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Effect of the Flash Annealing on
the Various Characteristics of the Annealed
Aluminium Sheets

by Shiro Terai and Yoshio Baba

The practical desirability of fine grain is related to the needs of sheet producers and
users. It is well known that the high rates of heating has been in favor of employing to
secure a fine grain-size on recrystallization. Experiments were carried out to study on the
effect of the temperature of furnace, the maximum heated temperature of test specimens
and the rate of heating on the grain-size on recrystallization or the tensile-, deep-drawing-
and bending-characteristics of 99.9, 99.8 and 99.2 per cent purity aluminium sheets of the
thickness of 0.5, 1.0, 1.2 and 2.0mm flash-annealed at the rates of heating of 6.1 to 0.6 °C/sec.

The obtained results were as follows:

(1) Both the derement of the purity of aluminium and the increment of the thickness of
the sheet decreased the rate of heating for the test specimens. The effect of the
former was smaller than the latter.

(2) Generally a fine grain on recrystallization was obtained with the higher temperature
of furnace and the highest possible rate of heating, but with the highest temperature
of furnace, a coarsening of grain of high purity aluminium occurred during cooling.

(38) The “orange-peel phenomena” associated with coarse grain of 99.9% purity aluminium
sheet annealed at the lower rate of heating were observed remarkably. In the sheets
of 99.294 purity aluminium these phenomena were not observed, but the crack was
happened to the sheets recrystallized partially or only on the surface by annealing at
the lower temperature of the test specimens on bending test.

(4) Earing of non-recrystallized sheets of various purity aluminium appeared at 45° to
the rolling direction by deep-drawing and after the specimens had fully recrystallized,
earing of 99.99 aluminium sheet of grain-size more than 0.045-0.50mm appeared at 90°
but earing of 99.895 and 99.2% aluminium sheet of grain-size less than 0.040-0.045mm
and 0.030mm appeared still at 45°.

(5) The sheets of finer grain-size could be produced by the flash annealing than that
annealed at the normal method, but it should come into question to secure the uniformity

of various charaeteristics of annealed sheet and the constant annealed state.
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Table 1 Chemical composition of test specimens.

Chemical composition, % !
Al :
cu | Fe | si | Mg | Ma | o | Zn [ T
99.995 | 0.002 | 0.058 | 0.014 | 0.002 Tr Tr ’ 0.007 0.005
99 89 | 0.003| 0.091} 0.063 | 0.003}| 0.006 | Tr 0.007 0.006
99.29 | 0.031] 0.56 0.16 0.004 | 0.17 Tr 0.019 0.0()61
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Fig. 3 Heating curve of 99.8% aluminium sheet (0.5mm).
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Fig. 4 Heating curve of 99.9% aluminium sheet (0.5mm).
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Fig. 5 Heating curve of 99.9% aluminium sheet (1 mm).
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Study on Industrial Application
of the Grain Refining of the Cast Structure of
Aluminium and Its Alloys.

by Shiro Terai

On this report, the grain refining of the cast structure of 99.89, 99.3%pure aluminium,
2014, 4043, 6151, 6063 and 7075 alloy ingot weightening 500kg~1000kg by already described

method was studied.

1. On grain refining of the cast structure, by controlling the composition or addition of
grain refiner the following results were obtained
a) Effect of ratio of iron to silicon on the cast structure of 99.8% pure alominium
coincided with that of laboratory method, ratio of iron to silicon about 2 refined the
cast structure of 99.895 pure aluminium markedly.
b) Only 0.05% titanium addition refined the grain size of 99.3% pure aluminium, 2014,
4043, 6151, 6063 and 7075 alloy ingot markedly.

2. On grain refining of the cast structure by controlling the casting condition, the following

results were obtained.

a) Lowering the casting temperature to 665°C refined cast structure of 99.3% pure
aluminium markedly but there was much technical difficulty in practical pouring

method.

b) Lowering the casting speed refined cast structure of 99.3% pure aluminium.

3. Effect of the grain refining on the soundness of ingot were studied on 6061 and 5052
alloy ingot, and as the result, the 0.079 titanium addition refined the cast structure
markedly and gave better soundness than that of without titanium.

4. About the effect of grain refining of cast structure by small addition of titanium on
the properties of worked material, the following results were obtained.

a) On extruded structure of the duralumin type alloys, the cast structure with refined
grain size gave the refined structure after extrusion. Because, the recrystalization
temperature of the duralumin type alloy was rised by the extrusion effects and
heating to 500°C did not always recrystalized the duralumin type extrusions, and so
there was much relationships among the cast structure and the extruded one.

b) The surface streaking of 99.3% pure aluminium after anodizing were reduced by
grain refining the cast structure by small addition of titanium.

1. #

WEIT TR, RBREBNABRBEZENT, 7ri=y L
BLOFDOELOHEERMAXE TS LEZDBDNHIHTD
B, EEESr. BIRSER X UHERBICOWTHEA L,
7Wi:WA%iU%@éﬁ©%ﬁﬁ%%%Mk?éK%
L BbNSHREFEME Uiz

FRIBRTNMNI=Y AR LU EDEEDOHERBDOM
ML BFAREYEX HF £ =V LOHRMIT X - THhd
MR A L Ui e . MR EERReE T o8

il

DT, RS I T, BHRED Y v, %
EVE R S OB DA 3 JUF TR B OWTHRE
%\ BEEMRE BmL LcEsas, MR mEEIRIC < B
S E RO LOEEMTERRFTHLDLZ &, N
THOHBIC R JIETHE, BOih & B L R R E
& Uiedgaic UKE US43 % R g o bh ke BRI 7%
BhbEZHZEEHBMN Lo

WA, 7NE=V ABLUTOAEOHEROTENRLE
WIRFE A & eSS (Continuous casting) & B\ ik

D 5 S o e
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el SR (Semi continuous casting) 2EE XN
TWhe FloOBERICEWNTE 400kg BEDO L D2
5 1500kg s XI5 b DD Ho FT LARORREN L
WOMM L B EE 0% ¥ TENEREIATELINED
METED DI, MR 99.8% B 108 99.3% D7 v =
v niig, mbOW 201444 JIS mhvvi=vne
&85 1F0) W 4043 44 (AL-S5%SI 44, 6151 44
JISH&7 v =y nE&eE 65 6061 44 (JISTHA
TAI=v LASEE4TE), 6063 44 JIS ATz
v AASEELE) KLY 7075 44 JIS BhH7 vz
LEEE6E) wOWT, TE=y AEENIERE RS
TOWT, {LFHS. EE&TEORNER L OEHEHREGD
g LY, ASFBEMENTRSHRIC OWTF 2 =Y
LERIMC LD, ENENFHFROHERBOMMEOMELY
oo FRA=Y RERMITEE LU TRICEAL DR D
BREBELBLDTH 5,

® BEOHMTHEMEE L HMET 2,

® TAI=VARIVFEOELSITHEM L BT &,

Tihbb Al-2%Ti filass #FHTEIELAL

10095 N D TINS5 & & A3HSE,  fFoRE

PEMB N &,

® BEFE=v 2L HEORNT7VI=vakk

U DEEDOFEEMBS A BT 508 R0 57T

BEOPR T, HAATF LS < F ik b2,
DWT, W& A E 3 DB OME D B 7=
WL, FELUTTF 2=9 AR & - THH(L Licss &
FR=Y KB U o e OB E ko @ ety
FEREFASEHE & LTk 5052 44 (JIS fifa 7 r3i=v 0 s
& 2%, MHASE L UTiE 6061 444 FnFR(E
AL, BEEFEEES D WHEBBHE R B BTk oTH
720

BT, HFRMAMNMT LizBadEsko Mt il
BIFTHELRA T D0, ME 99.3% o7 =
v riiE & T T 2 =y % 0.06%80N Ui- AL 54
BT Urc Rl B Ie DT, HREER A BT LA 54
CFLETHRMEBCESEZ BT L, 09 cirok
Rz 6151 &4 ¥ X U8 6063 A4 DI T H IC O T i
DEEBEAN TSR 3 I T 8% 7,

BT, ZNBOEROEMCONTDOND,

e s (Ub) SRR SEAITE D B X I - i — LSS
F Ul LT O B R B 5 1R & SRR, & Ao ik e

2. FEGHFEEICXDIHFROFE
HEommbIcBY 2R

2-1 WA
RO Z L, TTrHE LRBREN PRI
Wb 7SI L - T Uiz 200g J5% 2kg D
WIERITHERTE D, Licho TITENHEE X -8
i Ui sk L S mominttic, EiRoRERE
By7n # v &R X - THE LicBHoBibkd Eis T
DNEDSEBRETHLENRS D,
T O CHRBR BT OME R F V&I & B SR o
FE LT EEESR LD DL, BERFEORBR LS
LD ENBEEY CholoDT, ZNHDLEME L VRO
Sl h A TR ERSEEER X A8 OSEMBR oML
DI HAT I o720
1. (LR o i X A8EARoBM s s LT
a) M 99.8% 7=y nHbER AN E LTEE X
NTNBE | 7 4 EOHRAL(L I D Hiko

b) WL BEOHRMCHEEMM AT HTEEF 2=
v &% 0.05~0.1% gom$ 5 5k

2. BELAHORBT L AHBEMBOBMmMLEE LT

a) KHEERETHETHHE

b) (EFHEHE THETHHE

ERERFHHE Uit UTHE 9.3% D7 v 3 = v A
HER L 075 G0 E AT EED 1—a), 1-b),
2—a), ®LU2—Db) IDoWT, MM S LTiL, 2014
B, 4043 &4, 6151 &4, 6061 &4k LU 6063 &4
DHFEREY AT LD 1—b) DFELOWT, FREFR
HER AT IR o720
2-2 RERHE

SERBEE LCT 3 =y Aligid 99.9%. 99.89%.
99.5% ks L O 99.3% %M Lo SR, 7 A, ~vH >,
g 7o - aRIUOF A=y MEREESTEHREM L. FR
Fih Al-50%Cu &4, Al-13%Si 44, Al-6%Mn &
4. Al-10%Fe &4, Al-49%Cr 443 X8 Al-29Ti &

Alloy Chemical composition, %

Specification AAS

Cul Si | Ee|Mn | Mg CrlZn'Ti’Al

JIS O Fe 2.2 10,15
e B A2P1| 5052 [<0.10 510451225 o1 <0.10[ — ‘ I R
YR L= 5 H4104 Si 2.8[~0.35
prons
Chemical ¢ osition, ¢
Specification (}gllgy) o omposition, %
N Cu Si Fe Mn Mg Cr Zn T | Al
JIS H4164 { A3B1 2014 3. 9~ 5.0 | 0. 5~ 1.2 <1.0 0. 4~ 1.21 0. 2~ 0.8 ) <0.10 <0.25 <0.15 Bal.
H4105 A3B6 7075 1.2~ 2.0 | <0.5 <0.7 <0.30 2. 1~ 2.9 0.18~ 0.40| 5. 1~ 6.1 <0.20 Bal.
A2B4 6061 0.15~ 0.40{ 0. 4~ 0.8 <0.70 <0.15 0. 8~ 1.2 | 0.15~ 0.35] <0.20 — Bal.
JIS H4163 A2B5 6063 <0.10 0. 2~ 0.6 <0.35 <0.10 0.45~ 0.85 <0.10 <0.10 - Bal.
A2B6 6151 <0.35 0. 6~ 1.2 | <1.0 <0.20 0.45~ 0.8 | 0.15~ 0.35, <0.25 <0.15 Bal.
— — 4043 <0.30 4, 5~ 7.5 <0.80 <0.05 <0.005 — <0.10 <0.20 Bal.
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Table 1 Chemical composition of the test specimens used in experiment 2.
Chemical composition, %
Metals or alloys
Cu Fe Si Mg Mn Cr Zn Ti Al
99.9% Al 0.004 0.031 0.022 None None None None 0.004 99.93
99.8% Al 0.002 0.134 0.054 Tr Tr None Tr 0.006 99.80
99.5% Al 0.007 0.251 0.148 0.030 0.007 None Te 0.009 99.54
99.3% Al 0.005 0.46 0.15 0.020 0.01 None 0.01 0.006 99.33
A1-509Cu 50.4 0.003 0.001 Tr Tr Tr Tr 0.0001 Bal.
Al-13%Si 0.002 0.002 13.6 Tr Tr Tr Tr 0.0001 Bal.
Al-10%Fe 0.004 9.8 0.005 Tr Tr Tr Tr 0.005 Bal.
Al- 6%Mn 0.004 0.003 0.002 Tr 5.8 Tr Tr 0.006 Bal.
Al- 49%Cr 0.004 0.001 0.003 Tr Trace Tr 3.7 0.005 Bal.
Al- 29%Ti 0.001 0.003 0.002 Tr Tr Tr Tr 2.10 Bal.
99.99%Zn Tr 0.002 0.002 Nonle None None 9.999 None None
99.99% Mg None 0.002 0.002 9.999 Trace None Tr None Tr
Table 2 Chemical composition of 99.8% pure aluminium.
Chemical composition, % Ratio of
Marks ! Fe/Si
Cu Fe si Mg Mo | o | za | T | Al e/St
1 0.003 ) 0.097 0.074 0.003 0.002 Tr 0.011 0.006 99.804 1.3
2 0.005 0.112 0.048 0.003 0.002 Tr 0.011 0.006 99.814 2.3
3 0.002 0.122 0.030 0.003 0.002 Tr 0.10 0.006 99.825 4.0
St v RV Y AL UEMTPES 44 AT EER Table 3 Melting and casting condition of
N Ul ke v sy — 99.8¢9 e aluminium.
I U CESRBR AR A 78 Lo, Table 1T {b5ps A 7R L % pur
,/_, Condition 99.8% Al
o
Weight of metal, kg 500
2-3 EBAFEBLUERE ) Melting temp, °c 710
Melting Temperature of fluxing, °C 720
2:3-1 WHAOTES D MLEETIRMNC X 5k Amount of fluxing, % of moltom metal 0.4
a) Eg@)’ﬂ ﬁj}@ Cating temperature. °C 670
. . . . e . . Dimension of mold, mm 110400
b L (P Wik~ E | Tk~ 7z an g/ 4 Casting | Amount of cooling water, 1/min 150
EORH0I~2 K LTT VI =T A DEESRDEER A Casting speed, mm/min 70
BT T HHETH Do MEIN8HBDT VI =y KK
LT AEDOBRTT 2 = v AR X 5 B b4 oy |
N = = 10« l€—— 1200 - o oo
G & A WA S BT, Table2 ik LicZ & < ot © }
e 99.9% 73 = v i Al-109%Fe &4, Al-139% T
. =i= L7 < - >
Si & (M LTEk 7 A RO L X T-ME 99.8% g
7oz =y nERENCAL, EAEHENEE (AJAX i i
5 500kg PR (1 CHARE Ui T A st sh s I & b o 2400
h Table3 1Tk LIRS BUWHERAE T, W Fig. 1 Position of specimen for confirming casting

foo=<Fik 110X400mm o> 300kg $EURic it Lico

RIS bl THRET D Z L LARETH S

o Fig.1 wm Ui & 0 8 A BN LIRIRARRS

7551‘@@& LfCo

& &THEIMNT X HBIRE &, D THEOHRMT
7 v 3 = v LSO SERR A B e L B TTROERM
CEBHETH Do MENIBEEDT V=Y DN

structure of 110x400mm ingot cast with

99.89% pure aluminium.

Tid, MEOSENDF 2=V NEMATAFETH 5 O THIE
99.3% 7vi=v i, Fx=v sk Tabled iR/
e, 0.05% kXU 0.19% B Ul #5350 #ERRRk D 12
Wb g 7 2 = v NN U T W WEE & ol ET Lico

Table 4 Chemical composition of 99.3% pure aluminium ingot with or without titanium.

Specimen Chemical composition, %
Mark Qedr%gi?;‘gé Cu ‘ Fe Si Mg Mn Cr Zn Ti Al
of titanium
0 0 0.005 0.48 0.13 0.020 0.01 None 0.01 0.002 99.34
1 0.05 0.005 0.48 0.14 0.020 0.01 None 0.01 0.057 Bal.
2 0.10 0.005 0.48 0.14 0.020 0.01 None 0.01 0.092 Bal.
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Table b iR Uzl Ra /s b O S5 &1 CIRE I 35
FomaAE (AJAX 28 500ke B8 W CHEME Uic s o
Edsrkie 10 Wi o~k 110mm x400mm o 300kg
SR B Ui,

Table 5 Melting or casting condition of
99.39% pure aluminium specimen.

b) RN A gE L
A oW T
ke 99.3% 0 T v 3 =
v ak LU 7075 S & on
TEHEM LB, #2=9 &
BN & B WA LB DWW T

T

. 9937 Al with O 1
diti it { — N
ondition titanium 2 | WE Lizo BBHEF 2= A
f !
Weight of metal, kg 500 ; o/ BRA _
. Melting temperature, °C 710 4 : & 0.07% Fm L Fiid Uix
Melting | Temprature of fluxing, °C 720 ‘ N W 2014 &4, 4043 &4,
Amount of fluxing, % 0.4 é‘ N
PapaNS 3 N s
Casting temperature, °C 675 ';‘,O 6151 frdrdo L UF 6063 HC
. Dimension of mold, mm 1105400 [ 600 — Table 8 &z Tho L%
Casting Amount of cooling water, 1/min 150 _
Casting speed, mm/min 55 ﬁi'}}%ﬁﬂ( Lo
Fig. 2 Position of
Table6 AL SaR LI EL 05 4482 specimen for con-
Fr=v nk 01%BRM UIcea& L icoWwT, Table? firming casting
TR LT BRIR S T B DN B3 2 i C iR oD 1B 8 I structure of 180
fFiic & D 500K ¥R L. ulfeshisikic X 0 I [ < ik 600mm ingot cast
. . ith 7075 alloy.
180 600mm o> 500kg #55hic s Li=o wit alloy
Table 6 Chemical composition of 7075 alloy test samples.
Specimen Chemical composition, %
Additional
Mark percentage Cu Fe Si Mg Mn Cr l Zn Ti Al
of titanjum
1 0 1.20 0.20 0.08 2.32 Tr 0.25 5.7 0.01 Bal.
2 0.1 1.20 0.20 0.08 2.34 Tr 0.25 5.7 0.09 Bal.

Table 7 Melting or casting condition of 7075
alloy specimen.

7075 with or
Condition without
titanium
Weight of metal, kg 1,000
. Melting temperature, °C 710
Melting Temperature of fluxing, °C 720
Amount of fluxing, % 0.4
Casting temp., °C 675

. Diemension of mold, mm 180 % 600

Casting Amount of cooling water, 1/min 150
Casting speed, mm/min 95

FHEMBROREIIME 99.% 07 v 3 =v ATt
LR ofiE 99.89% FEUTHY, 7075 &l LTk
Fig. 2 @R LW D\~ CHE Uiss

Table 8 Chemical composition of 2014, 4043, 6151 and 6063 alloy with

oA Table 9 1R Us i RE 3 J OB &1k
T_RBOEAEHE MBI & »C 500kg &7 LT
DO~k 200mm ¢ DRI EETE Lic,  S5EMMRH ol
Hz Fig.3 Wik Ui RRBROSEEREZTCHOE
TOWBEAR T VAN — 7 v A VBT LD il Ui,
2-3-2 SEEZEOREEC L D HE

S D IREET & % S50 SIS o ALk O MRS
WIS A SR O T o 70

PREIR BT I L 5 SRR O BRI L o0 B2k v bk i
99.3% 07 v 3=y nEFEE Uiz (L34 Table 5
LR Licb D ER—ThH Do #5 15 IR 1 1% 665°C s Lor
680C W &1y Biin Table 10 12 Lz,

or without titanium.

Additional Chemical composition, %
Alloy percentage
of titanium Cu Fe Si Mg Mn Cr Zn Ti Al
2014 0 4.28 0.23 0.77 0.39 0.83 Tr 0.03 0.01 Bal.
0.07 4.26 0.24 0.81 0.42 0.81 Tr 0.03 0.07 Bal.
4043 0 0.03 0.37 4.80 0.003 0.003 0.006 0.018 0.01 Bal.
0.07 0.04 0.39 4.94 0.006 0.006 0.006 0.019 0.075 Bal.
6151 0 0.03 0.28 0.98 0.56 0.01 0.25 0.01 0.01 Bal.
0.07 0.04 0.30 0.99 0.48 0.01 0.25 0.01 0.08 Bal.
6063 0 0.01 0.17 0.39 0.58 0.01 Tr 0.01 0.01 Bal.
0.07 0.01 0.12 0.42 0.68 Tr Tr 0.01 0.08 Bal.




July 1962 F Kk &

= B B O®

(188)

Table 9 Melting and casting condition of sample ingots, their chemical composition were

showed in Fig. 9.

I e Sample ingot 2014 alloy with 4043 alloy yith 6151 alloy with 6063 alloy with
Condition Tt _______jor without titanium |or without titanium  or without titanium |or without titanium
Weight of ingot, kg 500 500 500 500
. Melting temperature, °C 710 710 710 710
Melting Fluxing temperature, °C 720 720 720 720
Amount of fluxing, % 0.4 0.4 0.4 0.4
Casting temperature, °C 675 675 675 675
. Dimension of mold, mm 2004 200¢ 200¢ 2009
Casting Amount of cooling water, 1/min 175 175 175 165
Casting spped, mm,/min 65 70 60 70
1
e 800 — 220~ 1000
auk 500 e 3
1 o
£
(e}
I i R % L1
o
Pt e e e 1600 I i

Fig. 3 Position of specimens for confirming cast

structure were taken.

Table 10 Melting and casting condition of 99.3% pure
aluminium testing for casting structure
by controlling casting temperature.

fpe High casting | Low casting

Condition temperature | temperature
Weight of ingot, kg 10,000 10,000
. Melting temperature, °C 715 715
Melting | gy ving temperature, °C 720 720
Amount of fluxing, % 0.4 0.4
Casting temperature, °C 680 665
Dimension of mold, mm 220 % 680 220 % 680
Casting | Amount of cooling water, 350 300

1/min

Casting speed, mm/min 70 70

FHEHEOE(LC LD BCBT 2R, LREFET
WD 99.3% 7 3=v nk R L, #EEEENL675°C
C—5 LT, 4 60mm/min ¥ 20 110mm/min
EhZ TiT ol #5iE%M4 Table 1l iR Uiz,

Table 11 Melting and casting condition of 99.3%
pure aluminium testing for casting structure
by controlling casting speed.

i\ High Medium| Low
Condition casting | casting | casting
speed speed speed
Weight of ingot, kg 10,000 10,000 10,000
. Melting temperature, °C 710 710 710
Molting | pyxing temperature, °C 720 720 720
Amount of fluxing, % 0.4 0.4 0.4
Casting temperature, °C 675 675 675
c Ximensiox} of {nold, mm 220% 680 | 220x 680 | 220680
asting mount of cooling water,
Umin 350 320 300
Casting speed, mm/min 110 80 60

FikofEik, 10§ BBOMEIC L - THEMB L, W
W~ 220 X680mm DT #iE Ulco S50 #EAM
oENE Fig d @R LB X o Tk ot

Fig. 4 Position of specimens were taken from 220x

680 ingot.

24 RERFERBLIVEE

2+4-1
a) FEREFI#5
g oA

RO D RBEE S D \ AT L% B b ik

DA 1.3, 2.3 IO 4 eE 27 Mg

99.8% D 7 v 3 =y »HUOKTEMMOHEE] % Photo. 1

DHREEZ DT LI L - THEERIZEN LTS,

. Fe/Si
Ratio

1.3

Photo. 1 Effect of Fe/Si ratio on the cast structure

of the 99.8 pure aluminium ingot for rolling.

x1/3

— 5 —
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DHHBGITIL 2,30 & D25 & #— 4 Photo.2 Wik Lize FZ =7 AHFML TN
Aiia R LT\ 5D, DX, #iE 99.3% B DR L DB — 0Bt 3N Tk b,

DTNV = BT, F R =Y KBTI LI EA O PR MREDORHRBOFEZBIAA L D B Ik o # A
99.3% D7 VI =YV AREBWTIE, A EEROKR T
Without titanium 0.05% #x2=v nEfic L »C %ﬂ“%ﬁ%ﬁﬁﬂﬁﬁ B & IR

LTnbd, 1070 5B 0ga b7 2= v 4 0.1% OFR
fmiE. Photo.3 w4 X 5 in S &Ry — w4
B ERED BN,

b)  HHITT AL

FHMT s LT, 2014 &4, 4043 &4, 6151

A&k LU 6063 d@ofFElfiickligd, F2=v
10.07% GinokkH 4 Photo. 4~77% L7#-, Photo.4 (&
2014 A&HBERCONTORFT, wEEKECITTER
R BNDEF £ =7 & 0.07% %G LicBi o #is
FARREE— 0 DI CHBRMITERD B 7 2 o oo
Photo. 5 1% 4043 4 &8I DWW TOREHT, Zn&E
D FEEMR L AT S B R E— 2%\ F 2
= v & 0.07%I0 U 7= 8538 085S AR T Y — 0D Bim ©
» %o Photo.6 1X 6151 A& DWTDERFITZDRE
S OFHEAMIT YA TH B, 0.07% oF 2=y
S DEINE & o TH—H DBl e SR A R LT\ 5o
Photo. 7 1z 6063 4&HBMIc KT HREAAY R Uiz 20

Photo. 2 Effect of titanium addition on the cast structure EEDEEME S LR ETH B, 0.07% 0F 5=

of 99.3% pure aluminium ingot fo rolling. x1/3 v AERINC XD B A S5 AR ME B Rt

Without titanium

Photo. 3 Effect of titanium addition on the cast structure of 7075 alloy ingot for rolling. x1/2

— 6 —
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Without titanium
Without titanium

With 0.07¢% titanium

With 0.07% titanium

Photo. 4 Effect of
titanium addition
on the east
structure of 2014
alloy ingot for
extrusion. x1/3

Photo. 6 Effect of titanium addition on the cast structure
of 6151 alloy ingot for extrusion. x1/2

Without titanium
Without titanium

With 0.07¢% titanlum

With 0.07% titanium

Photo* 5 Effect of
titanium addition
on the cast struc-
ture of 4043 alloy
ingot for extru-
sion. x1/2

Photo. 7 Effect of titanium addition on the cast structure
of 6063 allny ingot for extrusion. xX1/2
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2:4-2 SEELHORBC L D

Photo 8 =l 99.3% o7 v i=w n& 665°C kUt

W 680°C TS UIcBa0RPIA R LE Lic, RI—ME
DTNVI=Y RERNTH, SHEREET XS54 L
< TH— R PR 218 2 Z &8 C& o

Photo. 9 @i 60mm/min ¥ L ¢° 110mm/min
WCHR URMifE 99.83% o7 v 3= v 8o G
HIR Uice F—MED7 v 3 =9 2T \WT L HEEEE D

EFEL - CEDOMAMIEE L <ELT 5.

BRoofER, TREMHB O sk L 5 7 v
22V AR LOEOSEHROBEMB OIS
e F MVEEIZ K - THE BN AR L3I —BT 52 %
i,

Casting speed 60/mm/min

ke

Casting speed 60mm/min Casting speed 110mm/min
Casting temperature 655°C

Casting temperature 680°C

Photo. 9 Effect of easting speed on the cast structure of

99.3% pure aluminium ingot for rolling.

