
the condenser tubes by the polluted brackish water at Sumida River near Tokyo Bay,
the corrosion experiments were carried out on the model condenser at Shin Tokyo Power
Station. The tests were mainly for the following purposes:

1) The comparisons of the corrosion resistance between Albrac (patented aluminium brass),
aluminium brass, aluminium bronze, 309 cupronickel and 1095 cupronickel.

2) The effect of the velocity of the cooling water on the corrosion of Albrac and 309
cupronickel.

3) The effect of the periodic cleaning of tubes on the corrosion (the period was every
half a month).

Some of the results obtained for the period from August 11, 1959 to August 19, 1960,
were as follows: (The analysis of brackish water was conducted twice a month during
the test period.)

1) Albrac, aluminium brass and aluminium bronze have suffered the corrosion of the type
of pitting corrosion, and cupronickel the comparatively light general corrosion.

The order of the area of corrosion: Cupronickel>Al bronze>>Al brass>Albrac.

The order of the depth of corrosion: Al brass>>Al bronze>Albrac>>Cupronickel.

2) In Albrac, aluminium brass, and aluminium bronze, the number of pitting was more
when there are more slime-like scale on the inside wall of the tubes, and the depth
of the pitting was deeper when the more velocity of the cooling water.

Therefore, with the same material and velocity, the number of pitting was less on
the tubes which are frequently cleaned than those uncleaned and the depth of pitting
was shallow in the former.

With the low velocity of cooling water, the amount of scale and the number of
pitting increased, while at high velocity the amount of scale was much reduced and
the number of pitting slightly decreased but the depth of pitting increased.

8) By the analysis of the scale on the inside wall of tubes, a large amount of S—was
detected.

4) By the analysis of the cooling water, the existence of S—~was detected.
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Table 1 Chemical composition, mechanical properties and wall thickness of tubes.
l Chemical composition, % Mechanical properties Th;cltmgss
. 5 - [e] ube
Mark Material k Cu| Al| As! si Sb: Fe! Pb | Zn | Ni i Mn| C i Cr [Mo Tz%?é?f,gh’ Elon%/;a:tion,5 wall,
1| Albrac | 78.08 20.8] 0.05 [ 038 000 [o.02| Tr| R | — | = | — | = |- 458 | = | 1%
2| 30% cupronickel I e | | =] —|~=Josr| o] — |oosgoz]| — | = |=] w7 | o | '
3 | Albrac (annealed) | 78.10[ 210 0.05 | 0.25 [ 0.0 001 Tr | R | — | = | = | = [=] w0 st | b2
4 | Aluminium brass | 778 tea [0.05] — | ~ [oo| Tr| R | = | = | = [ = [—=] w0 8 | 102
5 | Aluminium bronze | 93.556.73 0.3 — | — [0.04] Tr| — | — | — | — | — [~ w8 | e | L
6 | 10% cupronickel [R | ] -] -] —fus| | - |wos| — | - |-] so [ a | I'#
7 | NickelCopper Moy | g | 1r| — 08| — 17| — | — [esagfo0 o0z — |—| ea3 | 2 | 10
§ | 188 Stainless steel | 0.08| — | — [0s2| — | R [0.03] — | o.m|1sz|o.07] 1850 —| w4 | e | —
9 | 18-8-2Mo Stainlesssteel 0.22 — | — |050| — | R [0.03| — [1418 105 [0.05 | 6s0pzy) s [ e | — |

4
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Table 2 Testing conditions for various tubes.
Sample (Tube) Testing condition Testing period
Set Method of Velocity of Cleaning of
Material Mark The number | joint to tube Beginning End
| plate water, m/sec inside wall
Albrac 1 9 * Olne og the tul};le?f is
_______________________________________________________________ . cleaned every half a .,
No. 1 307 cumromicieel N 5 Expanding 1.0 month and the other is Aug. 11, 1959 | Aug. 19, 1960
e cup not cleaned.
Albrac 1 2 *
NO, 2 frrrrrmmrrre s s e 7 1.5 4 ”
30% cupronickel 2 2
Albrac 1 2
NO. 3 [rrrrmrmrmmmmr s s s 7 2.0 7 ”
30% cupronickel 2 2
Albrac (annealed) 3 2 ‘
NO. 4 e R 7 2.0 7 ” Aug. 19, 1960
Aluminium brass 4 i E
Aluminium bronze $ 5 5 2 \ *
NO. 5 |om oo oo " 2.0 p ” P
10% cupronickel f 6 i 2 ‘
309 cupromckel ‘ 2 ‘ 2 o | i
No. 6 |------- \ s mmmemeemeeeeeeet Welding 2.0 z s
10% cupronickel ! 6 ] 2
Albrac | 2 e \ |
No. 7 [rrroeoreerm ooy A A ,, 2.0 ” ” | Feb. 15, 1980
309 cupronickel | 2 ‘ 2 ]
Albrac 1 2 * B
No. 8 | ===~ - [ Rt IR ” 2.0 ” z Aug. 19, 1960
309 cupromckel 2 2 |
A lbrac ‘ 1 2 * N
o T I R bbbl R bbb Expanding 2.0 ” ”
309 cupronickel e 2 |
i Albrac 1 | 2 *
NO.LQ |rrmrmmmeeneees OPTRRRRRRA I | 7 2.5 7 7 Aug. 19, 1960
309 cupronickel 2 I 2
Albrac 1 | 2 * |
NQ.LL [orrrrrmmrrrmmmm s e e 7 3.0 ” P May 16, 1960
309 cupronickel 2 \i 2 ¥
Albrac 1 ‘5 2
I L L AR SRR A ” 4.0 7 Feb. 16, 1960
30% cupronickel 2 ; 2
| | | i | |
No.11’| Nickel-Copper Alloy ‘ 7 ; 4 ] 7 2.0 i ” May 18, 1960
| i | (
| | |
18-8 Stainless steel ‘x 8 ‘ 2 e g h
NoJ2 [-oormmnereecees St R (T ” i 2.0 7 May 27, 1960
18-8-2Mo Stainless steel i 9 ‘ 2 i

* Tube plate is naval brass

sk

Tube plate is kild steel
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ﬁém?@ﬁix%ﬂvf~miofﬁm\

Lo HE%

it

s

e

By

B9 D)
Bl dEfmirg Lo

A1

By welding

By expanding

Photo. 2 Joint of tube and tube plate.

Tube plate is 30% cupronickel

Tube plate is aluminum bronze
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No. 6-6A, Bt 10% % o 7w =y 7 . No. 7-1A
No. 8-1B ¥ L 0¥ No. 8-2A, B ik
LEAEE. No. 7-1B & No. 7-2A, B 1z
D7 =w AR, No. 8-1A ikH
(e bch

AED
FAarTH
e Nl

FEIRACIR A 6 | (4 RIS &) RIE, &R KR,
KR L OWE A AR U CRiE Uice KERBRES 2 [
(i & TR A 22 ) T ol 7R 2 Mo
FEROEHNC A v =3 — Of& IR L. 7 OBINERT
% b En# Ui,

BB A D PIEPRIIC DT

=g

E)

s IN
5 SRR A o 4

ENTREELER 1 3 15 H & B
B -GNt

EL LTERIE L.
B & ki 3 B EE S
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Table 3 Operation conditions of the model condenser.

Time of Time of Total time
Date Time at start Time at stop operation, unoperation, Note of operation,
h. min h. min h. min
Aug. 11 10:20 55,40 540
v 16:00 138.20
Aug. 17 10:20 335.40 .11.20
. 16:00 21.00
Aug. 18 13:00 331,40 343.00
Sep- 1 8:40 6.20 Periodical cleaning (Ist)
’ 14:50 19.10 362.10
Sep. 2 10:00 29.15 Repair of pump-motor
Sep. 3 15:15 5D 667,55
Sep. 16 9:00 7.15 | Periodical cleaning (2nd)
’ 16:15 375,55 1043.50
Nov. 2 810 3 8.50 Periodical cleaning (3rd)
- » 17:00 . — 305.40 ] 1347.35
w |_Nov.15 8:45 T T Periodical cleaning (4th)
o | Nov. 16 16:10 o 28550 1633.25
~ |_Nov. 28 14:00 20.30 Repair of switchboard
Nov. 29 10:30 R 1705.55
Oct. 1 11:00 Repair of switchboard
Oct. 2 740 Periodical cleaning (5th)
Oct. 4 10:40 ) 985.20 ) 1991.15
Oct. 16 8:00 54.00 Periodical cleaning (6th) ]
Oct. 18 14:00 272.00 2063.15
Oct. 21 14:00 60.00 | Repair of pump
Oct. 24 11:00 337.20 B 2300.35
Dec. 4 8:20 ‘ 24.40 Periodical cleaning (7th)
Dec. 9:00 311.30 2612.05
Dec. 18 8:30 29.50 Periodical cleaning (8th)
L Dec. 19 14:20 617.45 - 3229.50
Jan. 14 8:05 6.15 Periodical cleaning (9th)
4 14:20 519.40 3749.30
Feb. 5 8:00 8.20 Periodical cleaning (10th) .
7 16:20 232,20 3981.50
Feb. 15 8:40 31.50 Periodical cleaning (11th)
Feb. 16 16:30 398.15 o 4310.05
Mar. 1 8:45 6.45 Periodical cleaning (12th)
” 15:30 329.00 4639.00
Mar. 15 8:30 594.30 Periodical cleaning (13th)
Apr. 9 10:00 581.35 5220.35
May 2 9:00 6.35 Periodical cleaning (14th)
” 15:35 329.25 5550.00
May 16 9:00 53.50 Periodical cleaning (15th)
_ | ey 18 14:50 114.50 5664.50
© _May 23 9:40 24.50 Construction of set of No. 12
. May 24 10:30 95.40 5760.30
- | May 28 10:10 2.35 Repair of valve
Vi 12:45 04,45 5855.15
June 1 11:30 1.00
b 12:30 32.10 5887.25
June 3 - 8:40 6.20 ~Periodica1 cleaning (16th)
”» 158:00 306.00 6193.25
June 16 9:00 6.00 Periodical cleaning (17th)
” 1500 353.40 6547.05
July 1 o e 8:40 22.40 Periodical cleaning (18th)
July 2 —‘#-1?}9 i 306.50 6853.55
July 15 8:30 7.50 Periodical cleaning (19th)
P 16:20 400.20 7254.15
Aug. 1 8:40 6.50 Periodical cleaning (20th)
- ” - 15:30 — 210.40 7464.55
ug. :
Aui. " 210.40 End of test on the 1st period
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AR TIRWTHRET S & & i,
%g%ﬁ%b\’cfﬁﬁ bfco

4 EHE KR

37 AR X E R

4-1 EEZB

FEAN344E 8 AL1H M Bl GRAK) 2Bl I, Fh
s HEEFNS54E 8 B19A ¥ o 1 4ERM0EiEELEE Table 3
CIRTZEL Th Do BRCHEMFIE X NAO, FA
X OEMREO/2D20E L, BHEITHBIORY 772D
HOBHDIzD8ETHY, ZD5H 3 ABHENH4 A9
B & CHER = o ¥ T2 T/25 A 1 L fidmi
LEEFHVE 2 HR D OIS TH B, 1 LM OB
B KR O AET L 7,464 55547 C & o oo

Tods, EHHRERIE3MAE 1 A b OSRAIEAKE O 1
Ed 7ok, Fe@vEA 1 B EI5H4hbre LT
EhE XNt

42% &
SERG B 6 EY Ol S NokOWE (ERTE ©

L4ERIDF 5 fELL Table 4 WiRTZE < THY . Ao

Table 4 Average of the velocity of water, daring test

period.

Velocity of Velocity of
Set water, m/sec Set water,m/Sec
No. 1 1.0 No. 8 1.98
No. 2 1.5 No. ¢ 2.60
No. 3 2.05 No.10 | 3.0
No. 4 2.0 No.u | 3.8
No. 5 2.03 No.7 | 2.06
No. 6 2.0 No. 1" | 2.05
No. 7 1.93 No. 12 1 1.98

A& dFRA E BEMCT W HE TEER S vic, Adeifind
DULEFRIBILHE B B O BMRERROEDHEBLIT . T0
DRI T R & IR & 4 Ula BB % B\~ Tk T
YA N ol

ok, Ry 7THORBIOV ~ 2 v 21T BKDES
VAt 1.2kg/cm? BB TH o700
4-3 X &

kiR No. 11 432 1 D7k HSERERTE s B IR B TR~
HL7zMo T 6 BllE Lic, F#ACRDRIE, B85k
BOWEHEL Table 5 R4 Z& < THH, BEHT
iE354E 2 A 8.3°C 2NE|E, 8 A 264°C REETH -
126
44 AL —F—~OEFHERAS L UCRAEEROKR

A b v =3 — DREBEFGNA B0 ERREROBR EE
RERAAT o 7205, WO LML EOMTEYWHFED Bitic,
MRk Photo. 3 iWiRd- 2 & < Th Do MEMOEE
W, T s, Eme-F (IO, w7 7 Vi,
BOR, 7 7E. RO, KFENERLDOTHY, £D

Table 5 Temperature of water in model condenser.

Temp.,
m ] Lowest Highest Average
Aug. 1959 | 23.8 96.2 24.9
Sep. | 20.6 26.0 24.6
Oct. | 17.2 21.6 18.4
Nov | 16.8 18.2 17.1
Dec | 2.5 | 4o | 12.3
Jan. 1960 | 78 | 9.9 | 9.1
Feb. [ 75 | 9.0 | 8.3
Mar j 9.4 | 1.1 | 10.0
Apr. 2.0 | 555 | 14.1
May 15.8 17.5 j 16.6
June | 16.2 2.3 | 18.6
July 20.5 02 | 23.4
Aug. 2.0 | a7 | 26.4
ECHEBIL I FEMAB U CRHRAEES otz

DRI D25 &, FRE)
HHEZ WL S EZ BN S,

o, MENEBNLZENSKORITE, RRa Bk L
73448 8 A B 10 A AR & CORMIE, FHIM4E ) A0
BT, FbKRFERC L BRAE T SNz, 1LAE .
BRECEATHET, BRERLS mot, UL, 3546
RI6HI 7 VEEA S - 1B A, KOER I EE LT
BOERAFETD L5, NG S A10A ik
IEHET, KOBEEBERIIEZ R o0 Tz, HEN
FEFEDOPIEER L OBHRIRICIXED X 5 e b o (G4 i
. BEEA TR E Lebo) 23S LTH &t kg
% Tt TR DEAPBD BN FORITESRIC S S |
RBZE VI otz

BLEDRRA BB T, BHEIKIE 6 A~10FEHEE=
B L 11A~ 5 A OB X g i 75 By D& Hs
ST X HEEDBIND,

W & BERHT T KEF DR AN

Photo. 3 Dirt collected in half a month on strainer.
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5. kX HE H B

5-1 HBaH %k

BARREBEES 2@, =Fvary Ty~
WBIKDKERREAT 5 Teo BB OIBTIE—E LIRn
St =TTy DAy 7ay 7, Noo 1l 4
OOy 7Y vy ay 2 Efkersrvay sy —HK
HEEEOTAKBA DTN TH Do SR LI LRI &
T A AR M Ut & IeHIRLC & B KEDOZEAL
HFAD I, R, TR L OV E O iE s W) B
Az, 1 B HE O LF 4 36 Uico REBEEL, &
SiREE, pH, W, BEBYY. HFEA 4V, TVE
= nAF v, WA A v, TEEA 4 ¥, FEA A >,
BRERA A >~ BEMEEERE, HEEREOLZHATHY, R
2 RODARE TR L - TEER Lo

EERAEEE —E Y 1u0 LTOMAKCL S5 30
T, V—x&/ — 27y 7HEUKERC XD HIE LTz,
pH——KABEH Yo 2BEpH # ~ 2~ X o720
e ——JIS - K - 0101-1957 s, 74 v ¥« — 8
HEI O CEE 425mp D7 4 v 2~ AWTHEL
2o

HFTRE YU 50ml AR & D, Kig ETH
FEHEEE L, RICERSS T 105°C T 2~3 BpHlELE L
B, FYr —Z - CHE UTRRE Uiz,

WA 4 v ——88 dml Ak C 100ml e 5T, 7

v Ly ) AfRREEE LT,
7o

7 vE=y Mg 4 v—3% 100ml iz 309 NaOH #ig
5ml & 25%Na,COs % 10ml & nz ThbHagr 200
ml &L, K<\ EFETHBEEL, o EEREZIFE
L7 URIie & A 7 — B3R Nz THRE XS, HE 425mp
DT 4 VME—EBNCOEELERHC THE L,

TYEEA A v, DERNERA A v, BEEA 4 v —JIS-K -
0101-1957 ChE 720

G A A v —— BB R AE - 7oA 256/~ L
505D 1z b DIOWT, JIS - K - 0101-1957 D [ ik
Ot o THIE Lo

WpsE 2 B —JIS - K - 0101-1957 > 7 v 71 U MR {tik
TR Lz

e BEORE—HERMES 0~30ppm 1T (L & 4
5 S FUSE DEBEHEENRMECN LT —ELiRoT
BOMEEYHEBEEREL Lice LA UERHEERILLD
FLL—E LR BT, BmELET LRkl LAY S
ZEbHADTEBCERE L LTHRDE, LichisT
SoORERTE6 A 1R L6 AL3AD 2EZFICIED R,
5-4 RERER

@B oRBRERE S L0V B oS k2 EBRER A
Table 6 L v* Table 7 iwird,

Frog# e UC, 5 A18H & 6 A23H 5 L AFEEH

0.IN-AgNO; B THE L

Table 6 Chemical analysis of water used in model condenser.

Date %"gz- Nlo7v' Ogt. %cg;c. Dle(c): I)Zeoc Sﬁ‘g’t' Sg;g:t. fggo Jg(r)x Ffsb. F;(i)). Mgr. N{%r. A;7>r, Al%r, M?y N{%y Ji‘é‘e lelge Jixgl)y Jéxéy A2u7g.

Time |14:00|11:30|14:30|15:3014:00 14:30 | 13:00 | 13:00 | 13:00 | 13:00 12:00 | 10:00 15:00|15:00 | 14:00 | 14:30 | 15:00 | 14:00 | 13:30 | 10:30 | 14:30 14:1013:30
\Tidel"]ood Flood Flood Ebb | Ebb | Flood Flood| Ebb | Ebb | Flood| Flood| Ebb | Ebb |Flood, Ebb | Flood Ebb | Flood Ebb Flood| Ebb |Flood Ebb
Flectiel_Eandoetic, 361 | 257 | 364 | 490 | 453 | 500 | 463 | 486 | 468 | 535 | 686 | 665 | 545 | 512 | 492 | 465 | 422 | 288 | 430 437 | 458 410 3%7
:HNOFU 7101710 { 7.20 | 7.50 | 7.20 | 7.40 | 6.60 7.70 | 750 | 7.50 | 7.40 | 7.50 | 7.60 | 7.30 | 7.30 | 7.30 7.30 | 7.10 | 7.40 | 6.90 | 7.45 | 745 | 7.30
Turbidity. deg. | 18 1 21 12 14 | 17 | 22 | 24 | 28 5 28 2 10 12 | 23 | 37 | 31 54 | 21 20 13 42 1 33
Evaporation residue, %5 2951172 | 2.26 1 4.28 | 2.97 | 361 | 3.00 | 3.31 3.30 | 3.31 | 4.19 | 4.31 | 343 | 3.11 | 3.09 | 3.28 | 2.68 1.70 | 2.74 | 2.22 | 2.89 | 2.62 | 3.77
Cr-, 25| 0.24 1090 | 1.02 | 1.21 0.90 | 0.90 | 1.34 | 1.63 | 1.72 | 1.54 | 1.66 | 1.70 | 1.71 162 | 1.65 | 1.52 | 1.34 | 0.71 | 1.48 | 1.47 | 140 | 1.38 1.27I
NH,*, oom |32 |49 |13 |03 |41 |07 |58 |39 |33 |37 |47 |24 |22 |48 |28 |35 11122 50 |80 |43 |31 1‘21
NOs-, opm | 020 | — | 170 | 150 | 0.80 | 1.10 | 0.80 710 | 0.40 | 0.40 | 0.80 | 0.80 | 0.70 L0 | 170 | 081 | 046 | 0.1 | 054 059 | — | — 040 |
NO»-, opm | 0.05 | — | 025 | 0.20 | 021 | 019|019 | 0.20 | 020 | 014 | 113|010 | 011 |.017 | 013 | 018 | 0.11 0.09 | 0.16 | 0.12 | 0.04 | 0.05 0.05%
S, ppm | 0.21 | — | 0.84 0.47 | 0.39 | 0.86 | 1.50 | 1.20 | 1.00 | 1.50 | 0.73 | 0.63 0.44 | 0.70 | 0.49 | 0.86 0.86»0.89'1 0.66_ 1.09 | 0.10 | 0.16 003‘
SO, 2 | 021|018 | 0.0 | 039 | 038 | 045 | — | — | — | 036|041 032 030042077050 — “0.39‘0.58 \‘Ezs 0.25 | 0.17 0.17‘
“Oxvgon domand, ppm | — |59 |58 |72 |28 | — |12 |84 |63 |75 | — |72 [58 |50 |61 [57 |69 |81 |88 |123 |76 |84 |60 {

Table 7 Chemical analysis of water used in model condenser.

Date ] Jan. 16, 1960. Feb.  27. Mar. 22 Apr.  20. May 28 June 11 t Juy 23,

Time |10:00]13:00|15:00]18:00] 9:00 [11:30]15:00] 18:00| 10:00 12:30| 16:00 19:30 | 10:0| 1300 16:00 | 18:00 | 9:00 [12:30 | 16:00| 10:00] 900 |12:00 | 15:30|18:30|11:00 14001700 2000
" ems————19¢ "5 ,F|Flood FE| Ebb [E~F|Flood P~E| Ebb |E—F)|Flood| FE| Ebb |E~F)|Flood| F>E| Ebb |E—F|Flood| FE| Ebb |E~F Flood F—E| Ebb | Flood F—E| Ebb [E—~F
Eleitficzllg""d““iv‘wv 585 | 512 | 507 | 576 | 487 | 495 | 503 | 512 | 530 | 521 | 536 | 400 | 425 | 402 | 400 | 448 | 418 | 378 | 382 | 410 | 425 | 455 | 441 | 430 | 351 | 398 | 435 | 406
pH 7.10 | 7.20 | 730 | 7.40 | 7.20 | 720 | 7.30 | 7.30 | 7.30 | 7.60 | 7.50 | — | 690 | 720 | 7.10 | 7.20 | 7.90 | 7.15 | 7.15 | 7.25 | 7:25 | 740 | 7.25 | 7.35 | 6:85 | 7.95 | 7.05 | 7.25
ar. % == =1-1-|=-|-|=-1-4t=-1=|—1—=1=|~=|—=]— 1= |- |140|150 142141 123|123 | 147|133
NOs™,  ppm 1.00 | 0.60 | 080 | 0.30 | 0.90 | 0.90 | 0.80 | 0.80 | 1.04 | 1.08 | 0.19 | 0.91 | 083 | 0.85] 0.59 | 0.52 | 0.53 | 0.39 | 040 | 055 | 033 | 023 | 03¢ 024 | — | — | — | —
NOe,  ppm 017 | 019 | 020 | 0.22 | 0.24 | 019 | 020 | 081 | 0.20 | 0.22 | 0.23 | 024 | 010 | 015 | 015 | 015 | 0.09 | 0.11 | 0.10 | 0.10 | 0.05 | 0.08 | 0.09 | 0.06 | 0.07 | 0.07 | 0.05 | 0.06 |
5, ppm 112 | 117 | 1.25 | 1.30 | 0.60 | 0.73 | 0.65 | 0.91 | 0.65 | 1.08 | 1.17 | 052 | 0.65 | 0.83 | 109 | 0.76 | 0.70 | 0.94 | 0.04 | 0.94 | 0.73 | 0.80 | 0.83 | 0.75 | 020 | 0.27 | 0.20 | 0.39
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Table 8 Chemical analysis of various water.
a) May 18, 1960.
- The lower |The upper |py o Water The upper | The Drain
- Location part of the/part of the part of Kiyosu {Drain Same |Same
T Shinonome |Shinonome |L0XYe | gateof | Same as|Same as |0 pj01 Bridge |near the, gate of
T~ H s Bay near| Shin Y | Shin- las theas the
. Bridge on |Bridge on Tokyo Tokvo |the left |the left Bridge on | on the [Ryogoku Tokvo
N the Sumidalthe Sumidals S5¥ ey the Sumida| Sumida jbridge | p &0 |left |left
\ Rever Rever as Lo. i Rever Rever ~-
m (from surfase) 0.5 2.0 2.0 0.5 2.0 4.0 2.0 2.0 0.5 0.5 2.0 8.0
°C 21.0 20.5 19.5 19.0 18.0 18.0 19.0 19.5 19.5 23.0 23.5 23.5
Time 10:10 10:20 10:40 11:00 11:00 11:00 11:15 11:25 12:50 13:25 13:25 | 13:25
e Tide FoE FoE F-E | Ebb | Ebb | Ebb Ebb E-F | E-F | E~F | E-F | E-F
Items — .
Eﬁ;?;ﬁ;ﬁsa‘ conductivity, 38000 37900 39900 | 35500 | 39300 | 46500 29800 31500 1550 | 46300 | 42400 | 42500
pH 7.50 7.30 7.50 7.20 7.40 7.70 7.00 7.00 7.00 7.60 7.60 7.60
Cl-, % 1.04 0.99 1.34 0.92 1.51 1.26 0.77 0.80 0.026 1.22 1.11 1.11
50477, % 0.38 0.33 0.32 0.35 0.36 0.36 0.28 0.35 0.28 0.36 0.36 0.38
Turbidity, deg. 30.6 54.4 29.2 30.9 23.7 17.0 38.8 38.8 92.6 68.4 20.6 23.9
CaCOs, ppm 3910 3710 3910 3530 3930 4730 3020 3130 800 4560 4110 4220
Evaporation residue, % 2.53 2.41 2.54 2.26 2.59 3.14 1.89 2.01 0.076 3.06 2.74 2.70
b) June 23, 1960.
T 3 The lower
\‘, Location Water gate s Sa a The Tokyo Drainage Drain gate of part of the
S . ame as me as Bay near o Shinonome
~_ of Shin-Toyo Tokyo Gas from Tokyo | Shin-tokyo Bridge of
~— P.S. the left the left | g Gas Co. P.S. the Sumida
— T~ Rever
m (from surface) 2 4 7 0.5 0.5 0.5 0.5
°C 23 24 25 23 26 28 23
Time 10:25 10:25 10:25 9:55 9:47 9:30 9:40
e e— - Tide N 5 > -F
Items — — Flood Flood Flood E-F E-F E-F E F‘A o
Electrical conductivity p0/cm? 24200 40200 43700 32600 38500 34100 30600
pH 6.95 7.15 6.90 7.06 7.20 6.90 7.00
cr-, % 0.76 1.34 1.47 1.05 1.27 1.12 0.99
NH4*, ppm 6.08 3.73 4.18 5.76 5.56 - 4.80 9.32
S, ppm 1.58 0.91 1.09 0.83 0.83 1.01 1.01
NO3-, ppm 0.595 0.391 0.591 0.304 0.503 0.387 0.258
NO:™, ppm 0.13 0.13 0.12 0.10 0.17 0.12 0.09
A OMREI KR &R FEK D KEFER EHR4 Table 8 B,

CRT o

SERAERATHEA A THDL ERDIE L Th b,

1) BREEE

KEH DT =2~ 4T pO b5 T p0BETHD.
FEEMAEINTI S E D Inve M LAFET, Bt - T
ARG WE & b DM, KETFEEc k<, MEETE
WEBDD Do Trds, FEEAEUIKED (water gate) i d
SENCIE, K TEL B EEARE L, Wi TED
FRWABAOK (£Fva 7y —FHAK) [GEWE
R LT \W5b,

2) pH

Kk 7.0~7.5 C, S[HEIWEBIEL DN, 1 B OB
& AEB LT CH B BKO THRKE TH#EL 513
EEL I ABEERS BHo

3) BE

1~54 TEEBKE o BEIWEEL N E IR LN
D, K, BEORIED 7 7 7 2 —OFEB IR K E L TR
BHBE T d Do BUKD TIKE TEL e 513 /NS WEFAS

4 HEIEEEY

KERGPE 2.3~3.5% T, MK L D ORRINED LS
ThHBHHL P MEKE R K& We Bbns Ebd
Bo BEFEIEL LI, K BERELEE L ABEOME
BERLT WD,

5) A A v

0.71~1.72% DMz d b, Kok 1.3~1.7% Th 5,
OB D WHEA A Y EIEKRE18% LI ETH B M5,
FERRKINEREFIRKOBE LA DTH A Z 235, -
SRR R D RO KIBE SR EHETH L, KEHMN
N~Q0%BETH 5D,

fods, BUKOCHOKE T 2m 225 34m ODEEL +
YBIERERENRDY., FEHXFIKOEENRENL 5T
bho BFNAYF Y —DOKITTED b DI

6) TrE=Y AAAY

0.3~11.1 ppm DT, MV EBNKEX N, KEDE
BRKENLHTH B,

) TEERA A v
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DD 5 BLIFFHICE MENE T BH, E0XHEOHE
FHECEEMMRSL D, F— 2 - RIEEIMETab, Bl Tl
0.2~0.6ppm FEE Th 5,

8) HEMHEEA A4 >~

3BLEC AETDF — & —ITik, BEOEENRA-TD
WIS D LS NfeD G, T BRI FEAET
T Lo LichoT6 ABRETE 7 ABMED 7 — 2 — 136
HEETHY, FIHFEETREBCH O ZEREMELRSE S, &
#c1k 0.04~0.07ppm Th Do

9) WhEA A ¥

CNLBBEE AETOT — 4 1 IBEORECETE W
BT BEEEM 2B B 7 A LT 0.03~0.39ppm
Th Do

10)  BEBRA 4

017~077% % 7~ L1z,

1) MENEER
1.2~12.3ppm T,
12) MRk
FKR LI oTzpy, 6 A 1 Bicidd 12ppm, 6 B13H
CAE# 13ppm T d - 7o