TERWEENRD BN, ZOBEESCHBNTIL, 8/ 74

DUEAEZ 52 LiIC X - THBWMA F eSS
ZEMRTX D,

2. BWEOHEMTT v =y 2 OFEEMA B4 550
FLLTF 2=y 25BN E 0.0695~0.19% i
THUE 99.3% 70 3 = v aR LT 2014 &4, 4043 &
&, 606144, 6063 A&k L7075 &4 im LT
EARRR O WAL A BE Lichs, Wb F 2 =7 A DR
B o TR Mo 7 B M A 18 5 & & VT & 1o

3. FHESRMOWEL, W 993% o7 =v A
DB A BRI LT B AR T b, 665°C

EDIRD TIERWFRHEIRE CHE Uicga, B—h o

SR A B 502 O BETO s TR

Casting temperature 665°C

UOI30aIIp BUIISBD <

Photo. 8 Effect of casting temperature on the cast structure

of 99.3% pure aluminiumingotforrelling. x 13 7 it F

o EE TR 2 v LML 675°C BENREHTH

2-5 2EORBE e e e ) .
Do FREEEELT X B 120N 8 — D i i g5

AHNC o\ T T SEM B I\ T, ks & KL A B R
N EEIE UTaHiE 99.8% 350°99.3% o7 vi=y aksk )

SRR C L o TN BT L D, BROEER 3.1 messt

B ERTTRE T o B BT DWW TRF AT, KIC AENT R T, Bl A B T580 MH & L
WRAD Z &N BN, T, FregsomaetoMEs & Eid,
1. HiEE OB8UY DR IMEDB N7 VI =Y LTk BB E UTGBAL SO, 5052 4 43 L O 6061 44T

WTIE, BRI LI 2 e AT IR O BN O BEFR T BHBo VU2HEEITL LT~/ 2 vy ak 25% 4HT5
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A&ETH D HBERP R AL U, Fiz 6061 &
Gk LTrAfb~r 2y n (MgeSh % 1.6% 18
GHTHEELTHAD Y vEHELE LI\, £ IT, HHRO
SR A S A C L im ko T, BB RO EatEN
WEINEDLLONRE S, ZOEITDNWTT TR 2HD
NI OWMMLEO R, MEOF 2=y LORMNK XS
FET & o THAE Lz b D &% 5 ThRWEBIR DWW THR
# Lo

3-2 =EMHE

Bk & LCik Table 2 w7z ds L OV &
Gorh, 5052 S&iidMiE 99.5% 07 v I =y AHig,
MR 99.99% O~ 7 kv v nidts LU0 Al-49Cr, Al-
29Ti & &ax v, 6061 A& M 99.5% o7 v
=y oaHig, M 99.99% O3 vy g ks XU
Al-5094Cu, Al-1894Si, Al-495Cr, Al-2%Ti &iié&4
2z MY re

33 RBRAFEBLUVERE
kR e & 0 Table 1212k U2t RE 4
s L OHER BT L » €, Table 13 iR Lic{bnis %
BTHF 2= RN URWER R LOF 2= 7 2R
MU A FNFER 5285 &SI Cikifm o<k
B 190mm X 680mm OTHEFAEL., 61S A4l
DWW 175 dmm O SIC #5iE Lo

Table 12 Melting and casting condition of test
ingots for testing the effect of grain
refining on the soundness of ingot.

5052 alloy with|6061 alloy with)

Condition or without or without

titanium titanium.
Weight of ingot, kg 10,000 500
) Melting temperature, °C 710 710
Melting Temperature of fluxing, °C 720 720
Amount of fluxing, % 0.4 0.4
Casting temperature, °C 675 675

c Rimensiox% of inold, mm 190680 1754

asting mount of cooling water,

1/min 300 165
Casting speed, mm/min 70 70

BHOESEENF T2k LTk, BaDFknd
DI, ARSI E UCEB ISR EEL A L,
BAL L > THEBBREBREA A Ul BRI
WEGHEERR A S UR MM Lic, MEEd/-T
. 2,26MC. 19mm ¢ OFEHFEEH L. TR BIRE
IHER R ORIER G (V45) XD DR 7 7 v v |-
TI0mmOE Ve SR EET L. R0 G-E& 1R

LAmL D, MM TRSEROESREm L D EEE A
A LR BEES L D o BT oo dh, kb 0% 1 mmo
B CHIE Lo B RIEGBIR T OMALE + Fig. 5 1k
Uice Tihabb, FIEAGHOEAE 680mm X750mm,
I HSEHOE AL 175¢mm X 1000mm Th 5, Fig.6
R Ucin  FEAEF $53R0& 1k, 20mm O T H i
[H 329 DR A AN & D32 TG T % G S CHlE
ATV, BB OB-& I, HUONCEET o .0k
Oy 20mm, 40mm, 60mm o @& O A X
20mm OFRCHIH LTid 4 7, 40mm oRGHw
LTk 8 7, 60mm ORI Uik 16 7 Froillz
T o770

W O ASHE A5 T Uicte, T & N OE NS
HAE Lz,

I _
! T
o |-
v LS :
g 5
¥
i { /.
H =
} 2 » ;%
ES
o 5 o I=
W o =
g R g g3 £2
& 5 &7 LB
= A=t
. ©
! | £
ﬁ i 20
| o = [
» 8|
| | !
1ot Lo L]
2004

Fig. 5 Position of specimen for ultra sonic test

were taken.

34 RBERBIUEER

Fig.7—1, 2, 38, 4, ©&F2=9 2 &EHEML T
5062 &L 2=y nk 007% mInL7z 5052 &&0dh
OB BB O LR Lo

Fx =y MR Uik, 77 v v ORI
HEoov A DE I, FEEAER O MR #EEE O R LA < v
ADEBEFICLIE U TRE L, 72 =7 MU TR

Table 13 Chemical composition of the 5052 and 6061 alloy specimen.

Chemical composition, %

Alloy Additional ¢
percentage o Cu Fe si Mg | Mo Cr Zn Ti
s052 0 0.01 0.21 0.06 2.53 0.005 0.25 0.02 0.006
0.07 0.01 0.21 0,06 2.54 0.005 0.2 0.02 0.07
6061 0 0.27 0.2 0.51 1.20 0.007 0.5 0.02 0.01
0.1 0.27 0.26 0.61 1.10 0.007 0.5 0.02 0.12
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Fig. 6 Position of ultra sonic test.
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Fig. 7-1 (Right) Results of ultra sonic test for 5052 alloy ingot with coarse structure.

Fig. 7-2 (Left) Same as Fig 7-1, but oposite direction.

e I i e aE P S A AP

Table 14 /R Lind 2= 2 & TN LTz 6061 &
&bF =y nk 0129 Fin Uiz 6061 & &85 HoilEs
PHRGOMET L5 L, 6061 RadichnwT, Fx2=v
LA AT T o 7o BURHIAT o Qe WEUBHT bl U T S
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WRBEIFTH B I &N T,

F7° 5052 4o CEEB O WE O WIRMEL A G L
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Fig. 7-3 (Right) Results of ultrasonic test for 5052 alloy ingot with fine cast structure refining
by 0.079; titanium addition.

Fig. 7-4 (Left) Same as Fig 7-3, but oposite direction.

DEhNIhotoh, FE2=2Y REREMLUTHRWEROR VR L 0 ALE A e L LMl Lizfs 5, Photo. 12

MaEh sy WA A EZ LCWHEl Lz & 24, Photoll iR TR DL XFI T BORBENRD DN ¥4 =V 2%

THERB I OB KIRAFE LT D DA RER L, 0.1% 7N U733 86 rE ML & il © 2 DRk e KEAEER
Ehig, 6061 AL DWT, F2=v 2%&HK M LT D BH ot

FRNFRE O R BE R ST v 2 DFRD B D ER G & EICEE I

Without titanium

Photo. 10 Effect of titanium addition on the cast structure of 5052 alloy ingot for rolling. x1/2.3
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Table 14 Effect of titanium addition (0.129%) on the
results of ultrasonic test.
Figures show the height of puls.

Refined cast structure

Nominal cast structure with 0.129 titanium

Testing
position A ) N )
showed on | Direction of | Direction of | Direction of | Direction of
Fig.5 ultrasonic ultrasonic ultrasonic ultrasonic
wave wave wave wave

1 15 15 0 0
(center)

—
<

D DO O DD B WD e O DWW RS Ul W N U B WD W DN

o D W e OB W O DD W e O W R WD D W DD

W LD H D e kst DD D DN O O b D O ke W e 0O ke

L I R i T T e e =T R O R N R N S R N

* Direction of ultrasonic wave (1.2) is oposite each other.

Photo. 11 The one of the examples of defect caused in 5052
alloy ingot detected by ultra sonic test.x10

DL ED#ERIC L - T, S0 #imd 247 5 = &

W, B FET D5 BEO KA D X & R %
#HLTED, oS> Cit, Cibula

Ruddle 3) &30 T\ 5o Lichto THEESMR A Wit 1
TR LB EDm Rk, EEOBIT, kiU
B LAWTNSRIEN, BEMBMABIMTH S itk -
T, AR THIBRICED BN ARREDRIEA, DR
R ERFRTH D EHE L TOLALKED L Ebh s
g

Without titanium

Photo. 12 The one of the examplos of defect caused in 6061
alloy ingot detected by ultra sonic test. x1/2

3-5 3EOMIE

AHE, FFEARR OB LI & BB A a3
BDledd. FHA= Y RERM LG 5052 447 50N F £
= n% 0.07% ZFinlL# 5052 &4 oW~k 190mm
X680mm JTIEMFHEI & 7- 2 = v B& M L7\ 615
‘Bl b O Fr=v n% 0.129% B L7 6061 &40
N5mmnwﬁm%%mowf%&kﬁ%\ﬁ~%ﬁ%#
DRBEBNTEH, F2=v 1% 0.07~0.12% w5
SIEMMO MM B O BEMT, F2 =y 2k EaF
MR #HEMMAY 53280 b 0 LR TV AHx
HE & D2 Lo

4 WMELcSHEEREET 28
BROBHEMTHEORFORHEIZE
ERLE

41 WA
TS LS

BRoOfEHETLE. 53 #E
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D B LS I TR OB O
VC(A@ &ﬁ‘wmy) bj/bf\..o
1. B F O AR IR 77% % CinLsh

SEE R JIETEEE L

FfEd 35 2 & o <, B FEMER E TS E O
B ALK & g

2. @M BE DT, FREMARER & T O BE
PEGk, TSR s S b o Tk, FHESE
BDREE D RA I IEBREMED I\ MU 99.3% 7 v 2
:vAm%wfmm%@wumM@ummriD%ﬁ%
FLEE AR — (L & A, Lichd o TR bR R b i
SLEE A i LT AT %%@%wmmm@ﬂﬁwﬁﬂﬂ

Briso T%‘éﬂi'ﬁ‘éééﬁiﬂﬁﬁﬁ(fi\ PR R A P

B2 E VYT 5,
Uiz T, BT o £ CHEHING8 % o 8§
L BHoOFERET G TREERE & bitvbinn

WAL FOMEENRE LD EE L BNDS, FHIN
______ THRRTEI T $CHEHEIND ZENEEMED b

Z L Lnb Tk aE L2 ba0C, T
BEYYSIB I IED 7 £ = v LRI X o CEMILE Lz,
2014 440 500kg EUlc DTN TR O MR & 58
AR & OBEEYEA W~ A TIETHIC DWTCIE, #
FE99.3% o7 = a 500kg BB, BSIUF 2= A
% 0.05% #om L7z 500kg D#Fsa k& LT, EEm
TP R B & TR 5 R & 8534
DEEERRE & OB RA o
4-2 REMHE

RERATEE, BIENC IR~ bR & R TH B,
4-3 RRFEBLUORE

MRS E LT, 204 & & L0 F 2= kT
i 0.07% g Lic b D& EAL,

[EREF#EYE & UCid Table 15 {23 A s & 7R Lo M E
99.3% o7 NIz ABIUOFNEF 2= & & 0.05%

BIMLIzb DT, T0EERE4 Table 16 /R Uiz,

Table 15 Chemical compositin of 99.39 pure
aluminium specimen with or without

titanium.
7?5;12;‘3:2‘12 Chemical composition, %
titanium | Cu | Fe | Si |Mg | Ma| Cr | za | Ti| Al
0 0.005] 0.46 | 0.15 0.020" 0.01 Tr 0.01 | 0.006] 99.33
0.05 0,005) 0.48 | 0.14 0.01 Tr 0.01 | 0.05 99.28

M5 ks & O R O DR I ik, R ARSI
®LTiE, Fig.8 w44l L h 200mme xX500mmé o
B vy P HE Uz, REWEIZTHT. BEKE
M (e 2 v — =8 1000T) k- T, Tablel?
R L7e R fFie L » €, B 90mm ¢ OBl Uiz,
RO IR O R ik, 90mm ¢ ki LAz 148
B, Fig. 9 R X DsE A IR L, Lo &

Table 16 Melting and casting condition of 99.3%
pure aluminium specimens.

99.3% Al with
Condition or without

I 0.05% titanium
Weight of ingot, kg 1,000
. Melting temperature, °C 710
Melting Fluxing temperature, °C 710
Amount of fluxing, % 0.4
Casting temperature, °C 690
. Dimension of mold, mm 240 %< 640
Casting Amount of cooling water. 1/min 390
Casting speed, mm/min 54

OPRBER L 430°C ¢ 60mm Mk L0 40mm Fiz gk
& CNREWERR 601 2 EA) Licd D2 500°C ©
2 B ARIR AL ALER A FT VK Uis e, M ooME 21T/ -
76

800

e 1600 -

Fig. 8 Position of srecimens for confirming cast

structure were taken.

Table 17 Extruding condition of 2014 alloy with
or without titanium.

2014 alloy with

Condition or
. without titanium
Dimension of billet, mm 200¢ x 500 ¢
Scarpping of surface. Did not
Extruding temperature, °C | Container 350
\ Specimen 420
Dimension of extrusion, mm 90¢ x 1
Extruding speed m/min 8

1

ﬁ 2400 -
F 150 = 150 o 750 erin150 4 160 4o 750 —-1=150-4150 o
e . ,/ r ¢ -
Q) &1 ] W Bed ] NGNS
Forging Forging Forging
0 265

-
< e 132.5132.5¢
1 T
o T ST
forging

m Test specimen

for structure

%m Test surface

Fig. 9 Position of specimens for confirming macro

40 o
| 298 T 17 R

R RO E—

structure of 2014 alloy extruded bar (90mmée.)

FEREF BB = UCid,  Fig. 10 /R34 60iE L . B4t
FASEBA BT L, 520°C ¢ 16 M 280°C & CIE
BEEI LA AT, SR A et T 10mm
PIgIte, 500°C CHENLSAR 2 BT ZER CRE UNITED
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Fig. 10 Position of rolling specimen of 99.3%

pure aluminium ingot were taken.

Table 18 Rolling condition of 99.3% pure alloy

specimens.
99.3% Al with or
Condition without
0.05% titanium
Dimension of ingot mm 240 % 640
Scarpping of surface. mm 10
Hot rolling Preheating, °C 520( % 16Hrs)
Rolling temperature, °C Start 500
End 300
Dimension of rolled sheet, mm 6t % 670
Cold rolling Dimension of rolled sheet, mm 1t %670

FEFINOAME L, SHHloBaEBoktiz, Fig 10
CRIAIE X D BRI L, SRS oSS0 E{LoE L
WEA RN T, BB L - T, (LSOO 458
REBEDIRET % 1T o 10
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)1100 At
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Fig. 11 Position of test specimens for anodizing

quality were taken’
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Without titanium With titanium
Transverse section Transverse section

Head Center Tail Head Center Tail

Photo. 13 Effect of 0.07¢% titanium addition on the macro structure of the 2014 alloy extruded bar. x1/2

Vertical rection Without titanium

Longitudinal section Trausverse section

Photo. 14 Fieder crystals of 2014 alloy ingot for extrusion.
x2/3

Photo. 16 127 Lice ZDOBEDEEMM SO, TN Tail of extrusion
92% THHRF 2=y 2kdF i\ 2014 (3858 ﬁﬂ%%ﬁw* With 0.07% titanium
BN SHERAMRE » T by LOBELTF 2=
A%ﬁ%bt%@m\%~»0wm&mm RLT\WB,
FAENOD SR O HMIESC AL L e & B
S U O\ B o BEIEEAR RS A Photo. 17 12/R Lz,
Photo. 18139 # = v 2 I L T 2014 G ads &
Uz = 1% 0.07% Fm L7z 2014 &40 0mm ¢ il
HifEA 40mm MRS UcImaiako 1 el4oR Uiz
COBADHEWL D OMIER 95% THhH TOBAIT

kL T F 2 = 2B HRIM LT R W O IR R
HRH T NI A AR IETE C LT T &2 = v ma i Lokt
BHT il U TR TH B A% G A SET 2 B s »
WORZEEIRD B\ THBRFUR O BRI 5T M % & Tail of extrusion
Photo. 19 iz/= U7zs Photo. 15 Micro structure of 2014 alloy extruded bar. x100
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Without titanium With 0.07% titanium addition
Tranverse section Transverse section
Head Center Tail* Head Center Tail

Longitudinal section

Head Center Tail
Longitudinal section

Head Center Tail

*Position as extrusion

Phote. 16 Effect of titanium addition on the micro structure of the 2014 alloy 60mm square forged bar.

Without titanium With 0.07¢% titanium

Longitudinal section Transverse section Longitudinal section Trausverse section
Ny I ; S — ’ X
.

Head Head
Tail Tail
o it ey i > ; 3 ¢ 3 :
Photo. 17 Micro structure of 2014 alloy 60mm square forged bar. x100
Without titanium
Longitudinal section Transverse section
Head Center Tail Head Center Tail

PLED 14S &M IWT, 60mm M, & Lo
40mm  HERC DWW T XEREFTIC L D dn Do B o
A fE U 7o i 8% Photo. 20 1R Lz, 60mm
CRWTH, W ORE & TR LTuwubas, 40mm ‘ i
PRI 5 2SI B AT BB B, AMECI I 1000 ] (e

Utehio Ty SR & IMTTE O & OBFRA D 5 o With 0.07% titanium :
Longitudinal section Transverse section

FESR BB DlE. TSR > TV WBATH ) . Head  Center Tail Head Center  Tail
SRR ODIETT & & b IS SEAIE & OBIRIEIRDS T 5 b O T ’ ‘
A5 Lo Ly M UF F CriBic sk it e
B LT BICT E RV ENH D, BYAEE LT b5
ST S 2 LAY 290 3 v ROMR L. i
T SR T BB M & L\ & 2 BB,

Photo. 18 Effect of titanium addition on the micro
structure of the 2014 40mm square forged bar.
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Without titantum 4o4+0  FEREDNTSUR & HRRRRIL S IULER L e

Longitudinal section Transverse section

BacHlibivd, RMBREE ORAR

Fig. 12 1, 72 =9 2% MU TWRWILE 99.3% ©
TNMI=Y AR LU 2= N RN U AR A e
LA Omm WWERMEL LSS s I mm e
HE U 7= BB B AU o B A P R (b S AR T U 7o e D 2R

ST Th b, X, Photo. 21 i ZNFNoBMKT 6mm i)
Longitudinal section Transverse section D 3 L OV SREIT o 1 B B IRIER AL B AR I b
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BoOEYMEL. FamiEv, Photo. 22 L& 2o
Wy X e 1mm ATEIE UBER L 72 DBER T &
Photo. 19 Micro structure oft he 2014 40mm square O rhge 3z ks 1 5 BRI (b B LI i b v 7z Tk

forged bar. x100

Additional
percentage
of titanium

f0mm® 0 40mm*

0.07 60mm* 0.07 40mm*

Schedule of forgeing : 200m¢ ingot—9Immé extruded~60mm® forged—500°Cx2Hr heat—»water

1
40mmvforged— 7 ke quenched

Photo. 20 X ray diffraction patarn of the 2014 alloy forged bar.
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Cold
rolled Tmm
99.39% pure
Aluminium
émm
As hot
With 0.07% rolled
titanium L
bmm
Cold
rolled Tmm

Fig. 12 Effect of titanium 0.05¢% addition on the surface streaking of 99.3% pure aluminium after anodized.
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Without titanium With 0.05% titanium
Center portion of the sheet

1871197210 " 2/1 "2l2 213" o4 b b o Ak

Edge portion of the sheet

Center portion of the sheet

|m

M@ﬁuﬁﬂ*

Edge portion of the sheet

i
D

Photo. 21 Effect of 0.05% titanium addition on the surface steaking of the 99.39% aluminium hot rolled theet
(6mm thick) after anodized.

BlLERA - Z & < HE 99.3%
TNIZY KTF R =T WEE
MLicd D, &5 EEm Lk
Uty D O FEHE SN TR D PR (L
BB Uiz Ba e ibn b3
FEEC DWTIHTCIRilE L
To kb8 LI — DRRIBES
ﬂfCo

4-5 AEOMET

HKENC IR\ NTIHE, BMEOF 2
=V R LD, SHoFE
AR A W L Lo E, ol
ML M T DL ¥ X
EHEITO\WT, BT
W445&5FH L. =& LTH
THOMERICR LT3 28>
WTHRE Z L. M,
WIE99.3% D7 MIi=Y Ak L
DFNiCF 2 = »% 0.05%5

Without titanium With 0.05% titanium

Center portion of the sheet Center portion of the sheet

X

Edge portion of the sheet Edge portion of the sheet

(AN IllIIIIHI!IIMWHllllllllllllllllllgwllll’%li

Photo. 22 Effect of titanium 0.059; addition on the surface streakmg of
the 99.3% aluminium cold rolled sheet (Imm thickness)

after anodized.
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With 0.05% titanium Without titanium %&%ﬁ LA %@(Eé\%@%%ﬁﬁﬂﬁ 7&@%01@[75[’?‘
- N o BETDLNTADH, T OBEBSEN L EImLLd Ld
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YEAL A B Lo b o3, ik LTwinnd Dtk
BUENTWDZ ENE L Bb,

5 #& &

K I T L MEE 99.8%. 99.3% DT VI =Y A
7 BONE 2014 &4, 4043S &4, 6151 &4, 6063 &4
B L T075 A& &HEHOTENIEICSWT, T TIHRE
Photo. 23 Effect of the titanium addition on the casting  LICHIRENVLFMIERIGET S A& D HIEDWT,

structure of the 99.3% pure aluminium ingot. MemifssE ki 1 5 500kg~1000kg R EE O EIRICDOWT
Without titanium With 0.05% titanium
Center portion of the sheet Edge portion of the sheet Center portion of the sheet Edge portion of the sheet

% 100 % 100 % 100

6 mm hot rolled sheet

%400

1 mm cold rolled sheet

i

%100 x 100 x100

Photo. 24 Effect of the titanium addition on the micro structure of the hot or cold rolled 99.3% Pure aluminium

sheet.
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Corrosion Testing on Condenser Tubes by

Model Condenser at Shin-Tokyo Power Station
(Rep. 2)

by Takemichi Otsu and Mutsumi Okawa

In order to investigate the countermeasure for the trouble of corrosion on the condenser
tubes by the polluted brackish water at Sumida River near Tokyo Bay, the corrosion test
of the condenser tubes has been carried out using model condenser at Shin-Tokyo Power
Station. In the present investigation the test results obtained from September 1960 until
march 1961 are reported.

Following results were obtained :

1) Pollution of the brackish water due to NHj;, S -
prominent, especially in summer.

2) Each tubes of Albrac, 90-10 cupronickel, Nickel-Copper Alloy, 18-8 stainless steel
and 18-8-Mo stainless steel suffered severe pitting type corrosion, and 70-30 cupronickel
tubes were free from pitting corrosion but suffered slight general corrosion.

3) Therefore, it was concluded that 70-30 cupronickel may be the most suitable alloy
among the known condenser tube alloys, when polluted brackish water is used for cooling

water.

4) When the slimy scale deposited on the inside surface of tube were removed by
brush-cleanings every half a month, the rate of corrosion were somewhat decreased.

5) When brush-cleanings were done on the Albrac tubes, the pitting corrosion occured
during summer and did not occur during winter either for the tubes which were tested
since semmer or for the tubes which were tested since winter. But when brush-cleanings
were not done, pitting corrosion occured even in winter.

6) By backwashing every day, slimy scale on inside surface of tube was somewhat
eliminated, but corrosion was not suppressed.

7) The scale on inside surface of tube mainly consisted of Cu, Fe, S and organic
substances.

and organic substance was
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Table 1 Chemical compositions, mechanical properties and
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Fig' 1 Schematic diagram of the model condennser.
@ Pipe of water injet

@ Pump ® Water pipe

@  Strainer ® Surge tank

(®) Test tubes (Four tubes are set in each No.)

@ Valve

Triangle to measure water flow

(® Drain

wallthicknesses of tubes.

Chemical compositions, % Mechanical properties Th%ckness
Mark Material Tonsile - of tube
Cu | Al | As | Si | Sb | Fe | Pb | Zn | Ni |[Mn| C | Cr | Mo | strength, |=longation, wall,
kg/mm? 4 mim
1 | Albrac 78.03 0.03 0.05| 0.26] 0.01 0.02 Tr| R | — | — | — | — | — £5.8 58 1.2
2 | 309 cupronickel R|—~1|— | — 1 —1o057 Tr| — |30.56 02 — | — | — 0.7 47 1.02
6 | 10% cupronickel R|~ |~ | — | — | 125 7| — |10.27 053] — | — | — 34.9 £ 1.0
Nickel-Copper Alloy _ . o _ 1.02
7| Nighel Sopper A R | Tr 0.84 1.17 65.43{ 0.90] 0.02 — | — 64.3 24 1.0
8 | 18-8 stainless steel 0.08 — | — | 052 — | R | 0.0 — | 9.81 1.52| 0.07] 18.30 — 50.4 64 -
9 | 18-8-Mo stainless steel| 0.22) — | — | 0.50 — | R | 0.0 — |14.18 1.45] 0.05 16.80 2.21|  s54.0 66 -
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Table 2 Testing conditions for various tubes.

Sample (tube) Testing condition Test period
Set Method of - -
. S Velocity of P .
Material Mark ] Numbers { Jom;l:?embe waetezc,lrri’/gec iczzllgfdrgns%rofface Beginning Ending
Alb 1 9 a) &) | One of the tube is cleaned
No. 17|--22 £ 422N PR R, DR Expandin 1.0/2.0 every half amonth and the | Sep. 1960 Mar. 1961
30% cupronickel 2 2 b g I other is not cleaned.
% cup
No. 2 "?dlﬂijggﬁ_b‘r-dﬁ'i“ck'éi“"“”“"” ‘_._._% ------------- % VVVVVV s @ 1.5 Same as above Aug. 1959 ke
0
Albrac 4 142 a) y —
No. 3 300, caproniciel T 5 D) 7 2.0 Same as above
Same as above but
No. 4 'Qﬁbf-@—c ...... e ;g ...... Y 2.0 backwashed. Sep. 1960 | Mar. 1961
% cupronicke . . - One 0§1 tll%e tube I}f cl((ziangd
30% cupronickel 4 2 | 2 . every half a month and the ; 7
No. 6 |- 360 cupronicker ™~ 77T S 5 Welding 2.0 other is not cleaned. Aug. 195
Albrac 1 2 Coa Same as above —
No. 77 8034 cupronickel TR g Expanding 2.0 Feb. 1960
No. 8 “?{%‘i/"b"{?gﬁfbﬁi'éi{éi ..................... ; ............. 3 ...... , ¥ 9.0 Same as above Sep. 1960 —
0
No. 9 ..%1;??.‘2 ...... T R % ............. g ...... , @ 9.5 Same as above Aug. 1959 Mar, 1961
%4 cupronicke -
No.10’ "'?%g?}lzﬁﬁfb}ii‘ék"éi .................... ; ., 3.0 Same as above Sep. 1960 ”’
0
No.11’| Nickel-Copper Alloy 7 4 , 2.0 Same as above May 1960 ”
18-8 stainless steel | 8 | 2 X S bove » ”
No-12 |- ¢ Mo stainless steel g 7| Welding 20 ame as abov

a) Tube plate is naval brass
¢) Tube plate is Nickel-Copper Alloy

b) Tube plate is 30% cupronickel
d) Tube plate is carbon steel

e) Velocity of water 1 m/sec during from Sep. 18, 1960 to Oct. 17, 1960 and 2 m/sec during from Oct. 17, 1960 to Mar. 2, 1961.

3
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3. E & K R
31 EEEE

IEFn354E 8 H19H I 1 WA 4 # - 7o JE#9 4 SR D BE
M Z BT, F4E 9 AL3E 2B 2 HIFER MR 4 B
T Utco & DEMEBRIET £ Cof 9 7 ARMOM i £ 18 1k
Table 3 LR & Th Do B CHEIEIRIE X NIcD
. AR EORIERO D 8E L, BE, Z2EEN,
EIREDMDBHED /2D IETH D, Wit d R
2 HEROENRIERFMTE S,

2 2 WIS v B RS IV 3,794 Wi 554> T BN
B 1 IR ORI A b B0 B RO TH Do &7
Fir No.2, No.3, No.6, No.9 (FEFn 34 4= 8 HBliE)
11,259 5 50 40 400 No.7' (EF1 3548 2 ARG
7,279 080043, 43BdNo 1l (FEFIS54E 5 A BA#g) © 5,709
B5RA204y, Slidm No.12 (FRfns54E 5 A BlYA) ¢ 5,594 MR
554y, 4yfiiriNo.1’, Nod’, No.g'. No.l0' (4 2 HisiEro
)+ 8, 794ERAS5 45

3-

2 3

3

SEEHIRRAE E 6 F3OllE LRk SE (8 PIskED
OFHEE Tabled RITM<CTHD ., £A40EDE b
Ao & BB G TEER X iz,
TR O A o m IR BREROBBE BT
o, FEOMBOMICITFC K X I REE A4 U Ba%
ERNCHEAT b in o oo
R, VTR YR BEHIKD FE iRk 1~
1.2kg/cm? T 5770

Table 4 Average of the velocity of water,

during test periods.