6. HERPOERNERRLOKRE
6-1 WEHH

EEIEML S F D BB Tra\e

1 WaE

A FEOEMFROE, SN ABEEZT b HERR
BoA AT HEBTC. %8 0 A DRSS & R A B TN
R A A Uiz,

2) EPRMERT L AHME

R L AL, BERBIEE 3 - A EH (34411
A16H), 67 AH (3542 A15H), 9 AH (3545 A
160) LU 14EH (35488 A19A) O 4MEEK Ui, &
DRI ELIRERE O NERESEARB Tl ol A
RIS TR LR AR (I S 7~
B Tmme, HEERI065) A EM L. BRE 0%
KARHL D 800mm & TOFHA R,

7o, BREEAELIZARDO R 8 RIEEET DO AR S
X TR AHBER WD, FomEHHED
7o BRI B IE S Linh oo
6-2 AREERER

MR OE LSS Table 9 wird, OFIEEE (H&)

EELNDBANHARED SN E &R L, XEIEA7Z
A BIRORRE A — VT E L HE L, XENLERED
WG A7 =R EECE EL T Wl &% RUTWY
Bo LT, JEIREE & BB CHIBICHR~ S,
6-2-1 FERERE (BE) O

1 27— BRI

BY., HHRELYELILAT A MROWLE A — v 3EH
LWL, RO LR EL3 7 AR (344114
160) GEE CH &R RFTCEL 7o THhiz, HEDEN

10

BT E R~ v OWELS < HiEE 3m/sec (No. 10) &
LU dm/sec (No. 11) 0% 37 AETHTRA EWFHEL
TR E B E D ARETH 5o EFlowvThd
b TR L A 7 — v DIRTEAWRD T e b o 720
37 AHDEL0 A E (35426 AL16H) F TOMITIX,

F7E 2 r — VOORIBICFE A EZAL D <, B X ST R
BEINT AEAETRA ERD bV olco

10783 (7TA1R) DR, g2 7 — v B E
{inoTRD, BLBEIEN Ui, 2% 6 A16H LI
KRBE Lotk bbD L BEbhb, 0% 8 A10H

T, {5E 27 — v ORI ELEED B o7,

2) BEaERR

WFE A 7 — M DFR A E BT s E i gy s
No. 11, No. 10 LU No. 9 AfOD 7V 75 v 7 EIT
153 7 A BEND EAEOERAENRRD Bz, FUAER
D30% % o 7w =y VERIKEERAE BN ol €
DD FIROADEERTEA 7 ~VREL B o T DTz
SRR B 7 s o oo
6:2-2 EE (AE) ORI

D 27— VIERS

SERBEAE L 7 A (84481 A 2 H) FToORIE, £
AROBC ENEmC BB ED A T 4 2R A 7 — v 3TEL
W38 3 5 DMFD B hs, FDORF A7 — v OHTEBILH
L. 854E 6 A15H & CoOHMIIFRA EHE LT
ZEMED T, FIVBREDOL-HBOTA LA, &
WOEITRBED AT A DRA 7 —VBEL[E L TED .
FOFR8AYE F TOLEYABOMIC SBBEDOA T — VIR
g E S BT ORBD Bice ZOAT — VLT T
¥ Ok LT b5BelkE T 5 2 LBHBE R o7,

2) AR

7vE =y nEHRHE No. 5-BA) X1 r AHEM LM
BRZEbL N, 77Ty 7% (No. 1-1A, No. 2-1A,
No. 3-1A, No. 7-1A, No. 8-1A, No. 9-1A, No. 10-1A,
No. 11-1A), iH/W77/ﬁ” (No. 4-3A), F LU
73 = nHEEE (No. 4-4A) it 2 7 B L 3
bﬁﬁﬁﬂbéﬁﬂmwgﬂKOLM%@ '''' O AV, TR
W R S e 8547 A 1 BiCikiE A — v D
DI A2 T Te B E TOHApdR b IR, Bk X
MR e 2L SRR Bl o loe HEDER S Z WD No.
5-5A (v i=w LFHR) ThHH., No. 3-1A (7173

v 7 W 2.5mfsec) M IUTRNT Nz, F DD
ALK DE ) o 7o h8, REOBNVE L0 E W

BAFRD BN, 7A 1 HHMBIIEATREBED AT A &
P2y VB b el EaLTRA SR ko
776

30%% o 7’v =y & viE (No. 1-2A, No. 2-2A, No.
3-2A, No. 6-2A, No. 8-2A, No. 9-2A, No. 10-2A, No.
11-2A) & 0% % o 7re= vy & (No. 6-6A) X,
EA =V CHENRZ L 2810 6 A16H ¥ TD10r
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B ORIz BB IBARDOFEEITRD b olce 2, 3
OEITE 2 HEDLE ANV BROONI 2L EH 5
(Table 9 B) 2. FOBOMAE CTHFEAICREINT
WEWDTC, REORIERD & Bbild,

¥, 3BE2ALLAREASNI No. 7 o7 /Vv7 7y
7% L30%% o Tr=y r VERX, 6AI6HETD 4 A

BIEA DS LE SDODFEITRD BIinh olze TDRIEL
G AR — VDI TH Bo
6-3 EARERCLIBEER
6-3-1 #EE (A% OHMEMHR

FEIRBIASE 8 7 A B 4 BT o 728 AR R O 2 0%
Table. 10 7r L. Photo. 4 I fKFEH4RT o

Table 9 Result of observation of inside wall of tubes by peeping from a tube end.

12384 j5t61718\9t10[nim\w1

14 ] 15 \ 16 1 17 } 18 i 19 ] 20 ] 21
1960

1959

Nov, |Nov.|Oct. |Oct. [Dec. [Dec. [Sept.
1 FlG}Z]lSk 2‘16\

Sept.| Jan.
14

T

5

Feb.

May
16

>
[
[

JAug.

lFeb. }Mar.
1 19

15

Mar.|May June|[June | July|July
15‘2 \311611}15

X

X

X

X
X&®

X

X

XX XX XX
XIOX X%
|

% X X

1

No.

NI DI XXX IX]X

X

X%
X
XIx|x

X

|

HKOKOXOX| [ XIOX| XOXSNK®

|

No.

XXX X X X XX X

X PXEXEXOXKI@] X
XK IXOXOXOX] [ XIOX

X

KX XK XX XROKIOK| IXIOX| X IXI@IX] X
KX X IXOXIOXKOPK XIOK XX XX

KX X IXIOXKO X0 BXOR] XX XXX @
SRR KKK PR IR X
XXXXXXXXXXXXXXXXX%XX%XXX

XX X
XX XX OK @ EKIRK X PRI X L@ XXX =

XX PR IXOXOXIOK] X XD (XIQIX@IXK®
KK EXIXIXQIKIOXIONK] XIOXONXONX
KX P X XX X0 IEIXK@K] X XIRIXK| X K@K XXX

XXX XXX X R % %X

X |OPX

X

X

Ofx

X

X

OpX

‘OOXXX®X XOPK X X XOXOXIONX XIOX] IXOXKIOXKO =
OlOX] XIOX %OX K XX EX@KOIXIOX XOXXXIQ X QX&) &
QOIOOIIONX XIOX X1 IXI IXORKOXOX! IXOXIX XIQRK x Xi&®

XX

RO I0OXIXIXI@X| X X IXOXOXOX XOX XK X®

K IXOK XIOX = XIOK

X

X

OO0
00
o0
OO

X

ol Ixl lololx| [Xoix| Moixixixixl IXoxoxoly Xolx] Ixioxoxo

OO XOXI XO
OOX| XOX XO

.10 5

K KX PRPEXEX KX
KX PKIGPKI X XIRX | X X &
KX XK IX| X XX 3 XD

Oix

KPP PRI PR PX

OO OO OO IXO
OOX| OO |OOX] IXix
QIOIKI PXKIOPKL IO <X

O

.11

SCUX X XIS XX X XXX X X XXX XX XXX X XX X XXX

® 000 OO

X

No. 11’

.12

XXX IxIxXIx|xX| XX X
XX XX XXX X X
KPR XXX
XK XK XK XX X
XXX XXX XXX X

XX XX XXX

O There are spots like pitting corrosisn on the inside wall.
X There is the thick slime-like scale covering the inside wall of tube.

x There is the thin slime-like scale.
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Table 10 Result of examination of tubes’ inside wall by bore-scope.

(Periodically cleaned tube)

9 A| Stainless

steel

/\
\

(a few).
Matrix is brown film.

Velocity . . . . . . R
: 1st Examination 2nd Examination 3nd Examination 4th Examination
Mark | Material | of Water, (Dec. 15, 1950) (Feb. 15, 1060) (May. 16, 1960) (Aug. 19, 1960)
Pittings(0.1mm in depth) | The pittings have scales.
1A} Albrac (somewhat numerous). The film is mottled of | Same as the left. -
No. 1 1.0 Matrix is black film. black and light brown.
0. 1-—|——— .
: General corrosion is G-Corr. is somewhat
2A i(i(gkce‘ilpro_ E};:a;erilnc%gosmn. somewhat severe more severe still more -
¥ siig than the left. than the left.
teps P The pittings have scales. Have been covered by
1A| Albrac ﬁ;g‘rxgsfsoéﬁrﬁ{ lglfg‘pth) The film is mottled of | Same as the left. slime-like scale. Pittings
No. 2 L5 : black and light brown. in some place.
0.2 ——
. : General corrosion is : G-Corr. is somewhat
30% cupro- General corrosion G-Corr. issomewhat severe
2A| pickel (very slight) ig;nr?vgl}llgtlgﬁ‘fere more still more than the left. i%‘éefeftt‘u more than
T s The pittings have scales. Have been covered by
1A| Albrac ﬁlttu}gs.(o.llﬁnmknfl_lflepth). he pﬁlm %s mattled of | Same as the left. slime-like scale. Pittings
No. 3 2.0 atrix is black Him. black and light brown. in some place.
0, 3 | T T
o : General corrosion is G-Corr. is somewhat G-Corr. is somewhat
2A 30%1 PP General corrosion. somewhat severe more | severe still more than | severe still more than
nicie (very slight) | than the left. the left. the left.
Albrac Pittings(0.lmm in depth) | L0 Pittings have scales.
3A ngsiy. o gep The film is mottled of | Same as the left. -
annealed Matrix is black film. black and light brown
No. 4 —| ——— 2.0
4A eréxsrgmum Same as the above. Same as the above Same as the left. -
. Pittings (0.2mm in depth)
5A bA}}gxr]I;;num (very numerous), Same as the above. Same as the left. -
No. 5 2.0 Matrix is black film.
0. 5 E— .
10‘7 cupro- General corrosion. (very | General corrosion is G-Corr. is somewhat
6A mcokel slight). Black films in | somewhat severe more severe still more than the -
some place. than the left. left.
309 cupro- General corrosion G-Corr. I SomeWh%t
2A nickel (very slight) : Same as the above. Same as the above. ?i‘éefffts,“u more than
No. §-——|——— 2.0
10% cupro- - .
6A nickel - -
1A| Albrac - - / \ /
No. 7 2.0 7
0. T . -
309 cupro-
ZA nickel - - /
Have been covered by
1A| Albrac Light brown film. slime-like scale.
No. 7/ 2.0 . Pittings in some place.
0. S— 2. ~
9 Al 30% cupro- General corrosion, (very | G-Conr. is considerably
nickel slight). severe more than the left.
1A| Albrac — — — —
No. 8 —— e 2.0
" . General Corrosion is G-Corr. is somewhat
2A ig?kgi’pro g";’n}e‘gl corrosion, (Very | ¢omewhat severe more | severe still more than the -
ght). than the left. left.
Fr : The pittings have scales. Have been covered by
1A} Albrac ﬁ;g;?}%sfgﬁg?g gi%epth) The film is motted of bla- | Same as the left. slime-like scale. Pittings
No. © 25 . ck and light brown. in some place.
0. 9| .
: General Corrosion is G-Corr, is somewhat G-Corr, is somewhat
2A i(:';/pkgilpro— g?n}?{fl Corrosion, (Very | Jomewhat severe more | severe still more than the | severe still more than
gnt). than the left. left. the left.
s : The pittings have scales.
1A} Albrac Ef:zlr?}%si(g'lbﬂﬁ{l%ldﬁpth)' The film is motted of | Same as the left. —
No. 10 3.0 : black and light brown.
0.10 —|——— .
oA 3094 cupro- General corrosion Genera}l1 Corrosion is | G-Corr, isnsomewhat
: ’ somewhat severe more | severe still more —
nickel (very slight). than the left. than the left.
14| Albrac Pittings(O-dmm ia depth). | The PSS Thotted of - ~__
Now 11 — 4.0 : black and light brown. -
~ 9 Al 30% cupro- ' General corrosion, g)emngsfﬁagoég‘?:i%n&gre = ™~
nickel (very slight) than the left. - h
Nickel-
7 Al Copper General corrosion
No. 11" —|——— Aalloy 2.0
o A glckel— ’ T~
opper - 7
Aoiloy / / \ \ )
g a| Stainless \ | Pittings(0.1mm in depth).
steel 7 Matrixis brown film.
No. 12 ~—1"" 2 2.0
18-8-2Mo / P Pittings (0.Imm in depth)
///

/\\

12
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Albrac

Aluminium bronze | 279 Cuvronickel |

Aug., 1959

(before the test)

Dec. 15, 1959

(Ist examination)

Feb. 15, 1960

(2nd examination)

May. 16, 1960

(3rd examination)

Aug. 19, 1950

(4th examination)

No. 2—1A No.