N

Set Wzség,cnr}x’l/%{ec Set wggég?ltgl/%gc
No. 1 e No. 7’ 2.02
No. 2 1.50 No. 8’ 2.00
No. 1.99 No. 9 2.64
No. 4’ 2.02 No. 10’ 2.96
No. 5 — No. 11/ 1.80
No. 6 2.00 No. 12 1.99

a) Sep. 13, 1960~Oct. 17, 1960
b) Oct. 17, 1960~Mar. 2, 1961

Table 3 Operation conditions of the model condenser for the second period.

Date | Time when | Time when | Times opgrated: | unogeriied Note ool imes ot
Aug. 19 845.50 End of the first period 7,464.55%
Sep. 13 16:00 336.20 336.20
Sep//. 28 — 14:00 1.30 Repair of switchboard
. 65.15 401.35
Oct/. 1 8:45 8.15 Periodical cleaning (lst)
4 17:00 327.50 729.25
Oct;. 15 8:50 8.30 Periodical cleaning (2nd)
4 16:20 256.40 986.05
Oct/‘ 2 9:00 4.40 Repair of pipe-line
v 13:40 10.20 996.25
Oct. 2 9:00 30
§ No‘/: . 13:30 o0 115.30 1,111.55
= //- o 7.30 Periodical cleaning (3rd)
: 5% 1,214.25
Nov. & 23:00 34.00 Repair of water way
N <i/v. 7 9:00 50 5.00 1,219.25
. e 0.10 Electric failure
47,20 1,266.45
Nov. 9 13:30 25.00 " Constraction of clorination epuigment
Nov. 10 14:30 114.30 1,381.15
Nm/r- 15 9:00 7.20 | Periodical cleaning (4th)
Dec/- : 16:20 i 496.40 - 1,877.55
= T 5.00 Repair of pump
139.00 2,016.55
Dec. 12 9:00 5.30 | Periodical cleaning (5th)
Dec. 14 16:30 : 784.90 2,801.15
Jan/; 16 8:50 6.40 Periodical cleaning (6th)
15:30 54.05 2,855.20
Jan. 18 21:35 11.45
Jan. 19 9:20
— - 53.40 — 2,909.00
§ Jan, 24 10:15 190.35 3,099.35
— Feb. 1 8:50
. i 6.20 Periodical cleaning (7th)
Feb. 14 22:00 318.50 i 3,418.25
ST 50 18.30 Periodical cleaning (8th)
e o0 376.30 3,794.55
Periodical cleaning (9th)

* Total times for the first period test.
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7KIREE No.1l 28l 0 ok 23RS 7 & Hi Bl se i~k
W UEaCEE 6 BIlIE Lice £RCRARIE. BEh
LOWESE A Tableb k4,

M=
am

Table 5 Temperature of water in the model

Condenser.
~_ Temp., °C L b A
T owest Highest verage
Month
Sep. 1960 21.5 24.0 22.6
Oct. 16.0 21.0 18.7
Nov. 13.0 16.0 14.6
Dec. 8.4 12.5 10.8
Jan. 1961 6.0 8.7 6.9
Feb. 5.7 6.5 6.1

34 KOABIKR
1 IR O DT (354F 6 ALK wild bii¥
KUK OB & HibKEREOBRIIEE 2 M A>T 1
T RARRIRE LTy, 108 S SRR LT
¥C, LA DM L IRRIC R A11 A ~ 5 AHE & Bl
PR DEAKRECERELRBRAER LN h o,
ATV~ s BB A O BRSO 5
EfFERE T oo, T A, E=— v CRILEOE) .
tr 7y ik BEE, KRS UTEH TR
B EBDONLERNAEHS T, FoBELEF MY @
UTHRA EZEDLT, & 1R & LI3IER UTth o7,
4. XK HE R B

41 HBAE

sl Noll" oRBRERS HHUKADRD KR
e s air iz o v 725, B8 1 ETOBHKEY
B LT, KERBRAT/R o o HHEEK L R R HEE
W, BREEE, pH, 7ve=vastv, 44 v 4 &
v, BRERE, BEBEO CHA T, JoMnmE.,

A A v, WA A v, TRERA A v, THERA 4 > 5 IH
EHOBERE 17 AR X CRE Ui BRI 1 R
DS LA, 2L LTS K- 0101 mfit - 420

4-2 REBER

BkfkE % Table 67,

HIRA & VBN 12~1.6% FREETH DA D, ik & UE
IKDIBEFITHKI 60~80% FRETHH S LHEIND,
B, B A4 v, BRESEE QICAEE L EE
BEWERALBND DT, HERTAE LD LRADRER
PEWELEZ BND,

BREGEREAEELS, ZOHERTI2~ 381D,
EREHENBOEAER LTS Z &b, BERST
DWTE 2 v A VEERITEREO L OOFEIE L B
Do R, FOENCHBRBEBEENES VS BRERES
DE AR H D LS BN BR, L. SR
PRI EF Va2 Y F oy — Bk 7y v 7 OB D
Hohalr FRAT HEBMRS 072D T, FOEHIC LD
bDOEEbivh, Lo L. HERKICEAD & EERED
1&\/\0

k. B AL LT, TYeS T A4 YR LOME
THBDNRA F v A # v OFENIFER I N e TSI
SERRZE T DM S VRN S 500G, BHEIELS DN
CVEABIRAE A2 TIRB 2 L

5. HERPOEAEKREOBKRE
51 ®BEF=E

FAEOEERE. ENERGAYEEBT AR, £%0
AEIRA CHPRESR D 5 BT E IR TR 2 A A TR
A Uiz,

Fio, H2HFERBIEAE S r AEOI2A120 &, B
THD 3 A 2 Bic, ARSI 5 HvT,
ENERULOMRE LT R ofce TOBEIT2EE S, M
REE OENERRE R UcER AT 5 20

Table 6 Chemical analysis of water used in the model Condenser.

Date A517g Sep. |Oct. Dec. [Dec. |Dec. [Dec. |Dec. Jaxg. Jan. |Jan. [Jan. |Feb. [Feb. |[Feb. [Feb. Mar. |Mar. [Mar. Mar. |Mar.
a 29 | 22 1 8 16 | 22 | 27 12 119 | 26 2 9 16 | 23 2 9 16 | 23 | 31
1960 1961
™~ Time
T~ ’Ii'd 13:30 13:15{ 13:00, 14:00] 14:00} 14:00) 14:00) 13:30| 13:20 13:30, 13:30, 13:30] 13:30, 13:30] 13:40 14:00] 14:00] 14:00 14:00 14:00| 14:00
ae
Items\ EbbFlood EbbFlood] EbbFlood| EbbFlood| EbbFlood Ebb F~EE-F/F-E| EbbF->EE-F| EbbE-F| EbbE-F
Electrical
Conductivity, 397| 415 495) 490| 495/ 5900 590| 525 560, 536 515 525 510|515 509 528 4720 462 525 4700 468
%100 po/cm?
pH 7.800 7.55/ 7.60, 7.45\ 7.50| 7.40; 7.30| 7.65 7.55| 7.75| 7.50| 7.80, 7.60] 7.50| 7.40 7.75| 7.65 7.85| 7.50| 7.35 7.50
Turbidity, deg. 33 23 15 — — — - 10 - — — 14 — — — 12 - — — - 17
t
Evaporation g | 87T 311 806~ — = | ] o = o o o
cI-, % | 1.27 1.24) 1.260 — — — — 138 ~—| —| —| 1.30, —| — — 1.3 — | — = 157
NH,*, ppm 1.2 1.4 2.7 8.2) 3.9 1.6 2.4 1.6 0.7 1.2 2.0 2.0, 2.5 4.6 3.2 4.4 4.4 1.2 3.20 3.0 5.3
NOg~, ppm | 0.40 0.07, 0.67, — — — — 0.69] ~| —| | 0.64 — — — 0.25 — | — — 0.66
NO,-, ppm | 0.05) trj 011 -~ — —| — 0.02 —] —| —| 0.058 —~ | — 0.02l — @~ — = 0.2
s, ppm | 0.03) 0.03) tr, 0.03 0.05 0.06] 0.02] 0.01 - 0.03 0.04] 0.03} 0.02] 0.04 0.03 0.04] 0.04 0.02 0.02 tr| tr
S04, % | 0.17) 0.16) 0.15 — — — — - — - = - e T e T R I IR R
Oxygen deman%pm 6.0/ 5.4/ 5.1 3.8 4.6/ 3.6 6.9 4.0 4.9 4.6/ 6.2 6.0, 4.5 6.2 4.9 4.3 5.8 4.2 3.7 5.4 6.7
Diss"l"edoxyg;g-m —| = = L47] 375 17 2.2 3.2 4.0 6.1 56 51 3.3 3.6 4.0 53 -~ 50 2.5 1.2 1.4




(210) K &

&

B ¥ #® July 1962

¥, A A — VHTE RIS RIS IO B A RS
72DV TTF i o To 0 Nod' & Nol& g oA r —
MEEER A b RBEEHETHRET D

5-2 BERR

WA ROWES Table?
A = R SHE LT D HIRRERO A7 v s <
B LTWAHZ &R L, —EA 74 2RAT — VDTS
DIRA EBNEEZ BIE WD Thiahotc 2 EHRLT

iR de XIEATA 23RO

Whe F oo OWEWNEIC EEDEENRD i, AT
Wi B ATDOMFENAED b/ Z &L &RTo

ks, BBRETES IR AEEOAIRERE GFRECR
BRANTWAE) ThahrI ehkRlL, BUIFFERBRETHS
CEwRT, Fio, KRB 2HHE®D 1,2, 6,7, 8,9
BTNy HEAFRbT OO TH D, No. #rsidilbi ol
NOME4F-72bDTHSH (Tablel ),

Table7 R LizZ &% 40T, BMEKROE L LT

Table 7 Result of examination of inside-surface of tubes.

Date 1960 1961
T Oct. QOct. D;c:‘”a Dec. l o Sept ’ Jan Feb. Feb. Mar
Metho d \ 1 15 1 15 12 ) 16 1 15 2
S;;art T~
o T exammatxon
corrosion . xl B E E E E S E E E E S
test Tube Tl
1A @ &) © S] o O S} © @ S) O
1 B X X X X X X X X X X X
No. 2 5 4 + + . - - N - - - - N
2 B S % X X X X % X X X X
1A &) @D S} © © @] ] © © © O
1 B X X X X X X X X X X X
Au No. 3 5 A + + - - - A - - - - A
g 2 B X X X X x x % X X X X
17
1 A @ &} @ © © O © © S} © @]
1959 1 B X e x X X X X e % 'S X
No. 9 5 A + + -~ - - N - - - N
2 B X X X X S X X X X X X
2 A + + — - A - - AN
2 B X x X X X X s X x X ®
No. 6 ¢ o + + - - - N - - - - A
6 B X X X X X X X X X X X
1 A @ €] © S} © o S} S] S} © @]
Feb. o 1 B ® X X X X % x X X X X
1980 No. 77 5 A + + - - - A - - - - N
2 B X X X X X s X X X X X
7 A + + - -~ - A - - - Py
May , 7 B X X % X X x X X X X X
19%(8 No. 11 7 A’ T T _ _ _ N _ _ _ _ A
7 B’ X X X % X x X X X X X
8 A + - — —_ - O — - — - O
Mg’{y 1 8 B b X -+ + + X -+ + + + X
1960 Ne- 129 A + - - = - O - - - - O
9 B X X + + -+ X + -+ + + -+
1 A + @ — o — ] — — — o o
, 1 B + s X X X e X X 4 X X
No. 1" 9y 4 + + - - - A - - - a
2 B + X X % X X X X X X %
1 A + - - - O - - - + O
, 1 B + X X X X X X % X X
s No. 4" 5 A + - - - - N - - + A
P 2 B + + x x x % % X X x X
13
1 A + @ © S) © O S} S} @ + O
1960 , 1 B + X X X X X X X X X X
No. 8 5 A + + - - - A - - + + A
2 B + X X X X X X X X X X
1 A + - S] © o O S} © © © O
, 1 B + X X % X % I X X % X
No. 10 2 A + _ - _ . A — - — — A
2 B -+ X X X X X X % % X X

% E: Peep with the naked eye from tube-end.
S: By bore-scope. (After cleaning for tubes A)

(O There are pitting corrosions on the inside surface.

A Slight general-Corrasion are found all over the inside surface.

% There is the thick slime-like scale covering the inside surface.
+ There is the thin slime-like scale.
There is a little slime-like scale.
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) wmADEABKIEA T~ VOERBMMEBEELZE LT
W, T OFIRERECE
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N ORERIFED Th i ol

e) EDEL, AT —VHREGENTWAIDIR, ED
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(B) fWERE (AE) DOREERI:

a) F1HOMBALBCEEEHE LT VT Ty
7% (No2—1A, No.3—1A, No.9—1A) 148Dk
EHTHHEEX SADOHFINED Bt

12A128 OBRMAERCKR D MEBECIE. CRBOE
DOERTT 7 ARIO 5 BLI6H KA Lk X ) L7402 56
CTHRBZTRY, FBEREILETLTND I L2
HENIzo L, FDOFED3 A2 A0KBETHE, 12830
Mo Sa&OBEMIE{RdbT, BAESKLAEAE
{bidion & 5 e ZBed Bt

b) E1MREROLZE (2 A16H) 1BHER Bk X
. 37 AHDS AL6A F THEADRENTD BNinho
Fe7 7Ty 28 (NoT—1A) &, 4 HEERTI im‘m’ﬂ/ﬂ
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i, HEOERIVOEX L LI, FlkOE 1 ﬁﬁ@%ﬁﬂl%@
BERE I RS W, BAOSEHEAE LV IZE L,
o720 BEHL ZOHERE L BEROKE (6 AEHLEM
B SHIRIEAN N TOE & il & LI FE s L O
BT LIcbDEHREIND,

ARl el

SHI2A 120 B ik SAOEMEE < B bhvinho
720

C) SEFEALLTANT Ty s 4R Nol—1A,
No.4'—1A, No.g—I1A, No.l0'—1A) k. £A8 10
A1H) OREBRETCRAENTEDONLRL o, 17
HEBEMZED 7 BrE»ABNo/—1A, Nod—1A, No.ly
—1A O3 REEBDEENARICK > TRO BN/ B
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FHL O 3R EERE L7 ABECBBEEFHEE LT d
DTHHHHEZBND,

BERE TR (3A2RH) OENBMERTORETKD &,
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25h biieh o fehi, Nod'—1A & No8—1A (k%D H
B b SANNR DM L Z ENRBO BNz, 2k
BFED 2 RKNI2H PAALSE—E S NERERE SR o/ D
BB D LD E BN, k. ZOHIMIH L<
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& TNTT e 7 EOSEHEAOEE. WTNEIER
D B BT BB OB ABRIC £ o THbIL Tz,
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FERBD BRI ol

e) 30%x -7 m=yr vER, ARBE TN
BaEOELEY R4 2 LR RA oo b, BRRERIC
EAHBRETENTROE L, EE-— R 2FmRET
DHLRNNERD BN ks, 7NV T 7 v 7 BB DBN
HINEFEEBEOEAIED T, &ELSBNAEH L
TWie o

) =y r vIREEE b IR T AR b
WA, BB ARETIZ, 30% % o 7 a=y r ViEL

EiEEEN R WIDRNATRD vk L, 30%% =
rumy r VELETREL T, &BIBEH LA
L EBEOE EWIRE A 7 — it e & S ANRE
EHRICHFEL, Flefr2 Bl Sa8b LELD LD
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Table 8 Weight of scale on inside of tubes.

8" Al < Azl

A B o TR

A O2EANIL Table 9 R Th

— Date =
\\ AT Oct. 1, 1960 2 Oct. 15 Nov. 1 Dec. 12 Mar. 2, 1961
Tube \
Metarial ™. u T ! ——
No. 4’-1A (Backwashed) 4 15 g 1.937 g 0.572 g 0.263 g 0.48 g
AIBFac oo e R e R s o OO OO,
No. 8’-1A (Unbackwashed) 4 29 0.611 0.911 0.612 0.66
309 cupro- | Not 172A (Backwashed) | 3T babao AU ML N SoRGATUT I 01
nicke No. 8’-2A. (Unbackwashed) .01 0.891 1.074 0.532 0.38
. . From Sep. 13 From Oct. 1 From Oct. 15 From Nov. 15 From Dec. 14
Pe“(’dir(l’;él:ps%s;;cagg icfaltigg the to Oct. 1 to Oct. 15 to Nov. 1 to Dec, 12 to Mar. 2
(18 days) (15 days) (16 days) (27 days) (78 days)
Time and frequency of backwashmg Backwashing One hour Seven hours Three hours Half an ohur
for No. 4’-1A and No. 4'-2A did not done every other day every day every day every day
Table 9 Tubes inspected.
Marl M al Testing condition
N . .
ark ateria Joint to Velocity of iPeriodic cleaning Note Tested period
tube plate water, m/sec |of inside surface
No. 2—1A Albrac Expand 1.5 Done —
No. 2—-1B 4 7 7 No —
No. 2--2A 30% cupronickel ” K Done —
No. 2--2B 4 7 K4 No -
No. 6—2A K4 Weld 2.0 Done —
No. 6—2B » ” ’/ No - Aue. 1959 h. min
No. 6—6A 10% cupronickel g ” Done - ~Mar. 1961 | 11 59 50
No. 6—6B K8 7 K No - (18 months)
No. 9—1A Albrac Expand 2.5 Done —
No. 9—-1B 7 4 ” No —
No. 9—2A 30% cupronickel 7 k4 Done -
No. 9—2B K4 e 7 No -
No. 1V/—T7A Nickel-Copper Alloy 7 2.0 Done — May 1960
No. 11'—7B ’ 4 ” No — Mar. 1961 h. min
No. 11'—7A’ K 4 7 Done — (9 months) 5,709.20
No. 11'—7B’ 4 K4 4 No —
No. 12—8a | 188 Weld ” Done -
. stainless steel
No. 12—8B e K 4 No — Same as h. min
18—8--Mo
No. 12—9A stainless steel 7 4 Done — above 5,594.55
No. 12—9B K e K4 No —
No. V—1A Albrac Expand 1.0/2.0 3% Done —
No. 1"—2A 30% cupronickel K4 K4 % K4 —
No. 4/—1A Albrac K4 2.0 K4 Backwashed
No. 4'~—1B 4 7 4 No 7
No. 4/—2A 309% cupronickel 7 ” Done ” Sep. 1960 h. min
No. 4'—2B 2 ” ” No “ ~Mar. 1961 | 5 794 55
No. 10'—1A | Albrac ” 3.0 Done - (6 months)
No. 10’'—1B ” z 7 No —
No. 10/—2A 30% cupronickel 7 7 Done —
No. 10’—2B ” ” e No -

3% Velocity of water im/sec during from Sep. 13 to Nov. 17 and 2m/sec during from Nov. 17 to Mar. 2.

8




Vol. 3 No. 3 B TRl St TR K T

SRR B &7V 3 v 7 v 3 — 1 5 BB O etk (213)

Boe TDHH, Nol12 i A& (A7 vaAfif) 1k Se
BT L TRELX T > DT, 20 4 KD

COWTIERBETHERBZ L L L, BETIEINAHR 26
RO DIMEHRICDONTIHEN D,

¥, CHSOPEEE Oz, Nol'—1B & No.l'—2
BD 2 &% LEBEHCHI o 7203, CHUTEERRCM TS
b el T bfcfc&b(g\ ATRATERIE Lk o oo

AT EE RS 1 IR A A E RA k& =< R
UTHhb,

6-2 WHERR GEigsh)

B CHEZI D UoR D&% OWNERILA .
& IR ol T Ui K
(1) FEfbRE (B :

Photo. 2 ¥l %40 < JERERE 12 AL b8
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3mm/sec) D LY &g <, £/ Nod o 1
B& 2B (MEEE) BFTHANXLSCRBZH B, i
BT, T Ty 7% (No.2—1B, No.9—1B,
No.4'—1B, Nol0—1B) ®x»r — v iiE—Ehstto
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Photo. 2 Inside of uncleaned tubes.
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nickel)
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Photo. 3 Inside of periodicaly cleaned tubes.
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Photo. 4 Inside surface of tubes, as brushed.
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Table 10 Area of corrosion.

Testing y erlocity Periodically cleaned tube Uncleaned tube
X aterial of water, . General res General

Period m/sec Mark Pitting corrosion Mark P‘ttm%,) corrosion
%) %) % %)

1.0/2.0 | No. I'—IA | About 30 0 - 0 ' 0

Albrac 2.0 No. 4—1A | About 20 0 No. #—1B | About 55 0

6 months 3.0 No. 10°—1A | About 25 0 No. 10'—1B | About 55 0

1,0/2.0 No. 1"—2A 0 100 — 0 0

309 cupronickel 2.0 No. 4"—2A 0 100 No. 4'—2B 0 100

3.0 No. 10" —2A 0 100 No. 10"—2B 0 100

. the Nickel-Copper 2.0 No. 11"~7A 0 100 No. 11'—7B | About 35 100

mon Alloy 2.0 No. 11"—7A" 0 100 No. 11"—7B’ | About 35 100

Albrac 1.5 No. 2—1A About 35 0 No. 2—1B About 65 0

2.5 No. 9—1A About 35 0 No. 9—1B About 70 0

18 months 1.5 No. 2—2A 0 100 No. 2--2B 0 100

30% cupronickel 2.0 No. 6-—2A 0 100 No. 6—2B 100

2.5 No. 9—2A 0 100 No. 9—2B 0 100

10% cupronickel 2.0 No. 6—6A 0 100 No. 6—6B About 30 100
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. Velocity
Testing Material of water, Periodically cleaned tubes
period m/sec

1.0
l
2.0
Albrac 2.0
3.0
6months
1.0
|
2.0
30% cupro-
nic‘i<e1 2.0
3.0
2.0
Nickel
9months ~-Copper I
Alloy
2.0
1.5
Albrac e
2.5
1.5
18months T
30% cupro-
nickel 2.0
2.5
10%cupro- 2.0
nickel
L e .
I o e

Photo. 5 Corrosion of tubes. (As cleaned by sulfuric acid solution)
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. Velocity
Testing .
period Material frf/gaiter, Uncleaned tubes
2.0 NO 4;__1 B;{
Albrac
3.0
6months
2.0
30% cupro-
nickel
3.0
2.0
Nickel
9months -Copper
Alloy
2.0
1.5
Albrac
2.5
1.5
18months -
309% cupro-
nickel 2.0
2.5
10 % cupro-
nick oe 2.0
A

Photo. 6 Corrosion of tubes. (As cleaned by sulfuric acid solution)
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. Velocit
Testing Material of v?rgte};, Mark Periodically cleaned (A) Uncleaned (B)
period m/sec | L -
1.0 : H
4 No.l’—1 :
2.0
Albrac 2.0 No.4’—1
3.0 No.10°—1
6 months
1.0
4 No.1’—2
2.0
309 cupronickel 2.0 No.4’—2
3.0 No.10’ —2
2.0 No.11/ -7
9 months Nickel-Copper Alloy |l W
2.0 No.11/~—7
1.5 No.2—1
Albrac
2.5 Mo.9--1
1.5 No.2--2
18 months
30% cupronickel 2.0 No.6--2
2.5 No.9—2
109 cupronickel 2.0 No.6—6

Photo. 7 Cross section of corroded tubes. x20x46/100
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Table 11 Depth of corrosion.

Testing Velocity Periodically cleaned tube 'Uncleaned tube Depth of corrosion, mm
P " Material of V}Iater, Depth of Denth of
erio m/sec epth o epth o
Mark Corrosion, mm Mark Corrosion, mm o S 3 3 i
1.0 0.18 — - . .
L H
! No. I'—1A 0.18 - - [ -t :
2.0 0.17 - i . i
A T i
Albrac ] 0.14 0.20 8 N
2.0 No. 4'—~1A 0.13 No. 4'—1B 0.18 ! ]
0.13 0.16 = ] i i ;
I } -
0.20 0.22 — i !
6 months 3.0 No. 10°—1A 0.18 No. 10'—1B 0.21 m H i
0.17 0.19 } Y ! !
[From Sep. 1960 + T T i
to Mar. 1961 J 1.0 0.07 - { i :
P No. 1'—2A 0.06 — — I H ¢ !
2.0 0.05 - ' ! ) ;
0.0 1 ! i ! ;
309 cupronickel , 07 0.1 i { ! !
2.0 No. 4'—2A 0.06 No. 4 —2B 0.11 i H !
0.06 0.08 ! ‘
] ] ,
0.08 0.11 1 ¢ :
3.0 No. 10°—2A 0.06 No. 10'—2B 0.11 @ ! ; !
0.06 0.09 ; root i
0.09 0.37 . i i ! !
2.0 No. 11"—7A 0.08 No. 11"—7B 0.36 m |
9 months Nickel-Copper 0.07 0.34 ; ; r ?
From May 1960 t ¥
(e Var 386100 Aoy 0.09 0.40 ' f ! i
2.0 No. 11"—T7A" 0.07 No. 11"—7B" 0.37 m;
0.07 0.36 1 \ ] i
! 1 1 t
0.24 0.27 _ ! § 'r
1.5 No. 2—1A 0.22 No. 2—1B 0.26 m i !
0.20 0.24 ! !
Albrac 4 ; + ;
0.27 0.34 H } §
25 No. 9—1A 0.26 No. 9—1B 0.33 i H
0.95 0.27 ) ) !
et - ;
0.12 0.14 ! L 4 ]f
18 months 1.5 No. 2—2A 0.11 No. 2—2B 0.13 i { {
0.08 0.13 : { !
[From Aug. 1960 - e 1 :
to Mar. 1961 50 kel 0.13 0.14 1 H
% cupronicke 2.0 No. 6—2A 0.11 No. 6—2B 0.13 i !
0.09 0.12 ; ! l
0.13 0.16 ! g !
2.5 No. 9—2A 0.11 No. 9—2B 0.15 @ ; } ¢
0.09 0.13 ! H { ]
b4 1 H
0.15 0.40 S ! H i
ool | 20| eosen |0 xeowm | 0% ST
0.12 0.37 T S 3 '

b) MEDETIE, 30%% o 7 r=y 7 VERRRE.
SRR L LR OEBANEV, 10%x 7=y 7 VI
h. BB OFE30% % o T e =y r VE LD ERCEN
BETTVT T v 78X DBV, JFHREREDOFIEIFEIC
EL TNVT Ty 7LD Ve =y r VIRESEIIMh
SRERRARANTE s B 0D TR Lk 28, — IR B L
TR R AR AEY A HEEC i LTh D &
BREs0% s - 7 ey r v L ERBEOMCHEESN
D5, JERBREOFITED THEL 0% X 2 7' n=y 7 VE
OFEREE LD SERECL D ICHESN D,

c) TNT Ty s ORBECE LT, SEEEAMEL D
W NEAEINPENL SICBDBNDEN, TNVT Ty

SR L 0B0% % o 7R =y r VIR LT, MIE
L& OEIFRPERTH Ho
(2) PEHEERlE -

wiEmA g (No.6—2A, 2B, 6A, 6B) O/
DUE L Photo. 8 IR TINL TH Do WINDE b,
VAT T OVE OB O S IR GRTIC . IR O
FEETRED BNV,
6-6 WEAYT —ILOILEES

P - CEWT LI 7' 7 ¥ T2 ) Blo T FEmERE DM
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1 Bl R AHIENE A 7 — v OSFRERERE W
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No. 6—2B

No. 6—6A

No. 6—6B

Photo. 8 Cross section of welded part. x5
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Table 12 Chemical analysis of scale formed on the inside surface of tubes.

’I};)Z?'ti:gég 6 months 9 months 18 months
_§ Material Albrac 30% cupronickel Nickglﬁg)oypper Albroc é?lf)/(r;‘onickel 30% cupronickel
- w"aﬂe"rﬁ‘g’/géc 2.0 3.0 2.0 3.0 2.0 2.0 1.5 2.5 2.0 1.5 2.0 2.5
Mark No.4"—1B |No.10"—1B |No.4"—2B |No.10"—2B |No.11"—7B |No.11"—7B | No.2—1B | No.9—1B | No.6—6B | No.2—2B | No.6—2B | No.9—2B
Cu 23.98 3032 25.76 34.76 20.38 18.16 23.48 36.62 33.40 19.64 31.18 31.90
S Fe 12.20 10.35 12.78 4.60 8.33 7.80 11.75 6.90 6.53 12.20 10.53 10.75
& Zn 0.95 2.15 0.30 4.90 0.30 0.35 0.30 0.30 0.60 0.35 0.35 0.20
.g Al 2.99 1.40 0.48 1.80 0.85 0.61 1.98 1.83 0.69 0.79 0.21 0.19
'z Si 1.91 2.02 1.82 5.21 2.14 2.47 38.56 2.39 5.76 3.21 1.06 1.22
=] Ni Tr 1.45 3.21 0.63 14.53 17.50 Tr Tr 1.77 2.74 3.62 4.57
g Ca 1.14 0.71 0.82 0.82 0.61 0.64 1.07 0.87 ©0.83 0.86 1.00 1.07
= Mg 0.51 0.25 2.44 0.34 0.43 0.46 0.59 0.25 0.35 0.58 0.32 0.34
.2 S042 2.51 3.15 2.24 3.16 2.63 2.32 2.47 2.49 2.47 2.25 2.58 2.37
S Total S 2.99 5.15 2.45 6.65 4.88 4.04 2.74 6.63 4.04 2.29 3.77 5.42
5| Sulfide, as S 2.15 4.09 1.68 5.59 4.00 3.26 1.91 5.79 3.22 1.54 2.91 4.63
Moisture 8.85 6.00 7.24 5.86 6.06 6.34 7.12 4.63 5.19 8.04 5.69 5.27
Ignition loss 26.93 22.47 28.91 21.11 26.14 28.43 34.64 20.34 24-23 31.87 30.63 24.05
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Photo. 10 Inside surface of tubes cleaned by

sulfuric acid solution.
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Photo. 11 Cross section

Table 13 Depth of corrosion, mm

8A

Inlet
Center
Outlet

0.05,
0.10
0.08]

0.06
0.10
0.09

0.07
0.10,
0.12

0.08
0.11,
0.16

0.08
0.11
0.17

0.10
0.12
0.26

0.12
0.14
0.27

0.12
0.15

0.12
0.16

0.17
0.17

0.18

0.17)0.

8B

Inlet
Center
Outlet

0.07
0.06
0.05

0.07
0.10
0. 06

0.10

0.07

0.10

0.09

0.11

0.09

0.18

0.09

9A

Inlet
Center

Outlet

0.06)

0.09)

0.10

0.12

0.13

of corroded tubes.
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Table 14 Result of spectral analysis on scale
formed on the tubes.

No. | Locality | K | Na| Ca| Mg| A1] za| Cu si | Co
Inlet S Tri + + Tr| — + S Tr
8A | Center S Tr | + + Tr| - + S Tr
Outlet S Tr| S S Tr| — -+ S Tr
Inlet S + S S + - -+ S Tr
8B | Center S + S S + - + S -+
Outlet S + S S + - + S +
Inlet S Tr| S + Tr| — -+ S Tr
9A | Center S Tr| + + Tr| — + S Tr
Outlet S Tr | + -+ Tr| - + S Tr
Inlet S “+ S S + - + S Tr
98B | Center S -+ S S t - + S Tr
Outlet S Tr | + + Tr | — =+ S Tr
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Corrosion of Condenser Tube with Polluted Water

(Rep. 1)
Characteristics of Sea and River Water near the

Nagoya Harbor

by Reizi Tanaka

In recent years canal and river running in large cities have a tendency to be polluted
violently with town sewage and industrial drainage, and heat exchanger tubes of power
stations and ships which used these canal and river water or harbors sea water for
cooling have been failed by severe corrosion.

As a part of investigation concerned with this corrosion problem characteristics of
sea and river water near the Nagoya harbor have been examined, and the experiments
have led to the following conclusion.

(1) Many organic substance are mixed to canal and river water, and dissolved oxygen
decrease by putrefaction and decomposition. By the way, suitable condition for multi-
plication of anaerobic sulfate reducing bacteria is provided. Then the pollution of sea
and river water can be indicated by decrease of dissolved oxygen, increase of chemical
oxygen demand and ammonium ion, detection of hydrogen sulfide occasionally, and have
influence to decrease of pH value.

(2) Sea and river water near the Nagoya harbor have been suffering severe pollution,
especially Horikawa canal from Uchidabashi to the east of Sumitomo Light Metals Co.
and the lower reachs of Yamazaki river have been contaminated heavily.

(38) The experiments show that have a trend to higher contamination from spring to
summer at four seasons, while atomospheric condition such as rain, ebb and flow has
affected seriously.

In Horikawa canal system which suffered heavy contamination, dissolved oxygen is
reduced almost zero from spring to summer, and can be detected hydrogen sulfide when
water temperature is over 15°C.

(4) Sulfate reducing bacteria is cultivated, and confirmed it is detected in polluted sea
and river water and corresponding to sporovibrio desulfricans.

(5) Analysis of mud in the sea and river bed show high contents of L.0.I. and sulfide
in polluted region especially summer than spring, and M.P.N. of sulfate reducing bacteria
is much higher than sea and river water.
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Fig. 1 Corrosion of S power slation condenser tube

situated at the estuary of river Sumida.
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Fig. 2 Corrosion of S power station condenser tube

situated at the estuary of river Meguro.
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Fig. 3 Corrosion of S power station condenser tube

situated on the Nagoya harbor.
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As sampling

Descaled

Photo. 1 Inner surface of Albrac tube, which used
at S power station, Nagoya, for 2 years

and 3months.

%100 1/2, etching

x20x<1/2
Photo. 2 Cross section of corroded Alarac tube, which

used same as Photo 1.
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Table 1 Date of sampling.

Time k Date | High tide Ebb tide Weather
Fine sometimes
1st | Aug. 8, 1960 | 6-21, 19-17 | 0-28, 1247 |[Fine.s

Aug. 9, 1960 | 74, 109 | 17, 185 | Eine
~ ~ _ loudy sometim

2nd | Nov. 30, 1060 | 4-14, 16-0 | 10-2, 22-31 | Sioudy so1
Bed | Feb. 13,1961 | 510, 16-27 | 10-51, 2310 | Fine, )

'S - - = oudy sometim
4th | May. 11, 1961 | 3-36, 1557 | 9-50, g2-0 | Sloudy sor
Sth | Aug. 8, 1961 | 3-31, 16-50 | 10-14, 22-36 | Fine )
6th | Nov. 21, 1961 | 511, 179 | 11-11, 23-g7 | Sloudy sometim
7th* | Feb. 13, 1962 | 0-42, 126 | 5-3¢, 19-45 | Fine

*Test of 5 position
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Fig. 4 Test position near the Nagoya harbor.
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Vol 3. No. 3 THYSA X B BARRE OB EIT DT (B THD (229)
Table 2  Water analysis on Aug. 1960.
Sample- No. 12 s |4 s | 8| 7| 8] 9| w0 | u | 12| B3
> s East-south e . Wategate of Draining of
% g| Position L;Stt. of Meiks power shore of Meiko IS(ou}h_ o}i{mg of IS{ou%I} %ﬁf}{:}g of Shinnagoya Shinnagoya
k= s xon‘ power station yugochi achigochl power station power station
ES| Depth 05 3 45 0§ 35 05 2 05 15 05 1 05 2
U O Sampling time Aug. 8 9'°~0s0 950~ 101" 10¢0~11°° 11201140 120041220 12401300
Temperature, °C 315 31.0 31.0 32.0 28.5) 28.5 26.5 30.0 25.0 30.0 28.0 33.5 29.0
pH 7.72 7.70 7.55) 7.65 7.65 7.68 7.80 7.38 7.65 7.75 7.80 7.65 7.55
Turbidity 10 6] 45 8 7 6| 5 6 7 11 9 12) 12
Relative conductivity, uU/cm 33,580 35,080 38,090/ 38760 37,960, 35610, 38030] 34,790] 39,560, 35610, 35870/ 36,200, 37,110
Total solid, ppm 29,690, 31,590 32,560 29,770, 33,320, 29,920 33,800 28,970| 29,810 31,210, 30,760, 30,110, 20,910
Ignition remnants, ppm 18,420, 20,850 - 21,2501 25,0000 20,220, 20,950, 10,220, 18,150| 15.840f  11,700; 17,970 19,820
o | M-alkalinity, ppm 105 106| 108 104 107 103 107 96! 98| 99 99 104 111
O
‘S | Total hardness, ppm 5010, 5200, 55100 4,920 5,390 5,000 5,420 4,940 5,000 5,080 5,140 5,110 5,420
=
‘E | Oxygen demand,  ppm 6.1 5.8 5.7 6.7 5.7 65 5.4 5.9 59 6.5 6.1 59 6.0
o
% | Dissolved oxygen, ppm 2.8 — — 2.5 — 2.3 — — — 3.8 — —] -
:é Sulfite ion, ppm Tr Tr Tr Tr Tr Tr Tr Tr Tr Tr Tr Tr Tr
+ | Chlorine ion, ppm 14,250) 15,0300 15810, 14,170 15510/ 14,480f 15650 14,210,  14,430] 14510, 14,730, 14,780 15,000
g" Ammonium ion, ppm 3.3 5.0 4.8 5.3 5.3 4.6 2.0 3.7 13.0 11.5! 3.7 10.3! 6.8
@ | Nitrous ion, ppm 0.1 Tr 0.1 0.1 Tr Tr Tr Tr Tr Tr Tr Tr Tr
Nitric ion, ppm 0.1 0.1] Trace 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1y Trace
Sulfide, ppm 0.1 0.1> 0.1 01> 0.1> 1.0> 01> 0.1> 01> 0.1> 01> 01> 01>
Chlorine demand, ppm 0.7 1.7 2.8 1.1 1.1 1.0 2.0 1.5 2.1 0.9 0.8 0.7, 1.3
Ferric ion, ppm 0.4 0.4 1.3 0.2 0.3 0.6 0.4 1.0 0.4 0.8 1.5 1.4 1.8
Sulfuric ion, ppm 2,016 2167 2247 1,969 2,156 2,031 2,131 2,002 2,041 2,028 2,072 2,068, 2,079
Calcium ion, ppm 314 340 267| 254 343 307 329 166 307, 257, 257 257 312
Magnesium ion, ppm 909 1,000 844 375 1,001 921 971 791 935 795 942 955 953
Silica, ppm 50 66 84| 30 34| 30 54] 52 52| 60] 86, 68 86|
Sample No, 14 5 | 16 | 17 | 18| 1w | 2 | 2 22 | 3 | | B | % | %
m South of gate | Draining of East side of
.E".g Position ?;::{;h shore of centre %:?l‘;(r: of Nagoya Nakagawa Nagoya power | Sumitomo (‘},:}?it:;ga(s)éi
=0 canal station light metals
£°| Depth, 05 § 1 og 57 o3 2 05 s 25 05 075
Eg X k . . 2 0. | . . .75,
% S| Sampling time Aug. 9 9°°~Qs0 g+o~ 104 103°~10%° 110~ 1740 12001220 124°~130°
Temperature, °C 29.5 27.5 26.5 30.2) 28.0 27.0 30.5 29.5) 32.0 30.0 28.5 28.5 28.0 28.0
pH 7.50 7.55 7.50 7.60 7,65 7.62, 7.90 7.52 7.40 7.40 7.00 7.25 7.00] 7.05
Turbidity 5 5 8 6 4 4 5 6 10 8 19 23 38 50
Relative conductivity, uU/cm 39,340, 38940 39,070, 37,860 38,980 43,100 36,520 39,520 36,340 40,280/ 29,210| 34,270, 11,080 13,330
Total solid, ppm 31,250, 34,280, 35930 30,140 34,200 36,060, 29,280 31,110 27,350, 29,440 18,000{ 26,350 7,290, 8,810
Ignition remnants, ppm 22,240) 23,2000 20,830 17,8100 26,160, 25,350 22,040] 20,560, 14,120, 18,310 7,570 10,090 5,290 5,240
g M-alkalinity, ppm 104 109 119 107, 108 m 107, 110 114 114 135 129 157, 322
S | Total hardness, ppm 4,920 5550 56700 4,800 55500 5670 4,730] 5,040 4,480] 4,970 2930 4,270 1,200 1.430
g Oxygen demand, ppm 5.5 5.1 5.2 6.0, 4.6 4,7 8.0 6.0 6.1 6.0 8.7 74 29.4 70,3
% Dissolved oxygen, ppm 0.9 — —— 0.9 - — 3.9 — 0.5 — - : — 0.02 —
5 | Sulfite jon, ppm Tr Tr Tr Tr Tr Tr Tr Tr Tr Tr 2‘0; 0.1 1.9 23.9
; Chlorine ion, ppm 14,2100 16,0100 16470, 13,670, 15950 16410 13,560 14,540, 12,850; 14,430 8420 12230, 3,340] 4,100
;g- Ammonium ion, ppm 7.3 3.6 6.1 10.0 4.2 4.8 59 6.5 12.8 9.0 9.4 5.1 11.0 16.4
& | Nitrous ion, ppm Tr © Tr Tr Tr Tr Tr Tr Tr Tr Tr Tr Tr Tr Tr
Nitric ion, ppm 01 0.1 0.1 0.1; Trace 0.1 0.1 0.1 0.1 0.1; Trace 0.1 Tracef Trace
Sulfide, ppm 01> 01> 01> 01>/ 01> 01> 01> 01> 01 0lx=l 01> 01> 0.1 0.2
Chlorine demand, ppm 1.6 1.6 1.2 1.3 1.1 1.0 1.3 ]'Si 1.8 20 5.2 1.9 7.2 5.5
Ferric ion, ppm Tr 0.1 0.2 Tr 0.1 0.1 Tr 0.3 0.1 0.2 0.2 0.1 0.2, 0.2
Sulfuric ion, ppm 1,941 2,279 2,284 1,943 2,224 2,281 1,902 2,029, 1,722 1,778 1,195 1,511 468| 470
Calcium ion, ppm 329 357 347 283 359 357, 319 323 243 293 169 229 91 109,
Magnesium ion, ppm 933 1,046, 1,053 888 1,034 1,061 904 Y58 822 874 522 791 jhil 248,
Silica, ppm 8 4 24 6 2; 4 2| 6, 8 10 8 — 22| 32




(230) T KR & &2 B K R July 1962
Table'3  Water analysis on Nov. 1960.
{ Sample No. v 2] s «f s | 6] 7] s8] of 0| nu| 12| 13
. et NESE S T SO B, - Water gate of
Rilagada | Bas o Mels | B souch shore of | Sputh cfing of | South offogof | Siingora
T;;% Depth, m 0.5 2.5 0.5 4.0 0.5 15 3.0 0.5 35 0.5 2.5 0.5 40
u‘%?j Temperature, °C 15.5 15.5 21.0 17.5 18.0 18.0 17.0 15.5 17.0 14.5 16.0 19.5 17.0
Sampling time gro~gao gro~10v° 1005 ~10%° 10%°0~11%¢ 11%0~11%° 11%8~12%
pH 7.55 7.50 7.90 7.95 7.72 7.75 7.72 7.80, 7.92 7.78 7.80 7.72 7.95
Relative conductivity, p3fem? 44520  45220; 48800, 49,040, 48,250 47,630 49.000 45,280, 50,000 44,110 44,640 50,660 48,900
Total solid, ppm 33,000, 34,560 34,830, 36,560 34,460 35,970, 35,740] 34,710 37,970, 33,510 35,480 35,200, 35,350
Tgnition remnants, ppm 25,370, 23,480, 27930 23580 25950 26,530, 27,850 22,410 31,330 27,340, 30,260 28,910 30,440
M-atkalinity, ppm 118 118 116 117] 115 115 115 114 117 114; 116 116 118
Total hardness, ppm 5,670 5,700 6,000 6,120 5,990 5.860 5,870 5,830 6,160 5,500 5,930 5,760 5,880
g Oxygen demand, ppm 2.9 24 2.2 1.8 1.9 2.0 1.8 17 2.3 1.8 1.6 2.0 2.2
:g Dissolved oxygen, ppm 1.96 1.70 2.54 2.88 2.44 — 3.15 3.57 4.99 4.28 4.84 362 3.16
;i Sulfite ion, ppm Tr Tr Tr Tr Tr Tr Tr Tr Tr Tr Tr Tr Tr
:.) Chlorine ion, ppm | 16,3000 16,510; 16,110, 17,610, 17.440 17,190, 17,430 16,760 18,930 16,050, 17,300 16,970 16,270
:3 Ammonium ion, ppm : 0.5 0.7, Tr Tr 0.2 1.0 0.2 0.2 Tr 1.4 1.3 1.0 0.5
'_% Mitrous ion, ppm 0.1 0.2 0.1 0.1 0.1 0.1 0.2 0.1 0.1 0.2 0.1 0.1 0.1
& | Mitric ion. ppm 0.1 0.2 0.2 0.1 0.3 0.3 0.2 0.3 0.2 0.6 04 0.3 0.4
Sulfide, ppm 0.1> 01> 0.1 01> 01> 01> 01> 01> 0.1 0.1> 0.1> 01> 0.1>
Chlorine demand, ppm 4.0 2.3 0.9 0.8 0.8 1.2 1.2 1.2 1.0 0.9 11 1.0 0.9
Ferric ion, ppm 0.6 0.4 0.3 0.3 0.3 0.2 0.2 0.3 0.2 0.2 0.2 0.2 0.2
Sulfuric ion, ppm 2,282 2,337, 2411 2,491 2,400 2,428 2,452 2,330 2,540 2,238 2,430 2,384 2,436
Calecium ion, ppm 334.4 341.6 333.0 303.0; 343.0 201.5 345.9 303.0 3745 371.3 353.0 341.6 360.2
Magnecium ion, ppm 1,066.7 1,091.1 1,043.1] 1,159.77 1,086.4 1,0855 1,120.1| 1,073.2] 11,2051 1,041.8 11,1409, 1,1029 1,046.6
Silica, ppm 16 8 14 14 24| 14 12, 10 24 12| 14 6 06
Sample No. | 1 | 15 ] 16 ‘ BTN NRT v | 0 | o2 | 2 | 23 | 2 | 2 | 26 | 2

Sampling
condition

Subject for examination

t

Draining of

Position Shinnagoya_ g::ﬁ;i of Nagoya South of center walf g;agl(;'x;:g O_f g;rsr'l:itsggneo of gce}fitfgrl‘)a%ii
power station power station light metals
Depth, m 0.5 4.0 0.5 4.0 9.0 0.5 4.0 10.0 O.Sl 2.5 0.5 2.0 0.5] 2.0
Temperature, °C 25.5] 17.5 15.5) 16.5] 17.0) 16.0, 16.5] 17.0 16.0{ 17.0 15.0 16.5 14.5] 16.0]
Sampling time 1280~13%° 1320~134° 1350~141° | 1420~144° 1500~15%° l 1570~16°°
pH 7.70 7.81 7.32 7.60 7.58 7.65 7.72) 7.90 7.40 7.65 7.12 7.34l 7,18! 7.35
Relative conductivity, pUfcm® | 49,240 49,780| 50,890, 52,720, 55,710, 45820 47,410 48,040, 39,200 42,200, 34,670, 45000, 22,354 42,101
Total solid, ppm 34,370, 34,930, 29,960] 33,250, 37,060/ 35630, 36,030, 36,680, 28,920 37,380, 24,370 36,910, 14,630, 30,120
Ignition remnants, ppm 29,520 30,330) 25010, 27,250| 30,060, 29,5000 27,490: 27,860 21,760; 28,0000 16,550 19,462 6,810 13,20
M-alkalinity, ppm 118 115 111 113 115 112 115 115! 114 114 115 118 135! 120
Total hardness, ppm 6800, 5850 5420, 6,100] 5890, 550, 6,100 6,240 4,940 6,070, 43100 5740 2,690 5330
Oxygen demand, ppm 2.5 2.1 24 2.2 1.6 1.9 2.0 2.1 5.6 2.0 76 2.6 159 6.2
Dissolved oxygen, ppm ‘ 2,34 2.57 2.37 287 - 2.96 3.50 0.55 3.12 0.13 0.94 0.07 0.45
Sulfite ion, ppm Tr Tr Tr Tr Tr Tr Tr Tr Tr Tr 0.50 Tr 3.50 0.50
Chlorine jon, ppm 16,890, 17,730] 15,670; 17,900 16,650, 16,540! 17,950, 18,110/ 14,340, 17,840, 12,260, 16,780, 7,610, 15,190
Ammonium ion, ppm 0.9 1.0 0.3 Tr 0.4 Tr Tr 1.5 5.2 3.2 6.0 5.8 12,0 6.0
Nitrous ion, ppm 0.1 0.1] 0.2 0.2 0.2 0.2 0.2 0.1 0.2 0.2 0.1 0.1 0.1 0.1
Nitric ion, ppm 0.4/ 0.4 0.7 0.5 0.5 0.3] 0.3 04 0.1 0.3 0.1 0.3 Tr 0.1
Sulfide, ppm 01> 01> 01> 01> 01> 01> 01> 01> 01> 01> 013 01> 1.33 0.14
Chlorine demand, ppm 1.2/ 1.0 1.5 11 2.0 1.1 1.0 1.3 3.3 0.7, 4.8 1.2 36.0 3.1
Ferric ion, ppm 0.3 0.2 0.4 0.2 0.2 0.2 0.1 0.1 0.7 0.1 0.3 0.2 2.0 11
Sulfuric ion, ppm- 2,394 2,399 2,267 2425 2,559 2,370, 2481 2,530 2,033 2441 1,741] 2,355 1,053 2,095
Calcium ion, ppm 344.4] 364.5| 3359 327.3 3344 3430, 360.2 3659 297.3] 3459 2315 3359 1243 2958
Magnesium ion, ppm L115.2| 1,134.4 923.8] 1,047.0, 1,123.5 1,070.6] 1,11L7, 1,123.0 901.1] 1,076.7 742.1] 1,087.2 462.6 954.4
Silica, ppm 10 8 14 12 22 10 8 14 10 12 18 14 8 10




Vol 3. No. 3 YOI & B BEAEIE OIS fRc DT (8 1) (231)
Table 4 Water analysis on Feb. 1961.
Sample No. I R N T S - T - T U U S A I O R
s South of gate | East of Meiko East-south shore of South offing of South offing of \qur_ ;fatg of
b:“g Position Nakagawa canal] power station Meiks power station Kyugochi Hachigochi Ib):;:’\l'l(;;'dig{l‘t)n
E;é Depth, m 0.5 2.5 0.5] 3.0 OASk 3.0\ 5.0 O.SE 2.0 0.5 2.0 0.5 3.0
(;g§ Temperature, °C 75 7.5 15.5, 11.5 12.5 10.5; 9.5 8.5 8.3 7.5 8.0 10.31 10.0
Sampling time geo~goo 9re~ge7 gso~gez 10+¥~10° 1080 ~11°¢ 11t0~112t
pH 7.05 7.39 7.68 7,75‘; 7.70 7.75 7.85 7.72 7.80 7.71 7.82 7.65{ 7.82
Relative condnctivity, pUfcm 478300 48230 49,170 49,740 48650, 48970, 49,070, 46330, 47,160, 45250, 47,860 49,950 50,970
Totalsolid, ppm 34,020 34,550 36,080, 35920 36,270 36,900/ 36800 36,430, 35300, 34,650 35430, 35530, 37,300
Ignition remnants, ppm 28,770 29,150/ 30,730 30,300, 30,670 30,1000 30,900, 29,400/ 30,170, 27,980 32,160 28,530, 30,460
Ignition loss, ppm 5250, 5400 5350, 5620 5600 6,300 5,900 7,030 5,130 6,670 3,270 7,000 6,840
‘M-alkalinity, ppm 120 120) 123 118 117 119 122 116 117 117, 122 118 120
g Total hardness, ppm 5780 5860, 6,050, 6,110/ 6,050 6,090 6,220 5,960 6,030 5,750 5,980 5,810 5950
':;: Oxygen demand, ppm 7.7 7.6 24 5.1 4.1 5.6 4.0 4.3 4.1 4.3 4.5 5.9 6.2
E Dissolved oxygen, ppm 3.44 4.48 5.66 6.27 5.79 6.10 6.20 6.24 6.48 6.23 6.82 4.35 5.68
% Sulfite ion, ppm Tr Tr Tr Tr Tr Tr Tr Tr Tr Tr Tr Tr Tr
5 | Chlorine ion, ppm 16,720, 17,100] 17,590, 17,680, 17,650 18,110 18,170 17,100 17,190 16,310 17,160 16,530 17,430
; Ammnoium ion, ppm 4.4 3.2, 1.6] 1.5 1.5 1.8 1.2 2.2] 2.3 4.1 2.6 4.0 2.5
fg« Nitrous ion, ppm 0.1 Tr 0.1 0.1 0.1 0.1 Tr 0.1 Tr 0.1 0.1 0.1 0.1
@ | Nitric ion, ppm 0.3 0.2 0.3 0.2 0.2 0.3 0.3 0.3 0.4 0.5 0.4 0.3 0.3
Sulfide, ppm 0.1> 0.1> 0.1> 0.1> 0.1 0.1 0.1 0.1>- 0.1 0.1 - 0.1~ 0.1 0.1
Chlorine demand, ppm 7.0 2.0 0.6 0.5 0.5 0.5 0.3 0.8 0.8 0.5 0.5 1.0 0.6
Ferric ion, ppm 0.3 0.3 0.2 0.3 0.2, 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.1
Sulfuric ion, ppm 2,388 2452 2518 2502 2,502 2,518 2,554 2,440 2,439 2,315 2,469 2,374] - 2,445
Calcium ion, ppm 388.7] 4188 381.6) 4531 278.7 447.3 424.5 413.0 431.6) 400.2 417.3 410.2 438.8)
Magnesium ion, ppm 1,161.1] 1,203.1} 1,148.0, 1,071.1 7473 11769 11,2088  1,169.00 1,162.0, 11,0986 1,170.7, 11,1349 1,139.7
Silica, ppm Tr 10 Tr 6| Tr Tr 6 4 8 12 10 12 6
"Sample No. 14 5 |6 | v | s || o | | 2| o3 | 24 | 25 | 2 | o
g FOEOR Sribagoga | Contre of Nagoya | Souchshore of | NGy poher | Simiom | St o
238 power station - h 3 station light metals
'é.g Depth, m 0.5 3.0 0.5 4.0‘ 8.0 0.5 4.5 9.0 0.5 3.0 0.5 2.5) 0.5 2.0
£§ Temperature °C 14.5 11.3 94 9.3 9.5 9.8 9.5 10.0 11.5 11.8 9.5 9.5 9.5 9.5
Sampling time 1125~11%° 1144 ~1204 13°7~13%® 1343~138° 13471387 14001420
pH 7.70 7.85 7.70 7.75 7,90 7.75 7.83 7.80 7.75 7.70 7.03 7.67 6.90 7.01
Relative conductivity, pU/cm 50,340] 50,970 49,510] 50,510 51,550 49,690] 51,170, 52,320, 49,430, 48,950/ 39,760, 50,110, 30,220| 36,350
Total solid, ppm 34,8000 39,070, 34,360( 359701 37,180 35600 36,050, 37,530] 34,900; 35650 27,660, 38260/ 20,000{ 24,650
Ignition remnants, ppm 20,240 . 30,550 30,1600 29,400] 30,400, 29,250, 30,420 30,500, 29,100/ 27,880, 22,260, 27,870, 16,640/ 20,200
Ignition loss, ppm 5560, 85200 4,200 6570, 6,780 6,350 5630 7,030 5800, 7,770 54000 10,390 3,360, 4,450
M-alkalinity, ppm 117 120 120 121 122 118 121 120 122 119 116 120 120 122
g Total hardness, ppm 5900 6,010, 5790, 5980 6,190, 5910 6,040] 6,150 5900, 5770, 48100 5780, 3350] 4,100
< | Oxygen demand, ppm 6.7 6.3 6.2 5.7 4.9 6.3 5.3 4.8 6.9 6.7 11.7 6.7 14.6 16.4
g Dissolved oxygen, ppm 5.89 591 4.65 6.73 6.97 5.20 5.54 6.20 3.39 4.99 0.14 3.89 Tr Tr
% Sulfite ion, ppm Tr Tr Tr Tr Tr Tr Tr Tr Tr Tr Tr Tr 1.0 1.0
5 | Chlorine ion, ppm 16,8000 '17,760] 17,380 18,030| 17,160 17,590\ 17,980, 17,980 17,0200 16,670, 13,130] 16,670 9,560, 6,430
:5 Ammonium ion, ppm 2.1 24 3.5 2.3 1.9 2.8 1.9 1.6 3.7 4.0 4.0 32 10.0 6.6
-f:—; Nitrous ion, ppm 0.1 0.1 0.1 Tr Tr Tr Tr Tr] “Tr Tr Tr Tr Tr Tr
@ | Nitric ion, ppm 0.4 0.3 0.3 0.3 0.3 04 0.3 0.2 0.2 0.3 0.3 0.3 0.1 0.1
Sulfide, f)pm 01> 01> 0.1> 0.1> 0.1> 0.1> 11> 0.1> 0.1> 01> 01> 01> 0I> 0.2
Chlorine demand, ppm 1.0 0.7 04 0.8 0.9 1.0 0.6 0.4 0.9 0.8 6.5 1.5 12.0 8.3
Ferric ion, ppm 0.2 01 0.2 0.1 0.2 0.2 0.1 0.2 0.2 0.3 1.0 0.4 2.3 2.5
Sulfuric. ion, ppm 2438 2,503 22800 2428 2,548 24400 2518 2521 2412 2,361 1,838 2,358, 1,375 1,691
Calci\.xm iof, ppm, 420.2) 4388 3959, 410.2) 4188 4216 4445 3777 3488 3602 2859, 360.2) 2044 2659
Magnesiuni ion, ppm 11345 1,1725 °'1,1305 1,187.6 12180 1,169.9 11965 12091} 1,177.3 11564 8858 1,142.3] 6529  807.6
Silica.. ‘ppm 4] 81 14; 6 18 10 8’ Tr Tr 4] 22, 6| 28 40