3—1A

Photo. 4 Inside wall of tube, observed by bore scope. X4

(1 21 EHE

a. L L AT A RIROWTE Ry — ML RO B
2726

b. TR T VEELS TN T Ty v, KE TNV
?VF\7WE:7Ahm%iU7W~’WAHm@£%

(€ HAAFRD Bz NI O s b E A 150mm
OHEFIIIRD BT, TNLIRHOHFCDOHLLEL T
720

TNy AFREIREENIFEES <,
ﬁﬁ&ﬁﬁéﬂko7Wf577%iU7WS:VAﬁ%

HET ST L EEY 0lmm R & HE SN, L
L No. 9 #lAD 7775y 7RI EENRKE L,
By b 0.1omm < B EHEE ST,

2813 0.2mm

’H‘“a) i

13

FNT Ty s, TNNIZY LAERBIOTNVNI =Y
LEHFOEE L b, HEMAOEHSCIEERE—RBABO
PEIIE 2 4 U Cnie, B 3m/sec LLED 7V 77 v 7
S, TOBERELD 7Y USRI AR L
SR DR BV, F O 3m/sec THE#I30%.
dm/sec TIf40%Th -7z,

C.

o~z

d. 5? o & 701:7 :}7‘ 7 /V;‘i V‘ j:,'\i\‘\ﬁ n:b\&)fdtﬁ:‘ﬁfuo
e. 30%x o 7=y VWERIL TVT Ty 7 EELD
B X 5 A NEAESRD BT, el < B n e

A 2 T U7l O PLFE N AR Bitdz, 10% %
2 7w= g VEEB0%E o Ve =y V& F TR R
BsEivE Sk Ul Rie B EaNEWEN E L DI 7 VR
LT We
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. ¥l r=yr VOEEEAC K SIIAVEE
BHTH Y., WTNOE LITERBETH -7,

@) & 2 [\l¥ L O 3 EhZ

a. & NTIh R T A BRWEA 7 — VI
Motie

b. 77T, TVI=YAERBIC7VIY
LFEX AT LH LS aoiinis bihvy, 7K
B LWE LA R oTce EloHlEILORE 6 7
HEwiTSEe UCEE, 97 ABEEL LTERED
2 = VTS LCOWT, B OB B Iah ol

c. 3rRHRY—mBREE BEL T TVT T v 7,
TR =y AEER LTV I = U L TFEE OIS
FEBRECERE LA, 67 A8, 97 AR LFHBEL

AL I o T Nz, F72 3 B B DIV DK
ABTNT Ty 7ED N7 ) EE OB RS AR
L. 6 B BBEED bNahoT,

d Fa7wumyrVERCTRS 37 AH L RAKEE
FEAHONSENMRED B, 67 A, 97 A LB
U< 7 HEmA A Do

e. 67 AEEHLLBALL No. 7 o777y 08
W 3 BEUBRBIC b ARANED BT, K-k
DR B bV T,

f. 67 BEHEH L MALL30% > o 7w =y 7 ViE
. 3 BRGEBBIEA EIEERMIL A2 LR D, B
AR ILTREAL G - T B X 5 D Bl

(3) 24 [

a. FTNMNT Ty VEORER WTNL I AR EELL
By, BREBC L ArDLY, BREAE LA T A 2R
DA =NV HFRA LB E LT\, TOAT ~
NMIETBE 79y TI T 5 Th ENED o,

0% o P=w v, =y W VIREER IO AT v v

b

AEECE, WIS AT A4 ARD A7~ VDI
B ot

b. 7N 77y 7EO SR S ONEEEE A7 — VI
FEDIZDIRA ER DN ol B —ED AT — v~y

Vi#EDD &, 17 ERBRE2EXC TN 9 7 AH LA
Be7e B X RGO E 12 HEE U TR o338 B,
HALCIEREOBARERD EE L BNDLDOHRRDH
Nr=2s, 67 A EICHEA L No. 7-1A D 27—
7 VENE, 3y AE (6 3 HikdkEs) LRy —REE
W F R T T AT BIinh oo

c. 0% ¥ a7 m=yirviER, 97ABXD L EILW
SEIFEN2ERD Biviz, 6 7 A B U7 & HiER
AR B e 2T Uy 1 78R L7278 & 8
BRI ofc L D bz,

14

d. 97 BEHICHA Lic= vy 7 VEREEE T b £HERA
L BUFENDFRD Bz 37 BRB LI/ Th 55,
17 ERER L80% % = 7 u = v 7y VE L FREDONEN
#E LT\,

e. 97 AHREA LEAT v v AMEIR S SENRD
Bt Hfid 188 27 v VAIEDORFMNEY 7T VA
D 18-8 27 v vaASIEL VL L, REXLRENT
ED 5tz B GLTRD 00mm B X HEE S v,
AL OIS ﬁ%%@@ﬁﬁ# 2 BT
6-3-2 FEIMERE (BE) DOMAEKS

Mt BB L 1: Table 11 @ik,

(1) %1k

a. ERBEONEHCIIEREY B LA T A 2RO A
=V IRBETE LN, BTSSR OB WEIE £ % <
HRl 3m/sec B EOEIIRRD Th e otz Eizo, W
b R 150mm OFIFNC I TR o 72,0

b. ¥l 25m/sec BITOEIE AT A 2R A7 — VIR
Wit B EEROBARIUIH B R o7

c. Wil 3m/sec ¥ LU dmfsec DTNV T T v JEIC
VLS AR AV, A = VBE O fo b EEECH B 7n
ot BEFLLAMIERESE — B EBNERIEFEE LT
WA X S IERD Bl

d. 30% % o 7'r=v rvOHH 3m/sec%;(ﬁ4m/sec
FIC IR BT, SRR W IR AR
D HIT,

@) % 2[MEk XU 3 EHRE

a. 37 AHED LN THE25m/sec LT DED 2~ 7
A 2R T~k FOBI BB ETO 6 7 ARICEE,
B 5E B o0 S A B MR DI o T2

b. 6 7y ARKH LA L No. 7" o1k, 37 Ak
U728 3 EHRAERIC & 2 7 4 2R A7 — v DTS
THED 5T

c. Wi Sm/sec D7V T T v 7 EICRWD BN AN
FRlE & ERE, IR E 2 aEo 2 7 — v o
FEMED BN BAMCIES r B R LFRA EED Rah o,

d. ¥ 3m/sec D30% ¥ o 7w = v rIVIEILE AN
»ENT, EEEROLWERELEL T\,

(8) £ 4 kA

a. &Erb, HiEE COBMMEB LR, BEOA
7 A 2R AT~V HEE L T e

b. 1E&ALIEDAr —VEHEEZWTINS 97 B
HEDETELS hoBETHHN, 67 ARSIT 97
AB#A L No. 7, No. 11 # L 0f No. 12 SO D%
k. 53 EIRERDUR BB M LT R 1 4EfLHE

U LA

VERRD

T BN

W5 L RBECE HiE L T,
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Table 11 Result of examination of tubes’ inside wall by bore-scope.
(Uncleaned tubz)

Velocity i . . . . . . . .
M : 1st Examination 2nd Examination 3rd Examination 4th Examination
ark | Material of water, ‘ (Dec. 15, 1959) (Feb. i5, 1950) (May 16, 1960) (Aug. 19, 1960)
Light brown slime-like
1B} Albrac scale cover the surface Same as the left. Same as the left. —
(very thickly)
No. 1ot 10
309 cupro- ' Same as the above
2B Lickel [ Cvery thickly) Same as the left. Same as the left. -
| Slime-like scale is black,
1 B! Albrac Same as the above. Same as the left. Same as the left. and is somewhat thicker
(thickly)
than the left.
No. 2 —1— — 1.5
7 -
2B i?gakglupro %,?}{?fk?;)the above, Same as the left. Same as the left. Same as the above.
1B| Albrac ?fﬁ?fkla;)the above Same as the left. Same as the left. Same as the above.
No. 3 ——j——r—— 2.0
2B ?ﬂ?k?fpm‘ ?fhnifkfs)the above. Same as the left. Same as the left. Same as the above.
| |
Albrac Same as the above.
3B annealed Cthickly) Same as the left. Same as the left. -
No. 4—|~ 2.0
Aluminium Same as the above
4 Bibrass | (thickly) Same as the left. Same as the left. -
Aluminium Same as the above.
5 Bironze (thickly) Same as the left. Same as the left. -
No. § | momemm—s 2.0
1094 cupro- Same as the above. .
6B Lickel (thickly) Same as the left. Same as the left.
- | Slime-like scale is black
2B ?zl()i’;/;kg?pro %fﬁ?fkfs) the above Same as the left. Same as the left. and is somewhat thicker
¥ than the left.
No. 6 —|——==——" 2.0
6B }g(g’kgi‘pm_ %‘ng?fkfi) the above Same as the left. Same as the left. Same as the above.
|
1B| Albrac | - —
No. 7 —|—— — 2.0 < >
3%94 cupro- _ o 7 \
2B nickel /
- \
Slime-like scale is black
Light brown slime-like N >
1B! Albrac / and is considerably
No. 7' 2.0 \ _ \ // scale adhere very thin. | iproe "0 e left.
0. 7" | -
. N ~
2B igf{”kg?pm“ / \ // \ Same as the above. Same as the above.
1B} Albrac - - - —
No. 8§ —|— — 2.0 : : :
° 3194 cupro- Light brown slime-like
2B n>icoke1 p scale cover the surface. | Same as the left. Same as the left. —
(thickly)
Slime-like scale is black
) Same as the above. h f .
1B Albrac (comparativery thin) Same as the left. Same as the left. %ﬁgnlst}fgr?e?tv.hat thicker
No. 9] — 2.5 -
30% cupro- Same as the above
2B nikoel (comparativery thin) Same as the left. Same as the left. Same as the above.
T Slime-like scale is very
1 B| Albrac few. The pittings have scale. | Same as the left. —
Pittings. Black film.
No. 10 =~ o 8.0 Slime-like scale is very
9B 309 cupro- ew. The film transcolored Same as the left. .
nickel Brown film? to black.
Slime-like scale is very /
1B] Albrac ew. The pittings have scales. - P
Pittings. Black film. 7
No. 11 — B 4.0
30% cupro- f The film transcolored .
2B nicokel Brown film. to black.
Nickel- Black slime-like scale
7 B| Copper \ / \ / cover the surface samely
No.l’ Alloy 2.0 ™~ as No. 2-1B etc.
o “Nickel- ! \ e
7B’| Copper - Same as the above.
Alloy T~ "
18-8 7
8 B| Stainless \ / \\ — — Same as the above.
No.12 steel 20 ~ /
0. 12— o . P
18-8-2 Mo
9 Bj Stainless \ / \ / \ Same as the above.
steel /
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s 2T kS W& ERR FrER AT 3 PR O W
7. RUEDOHEE IRER B3 LR D B ER S 3 ERR O W
e SAB B I LTI E v A 5 Lins Wi 4 WSS 2
71 BEE B, B A BV ARBIEC DA A T, HHESHE (P4
SRERBHAR 6 » AHO 2 A16HI No. 7 4FA. 978 W) 2IGARORESYHY A >EDNECE MR b &

Hod AI6E K No. 1l 4fEir, Fic 1480 8 A19HIC
No. 1, No. 3, No. 4, No. 5, No. 8 ¥ L0 No. 10 &
A DPERE A B & B TR <« BN A U7 FAEE DR
& Table 12 1R, 7k, fMHRE (AT 3. »WIh
LD 24 A DEERRIET b W CHEB o2 o TR

JEDFRRHIT - Th bR A MER LB TH B
7-2 BEFE
SR Y % RIS THEEI D 5. RIED 2 o — MRS

RiRATN, Berr —v& 793 TCo40ELAEBON
AR BRI A A, FOBRBEE AT T - T HRE OB

AICALODEE 1L B o1z WIEEESHEAREE) BN
72 DI DOWTREEE Yy 23 B 7 » 72,
7-3 RNEH L UREIRR

W 5 DA E ORI A Photo. 5 &, 77 v TCZ
?ofm%bk&®WM%Imma6K\ik@%vmi
o T AT = V¥ L OPNER R A B bR Ui O &R
DA A Photo. 7 1W/RT o F &S DORBEREIO
S8 2 oWk % Photo.8, 9 o7k L7z, Poto.5,6,7
FELTHL  EIRERRD 150mm OHiFR A R Ao i ay O ARERIR

MTHY., Bk 52 e < WIhoE 8K 150mm

RIA RIRFAZC & > THE Lice 77 ¥ THBEE Ld7e DOFFHORBNE N EED LE > T B, DITAE R DN
I = VAL T AT o Toe BINAEICDWT, HNHEA Tik~%,
Table 12 Tubes examined with destruction method after corrosion test.
Testing condition
ark Material Joint to [ Velceity of gleelzgidr;; of Tested period
tube plate | water, m/sec inside wall
No. 7 — 1A Albrac Weld 2.0 Done :
__N 7 B N Aug. 11. 1959
0. — 7z z 7 [+ i N
rrrrr ~Feb. 15. 1960 | h. min
No. 7 —2A 30% cupronickel ” ” Done R ; 3981.50
- (6 months)
No. 7 — 2B 7 z ” No :
No. 11 — 1A Albrac Expand 4.0 Done E
Aug. 11. 1959 ;
No. 11 — 1B s 7 Y No : .
’ ~May 16. 1050 | }(;.oomm
_ 9 ; , ! 5550,
No. 11 2A 30% cupronickel // y Done (9 months) :
No. 11 — 2B 7 7 7 No :
No. 1~ 1A Albrac 7 1.0 Done
No. 1— 1B . 7 ” No :
No. 8 — 1A ” Weld 2.0 Done ;
No. 8 — 1B 7 7 7 No
No. 10 — 1A ” Expand 3.0 Done
No. 10 — 1B ” ” " No §
No. 4 — 3A Albrac annealed 7 2.0 Done
No. 4 — 3B Y P ” No :
No. 4 — 4A Alminium brass ” » Done Aug. 11. 1959 .
- ; h. min
No. 4 — 4B ” z 7 No ~Aug. 10. 1980 : 7465.00
No. 5 — 5A Aluminium bronze 7 7 Done :
(1Zmonths) :
No. 5 — 5B 7 // ” No :
No. 1— 2A 30% cupronickel ” 1.0 Done
No. 1 — 2B z 7 7 No
No. 8 — 2A y Weld 2.0 Done :
No. 8 — 2B 7 7 7 No
No. 10 — 2A y Expand 3.0 Done ;
No. 10 — 2B ” ” » No
No. 5 — 6A 10% cupronickel ” 2.0 Done 3
No. 5 — 6B ” ” ” No

16
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ERNBEICR T D75 vay 7 vy ~ I L8RS OmAsRl (1w (27)
Testing X Velocity L
period Material of/water, Mark Periodically cleaned tube Uncleaned tube
m/sec
2
=)
- Albrac 2.0 No. 7—1
a @
& %
! o
5
. ©
= 7 | 30% cupro-
. nicakel 2.0 No. 7—2
3
<
2
iy
— . | Albrac 4.0 No. 11—1
L)
]
2 %
1 ©
o>
w
. 2
= 30% cupro-
@ mickel 4.0 No. 11--2
=1
<
1.0 No. 1—1
Albrac 2.0 No. 8—1
3.0 No. 10—1
e
Albrac
annealed 2.0 No. 4—3
]
& Aluminium ;
& brass 2.0 No. 4—4
3
< 8
R
3 =
—
=
: Aluminium
gﬂ bronze 2.0 No. 5—5
<<
1.0 | No.1-2 |
SRUPTO L 50 | No.8—2
3,0 No. 10—2
10% cupro-
nickel 2.0 | No.5—6

Photo. 5 Scale formed on inside wall of tube.
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(28) ¥ KR B8 & B ¥ # January 1961
. Velocity
g:rsi%é‘g Material of/water, Mark Periodically cleaned tube Uncleaned tube
m/sec
=
=3
< Albrac 2.0 No. 7—1
: 9
gz
! ¢
% B
¥ oo
= 7 |80% cupro- -
= el 2.0 | No.7—2
S
<
2
)
=~ | Albrac 4.0 No. 11—1
Y
g £
= g
(-}
% 8
w0 o
= 30% cupro- =
‘:’;" niclicel 4.0 No. 11—2
<
1.0 No. 1—1
Albrac 2.0 No. 8—1
3.0 No. 10—1
Albrac
annealed 2.0 No. 4—3
2
. Aluminium
o raas 2.0 | No.4—4
[ I
gy
< 3
REE
2
) Aluminium =
: bronze 2.0 No. 5—5
0
o
<€
1.0 No. 1—2
30% cupro-
nickel 2.0 No. 8—2
3.0 No. 10—2
10% cupro- -
nicokel 2.0 No. 5—6

Photo. 6 Inside wall of tube, as brushed.
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HERNFEICRT D e vay 7 vy — K X HHEARE OB GBlag (29)

7-31 6 X AEHOFES
(1) No7-1A #% (7n 79 v 7, A, 2.0m/sec,
B :

S - TH

B EEWEOE L BB A Uil B
RiZBbNTEY, 8428808

) E)nff_o J)