(232) R 8 & B ¥ % July 1962
Table 5 Water analysis on May. 1961,
Sariple No. L1l o2 s | o 5] 6 [ 7 | 8 | s o | 0| 13
e ” South of gate East of Meiko | East-south shore of South offing of | South offing ofA” Water gate of
g.g Position (I:\;z:]l:igawa power station | Meikd power station Kytgochi Hachigdchi I?g‘lyer;aig:;on
Té.‘;% Sampling time [LLERI T gzs~ge2 gti~1027 1055~1113 1128~11%% 114 ~11°"7 .
g
& S| Depth, m 0.5] 2.5 0.5] 3.5 0.5 2.5 5.0 0.5 10.9 0.5] 2.0 0.5] 4.0
Temperature °C 19.5 18.5 22.5 19.5 21.5 20.5 17.5 20.5 17.5 21.0 19'31 21.5 20.2
pH 7.35 7.42 7.53 7.58 7.36 7.50 7.38 8.45 8.04 8.30 8.10 8.05 8.10
Relative conductivity, pU/cm 36,080, 39,300 37,620 40,690 35650, 39,800 42,120, 37,330) 41,950| 38,340, 39,570, 37,900, 38,460
Total solid, ppm 26,050f 29,430 27,8601 30,700, 25990, 30,150, 32,800, 27,750, 32,040| 29,110} 29,360, 27,840, 29,050
Ignition remnants, ppm 21,950, 24,530, 23,300, 25430, 22,440, 24,350] 26,730] 22,150/ 25580] 23,150| 23,960, 23,110/ 24,500
Ignition loss, ppm 4,100, 4,900, 4,560, 5270, 3,550 5,800 6,070 5,600 6,460, 5,960 5,400 4,730 4,550
M-alkalinity, ppm 121 113 110 111 112 114 117 94 107 99 104 100 103
g | Total hardness, ppm 42700 4,760, 4,550, 4,670, 4,210 4,800 5,200 4,490 5,200 4,630 4,800 4,560 4,820
E Oxygen demand, ppm 8.3 7.9 9.0 7.3 9.0 7.1 5.7 8.0, 5.1 9.1 7.6 9.2, 8.5]
E Dissolved oxygen, ppm 0.38 0.61 1.52) 2.49 0.51 1.98 1.57 878 5.02 9.03 6.24] 6.89 4.14;
% | Sulfite ion, ppm Tr Tr Tr Tr Tr Tr Tr Tr Tr Tr Tr Tr Tr
:c:’ Chlorine ion, ppm 12,690 14,110 13,5200 14,600, 12,3400 14,250 15430} 13,310 15160, 13,680, 14,140 13440, 13,870
¥ | Ammonium ion, ppm 4.2 2.6 4.0 34 3.8 28 1.3 0.8 2.1 34 18 1.7 1.3
L .
Z§ Nitrous ion, ppm 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
@ | Nitric ion, ppm 0.1 0.2 02 0.2 0.2 0.3 0.3 0.5 0.3 0.4 04 0.4 04
Sulfide, ppm 01> 01> 01> 01> 01> 0.1> 01> 01> 0.1> 0.1> 0.1> 01> 0.1>
Chlorine demand, ppm 2.7 1.9 1.9 12 2.0 1.3 0.8 1.1 1.0 1.4 1.4 0.7 0.7,
Ferric iou, ppm 0.5 0.5 0.4 0.2 0.5 0.5 0.6 0.1 0.3 0.3 0.3 0.3 0.3
Sulfuric ion, ppm 1804 2,051 1,929 2,111} 1,790 2,044 2,230 1,888 2,221 1,977 2,039 1,946 2,020/
Calcium ion, ppm 3045 3545 3059 3588 avL7 340.2 357.6 304.5 345.9 328.8) 314,5 295.9, 320.2
Magnesium ion, ppm 939.6) 958.8) 916.0, 968.0] 849.5 964.0 1,055.8 895.9, 960.1 928.2) 983.7 917.7 942.2
Silica, ppm 22 16 16) 22| 16) 20 24 24 36 28 32 22 24
Sample No. 14 15 6 | 17 | 1 R 22 23 u | » | ® | o
i Draining of Draining of East side of
s . Centre of Nagoya South shore of centre g Western of
Position Shinnagoya Nagoya power | Sumitomo A .
g"g power station harbor walf station light metals Uchidabashi
E.% Sampling time 1150~1210 12221248 1387 ~148° 144°~14%° 15°2~15° 15%°~154¢
<]
& S| Depth, m 0.5 5.0 0.5! 4.0 8.0 0.5 4.0 8.0 0.5 4.0 0.5& 2.5 0.5 2.5
{
Temperature, °C 25.0 18.5 20.5 19.0 17.0 20.5 19.5 16.5 22.5 21.0 20,5} 20.0 20.5}1 19.5
pH 7.75 7.62 7.70 7.15 7.60 7.25 7.27 7.60 7.20 7.20 7.19 6.98 7.00 6.90
Relative conductivity, pG/cm | 38,670 41,950, 36,520, 39,8000 43,680; 37,780 38950, 43,970, 38,850 39,6201 27,800 40,090| 25520 39,280
Total solid, ppm 27,960 31,590, 26,390, 29,360, 33,090, 27,260, 28,720/ 33,160 28800/ 28990 22,810, 26980 16,900 23,490
Ignition remnants, ppm 23480 25,730] 23,1400 24,°50] 30,2100 22,940 24,210/ 27,6200 23530, 24,930, 18,7200 21,970, 13,200] 19,650
Ignition loss, ppm 3480 5860 3250 5010 2830, 4,320, 4,510 5540 5270, 4,060, 4,090 5010, 3,700 3,840
M-alkalinity, ppm 110 112 117 110, 114 116 114 114 114 117 130 117 165 142
o .
- | Total hardness, ppm 4,820 5,190, 4,210 4,240 5240 4,470, 4,230] 5,420] 4,690 4,630 3,640 4,290 2,600, 3,640
E Oxygen demand, ppm 9.1 7.8 11.1 7.8 79 9.5 8.6 6.3 9.0 9.2 18.5 17.0 22.7, 19.7
g Dissolved oxygen, ppm 4.86 3.04 2.61 3.72 0.88 1.20 2.00 1.45 0.59 0.73 Tr Tr Tr 0.23
® | sulfite ion, ppm Tr Tr Tr Tr Tr Tr Tr Tr Tr Tr 1.75 Tr 6.06 6.05
.§ Chlorine ion, ppm 13,2100 15380 123700 13,930 15540 12,890, 13,600{ 16,220 16,550, 11,250/ 10,920 12,890, 7,550 10,920
§ Ammonium ion, ppm 27 14 3.0 2.1 1.2 3.8 34 1.2 3.8 3.0 5.9 4.7 7.8 6.6
:§ Nitrous ion, ppm 0.1 Tr Tr { Tr Tr Tr Tr Tr Tr Tr Tr Tr Tr Tr
P | Nitric ion, ppm 0.4 0.2 0.2 0.3 0.2 0.2 0.2 0.1 0.1 0.2 Tr 0.1 0.1 0.1
| Sulfide, ppm 01> 01> 01> 01> 01> 01> 01> 01> 01> 01> 0.1 0.2 1.6 0.9
Chlorine demand, ppm 0.8 0.6/ 2.3 1.2 0.9 1.9 1.4 0.8 1.4 1.9 6.4 10.2 9.6 4.6]
Ferric ion, ppri- 0.5 0.2 0.5 0.4 0.3 04 0.4 0.2 0.4 0.5 0.9 14 1.7 19
Sulfuric ion, ppm 1,969 2213] 1,820 2,053 2323 1,903 2,045 2311 20000 2058 1,552 1,839 1,123 1,569
Calcium ion, ‘ppm 330.2 3602 2759, 3245 3774 267.3 3074 3615 3045 3002 2616 2888 178.7, 2487
Magnesium . ion, ‘- ppm 925.1) 1,027.0 864.0; 951.8] 1,080.3, 907.7) 947.0| 1.098.6 876.2f 9636 7019 8784/ 5089 724.2
Silica. ppm 24 38, 18 22 12, 16 26 12 20 16 16 16| 30 40
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Table 6 Water analysis on Aug. 1961.
Sample No. 1| 2 3 . 4 1 5 1 6 | 7 | 8 | o | 10 1 12 13
‘e South of gate | East of Meikd East-south shore of South offing of South offi Water gate of
o o Position Nakagawa canal] power station Meiké power station Kyﬁgécohimg H(:éhig%c}llrilg of Shmnagoya.
5.8 power station
Té‘,-_;; Sampling time gré~gso 941~gss 9s°~10 1044~11°° 1117~ 1128 1188~ 11140
& §| Depth, 0.5 25 0.5 3.0 0.5 2.5 5.0 0.5] 4.5 0.5 2.5 0.5 5.0
Temperature, °C 25.5 25.5 28.3 26.8 26.5 26.5 25.5 26.0 25.0 28.0 25.0 213 26.2)
pH 7.29 7.69 7.52 7.57 7.39 7.53 743 7.59 7.51 7.64 7.65 7.45 7.67
Relative conductivity, ptfcm 45,530] 45,470] 46,640, 48,450; 43,960 50,180 46,890 38,950 50,020 43,910 51,270 48,520 49,860
Total solid, ppm 32,120, 33810| 35390, 35560 31,090, 35410, 36,280 27,630] 34,040, 25480 34,330 27,630 33,080
Ignition remnants, ppm 25,540, 27,180 27,340, 27,600, 24,410 27600, 28,830, 23850 32,600 21,850, 31,170| 23,790 28,490
Ignition loss, ppm 6,580 6,630, 8,050, 7,960 6,680 7.810 7,450 3,780 1,440, 3,630 3,160 3,840 4,590
M-alkalinity, ppm 118 129 114 118 115 116, 118 111 114 102, 115 109 115
g Total hardness, ppm 4,960, 5390, 5460, 5570, 4,830 5,480 5,590 4,700 5770 4,190 5,680 4,560 5,350
'{g Oxygen demand, ppm 8.8 6.3 5.2 5.4 7.1 5.4 4.9 7.7 5.8 71 4.8 6.6 5.4
g Dissolved oxygen, ppm Tr 0.49 1.07 1.83 0.10 1.76] 0.56) 2.79 3.33 3.69 213 2.6 0.70/
% Sulfite ion, ppm Tr Tr Tr Tr Tr Tr Tr Tr Tr Tr Tr. Tr Tr
i | Chlorine ion, ppm 14,920, 15010, 16,170| 16,520, 14,210/ 16,200, 16,440, 13810, 15980 12,310 16,740, 13420, 15760
<
3 Ammonium ion, ppm 9.6 94 34 2.9 2.0 3.2 2.6 6.0 0.2 5.0 1.0 2.8 4.2
:g- Nitrous ion, ppm Tr Tr Tr Tr Tr Tr Tr Tr Tr Tr Tr Tr Tr
@ | Nitric ion, ppm 04 0.2 0.1 0.1 0.1 Tr 0.2 0.1 Tr 0.4 0.1 0.2 0.2
Sulfide, ppm 01> 01> 01> 01> 01> 01> 0,1> 0.1> 0.1 > 0.1> 0.1> 0.1> 0.1>
Chlorine demand, ppm 6.0 1.9 2.1 34 24 2.0 2.2 3.5 25 4.1 38 5.6 52
Ferric ion, ppm 0.3 0.2] Tr 0.3 0.3 0.1 0.2 04 0.5 0.2 0.3 0.4 0.2
Sulfuric ion, ppm 2111 2,322 2289 2,368 1971 2,206] 2,372 2,005 2,482 1,760 2,459 1,860 2,033
Calcium ion, ppm 321.6 3573 363.0] 370.1 3259 368,7 368.7, 311.6 421.6 293.0 364.4 301.6 360.2
Magnesium ion, ppm 985.4/ 1,073.2 1,074.5 11051 9531 11,0850 1,102.9 921.6| 11,1387 821.6] 1,124.3 902.0 1,065.4
Silica, ppm 4] 8| Tr 6) 4] Tr 4 8 20 6) 12 10] 6
Sample No. 1 W | 1| | v | 18 | o1 |2 | o2 | 2| o= 24 2% % | 2
T Draining of Draining of East side of
Position Shinnagoya g:nti);re of Nagoya Soutth Shoff of Nagoya power | Sumitomo IV}/e}?tsrg °£~
g‘)'g power station rbor centre wa station light metals chidabashi
'é.‘{é’ Sampling time 114e~1100 121 0~1220 1347 ~1400 14t1~1420 1478 ~1428 1444 ~1458
4]
5 S| Depth, 0.5 8.0 0.5 4.0 8.0 0.5 5.0 10.0 0.5 3.0 0.5] 2.0 0.5 2.0
Temperature, °C 31.0 26.3 28.2 25.5 25.5 280 25.0 25.0 28.5 28.0 26.8 26.0 27.5 26.0
pH 7.70 7.73 7.49 7.80 7.94 7.48 8.01 7.92 7.67 7.84 7.37 7.60 7.35 7.38
Relative conductivity, pU/cm 48,770, 54,530, 44,080] 47,680, 53,050, 47,330, 55540, 53,940, 50,770; 51,290, 37,5610; 43,960, 30,890! 40,730
Total solid, ppm 32,500/ 36,130] 35440 36,130, 36,470| 31,970] 36,930, 39,980/ 32,390, 33,940] 23,510, 29,630 13,740, 26,220
Ignition remnants, ppm 28,610] 28,520 23,920 27,880 29,840 24,520{ 28,630 28,410 25790, 27,370] 19,430 22,980 10,590, 20,780
Ignition loss, ppm 3,890, 7,610, 11,520, 8250 6,630 7,450 83000 11,570, 6,600, 6,570, 4,080 6,650, 3,150) 5,440
B M-alkalinity, ppm 113 117 115 113 117] 114 116 114 111 111 127, 118 146) 134
-5 | Total hardness, ppm 5300 5760, 4,770 5660, 5680 4960 5980 5770, 5350/ 5330, 3,850 4,720, 2,100f 4,220
fé Oxygen demand, ppm 5.0 54 7.3 5.2 5.7 7.1 6.6 5.1 54 5.7 10.4 8.2 20.8 22.8
g Dissolved oxygen, ppm 2.20 2.88 0.04 1.58 3.05 0.77 2,16 1.58 0.49 1.04 Tr Tr Tr Tr
2 Sulfite ion, ppm Tr Tr Tr Tr Tr Tr Tr Tr Tr Tr 2.5 0.5 7.5 5.5
& | Chlorine ion, ppm 15,700, 16,930 14,430] 17,010 17,090, 11,690, 17,280; 16,930, 15570/ 15650] 11,200 13,860, 6,060, 12,390
§ Ammonium ion, ppm 0.2 1.0 3.6 0.2 0.2 5.0 2.2 1.1 2.6 38 8.0 5.0 13.6 5.0
% Nitrous ion, ppm Tr Tr Tr Tr Tr Tr Tr Tr Tr Tr Tr Tr Tr Tr
Nitrie jon, ppm 0.1 0.1 0.1 0.1 Tr Tr 0.1 «Tr Tr Tr Tr Tr Tr Tr
Sulfide, ppm 01> 01> 01> 01> 01> 01> 01> 01> 01> 01> 14 0.1 3.0 3.1
Chlorine demand, ppm 4.6 2.4 1.8 2.7 2.2 1.2 2.2 3.6 2.3 2.5 2.0 1.3 5.0 2.0
Ferric ion, ppm 0.2 0.2 0.4 0.3 0.3 0.6 04 0.3 0.5 0.6 0.7 0.4 0.1 0.9
Sulfuric ion, ppm 2,162 24700 2,027 2436] 2445 2,124 2,520 2405 2223 2,218 1,579 1987 8841 1,740
Calcium ion, ppm 3616, 3830 3216 370.20 3745 3359 3887 3559  340.1) 3416 2401 2054 1429, 2701
Magnesium ion, ppm 1,0514 11440, 9465 111239 11361 9811 1,151.8) 9719 10426 1060.1 756.5 927.1, 4110, 8387
Silica, ppm 4 4] 16| 12 4 8 4 4 6] 8 12 20 20 23
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Table 7 Water analysis on Nov. 1961.
Sample No. L2 s e s e 7 | 8 | 9 | w] u| 12| B
N South of gate o= East-south s . Watergate of
s East of Meiké . South offing of | South offing of T
Position Nakagawa Y shore of Meiké gt PEeTs Shinnagoya
."E".g canal power staion ~ | power station Kyfigachi Hachigdchi power station
’é,g Depth, m 0.5 4.0 0.5] 3.9 6.0 0.5 5.0 0.5 10.0 0.5 10.0 0.5 5.0
=4
& 8| Temperature, °C 17.7] 18.0 21.2 20.0 18.5] 18.5 18.5] 18.0 17.4 17.7] 17.7 17.8 18.0
Sampling time goo~gis gze~gto 9t~100" 102¢~10%" 11821140 1148~1182
pH 7.54 7.90 7.89 7.92 8.10 7.60 7.95 7.66 8.10 7.78 8.00 7.80 7.86
‘Relative conductivi pG/em 42,840, 45,940, 45,060, 45,650, 46,830 42,540 45,870 42,990 46,240 42,400 45,650 42,620 44,830,
Total solid, ppm 31,6000 35,220 37,9300 34,170, 37,710 32,630, 36,500 34,070 35,480, 32,500 36,570, 32,980 34,480
Ignition remnants, ppm 26,200, 26,890, 28,900, 27,940, 30,470 28,370, 28,470/ 25,020 29,350 27 010 28,210, 26,900 28,0201
Ifnition loss, ppm 5400 8330 9,030, 6,230 7,240 4,260 8,030 9,050 6,130 5,490 8,360, 6,080, 6,460
M-alkalinity, ppm 121 122 120 118 121 121 123 119 117, 119 123 119 120)
E Total hardness, ppm 5250, 5650 5620 5670 5410 5,340 5,720 5,330 5,780 5,260/ 5,640 5,400, 5,590/
2 | Oxygen demand, ppm 6.4 4.9 4.3 4.2 4.6 54 4.0 5.2 3.5 5.1 4.9 4.8 4.4
E Dissolved oxygen, ppm 0.27 1.34 2.39 241 3.06 1.00 245 1.03 4.20 2,15 3.35) 2.29 2.56
3 Sulfite ion, ppm Tr Tr Tr Tr Tr Tr Tr Tr Tr Tr Tr Tr Tr
é Chlorine ion, ppm 15,690, 16,830 16,500{ 16,720 17,150, 15580, 16,800 15,750 16,940, 15530, 16,7200 15610 16,420
E: Ammonium fon, ppm 5.2 24 2.0 31 2.2 3.9 2.6 39 2.7 34 31 2.9 3.9
§ Nitrous ion, ppm 0.1 0.1 Tr 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
@ Nitric ion, ppm Tr 0.2 04 0.2 0.6 0.1 04 0.2 0.4 1.0 0.3 0.2 0.6
Sulfide, ppm 01> 01>} 01> 01> 01> 0.1> 0.1> 0.1> 0.1> 0.1> 0.1> 0.1> 0.1>
Chlorine demand, ppm 2.1 1.8 11 0.7 1.2 1.5 0.9 1.5 0.9 1.0 1.7 0.8 18
Ferric ion, ppm 0.4 0.2 0.3 0.2 0.6 0.4 0.3 0.4 0.2 0.7 0.6 0.2 0.3
Sulfuric ion, ppm 2,252 2,375 2,363 2,362 2,448 2,222 2,330 2,218 2,390 2,229 2,386 2,210 2,320
Calcium ion, ppm 380.2 397.3 394.5 383.0 403.0 363.2 397.3 375.9 411.6 361,6 374.5 365.9 383.0
Magnesium ion, ppm 1,0s6.20 1,121.3 1,1304] 1,125.2] 1,150.3] 1,058.8] 1,149.2 1,067.5 11536 10531 1,1322 11,0745 11129
Silica. ppm 8 6 10 10 10 6 6) 8 8 30 30 10 12
Sample No. 14 5 | 18 | 17| 18 v | 20 | 2 | 2 | o | s | % |
Draining of Cent N South shore of Draining of East side of Western of
Position Shinnagoya entre of Nagoya outh s Nagoya power | Sumitomo st .
2E power station | arbor centre walf station light metals | Uchidabashi
"—é‘-‘.“é Depth, m 0.5] 9.0 0.5] 4.5] 9.0 0.5 5.0) 10.0) 0.5 4.0 0.5 3.5 0.5 2.0
<
& S| Temperature, °C 22.0 18.7 17.9 18.0 18.0 17.8 18.0 18.0 188 18.8 17.5 17.8 16.5 16.5
Sampling time 1156~120% 12111222 1342~13°s 14021422 14201428 14351442
pH 7.90 8.02 7.55 7.81 7.90 7.70) 7.86 8.00; 7.40, 7.70) 7.16) 7.60, 7.10) 7.19
Relative conductivity, pG/em | 44,760 46,680 41,210 44,320 46,530) 43430 45350 47,5700 41210 44460 33,230, 451000 22,810 32,690
Total solid, ppm 33,680, 33,690 28,870/ 31,940, 34,130, 31,370, 31,930 32,760, 30,250, 37,530 25190 32,350, 16,900, 22,010
Ignition remnants, ppm 28,100 28,270, 24,100 26,860, 28610, 26570 26,800 27,670, 25850 31,080, 20,800 26,310 13,950, 17,960
Ignition loss, ppm 55800 5420 47700 5080 5520 4,800 5040 5090 4400 6,450 4390 6,040 2950 4,050
o M-alkalinity, ppm 119 121 122 120 120 122 119 122 119 120 123 120 134 128
.g Total hardness, ppm 5580, 5780, 5260 5540, 5760, 53700 5720 5830 5170 5590, 4,290 5460, 2,840, 3,820
,‘é’ Oxygen demand, ppm 4.1 4.0 6.6, 4.4 47 5.1 44 3.8 5.2 3.9 9.8 5.8 22.7 16.6
g Dissolved oxygen, ppm 3.37 3.33 0.44 2.54 3.10, 1.31 2.79 2.09 0.34 2.34 Tr 1.32 Tr Tr
9 | Sulfite ion, ppm Tr Tr Tr Tr Tr Tr Tr Tr Tr Tr 0.8 0.3 4.8 3.0
é Chlorine ion, ppm 16,400, 17,100, 15,1000 16,230 17,050, 15910, 16.610; 17,420, 15,1000 16,290, 12,180, 15,940 8,060 11,550
§ Ammonium ion, ppm 24 2.1 4.7 39 2.2 4.0 29 1.9 4.3 3.2 7.6 3.7 17.1 11.2
'—§ Nitrous ion, ppm 0.1 0.1 0.1 0.1 Tr Tr 0.1 Tr Tr 0.1 Tr Tr Tr Tr
@ | Nitric ion, ppm 04 0.3 01 0.3 03 0.3 0.3 0.3 02 03 0.1 0.3 02 03
Sulfide, ppm 01> 01> 01> 01>  0I> 0l 01> 01> 01> 01> 01> 01> 0.3] 0.3
Chlorine demand, ppm 0.8 15 1.4 0.9 0.6 1.6 21 0.7 2.0 0.4 41 3.7 5.6 4.5
Ferric ion, ppm 0.1 0.1 0.3 0.3 0.2 0.3 0.2 0.1 0.5 0.4 0.9 0.8 1.7 1.6
Sulfuric ion, ppm 2,409 2,469 2,210 2,344 2473 2,313 2,401 2,528 2,207 2,371 1,783 2,337 1,204, 1,672
Calcium ion, ppm 3916 397.3] 3502 377.3 3973 3687 3687  397.3] 3544 3687 2001 3759 2087 2744
Magnesium ion, ppm 1,130.9; 1,169.8/ 1,0339 1,113.0, 1,162.3 1,075.0 1,120.0] 1,1789 1,023.9] 1,119.5 823.8 1,084.1 548.6] 763.5
Silica, ppm 4 6| 6 8 10 6 6 6 8] 6 10 16 20) 28,
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Table 8 Detection of hydrogen sulfide with anaerobic

culture.
H.S determined, ppm
Sampling position

Oct. 1961 May.1962
South offing of Kyagdchi 0 6.9
East-South shore of Meikd power
station 6.9 12.0
Water gate of Shinnagoya power 0 13.7
station .
Center of Nagoya harbor 42.9 20.6
Draining of Nagoya power station 20.6 82.4
East side of Sumitomo light metals 13.7 66.7

H.S was determined with iodimetric method.
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Photo. 3 Sulfate reducing bacteria near the Nagoya harbor detected with anaerobic culture, x1000.
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Table 9 Analysis of mud in the
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sea and river bed (May. 11, 1961).

Composition, %
Sampling position

LOI | Si0: | ALOs; | CaO | Mgo | Fe.0s | €1 | SO, | totals
South of gate Nakagawa canal 14.85 51.68 16.66 0.98 0.71 4,78 1.94 0.44 0.64
East shore of Meikd pwer station 9.56 60.08 17 60 1.56 0.85 4.06 1.30 0.34 0.57
East-south shore of Meikd power station 8.06 58.50 19.92 1.36 0.52 4.30 1.15 0.26 0.49
South offing of Kyiigdchi 9.98 72.08 6.78 1.50 1.63 4.44 1.71 0.81 0.67
South offing of Hachigdchi 11.78 55.86 17.72 1.40 1.23 4.78 2.11 0.87 0.58
Water gate of Shinnagoya power stalion 13.55 53.96 17.92 0.88 1.30 5.06 2.34 0.51 0.66
Draining of Shinnagoya power station 13.35 56.08 17.64 1.14 1.13 3.85 1.94 0.11 0.57
Center of Nagoya harbor 19.50 49.42 17.62 1.06 0.97 4.00 2.19 0.19 0.70
South shore of centre walf 10,32 59.06 16.52 1.40 0.54 4.30 1.23 0.25 0.57
Draining of Nagoya power station 26.04 42.04 16.66 1.00 1.19 4.30 3.87 0.21 0.78
East side of Sumitomo light metals 30.68 37.46 13.20 0.94 1.37 4,26 4.91 0.19 0.79
Western of Uchidabashi 31.85 45,12 10.72 1.20 1.15 1.14 3.50 0.44 0.93

Table 10 Analysis of mud in the sea and river bed (Aug. 8, 1961).
Composition, %
Sampling position

LOI | Si0: | ALOs | CaO | MgoO | Fe:0s | c S0s | totals
South of gate Nakagawa canal 19.67 47.74 14.86 3.90 0.92 4.02 1.55 0.44 1.28
East shore of Meikd power station 14.12 47.04 16.70 2,98 0.70 4.65 2.90 0.49 1.05
East-south shore of Meikd power station 18.28 47.20 16.56 2.58 0.99 4.83 3.56 0.53 1.21
South offing of Kyiigdchi 10,06 54.50 16.98 3.28 0.83 4.23 1.73 0.44 0.56
South offing of Hachigdchi 11.37 52.94 15.48 2.24 0.83 4.41 2.13 0.33 0.69
Watergate of Shinnagoya power station 14.62 48,70 18.30 3.12 0.94 4.55 2.70 0.31 0.88
Draining of Shinnagoya power station 15.22 60.14 14.60 2.18 0.86 3.63 0.73 0.19 0.32
Draining of Nagoya power station 28.48 36.94 16.04 2.22 0.41 4.53 2.46 0.45 0.98
East side of Sumitomo light metals 27.31 40.34 14.80 3.04 1.05 4.80 2.98 0.49 1.83
Western of Uchida bashi 27.54 40.47 11.94 3.14 1.04 4.62 2.34 0.40 1.70
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Table 11 The number of sulfate reducing bacteria in

water and mud (Aug. 1961).

Sulfate reducing
Sampling position . bacteyna, MPN/c.c.

eaand river| yruq in bed
South offing of Kyigodchi 160 16,000
East-south shore of Meikd power station 1,600 160,000
Water gate of Shinnagoya power station 920 79,000
Centre of Nagoya harbor 1,600 92,000
Draining of Nagoya power station 5,400 240,000
East side of Sumitomo light metals 9,200 540,000
Western of Uchidabashi 24,000 920,000

Caltivated for 10 days at 30°C with dilution method.
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Corrosion of Condenser Tube with Polluted Water

H

G S

(Rep. 2)

Characteristics of Sea and River Water near the Tokyo Harbor

By

Reizi Tanaka

As a part of investigation concerned with corrosion of condenser tubes useing polluted
water, characteristics of sea and river water near the Tokyo harbor have been examined.
In Tokyo, the corrosion ploblem has been occured at Shintokyo power station and
Shinagawa power station, and the former has made the origin of such corrosion ploblem

in our country on about 1947.

As the result of investigation, sea and river water near the Tokyo harbor has been
suffering severe pollution, which is much higher than Nagoya harbor on contamination

and scale of that too.

The experiments have led to the following conclusion.
(1) Sea and river water near the Tokyo harbor has been suffered pollution all over the
region with town sewage, especially heavy pollution at the estuary of Sumida river

and Meguro river.

(2) Pollution of sea and river water can be indicated by decrease of dissolved oxygen,
increase of oxygen demand and detection of hydrogen sulfide occationally, and have
influence to decrease of PH in polluted sea water, as same as Nagoya harbor.

In addition, nitrous ion canbe detected frequently at the heavily polluted region.

(3) Experiments show that high pollution comes out in season from spring to summer,

however in some polluted regions dissolved oxygen is very low and can be detected

trace sulfide even in winter.

(4) Analysis of mud in the sea and river bed show high contents of L.O.I. and sulfide

in polluted region, and higher sulfide in summer than spring.
Sulfide in polluted regions are higher than Nagoya harbor.

(5) Sulfate reducing bacteria is cultivated in polluted region, which is sporovibrio
desulfricans with short cell of large majority and a few long cell, and MPN of sulfate
reducing bacteria is much higher in mud the river water. Moreover the base to decide
pollution state has been prepared by the characteristics of with which occured the
corrosion problem, and emphasized that cooling water of condenser tubes should be
considered as a condition ofpower station establishment.
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Table 1 Date of sampling.

Time Date High tide | Ebb tide Weather

Ist Aug. 22, 1960 17--58 11—56 Fine

2nd Nov. 5, 1960 1748 12— 2 | Cloudy

3rd Jan. 25, 1961 11-—-32 19—12 Fine

4th Apr. 18, 1961 19—-10 1233 Fine

5th | Aug. 29, 1961 1659 10-14 | Fine sometimes
6th Dec. 14, 1961 10—28 1550 |Fine then cloudy
7th Feb. 26, 1962 8—41 15— 1 | Snow then cloudy
8th Apr, 23, 1962 1947 13—07 Fine
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Fig. 1 Test position near the Tokyo harbor.
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Table 2 Analysis of water on Aug. 1960.
Sample No. T R 3 | « | 5| s } 7 8 | lwo] n
. [Water gate of sos PR
position Mater gate of Stin [BACSANT ™) Water gate of Shiniokso | Dralning of Shineacrs
g3 Depth (m) 05 |3 0.1 05 | 25 | | 5.5 [ 02| 1| 3 3
Qo -
g Sampling method by sampling bottle by pump t ggtfﬁamplmg \ by pump \?ngs“;g,l;?]]e
Sampling time Aug. 21 1100~1200 Aug.22 9% 1009~1100 1 Aug. 22 1180~1230
Temperature °C — - — 23.5] 23.2) 23.0 23.2 29.0) 29.5] 27.5 28.0
pH 7.35 7.30 7.22 7.35 7.32 7.40) 7.50 7.36 7.30 7.40 7.55
Turbidity 50 55 9.5 33 33 28 125 18 38, 23 20
Relative conductivity, p0/cm 16,810 34,440 12,330 13,1500 36,080 46,160 45,870, 23,710 27,080/37,830 31,150
Total solid, ppm 11,160 21,140 8,220 8,680 26,000 35,0401 385,350, 17,210] 20,97028,070 22,330
Ignition remnants, z 9,000 16,580 5,810 6,360, 20,840 27,700| 27,580 12,480| 15,06021,960 17,550
o M-alkalinity, z 70 90 64 63 96 116 114 93] 93] 100 90
k=1 Total hardness, kS 1,930 3,620 1,380 1,460 4,480 5,910 5,930, 2,800f 3,220, 4,790 3,830
é Oxygen demand, 7 6.1 6.1 4.7 4.8 5.2 4.9 4.5 5.0 4.7, 4.8 4.3
B Dissolved oxygen, ke e — — 0.4 0.1 — 0.1 — 3.8 0.3 —
8 | Sulfite ion, K Tr Tr Tr Tr Tr Tr Tr Tr Tr| Tr Tr
2 Chlorine ion, 7 5,290 10,230 3,850 4,110, 12,770, 16,750, 16,880] 7,910, 9,110/13,570 10,900
2 Ammonium ion, 7 0.9 2.0 1.3 1.0 2.0) 1.2 1.4 1.5 1.3 2.0 1.3
b Nitrous ion, K4 0.1 0.1 0.4 0.1 Tr Tr Tr 0.1 0.1 0.1 0.1
2 | Nitric ion, ” 1.6 0.8 2.9 2.8f 1.1} 04 0.2 1.6 1.5 0.6 1.2
1?; Sulfide, 7 0.1> 0.1> 0.1> 0.1> 0.1> 0.1> 0.1> 0.1> 0.1>1 0.1> 0.1>
Chrorine demand, K 1.5 1.9 1.1 1.0 2.0 1.1 1.8 1.1 1.1 1.3 1.0
Ferric ion, K4 1.6 1.1 0.8 1.1 0.5 1.1 2.5 2.8 Tr 0.3 0.7
Sulfuric ion, K 748 1.409 547 585 1,793 2,351 2,356 1,103 1.261] 1,892 1.506
Calcium ion, 7 150 247 131 121 300 379 377 197 2200 312 236
Magnecium ion, 7 343 666 234 251 823 1112] 1,090 512 598 883 719
Silica, ke 46 38 24 40 28 40 58 36 32 60 28
Table 3 Water analysis on Nov. 1960.
Sample No. | 1] 2] 3] 4] 5] s 71 8] 9]0 11[12‘13!14115&16517}18
g . Iﬁgx z\;aéixir%:}e Centre of §g:stth (I))fr.alning_ Tou- |Water gate of Aol |Eitai f:(l?l: 1521% xgig i?:stth
= Position of “lgawa pow- Tokyd of  |Shintbkyd nto |Shintokyd bashilbasi |dok of M-lof Shlof
3 eguroll i oation harbor Tokydpower bashi|power station bash1 eguro|inaga|Tokyd
g river | gas |station river \wa __igas
° Depth (m) 05 05 4.0 05 50 05 0.5] 05 05 25 45 05 0.5 05 0.5 05 0.5
‘.i Sampling method ‘fgtt ’pumplfgtt lpump}i’:tt {)ott lpump })oit_tl)eott h pump ‘fCOtt ?gtt“lﬁftt lﬁftt %i‘ljgi
&)Eq Sampling time g10; 930~.g50 1020~1085 | 1055 1145~1200 1210 1320~1350 1405 1413 1510] 1540} 15501 1§10
Temperature °C 18.3 10.8 16.7] 16.4 16.9) 17.4) 21.0] 21.3 10.8 6.5 168 158 —| — - - | -
pH 7.0l 7.320 7.38 7.40| 7.38 7.35 7.48] 7.95| 7.80| 6.95 6.82 7.15| 7.25 6.92 6.90] 6.52) 6.60, 6.75
Relative conductvity #0/cm (24,870:35,620145,470(36,100/44,30041, 850,39, 76043, 530/43, 750/34. 040,38, 280 41,450]26.44016, 36032, 000/39, 910/40,590[40, 950
Total solid, ppm |15,500{23,950(32,970(24,800/42,120/38, 69032,13030,510/29, 480|24,82027, 680 46,270/17,820/10,45031,980/45,720/37, 210(47, 210
K 7,780/16,410/25,83015,970/24.950(19,830}21, 680/24, 080/25, 08019, 830{23, 54027, 460,14, 720 8,760i17,580|23, 390143, 780i25,120
M-alkalinity, e 1260 105, 102 921 102, 100f 102, 100, 104 92 94/ 103 82 70) 920 101 101 98
Total hardness, K4 3,050 4,500| 6,030 4,600 5,980; 5,250, 5,600 5,700| 5,590 4, .90] 5,180! 6,050 3,530 2,210, 4,160 5,170; 5,28¢! 5,490
& | Oxygen demand, 7 11, 7.5l 7.5 87 7.7 9. 7.1 7.5 6.0 9.1 8.7 8.0 10.1 11.5 9.7 7.2 7.1 7.0
'*3 Dissolved oxygen, e 0.28 1.67] 3.68] 2.31; 2.94 — 2,47, 2.36] 2.34 1.72 2.59| 2.32 — — — — — —
g Sulfite ion, 7 Tr Tr] Trl Tr Tr Tr Tr] Tr] Tr] Tr] Tr| Tr| Tr|] Tr| Tr| Tr| Tr|l Tr
g Chlorine ion, K 76,50111,940/16,530 2,680(17,650/13,98014,970/15,410|14,670/11,940/13,750116, 380/ 8,900 5,870110,87013,920{14,390/14,540
¢ | Ammonium ion, ke 21.0 6.4 6.0 2.5 3.6 1.1 1.1 1.2 1.8 1.4 0.9 0.8 2.0 1.8 1.3 5.4 5.6 4.3
§ Nitrous ion, kS 0.1 0.4 0.2 0.5 0.3 0.3 0.1 0.2 0.2 0.4 0.3 02 069 14 05 03 03 0.3
2 Nitric ion, K Tr 1.4 0.3 0.5 0.4 0.4 0.4 0.6 0.7/ 0.7 0.5 0.5 0.6 0.4 0.5 1.0 0.8 0.5
:ig. Sulfide, K4 0.1 0.1>] 0.1 0.1>] 0.1>] 0.1>] 01> 0.1 0.1>] 0.1>| 0.1>] 0.1>, 0.1>| 0.1 0.1 0.1>} 0.1>] 0.1>
(}:1) Chlorine demand, K 1.4 1.2 1.00 2.3 1.3 1.6 1.3 1.58 1.8 2.1} 1.7 1.4 1.6/ 3.3 2.3 1.1 1.1} 1.6
Ferric ion, K4 0.3 0.7 0.5 0.2 0.2 0.2 0.2 0.2 0.2 0.6 0.6/ 0.2} 0.2 0.4 0.2 0.2 0.2 0.3
Sulfuric ion, 7 1,067 1,606] 2,278 1,702 2,220] 1,911} 2,137| 2,173| 2,108 1,695 1,988 2,328 1,268 1,583} 1,550, 1,965 1,984] 2,040
Calcium ion, K 130.1] 203.0| 251.5| 121.5! 247.3] 187.2) 192.9| 320.1) 315.9] 247.3| 305.9| 378.7 194.4] 121.5| 244.4| 297.3) 295.8 314.4]
Magnecium joU, K4 309.7| 679.7| 985.9) 662.2 905.5| 805.9) 853.1 472.2} 921.7 708.1} 848.7/1026.5 524.6, 275.2) 694.5 867.9 901.1} 926.0
Silica, z 18 10 16 16 20 12 22 6 6! 8 8 6| 10 8 Tr Tr 4 6|

— 3
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Table'4 Waater analysis on Jan. 1961.

| Sample No. b1z s a s e 78] o | 0| n] e | B | s |6
East of Watergate of South | L s

¢ Position Sigava. | Lo part of | veelaimed, | Shinasans ) s e |55 st of Sie” o
gﬂé { S ! walf [ Statiol‘l l arbor gas power station [bashi
2| Deptn, m 05 50 05 25 05 25 05 40 05 25 0.5% 100 05 0.5[ 300 05
§ °! Sampling time 1095~110° | 11201200 | 1295~1200 | 12501310 | 132001310 | 13se~14e% | 14%% | 14t5~145% | 1500
Temperature, c| 83 o0 80 80 80 80 o0 &0 70 7o 785 70 95 17§ 140 150

|

pH 740 7.25 650 685 726 738 685 750 735 750 7.0 780 675 7.32 723 795
Relative conductivity, pjcm | 37,860, 46,860 23970 43,280 42,850 45,890 34,830 46,840 41,760 46,650 45200 48,760 45340 46,540 45,780 47,410
Total solid, ppm | 25460 33510 15640 33460 33,140 35160 29,900 36,970 36450 36,8000 36,100 37,070 33,900 33700 34,100 33,980
Ignition remnants, ppm | 21550, 28,080 13160 25850 28,890 27,930 23,350\ 29,820, 29,0200 28,200 27,300 29,990 27,460 29,050 28,750 28,090
Ignition loss, ppm 39100 5480 2480 7610 4250 7230 6550 7,150 7.430 8600 8800 7,080 6,440 4,650 5350 5890
M-alkalinity, ppm 130 1220 115 121] 123 121 124 i21 123 122 126 121 116 122 121 120
- | Total hardness, ppm 4700 5760 2760 5320 3920 5720 4720 5870 5720 5740 5620 6140 5610 5790 5300 5830
% Oxygen demand, ppm 9.9 69 146 101 9.5 7.9, 9.7 6.9 7.3 6.7 7.0 6.2 7.9 6.6 7.1 6.9
£ | Dissolved oxyged,  ppm 352 338 322 483 510 602 569 698 742 766 601 7.39 —| 566 — -
S | Sulfite ion, ppm T T Tf Tt T Ty Tt Tr Ty Tr Tr Tr Tr Ti Te Tr
o | Chlorine ion, ppm | 12880 16510, 7,700 15560 15070 16,810 13,650 16810 16,810 16490 15780 18,010, 18,210/ 17,030 16,920 17,470
f Ammonium ion, ppm 88 18 68 32 37 19 64 16 17 16 20 0§ 08 20 19 19
8 | Nitrous ion, ppm 02 01 10 0z 02 o2 02 01 o2 o2 o0y o1 ox o1 o1 ol
2 | Nitric ion, ppm T 07 02 16 14 14 10 09 11 10 o8 o8 o8 07 08 07
Sulfide, ppm 01> 01> 01> 01> 01> 01> 01l 01> 01> 01> 01> 0Ix! 01> 01> 01> 01>
Chlorine demand,  ppm L 09 20 11 12 09 10 07 o7 08 07 06 19 09 09 11
Ferric ion, ppm 03 04 11 09 08 03 o5 02 02 02 04 04 02 03 03 02
Sulfuric ion, ppm 17920 23360 1,080 2101 2113 2308 1020 2,363 2245 2,332 2208 24200 2200 2342 27262 2344
Calcium ion, ppm 2666 3431 1737 323.0 323.0 3688 2887 3502 3402 347.3 3459 7.0 1858 3645 380.2 3574
Magnesium ion, ppm 8784] 11239 5364 1,079.8 1,041.3 1,1435 925.6 1,151.4 1,130.0 1,164.1 1,119.1 12257 618.1] 1,145.7] 1,151.81,1615
Silica, ppm 10 44 14 24 2 g 16 6 TH 12 Ty Ti 16 6 10 8

Sample No. 17 1 18 19 20 21 22 { 23 | 1 25 | 26 ! 27 ] 2 | [ .30 [ 31

«| Position gﬁai%kgyage_ of bA;;)}iﬂ iEbg:hi Eiaggis%? gl?ir_rfggaovflg- Tokyo gulf IM‘Z; u??)itivoefr g:csltii?rf_e.d &?gi;iﬁi .Of
m.g, power station futd bashi . Iand of Oi walf] power station|
ég Depth, m o.5§ 50 05 05 05 0.51 45 0,51 2.0 0.5L 2.0 0.51 2.0 0.51 35

§ °| sampling time 1520~15% | 1545 | 1550 | 1600 | 16202160 | 1600170 | 1715~17¢0 | 17ss~q7ss | 1geo~igee
Temperature oc 8.55 85 80l 80 80 100 85 85 80 89 85 95 90 8.5} 75
pH 720 740 675 680 685 670 737 703 720 608 63 710 715 660 770
Relative conductivity, pGjem | 45450 46780 40570 36340 40350 27,560 44,780 42,250 45,080 14,350 40,090 42,200 43,180 26,240 46,000
Total solid, ppm 33,160 342200 28,5800 25,160 28700 19,380 34,5200 32,3000 34970, 9,610 30240, 31,380 33,330 18,680 35990
Ignition remnants,  ppm 27750 282200 24,080 20540 23,830 158000 28,400 26910 28,870 7,650, 25640 25870 27,920 15250 30,360
Ignition loss, ppm 5410 6,000 45000 4620 4870 3580 6120 5390 61000 1960 4600 55100 5410 3430 5630
M-alkalinity, ppm 1220 120 1200 1200 1200 127 120 120 1200 101 124 121) 122 121] 117
_ | Total hardness, ppm 56100 58200 49200 4310 4840 3330 5790 5464 57700 1,658 51500 5300 5460 3,200 5950
£ | Oxygen demand, ppm o7 48 107 127 99 113 57 76 71 130 118 83 85 131 59
2 | Dissolved oxygen,  ppm 483 - - — 345 610 641 715 332 184 512 450 349 767
g Sulfite ion, ppm Tr Tr! Tr ’fr Tr Tr| Trl Tr, Tr Tr Tr) T Tr| Tr] Trl
® | Chiorine ion, “ppm 16240 16870 14190 12500 14,080 9470 16840 15890 16920 4610 14740 15450 15910 9,010 17,220
< | Ammonium ior, opm 20 17 35 48 35 152 18 23 18 64 50 33 28 82 13
_§ Nitrous-ion, ppm 0.1 0.1 0.1 Tr 0.1 0.3 0.1 0.2, 0.1 0.5 0.2 0.2 0.1 0.3 0.1
3 | Nitric ion, ppm o7 o8 12 o2z 03 o8 0§ 10 08 17 13 10 08 28 03
Sulfide, ppm o0 0dm 01 01m 01n 81x| 013 01 01 01> 01 01 0In 01> 01>
Chlorine demand, ppm 1.1 - 1.9 2.2 1.8 1.7 0.9 0.9 1.1 4.5 14 1.1 1.1 2.0 0.8
Ferric ion, ppm 06l 04 10 11 02l o6 02 01 03 02 04 04 03 08 02
Sulfuric ion, ppm 2262 2344 1902 1672 1950 1320 2250 21700 2310 640 20200 2100 2,160 1270 2,300
Calcium ion, ppm 3273 3516 3145 2859 2059 2144 3651 3502 3488 1144 2081 3251 3831 195 358.8
Magnesium fon, ppm 11178 11553 9741 8282 9316 6031 11161 1,030.0 11248 289.3 9750, 1,0217) 1,069 593.0 1,143.2
Silica; ' ppm 4 4 2 6 18 8 Tr 10 10 18 14 [§ 4 8 6,
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Table 5 Analysis of water on Apr. 1961.