Tro Toks, EHEEAT 180mm DL E R Ao T,
7Y CI T o TKELTLFEAEED Wit BBEE
WEOEBE b, SAHMIEETH D GO
FBETEDESC SBAIED b oo HATOME
Biaaiftie Licboo, BN (EMireoms

e b /s - S R fn n=d -
A ERER LA HH AR ) T BT R BB B IREE & HEE XN,
. Velecity
ggfﬁé’g Material of/water Mark Periodically cleaned tube Uncleaned tube
m/sec
18~ | Albrac 2.0 | No.7—1
BEE
.28
O
:bg: A 30%
© cupro-
éx h/ nicokel 2.0 No. 7—2
1=
12~ Albrac 4.0 No. 11—1
25 2
w0 -
=]
: o ©
= E
% o | 39% cupro-
é‘ nicakel 4.0 No. 112
1.0 No. 11
Albrac 2.0 No. 8—1
3.0 No. 10—1
Albrac
annealed 2.0 No. -3
2} Aluminium
: Jlum 2.0 | No.4—4
0
PN
< &
2 Q
s >
w | Aluminium
o Soumr 2.0 | No.5-5
)
o
<t

30% cupro-
nickel

1.0 No. 1—2

2.0 No. 8—2

3.0 No. 102

10% cupro-
nickel

2.0 No. 5—6

ety
e

Photo. 7 Corrosion of tubes. (as cleaned by sulfuric acid solution)
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T R 8 & B & W

January

1961

. Velocity
g:rsitolé’g Material |of water,] Mark
m/sec
=
w0
B | Albrac 2.0 [No. 7 1A
g 2
mog
! o
> B
Se
= 30% cupro- -
t nicakel 2.0 No. 7—2A
o
<
2
< Albrac 4.0 | No. 11—1A
» )
22
1 o
3 g
. 2
= 30% cupro- =
“ i 4.0 | No. 11-2A
o
<
1.0 No. 1—1A
Albrac 2.0 No. 8—1A
3.0 No. 10—1A
Albrac —
annealed 2.0 No. 4—3A
3
é Aluminium 2.0 No. 4—4A
. brass .
SN
< 8
RS
<o
v
=) Aluminium .
% bronze 2.0 No. 5—5A
g
<
1.0 No. 1—2A
30% cupro- _
nic(i{el 2.0 No. 8-2A
3.0 No. 10—2A
109% cupro- | 54 | No. 5—6A

nickel

Photo. 8 Cross section of corrosed tube, x10. (Periodically cleaned tube)
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Bk bEFrvay 7y y ~ T L hHAMEOm AR (Gl (31)

. Velocity
Tes.tmgi Material |of water, Mark
period m/sec
3
= Albrac 2.0 | No. 7—1B
8 B
& 5
X8
& g
- <€ 309
= %4 cupro-
o nickel 2.0 No. 7—2B
B
<
B
< Albac 4.0 | No. 11-1B
52
s 3
1 o
o> 8
w
- [=2]
=7 30% cupro-
@ nicakel 4.0 No. 11--2B
3
<
1.0 No. 1-1B
Albrac 2.0 No. 8—1B
3.0 No. 10—1B
Albrac -
annealed 2.0 No. 4-3B

Aluminium _
brass 2.0 No. 4-—4B

Aug. 11, 59'~Aug. 19, 60’
(1 year)

Aluminium 2.0 No. 5—5B
bronze . )

1.0 No. 1-2B
30% cupro- 2.0 | No. 8-2B
nickel

3.0 No. 10—2B
10% cupro- -
1% o 2.0 | No. 5—6B

Photo. 9 Cross section of corrosed tube, x10. (Uncleaned tube)
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Table 13 Area of corrosion.
Testing M ol Velocity Periodically cleaned tube Uncleaned tube
period ateria of v/vater, Y Area of * Mark Area of %
m/sec o corrosion, % corrosion, %

Albrac 2.0 No. 7 — 1A About 15 No. 7 — 1B About 80

6 months —
30% cupronickel 2.0 No. 7 — 2A 100 No. 7 — 2B 100
Albrac 4.0 No. 11 — 1A About 7 No. 11 — 1B About 7

9 months
30% cupronickel 4.0 No. 11 — 2A 109, No. 11 — 2B 100
Albrac 1.0 No. 1— 1A About 10 No. 1~ 1B About 30
Albrac 2.0 No. 8 — 1A About 7 No. 8 — 1B About 20
Albrac 3.0 No. 10 — 1A About 7 No. 10 — 1B About 20
Albrac annealed 2.0 No. 4 — 3A About 10 No. 4 — 3B About 20

12 months Aluminium brass 2.0 No. 4 — 4A - About 15 No. 4 — 4B About 40
Aluminium bronze 2.0 No. 5 — 5A About 40 No. 5 — 5B About 85
30% cupronickel 1.0 No. 1 —2A 100 No. 1 — 2B 100
30% cupronickel 2.0 No. 8 — 2A 160 No. 8 — 2B 100
30% cupronickel 3.0 No. 10 — 2A 100 No. 10 — 2B 100
10% cupronickel 2.0 No. 5 — 6A 100 No. 5 — 6B 100

* Rate to the total area of inside wall of tube.

S OEITBEARERE L LT, fhoE ke Table13 i L
Th B WS E THE Uick LBV E R OE Y
., Table 14 iIwik3 2 & < 0.28mm Th ~7r, ZDED A
A SHIREREE L7V 7Ty 7 EORTE L AT,
OB S DT o700 EIEE R O WiE Ik ik Photo. 10
CHRTZELTHD, BAEKRED SN W,

2 No.71B#% (779 v o, i, 20m/sec, IE

FRERE) ¢

ETCEBBDOR T A 2RA 7 ~ VB E LT
7oo Ly UESHEEEIIIERICE < . B3N H#) 160mm o
AT EEONEWRENRL ABETSH ol 79 ¥ T
TBHEMBRr —idne DEREINT, EBONHEPE
BILOEANEZAEZAFEBRENA, KEHOH
XA = VBRI REINAWTHE{EE LL-EEThH
2Tt BMATLCIEBED X 7r — VHERD Bic, B
DI, EWER 200mm e T, Fofofifke
Wiz, HADEKE Li- Xk 5 RIEEH MERCTED S
N, BEAEEIE80% % 5D Tz, ARy ORIEMT
0.19mm TH %, 7mREIREBELRE L O FORESECEEA
IEEED Bvia oz,

(3) No. 72A % (B0%x a7 =y ¥,

m/sec, FHERE) :

A7 A BIRO R = METRRD BT, R RRRER
STBEOHNERIZ BB b T, ZORBL 7V 7
7y 7 EBIERD HNIEIR S 280 BB TR & 1R R
D, HBETREWERCOWET, 77 v Co4 5 L KEs
BRRE I -T2 Y Ly &BMILSEN . BRI X
LEEEREROTEL., AAFEOFEERBATED BT,
B4 Th o7=h, Eihres 100mm R4k E, &k
A EB—Z EBIERO L WHEMAIENRAE L TR, %
i 2EBAZ R TS L 5 ERD Bz, WmERiN b

w20

Photo. 10 @A BN BT L <, FRA LR L D TEH B
Ay, PNEHRRC IR R MM DSER D B S, F D RIMER D
Mz 0.98mm TH o7, Atk 0.04mm FREEDE A%
FHTW2DLEL2 BN, hBEREETRRSIVOED

No. 7—1A No. 7—1B

No. 7—2A No. 7—2B

No. 8—1A No. 8&-2B

No. 8—2A No. 8—2B

Photo. 10 Cross section of welded part. x10



Vol. 2 No. 1 SRR IR R K IREIC B B 7 v 2 v 7 v 7 - I X AHABEO AN (B1@ (33)
Table 14. Depth of corrosion.*®
Testing Material erlocity Periodically cleaned tube ‘ Uncleaned tube
period ateria of water, Depth of Depth of
m/sec Mark corrosion, mm ’ Mark corr;osion, mm
0.28 0.19
Albrac 2.0 No. 7 — 1A No. 7 — 1B
0.26 _
6 months
0.04 0.04
30% cupronickel 2.0 No. 7 — 2A No. 7 — 2B
0.01 0.01
0.16 0.20
Albrac 4.0 No. 11 — 1A No. 11 — 1B
0.15 0.22
¢ months B
0.11 0.08
30% cupronickel 4.0 No. 11 — 2A No. 11 — 2B
0.09 0.10
0.10 0.18
1.0 No. 1 — 1A No. 1 — 1B
0.12 0.14
0.15 0.21
2.0 No. 8 — 1A No. 8 — 1B
Albrac 0.16 0.20
0.20 —
3.0 No. 10 — 1A 0.20 No. 10 — 1B 0.22
0.18 0.22
0.25 0.25
Albrac annealed 2.0 No. 4 — 3A — No. 4 — 3B i
0.25 0.27
0.34 0.30
Aluminium brass 2.0 No. 4 — 4A 0.32 | No. 4 — 4B 0.32
— I 0.32
— 0.27
12 months Aluminium bronze 2.0 No. 5 — 5A 0.26 No. 5 — 5B 0.26
0.20 0.24
0.11 0.09
1.0 No. 1 — 2A 0.08 No. 1 — 2B 0.10
0.10 0.09
0°08 0.08
309 cupronickel 2.0 No. 8 — 2A 0.11 No. 8 — 2B 0.11
0.10 0.10
0.11 0.12
3.0 No. 10 — 2A 0.07 No. 10 — 2B 0.11
0.12 0.08
0.10 0.11
10% cupronickel 2.0 No. 5 — 6A 0.10 No. 5 — 6B 0.10
0.11 0.08
* Determined by microscopic examination of cross section.
BT EFEIITD b v ol BORWIE No. T-2A BHLERALER U Tholee Fich

(4) No.7-2B % B0%xa7a=yii, 2.0
m/sec, JERERE)

ST b7 o THEREEBD A 74 2R A7~ VHKTE LT
Weo ZD AT — VKRN 7 ) ITE A TWT, T
DB KR N7 Y LT LE - T BRI ORD 5
NAHEMNAELBEBEH LT, 77 ¥ CoTHEARY
—WVIRFEA E N7 ) UTHIILSEN /2, B, 77 ¥ T/
7Y XN AT~ No. 7T-1B%& (775 v 7)) OF
NEYERVENEEZE LT, TERERINTY

7oNERE S —FEC /7 ) Uiz 2 & AHEE S, BRI

SN

23

RIS No. 7-2A F LA YERET, 0.0dmm BE®D
SHEABEL ZT T 5D & 5D Bt
7-3:2 9 7 REHOFAEE

(1) No.11-1A# (777 v 7, 4.0m/sec, RS
No. 7-1A% r . &WEL W\ LIEE OB
FlbITR D, WEMNE 150mm O R & 2K
DRENBD BNz, BEABERIATON T % Lz &
. BIEE L 016mm F s X,

(2) Noll-1B#% (7~ 77 v 7, 4.0m/sec JEREE) ¢
FREETHLEN, HALEBRVWTREA T A 2 RA Y ~



(34) = R &

£

B ¥ R January 1961

WV OWFERFEA EFRD BT, No LI-1AELFRAER U
RIETH o 7co MADFEARIT S No. 11-1A 48 L1FR
UG, W7 % Th o708, HEwiX 022mm ¢ No.
11-1A X D WL BP0

(3) No. 11-2A % (B0% % o 7w = v, 4.0m/sec,

FEE) ¢

G A E¥—iC, 67 AE® No. 7T-2A % & FREDI
ROENEIBEOFBIT X - TH L BB bt T,
7Ty ¥ Ik L OBBE N ERORIE b No. T-2AE &
FRAERUTH 5722, #LoIFIL No. 7-2AF X D
2B TH » 7o, Wi THIRE Uiz WE &R/ ME 0.91mm
Tk v, 011mm FEEEORER & FED Bl

(4) No. 11-2B % (30% % o 7w =y 7 v, 4.0m/sec,

JERmE) ¢

No. 11-2A & » RO ERBEY BIZ BSkbiv Tz,
WD E 13 No. 11-2A% k0 BT E W & 5 25 B,
4 F08 7 0 LCHT LB S T 28 b 7890
BWNice 77 v ¥ v IR L OB CEO IR 5T
ok S No. 11-2A FEFEALRLTH Y, HA
By gy 0.10mm THRAEED I oTc,
7-3-3 1EHPEE

(1) No.1-1A#% (775 v 7, 1.0m/sec, )
ST AT A 2ARD 2 = VISEE S BITE LT, W
BRERFR 4 9 200mm DEFFD & 7 — VIIREICHEL, ik
BaxE LT, HE Y ERIESEE L T h108
FHE LIeMiCZEB LIc b D Th Do BEH L AT — VA
O — R S B R Ze R (L A 32T B SR B i ZE 1L
LTHRE LD EB b, ZDMDOEHD 2 r —
HIWLEBOEELTKD, LoAXZAWEAROBEE
FIEEREO A — VLD BN T T YT TR L,
AT A BIRR T LI D L e D BB EER LUK
BEONTEEBNRE ALY 2 AFIESITHE bV, K
SOMWEA T A 2R A — 3 EERG Ui, B
Peutai. TSRS 4 150mm SO BT IR A YIRS
PO BNT, FOMOEBITHML S&ERL RO
Fro SOEOLAEE, Bk 2.0m/sec kLU 3.0m/sec
DTNT Ty 7IRERE OB KT B Lo/ NITlE S
BB S N RATIR & LCHIEL . EIOR
10%BETH o7z REBEAREYE 012mm T, %2 7
vy 7R EMEEOR TR LE 1,

2) No.1-1B#E(7n 77 v 7, 1.0m/sec, JEIRptE) ¢
EIRE A R e &BICh7e D, AT A 2RO R~
PIFFECEELTRY, ORI EaflEE TR LE
Motze 167 B HD No. 7-1B & L R0 ERED b
DORTBOKREY % ED, £O LBCKELE LIz b0n
H{BEBoTWee CHEEEVERES ThHotz D AR
TG PR U CIRE(L Lic b D Th B, EaEEERy 200
mm DOHEFAE 27 A 2RA T ~ v D HFED FERICH L,
No. 1-1A EDENREEE L F UREETH o1ze 777 ¥ T2

24

T ot BRI No. 1 1A FH L ERETH B, BEEWBIC
P, DR 200mm A BRSBTS, A s AR
L7z & 5 REEDIBET N E L DT E U T EDNRED B
. TOHERBIIEmED 30% BETh 5o, BEETIX
0.18mm ¢, No. 1-1A & L ) 228

(3)

,,,,,,

No. 8-1A % (779 v 7, g, 2.0m/sec, i
iAE) ¢

AT A SRR = Noo I-TA B LD BT E L
Tk, bl THRAEFREBEREL Oty 77y
¥y 7HBOWRIUE No, I-IA B ERBETH D, BibVWEo
ik, EEGESRT 150mm DR A B o e B & B &
AT B, TOBAMBIINT % Ch o700 HEHSE
L UE DB IR DI o Too A R
ik 0.16mm © No. 1-1A % 1 H ETE G, ARme
MoWmE T cix, Photo. 10 k3 2 & < B 4 U
7o 7 AFLPIERIC 2 B B2, A DML -
7o
(4) No.81B % (7 Vv7 5y 7. &, 2.0m/sec, 3E
FRERAE) ¢