] Sample No. vz ls a5 Le |7 |8 90 n| oz 1| 4| 5
§ Position gl?l?f;g:\[»a ‘ ﬁ)e\éullziriigfzr %?;s@?iled land (?y%t}?irnf;;\eva]\ Tokys gulf ’%(%Q;%ehgf'bor zi{(?lfihhlﬁ E;Ziii jb\z;S}lu
w% futé bashi i ;of Ot walf power station bashi |
2 8| Sampling time 9ro9it | guea10rt | 1001007 | 100m~1005 | 1lvemqlmt | qpereqrre 1200 H18YA 118t
g ‘ | | , i3 13 13
5 | Deoth, m 05 15 05 15 0‘5?‘ 29 0.51 30 0.5§j 15 05 40 05 05 05
Temperature, °C | 14.5; 13.5} 13‘0} 13.5; 15.0 ]4.0% 145 12'01 14.0 13.0‘ 145 12.0 14.0‘ 13.0 14.5
plL I 6490“ 6A85‘i 6.90: 6.55 690  6.90 6.85) 6.50; 682 675 685 6.70 6‘72‘ 6.85 6.85
Relative conductivily, pi/em 26,630% 32,1302‘ ]/1,980: 33,760 31,230‘: 34,990 31,500, 39,8801 34,010, 36,260, 28,220, 36,930 3,460: 1,930 5,300
Total solid, ppm 17,040, 21,410 9,060l 27,290 20610 23,240 21,610 30,020 22,970§ 24,410 18,620 25,100 1,810; 900 2340
Ignition remnants, ppm 15,480? 17,7801 7,490E 23,670 17,070, 19,540 18,780 25,600 20,490 20,190 15,800 21,070 1,760 710: 1,910
Ignition loss, ppm 1,5601 3,6305 1570 3,620 3540 3700 2830 4420 2480 4,220 2820 4,030 50 190 430
M-alkalinity, ppm 129‘: 125: 116‘ 134 132 124 118 118 113 12 102; ]14i 62 58 64
- Total hardness, ppm 2,830\‘ 3.550? 1,4501 3,690 3,390 3'810§ 3,490, 4930, 3,760 3,900\ 3,110i 4,190; 420 290 480
-2 | Oxygen demand, ppm 123 114, ]6.3: 15.4 142 138 136 107 123 130 133 129 144 133 14.1
2 | Dissolved oxygen,  ppm ™ T 008 Tr Tr 008 247 002 194 Tr 184 082 Ty 101
g Sulfite ion, ppm Trj Tr: Tr. Tr, Tr Tr| Tr Tr) Tr| Tr Tri Tr, Tri Tr| Tr|
f Chlorine ion, ppm 8450 10790 4,340 11,210, 30,310 11,570 10,500 14,910 11,440 12,080 9,420 12,430 930 390, 1,220
S Ammonium ion, ppm 8.0 6.0 5.9 9.9 6.4 4.9 4.5 3.2 4.8 4.6 4.6 39 2.7 2.3 2.6
‘g Nitrous jon, ppm Tr{ Tr 0.6 Tr Tr Tr| 0.1 0.1 Tr Tr Tr Tr, 1.1 0.5 0.9
;3) Nitrie ion, ppm O.l% 0.2 0.5 0.3 0.2 0.1 0.4 0.3 0.2 0.3 0.2 0.5 0.7 3.8 1.0
Sulfide, ppm 01> 01> 01> 031 01> 01> 01> 01> 0I> 01> 01> 01> 01> 01 01>
Chlorine demand, ppm 1.3‘ 0.8 22 1.8 1.9 2.7 1.5 14 3.8 34 4.0 3.0 2.6 - 2.2 2.6
Ferric ion, ppm 0.8 0.9 4.1 3.6 2.3 2.3 1.2 0.8 1.2 1.0 1.7 0.9 5.7 4.6 0.9
Sulfuric ion, ppm 1,193? 1477 596 1,572 1463 1,614, 1495 2105 1619 1,702 1289 1,756 155 90 198
Calcium ion, ppm 1987? 2387 1114 2518 2501 2644 2573 319.1, 263.0 2701 2158 2787 34.3 27.2 429
Magnscium ion, ppm 564.6; 7145 2589  751.3) 6804, 7739 2049 9981 7204/ 8211} 6231 8565 629 36.9 83.9
Silica, ppm 26i 2 74 56 34 12 10 36, 6 10 14 6, 28 132! 32
Samlle No. bwe | w | s | | oa | 2| 2| 2| | 2| 2| 3w »| 3 | a1
| L. South-
=| Position o\fvaéﬁgntgé;e'é T];-);S‘gio S]lzft?éiz;%g (?f tgls{;aofg_}(l)irrf:g;\fvem kd%‘gugzrf'i\?gr Eeacslgi(r)'éeg. Xflaéﬁn%?;ge\ya Tokys gulf”
?:D:g power tation . power station gafa t0 bashi 13:& of Oi power station
Z%| sampling time 13eo~ges MO qgeeiagee 18I0 qseeatses | 1ssredeer | 16001677 | 160i~16%0 | 16t0n170
EU Depth, m 0‘5‘; 5.0 0.5 0.5] 3.0 0.5 0.5 2.0 0.5 2.0 0.5 2.0 0.5 2.0 05 2.0
“Temperature °C 14.02 13.90  15.0 17.0} 1750 165 150 155 155 145 150 14.5« 15.0; 150, 16.0; 16.5
pH 6‘87' 6.700  6.68 6.85: 6.57] 6.67, 6.55 665 665 665 662 642 685 680 677 673
Relative conductivity, pu/cm | 30,420 37,100 16,070 25,610? 31,600, 32,660 34,080: 30,840 30,840 33,560, 34,940, 34,810 33,200, 33,000, 28,830 31,500
Total solid, ppm 17,5601 26,660, 10,000 16,150: 20,620, 21,660 23,100, 23,480 21,480 24,000, 23,560 23,500 22,410, 22,490 19,340 21,610
Ignition remnants, ppm 14,630; 21,560 8,2201 13'520? 17,190, 18,620, 18,840, 19,240 16,810 17,930, 18,790 19,090 18,370 18,150 15,280 17,400‘
Ignition loss, ppm 2,930‘ 5,100 1,780; 2,630‘ 3,330, 3,040 4260 4,240, 4670 6,070 4,770, 4410 4,040 4340 4,060 4,210
M-alkalinity, ppm 100‘ 114 88‘ 1O4i 108 115 110 109 118 115 120 116 126 124 125 121
. Total hardness, ppm 3'1201 4,010 ]'6101 2,740; 3410, 3,560 3920 3760 3350 3650 3780 3810 3680 3610 3,090 3,490
.g Oxygen demand, ppm 125 107 9.9 11.8; 11.8 117 106 10.6 11.0 106 9.8 12.0 13.0.  13.0 10.0, 108
E Dissolved oxygen, ppm 0.28i 0.04 035 Tr: Try 058 075 084 031 033 090 118 Tr, 051 017, 0.10
§ Sulfite ion, ppm 'l‘ri Tr;‘ Tr, ’I‘r} Tr Tr| Tri Tr Tr, Tr, Tr Tr, Tr( Tr| Tr! Tr|
2' Chlorine ion, ppm 8,720 12,330 4,850, 8,190 10,210 10,440 11,440 11,460, 10,390, 10,630 11,390 11,540, 10,850, 10,710, 9,260, 10,600
2 | Ammonivm ion, ppm 36 3.1; 3.1 39 3.8 3.7 4.1 4.2 6.4 6.2, 54 5.0 74 6.9 8.5 7.3]
§ Nitrous ion, ppm Tr, Tr? 0.1 0.1 “Tr Tr Tr| Tr 0.1 Tr 0.1 0.1 Tr 0.1 Tri Tr
g Nitric ion, ppm 04 0.1 2.3 0.2 0.3 0.8 0.3 0.2 0.3 0.3 0.5 0.7 0.3 04 0.1 0.1
. Sulfide, ppm 0.1> 0'1>i 01> 01> 01> 01> 01> 01> 01> 01> 01> 01> 01> 01> 01> 01>
Chlorine demand, ppm 2.7 2‘1; 2.8 2.7 29 2.6 2.2 2.1 2.0, 24 1.9 2.5 2.7 19 24
Ferric ion, ppm 1.8 12# 2.4 1.8i 17l 18 08 09 15 09 no 11 21 18 15 14
Sulfuric ion, ppm 1,240 1,803 681 1,160, 1,430 1,547 1,585 1,672 1487 1537 1642 1,661 1568 1548 1,324] 1481
Calcium ion, ppm 2058 2859 177.3 1901 2344, 2787 250.1 2487 237.3 2716 257.3 2587 2516 2444 2201 263.0
Magnecium ion, ppm 502.1) 863.1: 3304 5511 6778 7281 757.8 7626 6953 7211 7643 7748 7451 7342 5345 7101
Silca, ppm 861 102 82 12; 28 12 26 Tr 14 18 14 18 32 10 8 10,
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Table 6 Water analysis on Aug. 1961,
Sample No. 12 s 4 s e | 7| 8] 9] w|ou 2 | 1B | M | 15
Position Tékyd gulf \évlfi?;giisg of ?eacsltiicx)écd ]and‘E Low part of gl?{rs:gz?\fva Cntre of Tokyd [Kachido- Eitai- |Aioi-
E"E power station lof Oi walf i Meguro river futd bashi harbor fci bashi bashi) bashi
g-:é Sampling time 9er~ger 9931000 | 1000~10%° ; 10501007 | 10temt0er | dpeeqres T IS ST
¥ 0| Depth, m 0.5 2.5 0.5 35 O.SE 2.5 0.5 2.0 0.5 4.0 0.5 2.5 0.5 0.5 0.5
Temperature, °C 255 258 258 257 262 25.7; 255 25.8 26.7 25.8 258 24.3 25.7 26.0 26.2
I pH 7200 741 731 736 685 7.10:‘ 6.96 6.98 7.08 7.14 7.34 7.54 7.15 7.05 6.98
Relative conductivity, pG/em | 37,920; 39,0400 41,040 43,100 33,650 37,400? 24,960 32,980 33,540, 37,430, 36,410 45390, 31,0100 23,920: 21,440
Total solid, ppm 27420 28540 30,540 31,620 24,200, 29,530‘: 16,600, 23,580, 24,4500 28,960, 26,570, 34,980 22,870, 16,850 15,380
Ignition remnants, ppm 21,840 22,140 24,200, 24,650, 21,280 23560 12970 18,610 19,130 22930 20490 27,110, 18,070, 13,110, 11,600
Ignition loss, ppm 5580, 6,400 6340 6,970 2920 5,97()‘ 3630 5070 53200 6,030, 6,080 7,870 4,800§ 3,740 3,780,
M-alkalinity, ppm 116, 116, 123 142 110, 121 141 139 132 125 120 126 127 126 133
- Total hardness, ppm 4,200{ 4450 4,700, 4,790, 4,040, 4,600, 2,690, 3670 4430, 4,190 4,190, 5,440 3,530! 2,590, 2,320
& | Oxygen demand, ppm 7.6 7.8 5.8 6.3 7.8 9.6 9.6 86 7.2 74 7.9 5.1 7.8 11.7 11.8
,‘é’ Dissolved oxygen, ppm 574 403 234 2.20 Trj 276 Tr Tr 0.10 1.66 191 Tr Tr, Tr Tr
S Sulfite ion, ppm Tr Tr Tr Tr Tri Tr Tr Tr Tr Tr; Tr Tr Tr Tr Tt
;‘_’ Chlorine ion, ppm 12,530 13,130, 13980 14,530, 10,940} 13.680 7,730 10,640 11,160, 13400 12350, 16370 10310 7590 6,770
f Ammonium ion, ppm 1.6 08 0.6 1.0 2.0 0.8 6.6 6.4 4.8 2.0 1.6 0.8 6.6 6.0 5.8
E’_,‘ Nitrous ion, ppm Tr T Tr Tr| Tr| Tr, Tr| Tr Tr Tr Tr Tr Tr Tr Tr
;g) Nitric ion, ppm 0.1 01] 0.2 0.1 0.1 0.2 Tr, 0.1 0.1 0.1 02 0.1 0.1 0.2 0.3
Sulfide, ppm 01>l 01 :; 01> 01z 01> 01> 0.5 0.1 01> 01> 0Ix] 01 0.1 0.1 0.3
Chlorine demand, ppm 1.8 19\ 1.7 1.1 11 22 1.8 1.9 11 1.0 11 1.1 1.0 1.7 2.0
Ferric ion, ppm 0.3 04 0.4 0.3 0.5 0.6, 0.9 0.8 0.3 0.5 0.2, 0.3 0.5 0.7 0.6
Sulfuric ion, ppm 1,695 1,811? 1,957 2,006; 1,547, 1,891§ 1,082 1470, 1546 1844 1718 2265 1444 1,085 950
Calcium ion, ppm 276.7 291.9: 303.6 330.5‘ 279.3 317.6: 2078 2627, 2819 3071, 2895 38L7 2546 1985 1763
Magnesium ion, ppm 844.8 871.0; 953.1 972.3‘ 7487 922.5; 514'1i 718.1 7557, 9007 826.0, 1,098.1] 7028 5141 45038
Silica, ppm 10‘ 24§ 14 121 161 8 18% 20 10§ ]2l 12, 8 30 22 34]
Sample No. 6w s e 20 a2 el 2| | | w| | 2| 3|
: . E - T South ! ‘ — ! : - ! .
Position é\{la;;ctglg]ast e. of gf é“ﬂ‘ito;glr:iirllr&?{%; f e;xéslt Y%f Tokyo gulf !ﬁ(‘;\f,aéﬁngzg(iva %éllsagrggl land I{\;I()W [?art_of g}?{?&:g;)&'nf
Ef-é power station| ipower statin igas\) ;power station of Oi walf CEUIO TIVET |45 baihi
E:E‘ Sampling time 23841343 140;;3!: 1410~ 1420 141;;. 145°~15°° i 1517 ~15%" \ 1582~ 15%¢ 15%1~16°* 161°~162°
5 8 Depth, m 05 50 05 05 30 05 03 20 05 30 0.5; 15 08 20 05 40
Temperature, °C 256 24.81 25 325 3L5 298 26.0‘ 26.0, 265 25.5? 268 263 263 265 200 255
pH 710 750 7.22% 7.24 730 7.27 7.28i 7.20, 7.16E 7.30: 7.10§ 7.20% 702 711 726 7.22
Relative conductivity, uG/em 40,550, 45.320‘ 37.590‘ 41,290 41,340 41,320 4],130: 41,180, 37,620§ 41,790? 28,6201 37,240\ 28,8801 35,850, 36,270, 41,430,
Total solid, ppm 26,2101 31,900 24,800 27,140 27220 27,150 27,050, 27,400 24,830i 27,990 19,230 24,840 19,020, 23.820) 24,090 28,650
Ignition remnants, ppm 21,250‘ 25,670, 19,270 22,720i 22,160, 22,320 22,000 22,180; 20,300, 23,550, 15,740, 20,416, 15520 19,720 19,960 23,640
Ignition loss, ppm 4,960 6,330i 5,530 4,420i 5,060, 4,830 5,050‘ 5,220 4‘530, 4,440 3,480 4,430, 3,500 4,100, 4,130 5,010
M-alkalinity, ppm 124 IZSj 121 124 125\‘ 123! 17 118 125 120, 134 131 145 134 128 124
- Total hardness, ppm 4,080‘ S,OZOj 3,730 4,430‘ 4,430: 4321 4.340; 4,340, 3,030, 4800 3180 4,080 3,00 3,890 3,980 4,590,
2 | Oxygen demand, ppm 7.3 6.0 82 6.8 5.2 74 8.7, 8.1 8.0 6.6 8.4 75 143 141 74 6.5
_‘é Dissolved oxyged, ppm 0.07, 0.17 3.01; 0478: 0.97 1.52 5.62: 5.49 Tr 0.70 Tr Tr! Tr 1.50 0.30 Tr
g Sulfite ion, ppm Tr Tr Tr, Tri Tr Tr, Tr Ty Tr Tr Tr Tr Tr Tr Tr} Tr
2 Chlorine ion, ppm 12,280 14,880, 11.180 13,270, 13,320, 13,380 12,970; ]2.990E 11'9505 13,710 9,270; 12,090, 9,050 11,480/ 11,570, 13,710
£ | Ammonium ion, ppm 38 21 30 35 26 24 18 18 30 25 38 24 50 35 31 34
E Nitrous ion, ppm Tr Tr, Tr Tr Tr§ Tr, Tr‘ Tr Tr Tr Tr Tr Trl Tr Tr Tr
;i; Nitric ion, ppm Tr 0.1 0.2 0.2 0.1; 0.2 Tr 0.1 0.1 Tr Tr 0.1 0.1 0.1 0.1 Tr
Sulfide, ppm 01> 01> 01> 01> 01> 01> 0.1 01> 01> 01> 0.1 01> 0.1 01> 01> 01>
Chlorine demanp, ppm 1.1 1.1 13 1.0 1.0 1.1 1.8 1.8 1.0 1.1 1.0 2.0 14 11 1.0 1.9
Ferric ion, ppm 0.5 Tr 0.5 0.4 0.3 0.3: 0.4 0.4, 0.5 0.1 0.6 0.3 1.0 1.1 01 02
Sulfuric ion, ppm 1,691 2,034 1,546 1,816i 1,842i 1,818: 1,792 1,788 1,634 1,881 1,275 1661 1,253 1,676 1,620, 1,887
Calcium ion, ppm 289.5, 340.9; 258.7 298.7§ 294.4i 298.7{ 92944 297.3 2744 3058 2287 267.3 2144 2687 268.7| 3089
Magnesium ion, ppm 809.8 9924 737.3 8823 8810, 869.7, 8710 8649, 7941 899.8 6133 8037 607.6 7727 7836 9168
Silica, ppm 12 20 16 16, 12 ]2: 10 14 12 18 22 14] 16 30 10 12)
X | |
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Table 7 Water analysis on Dec. 1961.
Sampte No. v 28«56 |7 REEEREIEEE 18 14 13
. o Water gate of [East of North of . stai ioi
éﬂlg Position TokyS gulf, gg;leargz?:;ion {555 I:f]egi Il\fe‘\éu[;zrtigir fsft%‘afaas‘x?" %‘glll{tyrg lngrbor Ii({iag;;%ci_ ?.‘I::;;;xi I?axg]:lu
g:'é Sampling time 90 I0NAI0T | 10510 | 1010 | 1 EEL e A i L
U2 51 Depth, m 0.5 3.0 0.5 4.5 0.5 2.5 0.5 2.5 0.5] 6.0 0.5 10.0 0.5 0.5 0.5
Temperature, °C 10.5 10.8 11.7: 12.0 13.5 117 14.8 12.5 14.8 12.5 11.5 12.3 12.0] 11.5 11.5
PH 7.50, 7.60 7.51 7.68 7.45 7.63 7.15 7.25 7.35 '7.55: 747 7.90 7.50 7.38 7.42
Relative conductivity, p5/cm | 38.520] 41,750 41,570 43,370 40,580 44,2200 17,000, 42,040, 38,280 43,900, 40,940 48,5600 42,730/ 39,430, 41,290
Total solid, ppm 28,260 30,370| 30,610/ 32,110, 29,920, 32,300; 12,640 30,740 27,520 32,560, 30,060 36,460, 31,150 28.990| 30,590
Ignition remnants, ppm 23,870, 25,600 25440 26,270, 25400 27,3201 10,660 25,020 22,6201 27,010, 24,960, 29450 25560/ 24.560. 25460
Ignition loss, ppm 4,390, 4,770 5170, 5840, 4,520 4,980, 1,980, 5720, 4,900, 5,460 5,100 7,010 5.590 4,430 5,130,
M-alkalinity, ppm 114 124 120 120 122 121 149; 131 125, 121] 119 117, 118 118 121
- Total hardness, ppm 4,710, 5140, 5090, 5300/ 5070, 5480 2570, 5,100 4,590, 5,380 5,040 5,820 5,290 5,090‘ 5,060
‘-g Oxygen demand, ppm 5.6 6.0 6.0 56 7.8 5.0 12.5 85 6.9 5.4 6.5 3.8 5.9 84 6.7
E Dissolved oxygen, ppm 295 2400 048 137 027 154 0.37 Tr 0.37 0.06 1.15 4.06 0.84 0.07, 0.25
‘E Sl‘llﬁte ion, ppm Tr, Tr, Tr] Tr, Tr Tr Tr| Tr, Tr Tr Tr| Tr Tr| Tr| Tr|
: Chlorine ion, ppm 14,080, 15,380 15,110: 15,710, 14,760, 16,2200 6,200 15,410 13,260, 15,870, 14,950 17,3400 15710; 14,380, 14,950
‘E Ammonium ion, ppm 2.2 2.3 2.6 1.8 2.7 2.2 12.8 44 5.0 2.1 2.3 1.2 2.2 2.6 2.6
_§ Nitrous ion, ppm 0.1 0.2 0.1 0.2 0,1 0.2 1.0 Tr 0.2 0.1 0.1 0.1 0.1] 0.1 0.1
% Nitric- ion, ppm 0.6 0.6 0.5 0.6 0,4 0.5 0.1 Tr 0.5 0.4 0.3 0.6 0.3 0.2 0.3
Sulfide, ppm 0.1> 01> 01> 01> 01> 01> 01> 01> 01> 01> 01> 0.1> 01> 01> 01>
Chlorine demand, ppm 0.7, 0.6 1.9 1.7 2.5 2.1 0.7 0.7, 0.6 0.4 0.4 0.3 0.6 0.7 0.6
Ferric ion, ppm 0.7, 0.6 0.6 0.6 0.8 0.4 1.0 0.8 0.5 0.5 0.7, 0.5 0.6 1.2 0.8
Sulfuric ion, ppm 2,018 2,188 2,179, 2,244] 2,104/ 2,340 8941 2,155 1,945 2,238 2,128 2,484 2,i71 2,639 2,131
Calcium ion, ppm 303.0! 33020 3331 3331 3245 3488 1458 1316 300.2 343.1 324.5 373.1 337.3 310.2 330.2
Magnesium ion, ppm 9326 1,027.8 1,012.5 1,057.9] 983.7 1,089.8 422.00 1,005.1 9024 1,061.4 9994, 1,155.8 1,024.3 940.9/ 1,008.1
Silica, ppm 16, 12 14 12 24 12 26| 14 14 12 14 12 12 16 14
Sample No. 8| 7| s 1o | a2 »| u| 5| 3 | 27| | 2| 30 |3
Drainine South-| East of
Position &?Eetgkgyag e. of gfsg’iw;g}i?r])l:gl]é/ooi eTaasIEy%fT Okyd gulf ‘S&%tleargagx?r;e. of i’:gldaionflegi %‘A()e‘guggrii\?; gl?{;z};g:fvg—
{b:n.g power station power station gas power station walf futé bashi
"§§ Sampling time e~z MU e [ e gmee | q5ieatsse | 1stialst | Istemdste | I5vimlgos
& 8| Depth, m 05 70 05 05 45 05 05 20 0.5: 400 05 20 05 20 05 50
Temperature, °C 11.9 12.3 15.7 18.5 18.0 14.8 112 11.2, 15.51 12.0 13.2 13.0A 12.0 12.5 14.00 123
pH 7.45] 7.68 7.48 7.65 7.62 7.50 7.60 7.65 7.45% 7.67 7.30 7.50 7.05 7.15 7.50, 7.62
Relative conductivity, pU/em | 42,460 46,070 41,870, 43,630 44,3100 42,250 41,380‘ 41’8901 39,040? 42,920, 37,430, 40,190 20'4205 33,640 37,260 42,220
Total solid, ppm 31,140 34.000, 31,000 32,270, 32,380 30,770 31,150 30,470; 28,7501 31,660 27,4205 29,730? 14,9001 24,580{ 27,450 31,240
Ignition remnants, ppm | 25600 28680 25160 26880 26430 26,160 25870 26200 25310 26,880 22,750 25460 12680 20480 22,550 26,780
Ignition loss, ppm 5540 5320 5840 5390 5950 4,610 4,280 4,270E 3,440? 4,780 4,670‘ 4,270 2,220 4,1000 4,900 4.460
M-alkalinity, pom 120 1210 120 124 123 121 120 18 123 120 124 125 137 152 1% 124
_ | Total hardness, ppm 5150 5620 5220 5350 5350 5120 4890 5110 4770 5270 4560 4990 2580 4270 4,400 5,190
-E- Oxygen demand, ppm 6.5 4.4 6.9 5.4 5.6 5.6 5,8i 5.2: 5.9 5.2 7.7 6.2 106 135 6.1i 53
E Dissolved oxygen, ppm 0.34 1.95 1.21 0.91 090  3.05 2.07 1.85 0.41 169 024 0.14 0.24 Tr 0.26 042
é Sulfite ion, ppm Tr Tr Tr. Tr Tr Tr Tri Tr Tr T Tr Tr Tr Tr Tr, Tr
2 Chlorine ion, ppm 15,520 16,740 15160, 15820, 16,250 15,540 15,220 15440 14,210 15600, 13,7000 14,570 7,500, 12,340 13,560 15,410
£ | Ammonium ion, ppm 2.1 1.9 1.9 2.1 2.2 2.2 1.9 2.1 34 1.9 4.2 3.0 7.3 10.6 5.4 2.6
§ Nitrous ion, ppm 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.2 0.1 0.1 0.1 Tr Tr 0.2 01
;'g Nitric ion, ppm 0.3 0.4 04 0.3 0.6 0.3 0.7 0.1 0.3 0.1 0.3 0.2 0.1 Tr 0.4 0.3
Sulfide, ppm 01> 01> 01> 01> 01> 01> 01> 01> 01> 01> 01> 01> 01> 01> 01> 01>
Chlorine demand, ppm 1.3 0.3 0.7 0.4 0.4 0.5 0.4 0.4 0.6 0.8 0.9 0.6 1.3 1.7 03 05
Ferric ion, ppm 0.8 0.6 0.8 0.7 0.8 0.6 0.5 0.5 0.6 0.4 0.7 0.5 1.8 2.0 0.6 0.5
Sulfuric iod, ppm 2,193 2,355 2,188 22727 2259 2203 2186 2,177, 2,023 2238 1924] 2106 1,047 1,741 1,899 2,216
Calcium ion, ppm 3302, 3616, 3316 3445 363.1 3344 3316 3259 3023 3359, 2915 3159 1687 2644 283.0 325.9
Magnesium ion, ppm 1,012.5 1,115.2) 1,029.1] 1,056.2 ‘1,054.0 1,023.4 1,025.6 1,021.20 9514 1,059.7] 9077 986.3] 497.1] 8181 900.21,036.5
Silica, ppm 12 12 20 12 14] 14 8 12 12 8, 14 12| 20 20 12 6
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Table 8 Water analysis on Feb. 1962.
Sample No. 12 s el s 6| 7] s o] 0] ul| ]| ul|o:s
i i
Water gate of (East of North of e . rieat .
Position Tokyo gulf Shinagawa reclaimed lI\‘/IOW part‘()? Shinafawa futd; gen{;re of Tokyd {sf%‘;‘s‘}ﬁ‘ Ib“lt?l- l/)\amllxi
?—_9 g power stationjland of Oi walf EGUIO TIVEr hoohi arbor ashi s
B4 Sampling time 950~ 107 | 10°0~10'% | 10'7~10% | 109510t | 1047~10%7 L L e N T
&
53 Depth, m 0.5 2.5 0.5 4.0 0.5 2.0 0.5 2.0 0.5 5.0 0.5 9.0 0.5 0.5 0.5
Temperature, °C | 6.0 6.5 8.3 7.0 8.0 8.7 8.8 79 9.0 8.0 7.0 6.8 7.0 7.0 7.0
pH 7.58 7.70, 7:50 7.64 7.29, 7.38, 7.09) 7.18 7.26) 7.39 7.48] 7.94 7.55 7.12 7.30
Relative conductivity, pU/cm | 40,2400 42,290; 40,900 43,020, 40,570 41,240, 23,540 36,420] 39,290) 41,240, 41,930, 45780 40,570 39,290/ 39,920
Oxygen demand, ppm 5.0 5.3 8.7 5.1 7.7 9.3 154 8.5 9.7 9.7 7.5 51 7.9 9.7 8.9
- Dissolved oxygen, ppm 2.44 2.70 0.92) 3.06 0.23 0.42 1.58, Tr 0.11 Tr 1.47) 5.48] 1.31 0.16 0.76
S
.g Chlorine ion, ppm 15,760, 16,070, 15370, 16,400, 14,830, 15,350, 8,100 13,680 13,686 15810, 15830 17,530 15,760, 13,880 15,090
=
o
% | Ammonium ion, ppm 1.6 28 4.4 2.8 2.4 5.3 8.6 6.0 5.8 4.8 2.2 2.0 2.0 5.2 4.4
=
o
“ Nitrous ion, ppm 0.1 0.1 0.1 0.1 0.2 0.1 0.9 0.2 0.1 0.1 Tr 0.1 0.1 0.1 Tr
L
=5
& | Nitric ion, ppm 04 0,9 1.1 0.6/ 0.4 0.6 0.3 0.7, 0.2 0.5 0.6] 0.5 0.3 04 0.3
Sulfide, ppm 0.1 01> 01= 01> 01 01> 01> 01 01> 01> 0.1> 01> 0.1> 0.1> 0.1
Chlorine demand, ppm 13 1.7 1.7 1.0 1.8 1.5 1.7] 1.7, 1.1 14 1.9 1.9 1.5 2.2 1.6
Turbidity 7.0, 10.0 125 7.5 20.5| 14.5 79.5 26.5, 16.0] 13.0 11.5 8.5 14.3 34.0 20.3
Sample No. | 16 ] 17 [ 8l 19 20| & { 22 | 23 ‘ 24 [ %5 | 2 1 27 { 28 | 2 [ 30 l 31
I ; ; | : : §
Water gate of|n.5 . [Draining of Soutth~f Water gate of [East of Low part of |North of
Position Shintdkyo basul?i OShintkys eTa_sk ? ‘Tokyo gulf |Shinagawa reclaimed land 1\;Ic uIro river Shnagawafu-
wg power station power station ga?s yo power stationlof Oi walf € t6 bashi
'ég Sampling time 13851345 140;:{;5 141301429 14:;;0 14451455 15021508 1543 ~15%1 1524 1591 15121501
I
3 S Depth, m 0.5 7.5 0.5 0.5 4.0 0.5 0.5 2.01 0.5 3.0 0.5 1.5 0.5 15 0.5] 4.5
Temperature, °C 7.0’ 7.4 8.0 15.8 13.2 12.8 7.0 7.00 112 12.3 10.2 10.0 8.5 10.5 9.5 7.9
,, |
pH 7.38 7.64 7.40 7.46 7.51 7.33 7.39 7.50 7.44 7.61 7.22 7.25 6.90 7.10 7.34, 7.38
Relative conductivity, pU/cm | 42,290 44,540 41,240 41,930, 44,160, 40,900, 42,290, 43,020, 33,720, 37,800 33,950/ 38,380; 25,460, 37,800 34,900 36,160
Oxygen demand, ppm 7.3 6.3 6.8 5.9 5.7 6.3 5.5 5.9 5.9 5.0 7.7 69 221 136 6.1 4.7
Dissolved oxygen, ppm 0.47, 276, 070 1.68] 2.00 244 1.38 2.69] 2.56! 4.54] Tr 0.59 0.70 Tr Tri  0.06
o
o
E Chlorine ion, ppm 15,910 17,120, 15,780, 16,120, 16,120 15960 15860, 15,760 15,680, 16,660 14,320, 14,940, 8,330 14,370, 12,980, 15.810
£
o
% | Ammonium ion, ppm 6.2 3.8 4.6 6.2, 28 - 54 438 4.6 3.0 4.6 5.2 4.0 9.4 5.6 5.6 5.0
- .
(=]
: Nitrous ion, ppm Tr 0.1 T Tri Tr Tr Tr 0.1 Tr Tr] 0.1 0.1 0.4 Tr] 0.2, Tr|
(5]
24
;,g) Nitric ion, ppm 0.6 0.2 0.5 0.5 0.6 0.7 04 0.5 0.5 0.6 0.7 0.7 0.5 0.3 1.6 0.3
Sulfide, ppm 0.1 01 01> 0.1 0.1 0.1 01 01> 0.1 0.1 01 01> 0.1 0.1 01>] 01>
Chlorine demand, ppm 1.3 1.2 1.8 1.7 1.1 2.8 1.0 0.8 0.7 1.0 1.2 1.2 54 3.2 2.6 1.0
Turbidity 14.3 9.7 15.5 12.0 12,7 15.8; 9.7, 9.5 17.5 10.7, 28.5] 21.7] 151.0 62.8 22.0 8.4
j
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Table 9 Water analysis on Apr. 1962.
Sample No. 12 sl afs e 7] s ol ]|l s | uos
East of
Water gate ofI . North of “ eopar s . Eitai Aioi
Position Tékys gulf  |Shinagawa  [fcclaimed Low part of Shinagawafutg [Centre of Tokys|Kachido. |Eital jol.
B . power station is:lc% of O1 Meguro river bashi harbor ki bashi bashi jbashi
—5.%' S;impling time greQrt 10t0~1021 102°0~10%" 10t =~10%° 1055 ~11°7 11tr )12 11“"'5012“""1013“"’”
gg| vam 11 12 13
% S| Depth, m O.Si 2.0 0.5] 3.0 0.5] 1.5 0,5§ 1,5] 0.5 3.5 0.5 9.0 0.5 0.5 0.5
Temperature, °C 14A0( 14.5) 145 14.2% 16.50  16.5 16,8 156 17.2 15.8 15.0 14.0 15.0 15.5 164
- ]
pH 758  7.78 7.48‘ 7.62; 722 7.20 6.98‘ 6.95 7.48 7.68 7.70 8.00 741 7.05 7.00
Relative conductivity, u/cm 42,770, 43,180 35,360: 40,836 33,270, 34,550 19,ZOOj 27,720, 33,330, 39,070 38,090 40,830 29,820 24,820, 23,760
! : |
w |
Oxygen demand, ppm 8.6 8.2 8.9 8.9 15.0 14.0 16.0 224 10.6 7.8 7.8 6.8, 15.2 20.8] 21.0]
g Dissolved oxygen, ppm 5.63 4.62 1.74 4.00 Tr| 0.30 Tr Tr 0.25 0.94, 3.83] 4.29 Tr Tr| Tr|
2
I i .
:é Chlorine ion, ppm 15,770, 15,710 13920 16,610 13,180, 13,790, 6,920 10,870, 13432 15890 -15380, 16,890, 11,330, 8900 8,540,
& | ;
» {
: Ammonium ion, ppm 3.2 2.9 44 34 8.6 6.3 7.9 4.2 7.6 3.7 5.6 2.6 6.3 7.7 7.6
a .
§ Nitrous ion, ppm 0.1 0.1 0.1 0.1 0.1 0.1 Tr 0.1 0.1 0.1 0.1 0.1 0.1 Tr Tr,
2
E} |
P | Nitric ion, ppm 1.2 0.9 1.2 14 0.7 1.0 0.8 0.9 0.9 0.8 07 0.6 0.7 0.5 1.0
Sulfide, ppm 01> 01> 01> 0.1 01 01> 01> 09 01> 01> 01> 01> 01> 0.1 0.2
Chlorine demand, ppm 1.0 09, 2.0 2‘3) 24 34 35 4.2 2.1 1.0 1.1 0.8 1.3 4.6 6.3
| |
i i
Turbidity 334 315 465 750, 795 895 898 165.2 62.2 34.0 39.5 375 91.50  136.0 68.0
| |
Sample No. s | ol oas | w9 20 2| 22 23| 2] 5] | w| s ]| 2|4
W i D k £ S"”th“!‘ W ‘ £l North of
ater gate of | px raining o { ater gate of |[East of orth o
Position Shintokyd g‘;’;ﬁ"-to Shintokyd ’eras_tl of Tokys gulf Shinagawa reclaimed I\;IOW part of Shinagawa-
e power station ! ipower station‘gag kyo ) power station |land of Oi walf | ¢8UTO TIVET £t5 hashi
"é;; Sampling time (EE L A IS VIS PLE 14“;;_ WS 1500 | 15000500 | I5ie~15Es | 155iel5t0 | 1510160t
g |
& S| Depth, m 0.5 3.5 0.5 0.5] 4.5 0.5 0.5] 1.5 0.5 3.0 0.5 1.5 0.5 15 0.5 4.0
Temperature, °C 155 138 165 207 198 203 155 155 16.5; 150 185 168 183 ]6.5% 212 154
! i -
pH 7200 7720 750, 760] 765 771 760 7.70, 752 750 7.200 770 7.8 740 741 762
Relative conductivity, pt/cm ; 34,080, 41,580] 34,340| 38,090, 38,410, 37,150: 37,770 37,770/ 36,260, 37,770 31,040 37,150 29,620, 36,550 34,340, 38410
|
Oxygen demand, ppm 10.3; 5.8 9.0 7.3 7.3 8.4 8.1 8.2 8.6 88 12.4: 10.5 16.8 13.2 9.2 8.4
g Dissolved oxygen, ppm Tr] 3,04 1.28 2.29 2.24 4.01 8.17 6.42 3.04 2.69 0.33 6.03 1.75 241 Tr| Tr
E Chlorine ion, ppm 13,060, 17,020, 13,830) 15,770} 15730, 15180, 15410 14,870, 14,550 14,800 12,0200 15070 11,250, 14,420 13,560, 15410
[
¥ .
¢ | Ammonium ion. ppm 5.0 24 4.5 3.6 3.0 0.9 1.2 1.1 2.0 1.5 44 1.7, 6.2 2.7 2.6 2.5
é i
§ Nitrous ion, ppm Tr. 0.1 Tr| 0.1 0.1 0.1 0.1 0.1 0.1 0.1 Tr 0.1 Tr ¢l 0.2, 0.1
'.5 .
@ | Nitric ion, ppm 0.7 04 1.0 0.5 0.8 0.7, 0.6 0.6 1.0 0.2, 1.1 1.2 1.0 1.5 0.8 1.0
Sulfide, ppm 0.1 0.1 0.1 01 0L 01> 0.1 0.1 0.1 01> 01> 01> 01> 01> 01> 01>
Chlorine demand, ppm 2.7 11 1.9 14 11 1.0 2.3 2.5 1.5 14 19 24 3.0 1.5 21 16
Turbidity 59.5| ©39.5] 56.5 435 451 52.00 436] 435 720, 795 933 952 147.6 104.0] 650 427
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Chlorine ion, PPm

Dissolved oxygen, PPm
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Fig. 2 ®

Ammonium ion, PPm
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Table 10 Analysis of mud in the sea and river bed.