A = v DRFERITE, By 33T LB BB
SME No. I-IBEELRILTH Y, FNE2 77 v T4 o8
B S No. 1-1IBE LA LR UTh o712, BEEWE
DO, EiER 150mm Ofifl4 k&, No. 1-1B %
LR, SAOERUBERBAENELDIERE L
BAFOmENIAW20%F2E ¢ No. 1-1B & L h o0\
M5 RATE YV ITEER 0.21mm © No. 1-1B & & b s
BEDs o 1o Te B E O W 1B &S B e o 70
(5) No.10-1A% (777 v 7, 3.0m/sec, BFEE) :
Big 2 7 = v 3 No. 8-1A 4 10D Ll & 70 BB Bl
FhE No. 8-1A B L FRA IR TH o 70 BREEW BTG
A 100mm DHiFHA B\ o dngiis . No8-1A % & [/ U
EOEENRBDBN, FOBEAEYIE No.8-1A % 1 4
EEANTEEL, B/Xk 0.20mm Th -7,

(6) No.10-1B# (7 /7% v 7 3.0m/sec JE#EE4%E) :
FRREC S b BT, I{7E 2 7 — MI3FE H i 4 <
No.8-1A % (¥l 2.0m/sec DIFERE) LIHIFREFLE T,
B TR Noo 1-1A A0 R mEEEE, -
itk No. 8-1A FLFETE LCREEZE 1L T,
PITC ESEH 150mm D#iF % B\ o, Sa
DEPIE 5T BaEH No. 8-IBELE UL L 4L
THRY, FOmEE T 0.22mm Th 577,

M No.4-3AEWKE 7V 77 v 7 2.0m/sec, H%E):
2 =Dk L OHBERIT & bic, No. 8-1A 4% & 74
AERUTh olco BBEEWERONEICILEHER 100mm
R feaiic No. 8-1A B L RIBREE O S AN U T
7o S, R E CBEE S AR VD BN, F0
BlsEgE-v ik 0.25mm Th 7o

(8) No.4-3B*%& (BE7V75 v 7, 2.0m/sec, FEH
i) o
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IR S BT K NHEINC T R vay 7 vy —

LR EOm R G81W) (35)

AT = VORI LU 77 v v v 7 BoRIE No.
8-1BE LFAA LR U TH o i N DB AR & No.8-1B
BERBRTH o/, EYEashEnL 30 sd b,
BERHNEEL 0.27Tmm G, Nod-3A % 10 L i
Mot

(9) No. 4-4A #%

E,
N7 2 7 — i

(7v 2= n3H, 2.0m/sec, 43k
Jéﬁ%ﬁ%DGLXiaﬁéx7~
VST D //z»’t; O BV EIAME No. 8-1A # L FEA X [FH
LThh, #hid 79 v To T 5 P2 BRI %ﬂ%f%o
foo BRUEWEROTIC L, i#T 150mm DFIFHA K 7o 4
WA D BNEANSE(T Vv T 7 v 7 BERED 2 56
D BN BEEAEY034dmm ¢, WH 7NV 75 v
7REED SEEEL, No. 8-1A B 2 ERIDEFTh »
foo (SEOTMEE R THRLEN,

{10 No. 4-4B & (7 v 2 =¥ ~ 356, 2.0m/sec, JEig

Fri) «

A7 = VI E R L No. 8-2B 4
DD UIDEHT N7 U Uic B Mm% < . % 7=,
7Ty ¥ B, WHNCEAR ETD SN L EER LU
FEIfk e A 7 — VDR MR GEE OB Ui ke
MIEFIT S (RO DN, BEEWRIE, S 100mm
wEE . HAOBE ULBERBARERAERC S ED BN
Too FOMBBIIA0%TT VT T v 7 FEED 2 SR
ﬁ%D\MV%NO44AEtH&&K%#otO

) No. 5-bA % (773 =v LFH, 2.0m/sec, Fkx

(K

A = MIRTERTLE No. 8-1A & & I S BT e, #
M7 BESR D BT E B A 7 — v Bk o 7o A

THhotoo VEIRBRILERT B A B\ o U I C s /e
DERZE D le ENEECHEEL, 7V 77 v 7RSI
O BTN E M AEEROBAB L2 DR - Tz,

BRI & TR A EFBET

BEiA s Limid, RESmEEOR40% LD b
Fro AL 0.26mm T, ET VT I v 7E LR
Eﬁf%oﬁio
12 No.5-5B# (73 =v ~¥§f, 2m/sec, JEEkH:
&
2 VIRTER L No. 8-1B 45 & & < ElCusf=25, LI

BRIC A T A LKA — )V D/NT
Bz BEANIIRA ERBOBFEEL T LE 5T, £OTIC
BAEIERGE AT ~ VORI BAHAFE A & Emiic
R BTz, BREE\ RO P AE SERRY 200mm DHiFE %
Pr&, RENEE LB B AT M 0K85% %
HEDOTR D, FOEFIEK 0.2Tmm CTh -7z,

(3 No.1-2A% 80% % = 7"m=y 7 1l0m/sec, &

BRAED ¢

HERREOHS bENMNCR - BBEED AT A 2 RA T ~
i No 1-1A & L FRREOCE JICHiE LTk D, Ik
CENDFES DL EE BRI A7 D LT LEDR, N7

J L7eB o dinie b % <,

29

VI KBS BRI A B2 U7 il a BB i LTtz s,
BOEHOFIEGREAE LB S £ 1750 BE
LT\Weo 77 TCoT5EWMERr — VITFEA EEHR X
NT, BEGE R EEE Lo iilio —Ha%s T
CEREBEBE LIcOZBEWTE, K#Es, BUWilsEs 2
U7z &AL EE S Uise BBIE VRO NEIE 2 E TS —
IR AR b s OB THATIO AR
DBV, MBI EREE L TWAEL D o7 b i
DIRBRC BRI BT, nds. ILEALL 9 7 A B 80% %
FE DL OPHEETH o, BT
BN I U TN AIE RS IR A o 7o WLFR I ER 0D T
PRHE 9 7 AR D b0 L FFBA Sk L 5K RZT S
NFci, SRR EBESETRY LTk D, B KW E R
U%ﬁ&ﬂﬂ(ﬁOihnm%ﬁ&&nwb%ﬂﬁ@

(4 No.1-2B % B0% % o 7w =y 7, 1.0m/sec,

%ﬁ%ﬁg>.

No. 1-1B & L FEEDE 2 7 4 nik 2 7 — VRS L
TNFei, FREI N7 Y LB BT Ky 23 & 72 5
Rie~7 ) UTLE ofze 7 VENCIEK, BUWBEEE
mm@@@@wzv—wmgtbwﬂ 7VEEFELTED
Fizos7 VEHYLABEHR LT, 77 T2 5*
7-#1% No. 1~2A BERAEBRUTH ofco BBEEWEDR
AtkILds & Ok & No. 1-2A e < FH U L 5 7afk
BETHD, HWAREY b 010mm T No. 1-1A & & HEE

:7.7?1’--7/]‘/1/

ThoTce
(5 No. 8-2A % (30% % o 7m=yr, &, 2.0
m/sec, ﬁlﬁ?ﬁﬁ') :

No. 1-2A FBORMEFEA LB U TH o3, 274 &
o — v OREE S s D < No. 8-1A o2
ALBETCh oty 77 ¥ ToF o ORil, BV

@%M%iﬁ%ﬁﬁﬁmbfﬂ%NQI@A%&@ET&
Ry LA 01Imm Th o 7eo ok, IO
W&A FTH LN, BERE L OFORER, JIBRE

[%ﬁ inuy) %ﬂfiﬂlof\_o

1 No. 8-2B % (30% * o 7'w= v 7,

m/sec, JERERE) :

No. 1-2B # LA ER U Th ofehs, AT A4 BIRA 7
—~ OB FEENL DA LEC No. 8-1B o zh & RiE
Eﬁ%oto77/f_¢ot&ﬁWﬁaM%M#®&ﬁ
%@&ﬁ%&v@ﬁ(ﬁib?ﬂ%NolZA*&%A&

kg, 2.0

RAUTHY., EWMOBEE 2 &HE LU F0EHT SR
WD BN o T2s
1 No.10-2A % (30% % o 7w = v 7 v, 3.0m/sec,
RERE) ¢

No. 1-2A FLRKEEURETH BN, 274 »lk2r
~ NV DIFEEERD CHEIC, No. 10-1A FrERBETS -
Too 77 ¥V TCL T o 7c DR, BEEW ORI, Wik
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Table 15 Chemical analysis of scale formed on inside wall of tube.
g:rsi'gé‘g | 6 months ’ 9 months i 12 months

é Material Albrac %(éxz/;égl— Albrac %?:?krgf Albrac aAr}ggglced bAIgr;iSnium ﬁxrl(r)x;izrgum 30% cupronickel %?:?gg{
& | Velocity of | 2.0 | 20 | 40| 40| 10| 20| 3.0 20 | 20 | 20 | 1o 20| 30 20
Mark | [No. 7-iNo. 7- 2|No.11-1|No. 11-2]No. 1-1|No. 8-1[No.10-1] No. 4-3 | No. ¢-¢ | No. 55 |No. 1-2|No. 8-2No.10-2lNo. 56

Total amouat, A% — ] — i Tr l 0.26| 1.83| 1.19] o0.16 1% | 116 | 07 i (1.88) | (0.9D) 1 .20 | 0.76)
g B — — ] 0.01| 0.38 1 2.95 1 2.79| 1.39 275 | 2.a: } .79 | .60 i .50 | 0.5 | (1.90)

Al —]un| - | 25| w70 36.48| 48.32| 5204 | so58 | 550 | 40.26| 26.65| 30.75 | 57.00

cu B "i'(i.'éé»1"-éé’.ﬂs’d‘[-‘ééib_d-}méé_lé”"é%:éks-»"-"éé_.'éd']m;é'6{3“] """ 3 é'ébm_}“"“sé."éé_"} ----- a2 | éé':éb”[mié'é.d"”éé'é'd'imié-ééh

e AL el -] se] res] ae] teo] s | e | xm | zm] 1w] el 1w

© B | 18.20| 16.00| 15.00 | 10.60 | 6.85| 5.50 | 250 | 660 | 735 6.30 | 4.70 ] 3.80| 1.60| 7.35

Al -] o] — ] —| saof 615] 206 735 | 2.5 0.70 | 0.25] 0.20| 0.50| 0.50

Zn "1_3;"|""6:55 ______ L | | — 1 il 3.5 1 70| 270 | %70 | 0.5 | - 2 00| 00| 0u0s

Al -] 2| - — | vot| o8| 0.63 Lo | o1 a7 | 0.32] 0.21] 0.68] 0.61

Al "1'3_"{"":-'3'.'75 """ 762-] _____ :-"{__"i."i%”l““2-:&5]""1[:66"} """" 2 8012781 ______ 550 | 0.42] 048] 0.95| 1.79

) Al — | | —| -] 0.63] 0.60| 0.67] 0.9 05 | 08 | 1.5¢] 0.40| 255 0.3

S B} _éjbé"f""{:éé"["“:”\m":AlmB-.»éim”zi‘.'e’smwi:éb """"""" 3.6 | i:-g_gm'] """"" é'.'ééwimi-.'éb' 06| 093] 257

P T T O R O A O 0 o Bl il
2 B | Tr 544 — | sa5| Tr | Te | Tr | Tr | Tr | 9.50| 8.92| 14.10] 5.50
& Al — | v — ‘ — { Tr | Tr | 0.2t Tr 0.4 | Tr | Tr| oo¢| 1 14} Tr
§ ca B | a2 100]«} ____ 2 osa| os2| o0ss| 064 | 0.46 035_"{"_2"35 _____ 3.43| 0.36] 0.57
3| o ALz leel o) o lowsl o] o] e | es | ww | o] ow] om] o
: B| 12| 0s| — | — | nos| ta2f oss| 212 1.06 071 | 225 3.29| 087 117
3 B Al — | oa| —| —| re7]| oe2| — | 132 0.74 0.82 tat| 13| — | o8
S04 B 6:65'[“'6:651 """ T :;-"f"'éfdé‘-E-ifié"(__ﬁ_ég] """" éﬂéf"'I “““““ 360 | 435 | 123 169 009 251
poms | AL Ll o s se] eer] - | e | ew | v | e 2] - | s

B | 14| 1a7] — — | 48| s22| sar| s 6.10 5.26 2.70 | 2.42| 2.97| 3.54

T O 3 O T O O Wt 5.

B| 12| 12| — | — | s47| 4m| 506 408 | 48 4.81 2.9 1.86] 2.64| 270

T e B el T O e N e O s

B | 24.55] az.8| — — | 0] 84| — | 1869 | 1681 @dz | 438 1851 — | W

I e N B A N N N YO I A

loss B ] 10.94] 723 - — | 2n| aor| — ] 4.59 ] 4.26 5.58 ‘ 435| 47| — | 649

% “A” is periodically cleaned tube,

26

“B” is uncleaned tube.
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Study on the Corrosion of Aluminium and
Its Alloys by Flowing Water

i

by Shiro Terai and Yoshio Baba

We have been studying the corrosion of condenser tubes of aluminium and its alloys
by flowing water since November 1959 and at the same time corrosion tests have been
conducted on the work hardened or annealed sheets of 99.49% and 99.29; aluminium; and
3003, 5052, 5454 and Alclad 3003 alloys for one year.

(1) The results obtained for corrosion tests using tap water of flowing rate of 0.3 m/min.

1)

i)

i)

iv)

v)

and a pH of 6.45, were as follows;

Tensile strength of all specimens, except Alclad 3003 alloy, decreased with the time
of testing. Decrements in tensile strength of work hardened specimens were more
than annealed ones.

Decrements in elongation of 99.49Al 99.29;Al and 3003 alloy were remarkable,
especially in the first three months.

The pit had penetrated through the thickness of the specimens of 99.49Al, 99.29, Al
and 3003 alloy in one year. Instead Alclad 3003 alloy was resistant to localized pitting
attack since the coating (7072) electrolytically protected the core (3003).

Weight loss of 5052 alloy was the least in all of the specimens and less than 1
mg/cm?2/year.

The number of pits was the least for 5052 alloy, too.

(2) Using model condenser, corrosion tests by well-water were conducted on condenser

i)

i)

i)

iv)

v)

tubes for 70 days with the rate of flow of water at 2 m/sec. and 126 days at 5 m/sec.
Following results were obtained.

By the analysis of well-water, it had a pH of 7.2 and contained remarkably more
Fe*t + Fett, Cl- or evaporation residue than tap water.

Changes in mechanical properties during corrosion test were negligible for 70 days
at 2 m/sec., but appreciable for 126 days at 5 m/sec.

In the latter case, decrements of about 159; in tensile strength and proof stress were
observed in 99.295Al, 3003, 5052 and 5454 alloys, while, decrements in elongation were
remarkable in 99.49;Al, 99.295 Al and 3003 alloy, and the decrements ratio was 40-60%.
Corrosion products (mainly alumina) adhered considerably to every places of inner
face of tubes. By removing these products many pits were found. The total number
of pits was the least for 5052 alloy.

Localized pitting attack was prominent in 99.4%Al, 99.295Al and 3003 alloy, but in
Alclad 3003 alloy, attack into the core will not occur until all of the coating have
been removed from a large area.

From the investigation of pits and the mechanical properties, 5052, 5454 and Alclad
3003 alloys showed higher resistance to corrosion than 99.49Al, 99.29; Al and 3003 alloy.

‘These results are considered to show a good agreement with those by tap water.
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Table 1 Chemical compositions of the test specimens.

Chemical compositions, %

Cu | Si|Fe|Mn [Mg|cCr| za | Ti

i

Materials

99.4% Al 0.035 | 0.13 | 0.32 | 0.023 | 0.004f Tr | 0.036| 0.007
99.2% Al 0.025 | 0.15| 0.56 | 0.013 | 0.001] Tr | 0.015| 0.007

3003 0.018 | 0.11 | 0.52 | 1.14 Tr| Tr | 0.013] 0.002
5052 0.004 ] 0.10 | 0.31 | 0.004 | 2.48 | 0.24 | 0.004 | 0.003
5454 0.04 |0.13]0.23] 0.79 |2.92|0.11 Tr 0.02

3003-2f Tr |0.14 045 1.32 Tr| Tr| 0.007] 0.05
7072 0.009 | 0.10 | 0.36 | 0.009| Tr| Tr| 1.01 Tr

3008-1 0.002 | 0.11 | 0.47 | 1.14 Tr{ Tr! 0.007| 0.003
Alclad

Alclad 3003-1 : One side 7072 Clad 3003
»  3003-2 : Both side 1072 Clad 3003

FAHEE (1X25X35mm) % v = — VTR D T kB
KAEHZ T Tb ks 0.3m/min. OBE TR X870,
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ﬁ
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Detail of the test specimens
for measurement for measurement

of weight loss of tensiie strength
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Fig. 1 Schematic diagrams of test apparatus.
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Table 2 Chemical analysis of tap water used

in corrosion test.
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Table 4 Chemical analysis of well-water used in model condenser

Direct (days) Tank (days)
Items
| 1w | 19 o | 1 196
pH 7.29 7.20 7.24 8.70 8.80 8.27
Methyl orange alkalinity as CaCQs ppm 73 — 73 182 203 127
Total hardness (as equivalent CaCQj) ppm 157 160 131 275 46 15
SO~ ppm 23 2 1 37 39 5
NH; ppm 1.1 2.7 0.4 0.1 0.2 4.0
SiO. pPpPm 56 55 57 16 25 37
Fe*t + Fer* ppm 174 13.4 10.6 70 64.0 19.0
Cu** ppmn 0,02 Tr. 0.02 0.16 0.24 i 0.42
Cl- ppm 101 154.9 74.6 348 131.9 55.9
Evaporation ;esidue ppm 308 437 337 1045 717 490
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Fig. 7 Variation of water temperature during corrosion test, using model condenser.
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Photo. 4 Section of condenser tubes after 70 days in water system, water velocity 2m/sec.

Test specimens were taken from center of upper side in Fig. 8.
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Galvanic Coupling Test on Commercial Pure
Titanium and Other Metals in Polluted
Brackish Water near Nagoya Harbour

by Shujiro Suzuki

In our country, most of the large factories are built near the sea coast and using the
brackish water as their industrial water, therefore, they employ the corrosion resistant
materials for this purpose. Recently the degree of pollution at sea and river is getting
higher and at the same time the condition of usage of the corrosion resistant materials are
becoming severe, and even with these corrosijon resistant materials the various abnormal
corrosion phenomena are observed.

Titanium is the good corrosion-resistant material and the resistance in brackish water
is as much as those of gold and platinum, so that the chemical, petroleum and other
industries begin to use titanium.

In order to clarify the problem of contact corrosion, long range galvanic coupling tests
of titanium and other metallic materials are carried out in the very polluted brackish
water near Nagoya Harbour.

The following resuts are obtained:

1) Titanium coupled with other metallic material is completely corrosion resistant during
the tests in a month, six months and about a year as well as titanium uncoupled.

2) After the coupling tests of about a month, 13% Cr stainless steel, pure aluminjum and
aluminium alloy (24S) have suffered the corrosion a little more than the above
materials alone in the same environment, and the surface conditions of these coupled
materials are almost the same as those of the uncoupled materials.

3) After the coupling tests of almost six months, 13% Cr stainless steel, pure aluminium
and aluminium alloy (24S) have suffered more corrosion than the uncoupled specimens
of each, and the severe corrosion is observed at the contact surfaces of the above
specimens to titanium. From this fact it can be said that the galvanic corrosion has
occured for them.

4) In the coupling test about a year, 189 Cr stainless steel, pure aluminium and aluminium
alloy (24S) have evidently caused the galvanic corrosion at the contact surfaces to
titanium and partly the pitting corrosion is observed.

5) In the case of carbon steel the galvanic carrosion can be expected from the galvanic
series, while this expectation does not come true in this experiments, and the further
experiments will be carried out for this problem.

6) The galvanic corrosion are not observed, for the coupled materials used in this
experiments other than those mentioned above.

O o%E #
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FH =y MIEL, BRERNTHEENBEWEBTH
BIED D T ERCHAMOBN&BTH 5, T4,
EEOMEBCFRBCH T AHANOES I L XY,
BEREOREITEFE CRELFRENA L IR T
skize

B, REXAREABCEENIBEETH AL, &
BOTH L EEHE CBERIN, ZEOKEY TEMA
Ke UTHA LT\ Do %07 AmOTH A B E S
BubhTnahs, F 4 TIHEMTOFBKOBERENS &
D, XEDOERSENFEC LB oNT, Ekofatt
HETHHAHBH, FHEEBL0=y 7 VEETHRNTD
EERERRNL DN, &< OMBERD B,

LB F 42 =y 2 OEKCAT HHAEEIR, &L
Hé& L AREL ZbhAR. #N Tk D s Bom<
pitting corrosion ##3 X3 erosion i LT b TR
b&%ﬁ&éﬁ\%@K%&éhtﬁﬂﬁ?~ﬂ~m\%
EOXBICH BN ARE T, BERRWTIE, RIZERA
a0 BEIL, FE =Y A LOSE L OEMEA
EOWT, TEHMHEOIEE CIHEREDOR KPR
T, ¥ 1 FMORMBRETT - R BRET 5,

2. ARBLUERFE

2.1 B AEBRicOEA UcEEE Tablel wxRd1n
EEERICHEEEE TS L0 T, SRR,
FEZY A, TIVI=Y LRMER L OERA N 5
A, TOMOEBIL. BMEBCETEELISDT
»%Bo

sp<tikid Fig. 1 ofnxEy 0.6mm, f 20mm, £
¥ 35mm DAZZEBFTHLDTH D,

Table 1

il

Chemical composition of specimens.

Titanium

Chemical composition, %

clu|n~N]o

Com?é,Tp_té(x;)e t(if)amium 0.02

Material

Fe‘ si | T

0.005] 0.02 | 0.09 | 0.2 | 0.01 | Bal.

Carbon steel and stainless steels.

Chemical composition, %

Material
c \CrIMn]Mo)Ni|Si | Fe

Carbon steel 0.11| — |0.45] — — 10.25 | Bal.

18-8 stainless steel 0.07 |18.96| 1.55 | 0.16 110.47 ~— |Bal.

13%Cr stainless steel 0.25 {13.78} — —_ - — | Bal.

Copper and copper alloys.

Chemical composition, %
Material

Al]Fe\Pb‘ Si |Mn | Ni | zn | other | cu

— - _ — I (P)
Pure copper G.02 [>99.5

Albrac. < |11.85/0.014/0.002| 0.26 | — | — |Bal | {33} |78.04

7:8 Brass — 10.002| Tr. | — — — [80.14} — |69.85

Cupro nickel | — | 0.75 |0.009| 0.10 | 0.71 [30.80| 0.63 | {¥9) |66.65

Aluminium and aluminium alloy.

Chemical composition, %

Cu}FelMg'MnISi{TiiZn]Al

Material

Pure aluminium - ‘0.10 0.0011 Tr. !0.06 0.005] 0.01 | Bal.

Aluminium alloy

Al 433 0.23 | 151 | 0.64 | 0.12 | 0.01 | 0.03 | Bal.
Nicket
Chemical compositiin, %
Material c | c | cu | Fe | Ni
Nickel | o000 | os0 | 005 | 062 | BaL

Silver and silver alloy.

Chemical compositin, %
Material "
ca | cu | N | zn | Ag
Pure silver - — — } — . > 99.95
Brazing alloy 14.42 15.48 3.02 | 15.88 } 48.82
Note : (1) Sumitomo Titanium garanteed 60,000 psi. (tensile
strength)

(2) Special aluminium brass alloy modified with Si
and Sb; Patended product of Sumitomo Light
Metal Ind., Ltd.

< 20mm

7.5mme M—WO ;

4mmep —

35mm

NN

Ti Nut (38")
Ti Bolt (34")

Ti/

Other metal

Fig. 1 Dimension of specimen and coupled specimens.

BEHE, TNTHRE. BUEREST L, BEE T A Y ~
PIEER $400 THWEBGR, 7o~V TCEEHEERL, 7y r
~— & R FESREREEZ = Lico

2:2 EEHZ BEIL, AES&BEMOLDL, Fr=
Y AL FOMOEBEBLYF A = AEIE F UL TRE
CHE IR b0x Fig. 2 o REOB € =~ vigh
BHEBYIBC LT, BEWIBTE L » TEM U W
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B LT, MBmsds 5 A AEMPcEBZREL, 174
B, EER BIUOMIFR, HlacFfBERHL, H
BaBE, KEL, Fvy7r -2 P CTHoEREFE LR
&, BEREEHEE Lo

RREIT - BIE, STHRACAERECET 57

\"Hanger (Bynel coated Cu wire)

NEF T, BMEEBERLTRD, JIS K 0101 oK
T & 5 THW LickBRix Table 2 wRdinE FHERT
BHho . EERER R OKEDOE L. Fig. 3R THED
THh 5o

level of brackish waier

Wooden rack

1 — e — [l 7 —
I o] D s
Ti _
L / Bynel coated Cu wire
\ Insulater

Coupled metals

<—— Weight

\—- Uncoupled metals

7

Fig. 2 Schematic diagram of the immersion experiment for the coupled and uncoupled :specimens.

40

30

o

N

jemperaiure,

o

TN

0
MAY JUNE JuLy AUG. SEP. OCT. NOV.

DEC. AN, FEB. MAR. APR, MAY JUNE

1959 ,t 1960
ISE BAY  TYPHOON

Fig. 3 Variation of brackish water temperature in testing period.
Initiation of test: May 25, 1959.
Termination of test: June 7, 1960.
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Table 2 Chemical analysis of polluted brackish water

ttem Brgkish water | Ses water
Turbidity i 19 -
PH ; 7.00 8.0~8.3
Specific conductivity pe/cm? : 29210 ‘} —
Specific gravity g/cm? - 1.007~1.026 l 1.02~1.03
: Evaporated resid(lﬁooc) opm 18000 } 34700
Ignition loss (900°C) ppm ! 7570 T
M—alkalinity ppm ¢ 135 —
Total hardness ppm ! 2930 -
Oxygen demand ppm ‘ 8.7 —
SO, ppm } 2.0 -
o ‘ . ppm ’3 8420 19100
NH4* ppm | 9.4 0.005~0.05
NO,- ppm ;f Trace ‘ —
! NO3s~ ppm? Trace 0.003~1.6
;s ppmé Trace -
Chlorine demand ppin ’ 5.4 -
Fe'*+Fet , ppm 3 0.2 0.002
| 50, ppm | 1195 2660
: Ca*t ppm ‘ 169 403
" Mg ppm | 522 1280
' si0, ppm | 8 | 0.02~27
3. EBRER

31 1 rRER0BAERRESR

17 AMOE&RBRERA, Table 3, Photo. 1 & L ¢
‘Photo. 2 &R Lo ## = v nOBEEATIL, BHMO
BRLIRTTRA B BEGRE X - CTRER 2T
TR,

A THRERI S, REHEELFRAERELL &BX
RaTaH LT,

Table 3 Corrosion rates of titanium and coupled

metals in brackish water by galvanic
couple test for 30 days.

Uncoupled Couple corr. rates,
Material 'corr. rates, mm/year
- | mm/year | i Other Metal
Titanium Nil - -
Carbon steel 0.18 Nil 0.161
18-8 stainless steel Nil Nil Nil
13% Cr stainless steel Nil Nil 0.0038
Copper 0.072 Nil 0.0466
Albrac 0.0051 Nil 0.0056
Brass 0.0815 Nil 0.0146
Cupronickel 0.023 Nil 0.0175
Aluminium 0.003¢ Nil 0.018 o
Aluminium alloy (24S) 0.0022 Nil 0.0083
Nickel 0.0059 Nil h _70.0059
Silver ; Nil Nil 0.0006 -
| Brazing alloy Nil Nil 0.0007

BEsBIr i ~Tlk, 139%Cr REM, M7= o
BLOT7V =y 084 (249) 1k, FOEMLUIZEADS
NIFRENF 4 %W, FOMOEBIIFRA & T OBEMD

k. BEOSEORMRTOE(L L ESTEMBEC X 5
TEIZZE LWEIT R,

3:2 6FABOBAERBER

6 7 AR AERERESE 4 Table. 4, Photo. 3 X8
Photo. 4 TR Lz, # £ =V LOEMIEARIL., BEho
Ba X IR A E BT . TORFRIE L, BRI
EMEBOBLEMEB OGBS LA ETHH0
bH BN, TOMITNTCEBHARLE L. @RBE L
JBEF S FRD B,

Bh&BIC iIvWTik, 18%CrRgm,. M7 v i=vak
U7V Ei=y nds 249 1k, Bl LALBA0B 1 HE
BNREL ENBDOF 2 =y b L OB OB AREEL, B
Mobok hEUSHEAL, {52 galvanic corrosion

Table 4 Corrosion rates of titanium and coupled

metals in brackish water by galvanic

couple test for 183 days.

Material gor;i?urpalfe%, COUplglfI:)r;éal;ates’
| mm/year Titanium | Othe Metal
Titanium ‘ Nil - -
Corbon steel 0.282 Nil 0.224
18-8 stainless steel Nil Nil Nit
13% Cr stainless steel 0.0046 Nil 0.035
Copper 0.01 Nil B 0.059
Albrac 4.0082 Nil 0.0075
Brass 0.0092 Nil 0.0111
Cupronickel 0.0164 Nil 0.017
Aluminium 0.0055 Nil 0.123
Aluminium alloy (248) 0.003 Nil 0.021
Nickel { 0.0074 Nil 0.0011
Silver 0.0218 Nil 0.0191
Brazing alloy | 0.0002 Nil 0.0008

MELTWAZ EHR LT WD, FOMDOEREIT, Bl
BELFRACBEEIIEDL T, X OREINEE b BEMOE
BOEEIRAEDE/L & ARG, Bl 2 = v 0 b OHERE
IREAC AR & U TANB B

33 NIFEHOBERRER

1 ER AR REA Table. 5, Photo. 5 % & ¥
Photo. 6 Wik Uiz, ## =9 »rOBEME AR, BMO
Ba L i imA R T OREREE b M,
HEMSBEOHEMEBOEIE AL ET 240 b
BHDHD T DROEMIME Z O 1 FEMC b B IEBAER
TS BEAALLSTNTEBAREE L. SAREANIE LT
BHITN- 726
BEMeRcivwad, 17 AR L0067 A DEash
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Photo. 1. Surface of uncoupled materials immersed
in brackish water for 30 days.

Table 5 Corrosion rates of titanium and coupled
metals in brackish water by galvanic
couple test for 374 days.

Material &r;i?urglfei, Couptlnema;rgérratesy
mm/year | Titanium 5 Other Metal
Titanium \ Nil — —
Corbon steel - 0.208 Nil B 0.185 A
18-8 stainless steel Nil Nil Nil
139 Cr stainless steel 0.0012 Nil 0.0388
Copper 0;1317” Nil 0.0875
Albrac 7 0.0089 B Nil 0.0092
Wx:r;;s 0.0075 Nil B 0.0101
Cupronickel 7 0.0413 Nil 0.0332
Aluminium 0.0037 Nil 0.054
Aluminium alloy (248) Nil 0.0354
Nickel 0.0062 Nit 0.0071
Silver 6.027 Nil 0.0252
} Brazing alloy 0.0008 Nit 0.0002

Photo. 2. Surface of galvanic coupled materials immersed
in brackish water for 30 days.

Table 5-2.
Note : The marks below applies to Figs. 4~15 and Photos. 1~6.
Mark Materials
Ti : Comm. pure titanium.
Fe : Carbon steel.
18-8 : 18-8 stainless steel.
13Cr 13% Cr stainless steel.
Cu : Pure copper.
Albrec : Albrac.
Brass : 7:3 brass.
N 30 : 309 cupronickel.
Al : Pure aluminium.
24 8 : Aluminium alloy. (24S)
Ni : Pure nickel.
Ag H Pure silver.
B.Ag : Brazing alloy.

@R 13%CrRghii, M7 v =y 2k X7 Vvi=
v nAd (249) 1k, BHOBE LD DEAEENRE L, TN
HOF £ =y L OBEMEOBEAREL, BLI{BELTE
SEoTWBZ &
Bo 4. B%CIARBMB LO7 v 3=y 288 (245) T
% pitting corrosion DEMNEN Tz, ZOMDE
L, BEOEE LA EIBARREL T, £ ORMEIRE

H B Au  galvanic corrosion 7
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N
Photo 3. Surface of uncoupled mater ials

immersed in brackish water for
183 days.

bREHCERITRD b d 5o,

iz, ERoOBRYE 8T, EMEAaRBRic ng 5
BEOR(% Fig. 4~Fig. 15 R Lz, ZNBHOREN
HH 13%CrAgM, M7=y sakIV07rizya
&4 (248) 1388 52z galvanic corrosion iz L b &8
RELTWBN, 8 =7 LIS 5 EBHME & B L
THEEAMRAET BRIV,

4 & £

LRoREe TMCA X hERINTWBHKFI
AT % galvanic series »+ — # f)cli DRRES L ThBEWK
DI FEZ BB, Hib

(1) F£2=v »OBEEME —0.10V T,
2 =079V THENBYRT VI =y nid,
corrosion i X D BAIFMEEIND, VT I=Y 1 D4
(245) LMk« FBEDOEMEE TS LEEIND AL, B
BRI At 5 DIE 4T D . C. Braithwaite o
#Rk L0 D.W. Stough, et (;)1- DR E L —H Uiz,

TvizZvy

galvanic

b
T Ay | F

Photo. 4 Surface of galvanic coupled materials
mmersed in brackish water for 183
days.

(2) 13%CrAgsii o BB AL, REWM (—0.61V) ¥
LU 189 Ni-8% CrAR R ((active) —~0.53V) & EfpE &
FEAbI, 7TV =Y n ORI B0, FRE
iz galvanic corrosion X W EEAITEEINS, L
U ARBRE A2 RE T, BRI E 2 4UT,
galvanic corrosion 2325 &% % B sic & #H4, 5=
ERiE R Tl galvanic corrosion 1= L AE&EEMAE LN
Bl olco T ORIGIBRFIEKFOMOMADEFIE L 5
TEMPZEAL LIz d TR EE L BND,

1894 Cr-89 NIF §55M (passive) DERIL, —0.08V ©+
#=v A OEAICI < galvanic corrosion {3z 4, C.
Braithwai‘é?é) DfERE LY D.W. Stough, et 3154)0);1’%%
& B B & D OB L,

@ 777y s OUKPOBEERIL, S (—0.36
V) BIOHA (—036V) rREBELEZS B, 743 =
VABIURERML VB THHH.F 2 =7 2 2 OMICIE,
galvanic corrosion 238 7% RIBEVEIZETE T B4, AZER
BRTIE, 2OBAEARL LN VDI, Zhbi%e
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Fig. 8 Time vs. weight loss of titanium and Albrac
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Fig. 9 Time vs. weight loss of titanium and brass
immersed in brackish water.
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Fig. 10 Time vs. weight loss of titanium and cupro-nickel
immersed in brackish water.
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Fig. 11 Time vs weight loss of titanium and pure
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immersion time, months

Fig. 12 Time vs. weight loss of titanium and aluminium
alloy (24S) immersed in brackish water.
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Fig. 13 Time vs. weight loss of titanium and pure
nickel immersed in brackish water.
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Fig. 14 Time vs. weight loss of titanium and pure
silver immersed in brackish water.
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Photo. 5 Surface of uncoupled materials
immersed in brackish water for
374 days.
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Surface of galvanic coupled materials
immersed in brackish water for 374
days.
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(€~ FigL) | 9 24.0 14.1 13.0 73.8  66.1

F7VEI =Y A& T EEMOSmm kL0 ImmiRO%E
BEHROFERFROBR A TR Uice $PE2GIH O F & okEE
Th Hicsh, EROENM OFEE OB FI o BEstibh 4 £
MG Laa L0 R 0ZRE TR S T B,
4:2:0 97 %

HE1BHRIC T A AP ORI REE A R Uico 2 20045 Bl

13 % MR oEIRE
} ® % B %, kg/mm?
A DFES X ORI
105 [ 108 107
A2P7—F 21.4 16.7 15.5
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a) AlMg 2.5 b) AlMg 2.5
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&4 B 7 - 7 B B 1.6 3.2 )
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#9F T GEBETRIT D FREOEEMEE

woom ®| W

Amp

PR BRI ATV R R TN T
BHORY | B many : mEonE, | (Fme), |FHOBE| 4 g w | @ =
mm i £ @ ox i v @ X ‘ E om ox mm mm/min mm 1/min
0@ & & = 60~80 60~80 60~80 1.6 300 Fo~1.5 7
1.6 @ ®E fel 70~90 55~75 60~80 1.6 250 Fv~1.5 7
: ® » ¥ 60~80 60~80 60~80 1.6 300 Fv~1.5 7
" B 70~90 70~90 70~90 1.6 250 Fv~1.5 7
0@ & & = 125~145 115~135 120~140 2.4 300 2.5~8 8
- 0@ & n 140~160 125~145 130~160 2.4 250 Fo~2.5 8
: ® =» ¥ 125~145 115~135 130~150 2.4 300 Fv~2.5 8
1 " 140~160 115~135 140~160 2.4 250 1.5~2.5 8
0® = & 190~220 190~220 180~210 3.2 280 3 10
s ®® % h 210~240 190~220 180~210 3.2 230 3 10
‘ ® 7 ¥ 190~220 180~210 180~210 3.2 280 3 10
1 " 210~240 190~220 180~210 3.2 230 3 10
0® = & = 260~300 220~260 210~250 4.8 250 3~4.5 12
64 ®® ® n 200~340 220~260 210~250 4.8 200 3~4.5 12
‘ ® ¥ 280~320 220~260 210~250 4.8 250 3~4.5 12
o3 " 280~320 200~260 210~250 4.8 200 3~4.5 12
® ® & = 330~380 250~300 250~300 4.8~6.4 130 4.5~6 14 2@ %%
® = h 330~380 250~300 250~300 4.8~6.4 130 4.5~6 14 v
9.5 ® » ¥ 330~380 250~300 250~300 4.8~6.4 130 4.5~6 1 "
e # 350~400 250~300 250~300 4.8~6.4 130 4.5~6 1 "
® = & = 400~450 200~350 250~300 4.8~6.4 80 4.5~6 15 2-3 WA
® % f 400~450 300~350 275~325 4.8~6.4 80 4.5~6 15 3 BB
12.7 » ¥ 400~450 300~350 275~325 4.8~6.4 80 4.5~6 15 P
B " 420~470 300~350 275~325 4.8~6.4 80 4.5~6 15 "
#10% MIGEBETKITA TR XEEEOEES (—RT Sy 3 ¥ 7 2B BE)
BEAA==6061, 7Hks=4043
- A BB 7 -y, | amaon. | Lode” | TvavE,
mm R b 7% B O® <2§£P)‘ Volt mm/min Eﬁ’%ﬁn 1/min
3.2 1 1.2 155 221 6600 014 1
2R + 155 231 6350 1220 1
4.8 1 1.6 200 221 5080 610 14
2R 200 23%1 4830 1220 14
6.4 1 1.6 230 231 6100 1220 16
2 ‘ 230 251 5850 914 16
3R By 60 230 951 5850 914 16
8 1 1.6 250 23%1 6600 914 18
2 250 251 6350 814 18
3R 250 251 6350 1044 18
9.5 1 7 1.6 270 231 6860 610 18
2 16208 270 25%1 6600 407 18
3R 270 251 6600 610 18
12.7 1 1608 1.6 270 231 6860 610 18
2 270 251 6600 407 18
3 270 251 6600 305 18
4R 270 251 6600 610 18
w11 MIGEBECEIT 2 THEZESROBIES (v x> I EEbLRWEE)
BAF=6063, ikt =4043
R T -7 D L
" " N 7~ 7 WE, | BmiOBE, : TR,
mm s BB B % NEEOE\ (DCRE), Volt mm/min | ZEEE | " ymin
12.7 1 1.6 270 2521 7110 914 18
2R 270 2541 7110 1016 18
3 B Y 270 261 6860 560 18
4R \< 9¢°>/ 270 26%1 6860 660 18
19.0 1 1.6 270 251 6860 914 18
2R 270 2521 6860 610 18
3 PN 270 261 6860 430 18
4R 90° 270 26%1 6860 380 18
5 270 261 6860 610 18
6R 270 26%1 6860 610 18
7 BKMR0.8 270 261 6860 610 18
8R 270 261 6860 610 18
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KB 2D 1 PlxFISHRITRT,

#13%  Al-5%Mg & &R (13mm) DZEGEEE
—LERE D B R DA X B U B OB

@A 0.1%), | 81 % @ v, | v i),
i m # kg/mmoz kg/mm?2 %

25 10.2 23.7 19
Al-29Mg 9.3 26.2 20.5
Al-3.5%Mg 10.6 25.6 21.5
Al-5%Mg 10.1 26.0 21
Al-7%Mg 10.2 27.5 30

435 9.5 22.7 1
7 | 1.7 [ 27.1 | 33

B A B s LTELKD (@) DX 5 riEaes
T TIG BETH &, D) HBHWIE (©) DL 5 CEkeB

’
28,

N¥

BN R OWIR L Bk
REMCED ., AEABOF v+ U7 R LEEICHE S, %0
TeDBE M HAE - T () DL S B ET D, BERyE
2bD LTI () DL LHEELLED, Zh
BN A BRI LU CE LT D, & OFBR CRESEBERE LR
LT boawgmtt (filler material) &\bhs, K

BI2E KW7 VI =v 2 HE&OEETH LTI ERNL X S5

— TIGRIUCMIGH —

43
214 6061
216 6062
319 6063 5085
355 6151 5083 5005 1100
ki3 # 356 #2 EC 5456 5454 5356 5154 5052 5050 3004 3003 EC 1060
5356 5356 5356 5356
1060 4043 4043 5556 5183 5183 | 5183 4043 4043 4043 1100 1260 1260
5356 5356 5356 5356
EC 4043 4043 5556 5183 5183 5183 4043 4043 4043 1100 1260
5183 5356 5356 5356
1100 4043 4043 5556 5183 5183 5183 4043 4043 4043 1100
3003 5356
5356 5356 8356 5356
3004 4043 4043 g;&gg 5554 5183 5183 4043 4043 4043
5005 5356 5356 5183 5356
5050 4043 4043 gi‘gg 5183 5356 5183 4043 4043
. 5356 5356 5356 5356
5052 4043 4043 5556 5554 5183 5183 4043
5183 5183 5154
4043 5183
5154 355 5356 5556 5154 5356
5154 5154 5356 5554 5183 5154
5083 5356 5356 5183 5356 5356
5086 5183 5183 5556 5183 5183
5356 5356
5554 5183
5454 5454 5356 556 5554
5356
5356 53 5183
5456 5183 5556 5556
5556 5183 5356
6061
6062
6063 4043 4043
6151 355 5154
2 EC
43,214,
216,319, 4043
355,356 355
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L
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ey w |NFBy W e e s
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Bl Y. kg/mm? ; , i ¥, %
agomn | BB laom on | wrre TS : . AT
g | m oo % WM | ® BB
3003-0 2 1100 MIG — 10.5 — — — (386) 7
3 Vs 7 10.3 10.4 100.5 — — 7
5 ” ” 10.0 10.4 104 36 — -
5052-0 2 p ” 20.1 20.3 101 — —
7 4043 7 20.1 14.7 73 —
3 s 7z 20.2 19.7 98 32
5 Vs 7 20.5 20.5 100 32
ANP-O 6 4043 7 32.9 25.7 78 19 6.0 (38)
» 5052 ” 7 28.1 &6 ” 12.5
2 5154 ” ” 29.9 91 7 16.0
7 ANP Vi 7 28.3 86 7 16.0
” 5056 » 4 29.5 90 7 13.6
ANP-4H 6 4043 7 36.0 27.7 77 13 5.5
” 5154 2 # 28.6 80 s 13.6
7 ANP 7 ” 30.0 83 Vi 13.4
» 5056 7 Vi 28.2 78 7 13.3
5086-0 5 5056 TIiG 25.5 95.2 9 2 16.0 @n
10 7 ” 2 25.4 100 27.0
15 7 ” 7 26.5 100 26.0
6061-0 1.6 4043 ” 12.7 12.7 100 22 - 34
6061-T4 ” 2 7 24.6 16.0023.2) 77(94) 22 o
6061-T'6 2 (Alcan 358) ” 381.6 19.0(29.5) 60(93) 12
6061-0O 2 4043 ” 13.4 12.0 99 - (36)
2 P J 1314 12.6 94 —
3 1100 ” 13.3 12.9 a8 39
5 ” ” 13.8 13.2 98 36
6061-T6 9.5 4043 TIG 31.6 18.3 58 18 (33)
2 ” MIG 30.5 22.4 73 16 —
6061-T6 6.4 4043 7 31.6 22.0 70 20 4.3 (30)
9.5 7 ” 32.3 23.4 73 20 2.6
12.7 s 7 30.2 24.0 80 25 3.6
6061-T6 12.7-38 P TIG 29.5 18.3 62 15 - (31
6.4-38 ” 2 29.5 30.2 102 10 - BIRSE RN
6063-0 1.6 2 7 10.5 10.5 100 40 — (34)
~T4 P ” ” 16.1 14.8(16.2) 92(100) 33 —
-T6 YV ” 7z 23.1 14.8(23.2) 63.8¢100) 20 —
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