Composition, %

Al
Os

Sampling position
LO1 | SiO:

Ca0 j Mgo\Feﬂo8

c1 [soqfy®

Low part of Meguro
river 29.43| 35.56, 16.08] 1.89] 1.10[ 7.090.77)0.60{1.09)
Water gate of Shina
gawa power station | 15.11] 48.03] 15.28) 1.36] 0.63 6.801,230.41/1.35

Tokyo gulf 6.24] 60.64] 14.97| 1.88 0.61] 6.280.480.27/0.37
North of Shinagawa

futd bashi 18.32] 47.50] 14.34] 1.54) 0.99] 6.39{1.40,0.54]1.32
East of reclaimed

land of Oi walf 16.46| 50.01] 15.40] 1.46/ 0.80] 6.361.21/0.43/1.30
Center of Tokyd

harbor 15.01} 48.57 16.24] 1.34] 1.22 6.68/1.56/0.871.22
Aloibashi 16.09| 49.50| 16.58 1.36/ 0.63] 7.75/0.17/0.64/1.20
Eitaibashi 13.20 54.61} 15.98 1.57] 1.03| 6.86/0.17/0.48[1.10

Water gate of Shin
tokyo power station | 17.37| 43.94] 16.52] 2.24] 1.88 7.180.72/0.76/0.97

Tountobashi 11.32] 48.87 19.57] 2.31 2.04) 7.07/0.67/0.59/0.88
Draining of Shintd
kyd power station 14.08| 50.97| 16.71] 1.79] 1.89] 6.79/0.81/0.63/0.92
South-east of Tokyo

gas 15.54| 47.98) 16.18) 1.71] 1.74] 5.83/1.03)0.60/0.84

Table 11 Aualysis of mud in the sea and river bed
Aug. 29, 1961.

Composition, %

I | cao|meo ey, | c1lsouig?

Sampling position X
LOI [$i0s |

Low part of Meguro
river 31.56] 33.06] 13.801 2.56! 1.78] 6.482.16/0.43/2.27
Water gate of Shina
gawa power station | 27.06 43.58 11.00] 1.92] 2.35 5.86/2.16/0.52/1.61

Tokyo gulf 19.00] 43.44| 14.80] 1.44] 2.66, 5.89/3.40/0.62/1,25
North of Shinagawa

futdé bashi 24.18 41,58 14.48 1.72) 2.24) 4.232.590.3411.72
Fast of reclaimed

land of Oi walf 22.800 40.30 12.90] 2.26) 2.70, 6.09/1.82/0.30,1.64
Ajoibashi 16.38] 56.88| 14.08 1.96] 2.51] 5.77/0.77)0.48/1.27
Eitaibashi 17.24) 43.44] 15.16] 1.64] 1.32 6.46/0.92/0.522.31
Tountobashi 17.12] 57.18) 12,10 1.74] 2.39] 7.26/1.81)0.46[1.57

Draining of Shintd
kyod power station | 17.92] 44.90| 13.76] 1.92] 2.36] 6.0012.13/0.62/1.59
South-east of Tokyd

gas 17.04 45.64) 13.70) 2.02 2.46, 6.00,2.64/0.5211.58)

5! 157}( MI*J_IEZ’T—)LGDEI:E

Tablel2 |34 MK D FEE AN B W TR SN AT KBRS
PTENZ ThE Lz 2 ¢~W@}Mﬂf%éouﬂb®xv~
wa@ﬁ&@%@mxgm%@a&%né%\E%Kﬁm
g L U CI BN ERER O T A B X HEAE L LUET
XD, BUIKBEARLECENDR 7 — VT L TES
274 WREITE LI b DA% < 30~50mg/cm?2ic 54
HHEDHL UL RV

ZDOED R~ MikEE UTEROEB LY. EORAEN
. B LUOER, BRKPOESEELLDOTHD., (B
EHERRPIEDVE NS DEL LMD, ELTAY —vd |-
BliEgkom % <. TEILR, Bk 8ol
D B e FE BRI AR LTI R D LT
WA KITFERR OB KERE L, LS I L 03ER0
bbb, BIbEE AR AE TN HE UTIHFRNES
JEWP EERILETR A ERE STV WA, 1B

Fricds T

Pk AEEIK E LTWH A B S BT Crk04~2.5%,
KEE/ O FEEBFFCIL 3.3~6.3% O ety (S & LTHY #
Hj%ﬁ’b‘fl(\%o

Table 12 Analysis of scale in condenser tube.

Composition, %

Sul
so.| 24| Lot

Layer
Power station £

O
scale | Cu ‘ Zn | Al jSi ; ‘Fe

23.40) 0.90) 400109/ 10.100.76|(asS 2121

. outer | ~ i BadUi Radt BEad ad ~
gsaﬁayt%df a L 35.38] 2.65] 6.0311.56! 13.60/2.38 5 33 27.47
gstuary o 13.80/10.00/ 7.99)0.68 ~1.30)3.66/ ~2.15| 10.30
45.30/13.40 8.8410.82| 2.1014.36] 3.42| 14.61
37,26/ 1.00) 1.930.50] 7.10{1.11| 2.88| 21.30

: outer | ~ | ~ |~ |~ ~ |~ | ~ ~
gtSItuateg at 42.10} 2.70] 3.24/0.64] 10.80/2.30] 5.80| 24.40
Fipary ot river 35.00] 4.30] 6.04/0733] 0.80[2.88] 3.36] 18.49

inner | ~ ~ e~~~ i ~] ~ ~
46.80| 6.40] 9.11/0.54] 3.4503.871 6.37] 17.08
S situated at [11.08) 2.0011.45]1.88) 5.841.38] 0.43) 20.38
Nagoya harbor 34.56] 4.40] 5.74]1.25] 2.953.37] 2.53 34.51
S situated at the [15.26( 7.25] 6.0013.71 6.081.66 0.08 25.15
inland sea of Seto 18.64] 3.60] 5.1914.04) 9.90[1.07] 0.15| 25.95
INBDOBERKFTE LAy — bk, Fig. 5 i

R LD RXEHI CaS 2SN TnWB A, EERHO
728 XERIC I BRI S i Z & b &0 Tk Filo
ﬁ%:@bf%&?%ﬁm%macwsf%é:aﬂ%%
NTkY, BABELREZ T L0 L N5,

F 7o BYOKIB A A U OB PR 7 — v s B LTS
BIL/<7 7 ) YA INTWSEA, ZOBEDONRY 7Y X
DR E N BEy <. B2 ERIK D FREFROEKERE
731,200~5,400MPN/ c.c. i 44 1 B K 1 FETE TR DB K B35 13
DA00REETH 1 . Rogers mF 5 ¥ 5 ¢y | e e
TH LTI AA BT I D & D NEMFIETW e\,

6. BEREET/FUTORE

FEFN364F 4 A ¥ X OFAFE12 B U 7o RE7K & FU
BRSPER TR 21T - ¢, FE LieiifbkBAREER CER L
7oo ZfEHR Table 13 R THER 15720 BEAD L H 1T
AR I T DRALKEDOFEA L, O EBIZ X -
T BEMIC D & &M TE B,

INDDRER Lic s 7 Y YRIBHRBHRE L VEY L
fERO—F% Photo 1 iRk L, HAEEMIL & FEEOH
e Sporovibrio desulfricans M Uiz T B DS

Table 13 Detection of hydrogen sulfide with
anaerobic culture, (Aug. 29, 1961).

H,S deter
mined, ppm

H,S deter

Samplied position 2
mined, ppm

[ Sampling position }

Low part of Meguro 1.72 | Tounto bashi 37.9
pvator gate ol amind 442 | Aioibashi 5.8
Tokyo gulf 15.5 Eitaibashi 44.7
gg:th east of Tokyd| 37.9 If\Il:)trC_::gxagfliShinagawa 39.6
Draining of Shinto 32.7 Elzsr,ltdo(ffrgclliérax}?d 50.7

kyo power station

Caltivated for a month at 30°C.
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Fig. 5 X-ray analysis of scale on Aluminum brass tube.

a and b are in poluted water, while ¢ is in normal sea water

Low part of Meguro river Water gate of Shinagawa North of Shinagawa futd bashi
power station

Draining of Shintdkyo Aioibashi East of reclaimed land of
power station Oi walf

Photo. 1 Sulfate reducing bacteria near the TOkyo harbor detected with ancerobic culture, x1,000.
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Table 14 The number of sulfate reducing bacteria
in water and mnd (Aug. 1961).
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Table 15 The base of poluted sea water.

Normal sea | Polluted sea
water water
pH. 7.6~8.4 6.5~7.5
Dissolved oxygen, ppm 6~10 4>
Oxygen demand, K4 2~3 5<
Ammonium ion, K4 Tr 2<
Chlorine ion, K4 18,000~22,000 —
s Sometimes
Sulfide, kS None detéctable

Sulfate reducing bacteria,
Sampling position soa and N/cc -

river water | mud in bed
Low part of Meguro river 24,000 920,000
‘Water gate of Shinagawa power station 5,400 240,000
Tokyo gulf 540 24,000
Centre of Tdkyd harbor 1,600 92,000
Toduntobashi 5,400 350,000
North of Shinagawa futobashi 16,000 790,000
East of reclaimed land of Oi walf 9,200 540,000
Water gate of Shintdkyd power station 5,400 240,000

ZNEDREN BIFHDOFBELEDONCTET S Z L1,

Caltivated for 10 days at 30°C with dilution method.
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On the Investigation of Quantitative Analytical Method
with X-Ray Fluorescence (Rep.1)

by Toshio Sawada and Akinari Ichiryu

In recent years, X-ray fluorescence analysis has attracted considerable interest because
it seems to offer a high-sppeed technique which may replace some of the time-consuming
wet chemical procedures currently used. With the Rigakudenki X-ray fluorescence
spectrometer (X-ray tube : Machlett OEG-50), some basic problems in the X-ray
spectrometry and applications to the determinations of arsenic and iron in the copper-
arsenic alloy, and iron and manganese in the copper-nickel alloy were treated in this
report.

First basic problem is what position of the sample surface is analyzed. The intensity
of primary X-ray is found to be approximately uniform over the cross section of the X-ray
beam. Therefore, the intensities of the positions on the sample surface at the same
distance from the X-ray tube are the same as shown in photo. 1. But the nonuniformity
of analytical-line intensity on the sample surface is demonstrated in the experiment with
the small copper plate, the CuKa intensity of which is measured. If the size of copper
plate is smaller, the analytical-line intensities may markedly vary at different points of
sample surface. This phenomenon indicates that the atoms contributing to the analytical-
line intensity locate at the different depths below the surface depending on the positions.
From the above consideration, the importance of sample position should be concerned in
the X-ray fluorescence analysis.

Second basic problem is what correlation exists between the intensity of X-ray
fluorescence and the value of voltage or ampere used to generate primary X-ray. The
solution of this problem is complicated, although there is a known relation between the
intensity, Ic, of the primary characteristic X-ray and accelerating voltage, V ; Ic=k(V-
Vux)", where Vgux is the critical excitation potential for the observed characteristic
radiation, and k and n are empirical constants. According to the results of investigation
with pure metal samples of titanium, copper, nickel and zirconium, there are similar
relations as above, even if the mechanisms of exciting primary and fluorescent X-rays are
different. The obtained equation is I=bi(V-V4x)” where V and i are applied voltage and
ampere respectively, and b and m are empirical constants. The deviation from this
equation is observed at the high intensity level, but the origin of this deviation should
not only be due to coincidence losses of detector, scintillation counter, because the different
behaviors may be found at CuKe intensity in copper-nickel alloy samples. (see Fig. 3-3)

A nondestructive analysis with the measurement of X-ray fluorescence intensity by
fixed time method has been successfully applied to copper-arsenic mother alloy (content
of arsenic : 10—15%). For arsenic, the overall calibration curve with AsKa becomes
concave in consequence of absorption effect of copper element. This calibration curve,
however, seems to be linear below 15%As and so the simple and rapid determination is
possible through the estimation in the relative equation without any particular trouble.
The standard deviation. ¢4, of the difference from the value obtained by chemical
determination was + 0.17%.
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The determinations of small compositions; iron (<0.4%) in the copper arsenic alloy,
and iron (0.5—1.4%) and manganese (0.2—1.49%) in the copper-nickel alloy; were made
by the intensity ratio method without substracting background intensity. FEach calibration
curve is linear, and its gradient varies with the applied voltage and ampere. This variation
is originated from the different effects of the voltage and ampere to the intensities of the

fluorescent X-ray and background.

The accuracies of these determinations were as

follows; ¢a=0.008% for iron in the copper-arsenic alloy, and ¢4=0.0279% for iron and ¢,=

0.024 for manganese in the copper-nikel alloy.
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X-ray tube

Analyzing crystal (LiF)

Specimen

Detector
(Scintillation counter)

Fig. 1 Plane views of spectrometer. (Schematic)
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sample holder

Upper side of

X-ray film placed at the sample holder,

opening of which is 24x50mm.

Photo. 1 Distribution of radiation intensity with the

primary X-ray beam on the sample surface.
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Fig. 2 The position number on the sample surface for the
investigation of analytical-line intensity.
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Table 1 The distribution of analytical-line intensity*

with a small copper plate.

Table 1-1 With 10x10mm copper plate.

No. 1 No. 6
28.7 118.1
2
21.6 124.1
3 8
21.4 78.3
4
1.3 28.4
5 10
0.2 0
Applied voltage : 20 KV
Amperage SmA

Table 1-2 With smaller copper plate: 5xX5mm

No. 1-1 No. 1-3 No. 6-1 No. 6-3
0.2 29.1 76.8 28.1
1-2 1-4 6-2 6-4
0.4 46.6 71.9 88.0
2-1 2-3 7-1 7-3
0.4 51.6 134.7 68.3
2-2 2-4 7-2 7-4
0.3 46.1 105.9 18.0
3-1 3-3 T 8-1 8-3
0.4 35.9 879 61.7
3-2 3-4 8-2 8-4
0.2 28.2 n.a 46.2
4-1 4-3 9-1 9-3
0.3 21.8 53.5 30.9
4-2 4-4 9-2 9-4
0.2 39 23.2 6.8
Applied voltage : 20 KV
Amperage : 15 mA

*The intensities of CuKe radiation are taken as the peak height
in the recording method. In the above tables, intensities 100 is
equal to 6400 cps.
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Fig. 3-1 Analytical-line intensities and applied voltages
for TiKe and NiKe.
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Fig. 4 Absorption edges and analytical lines of the

elements in the copper - arsenic alloy.
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1.0 4
0.8 //‘/
N
0 C/dr/ /(
5 0.4
z //// %
5
E 04 /} /
O po—
0 25 50 75 100

Weight percentage of CuO or AszOs
Fig. 5 Calibration curves for CuO and As20s3, using CuKa

and AsKa respectively.
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Fig. 6 Fluorescent X-ray spectra with copper-arsenic alloy.
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radiation.
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BESYEX s < BB AsKa OMER KD D T ENRT —

XTro F LT DOHFET L AMERE e B15% LT THEMB

LD D EDbhoTie N
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BmEOllEESICIL. v~ FEEHR, EE (Fixed
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Bo mEEHATHE LCIER LickhEig Fig. 8 Th b,
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TRDDZENTE Do
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intensity of AsKa line,
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Weight percentage of arsenic

Fig. 8 Calibration curve for arsenic in the copper-arsenic
alloy.
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Degree of 20
lc : Characteristic intensity.
lb : Background intensity.
ip : Measured intensity.
Fig. 9 Characteristic and background intensities.
(Schematic)

X 104cpm ik EIT T 145ty 640 2 #izx 5o U
BoFHIgE 16X 10tcpm T, /Sy 7 77 ¥ & 10tcpm
LR LT (4— ) B3R B ER10~15% v RO
= £05% DIICe Be BT H ey OffEA 1275 D
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CRXE D,

Bl G A i Lic A OBET, X HowhbE
L BBERSERC L - TRERBN LBROBETE
0.3% LINIT e Bo (o CAMGAREEARNTENSTH S C
ENb B,

4:1-3 wEER

F o — FEREE - G 3 L ONER A (608 —
Wit E o 2 FkCEiE L Lice Zhvk Table 2 iR
o AREE, BHITBKV—10mATCITo7,

SRS TS LTEC R » fo AR Ly T
BVERL O BRENE & 7 b0 FIERTIREDLES R <,
(LB HHE & OEFIEENRD o (LF/WHEEZOME L
CREDEREFRE AR B & £0.17% & BIFRERME BN
7<o

Table 2 Arsenic determination with AsKea radiation

in the copper-arsenic alloy.

— H FEY . H *

Saml~ Cher?ic‘?ll Pvffii%yrzrc]gll‘g?;xsg?Difference &_igiyf?ggtllyms‘Difference
ple| analysis | 04104 | time method |
A 10.35% 10.39% +0.04% 10.25% —0.10%
B 13.56 13.69 +0.13 13.53 —0.03
C 15.01 15.37 +0.36 15.20 +0.19
D 11.36 11.42 +0.06 11.30 -0.01
E 14.56 14.84 +0.28 14.75 -+0.19
r 12.04 12.25 +0.21 12.24 +0.20
G 12.73 13.04 -+0.31 12.61 —0.12
H 12.86 13.14 -+0.28 13.12 -+0.26
1 16.04 16.36 +0.32 16.18 +0.14
J 12.37 12.39 +0.02
K 15.17 15.00 —0.17
L 12.28 12.01 —0.27
M 12.26 12.21 —0.05

* Difference refers to the result of chemical analysis.
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4-2 bLREELETOKORE
421 =ESMH
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HEESTRDDZENTE D, SRIIBHELBESTSH 7 v
ML EEN TR Y., ZOHEIRESELBE L TR
DHEN S, IVEMER Sy 27Ty FRELND,
EEGEEEFEOEFERNBD D, Sy 2 T T P
FICZ &, HERBOBAXERELOREL I D, K
EMIDEEEARDDZ LK Lz, ME% Fig. 10 =
R,

1.0 v

vd

Intensity ratio of FeKa line
o
O~

0.1 0.2 0.3 0.4

(e

Weight percentage of iron

Fig. 10 Calibration curve for iron in the copper-arsenic
alloy.
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Fig. 11 Effect of applied voltage and amperage on the
intensity ratio; background per FeKa line
intensity.

EEIE, BRIC LDEIIP Jobho B L X ERD
HEEEE, WRIC L > TELT D E0%bhb, OB
ik Fe Ka b3y v /oy VB IE4EE. BHROE
BEENDDIDEEZ BND,

Mgt L, 35K V—15mA ., Gain 32, Base Line
WVARED, eREFAFEERHET EIT OREOLRKD I,
BHES M 2 2T 6 2k T AN THREDRIEXTT - 7o
4-2-2 wEBHER

EaAb R O—#l% Table 3 ik, 26 2 DIEHT DN
TALERIHTE & DEMIEE R TEHN +0.005%, #EHOF
B3 —0.007%. EOEHERFZET £0.008%TH 5120

Table 3 Iron determination with FeKa radiation

in the copper-arsenic alloy.

Sample | Chemical analysis X-ray analysis Difference
A 0.026% 0.025% —0.001%
B 0.026 0.025 —0.001
C 0.036 0.027 —0.009
D 0.040 0.041 +0.001
E 0.064 0.055 —0.009
F 0.104 0.097 —0.007
G 0.159 0.164 +0.005
H 0.039 0.030 —0.009
I 0.263 0.260 —0.003
J 0.212 0.215 +0.003
K 0.183 0.185 +0.002
L 0.015 0.017 +0.002

4-3 REREREICHO>VT

BB RENREED R I XA BRI FE 8D W T,
ZLOXENB Y, FBEETCLYy v FRe =t LT
%ﬁgmmtmbﬁgﬁm&<\ﬁﬁﬁm&@%@?%:
EERBETIEHE Lo BRMEE LTEDL I BB TL5
PEDOWT, e BAFDOLREGTHRE Lico ¥ = — /8~
th kW cei U @A UCHIEd% & Table 4 ©
HhHo INHOBRITWIN L EERAEGBICSH D, L
WFHEBEC L ABREDOR N E TR T X

Table 4 Effect of surface preparation on the result

of X-ray analysis.

Preparation method Sample| As, % ngfczﬁ Fe,% rDérfxiz‘*
Finished by shaper 20 8% - |ME -
Polished by coarse sandpaper S 9.92 +0.02

(AA120) T 16.69 —0.09
Polished by fine sandpaper S 10.02 +0.12
(AA240) T 16.74 —0.04
Polished by extrimely fine S 9.98 +0.08 | 0.030 +0.003
sandpaper (AA400) T 16.72 —0.06 | 0.031 +0.001
sos S 9.94 --0.04 | 0.027 0
Finished by lathe T | 16.67 —0.11 | 0.032 +0.002

* Difference from the value determined with shaper preparation.

5, H——9rlEe2hOELLUPTVvHY
DEE
H—= v T VEERDWTDE N XTI Cle® s
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Fig. 12 Calibration curve for iron in the copper-nickel

alloy.
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Fig. 13 Calibration curve for manganese in the

copper-nickel alloy.
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DOEDEOELENE +0.02%, BTk —0.03%, =0
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Table 5 Iron determination with FeKa radiation

in the copper-nickel alloy.

Sample | Chemical analysis X-ray analysis 1 Difference
A 0.949 0.98% H 40,049
B 1.16 1.13 —0.03
C 1.15 1.15 0
D 0.57 0.57 0
E 0.55 0.56 +0.01
F 0.53 0.52 —0.01
G 1.25 1.25 0
H 1.40 1.34 ~-0.06
1 1.81 1.32 +0.01
J 0.56 0.59 +0.03

< v H i owTit Table 6 @59 {LZAUEE D
HENEDERNE +0.019%., Ao —0.029%., EoElE
et +0.0249%Th 5720

Table 6 Manganese determination with MnKe

radiation in the copper-nickel alloy.

Sample | Chemical analysis X-ray analysis Difference
A 0.65% 0.64% -0.01%
B 0.75 0.74 ~0.01
C 1.39 1.33 .06
D 0.48 0.47 —0.01
E 0.44 0.45 +0.01
¥ 0.30 0.29 —0.01
G 0.20 0.21 +0.01
H 0.24 0.22 —0.02
1 0.63 0.64 +0.01
J 0.54 .52 —~0.02

Bl Eo#E#x Integral R L HHETHD ., BEL
BB DI B OB R A BERS D, I D
DITHE X -5kt Differential #7:X¢ Pulse Height
Analyzer OFRThb, Lol FeKa, MnKa 2ifiE
T2 EH XEARR NSO T, MR L HBEOEI R
75V)7ﬁ:g)7>

HER O F v — MR CHES & HIFEMR TRD TE
BB A E Lol & i35 &, ARDFEN, ghieD
W I, =y F Y EDWTH UFRER L TWD,
mEk. BRI TCrE, M T X OBERZE LD
PNFEEERAT 5000 Line
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5N X AFTICDNT, DT ENHE B C LB &£
ST X RS T B8R D, €0



Vol. 3 No. 3 BOCXHNT & BB OBgE (48 1#)

(269)

RIS WTRITSICIREE T 5080 S 5, B Xigm
BEL 1 RXFLEDIDOEL I L UTER & ORI
THHN, HHELEFTIE I=a(V—-Vax)" OBIRAMN
T3 %0 FoBHIT aicdLPIR L a=bi 23504
Do CNHDOMARIERE, BHEO L ORI B TR
TENERETDZLETER G, EioRHBOH2EL
DIENBHETDHZELTEX Aot

GG O B LU l—=v r Aok
FLO= ¥y DEEFNCDNTIR Uine WL i
THlzE L, EIT OFibaififE &4 H#E m 5T L -7,
EREDWTEEIR L, gk ~ ¥ 7 i@ DWW TCHRE %
OB D EEREF I E oo MEROWIRICITE
. EE. Base Line B|IEAEE 452 243D, bl
LRI T AWTE A O & s UTRE 25K 7o
ZTORRE, vHEAETeE (BHE10~15%) 15+
017%., & 0A4%LIT) 1k £0.008%., & 7ff—= v o
BRICOWTIE, #k (0.5~1.49%) & +0.027%, <~ 7>
(0.2~1.4%) 13 4:0.0249 258 517,

AW B fz o THIZRE) I BIMBE A W » To BB K
ORI S L OEREH e #Ems 3 LEJ,

X ik

1) H.J. Beattie, R.M. Brissey: Anal. Chem., 26 (1954), 980.

2) A. Jonssen: Z. Physik, 36 (1926), 426.

3) S.K. Allison: Phys. Rev., 32 (1928), 1.

4) H.A. Liebhafsky, H.G. Pfeiffer, E.H. Winslow, P .D.
Zemany : X-ray Absorption and Emission in Analytical
Chemistry, p. 100 and 235, John Wiley and Sowus, Inc.
(1960)

5 BER Ji, sk, —HIREEL @ 5 FT ks 10 (1961), 1070.

6) L 2%k 10 (1961), 1077.

7) [FL 4k ez 10 (1961), 1195,

8) B.R. Banerjee: J. of Applied Physics, 30 (1959), 249.

9) L.S. Birks : X-ray Spectrochmical Analysis, p.7,

Interscience Publishers, Inc. (1959).

— 10 —



P

64
Reprinted from SUMITOMO LIGHT METAL TECHNICAL REPORTS Vol. 3 No. 3 JUL., 1962

TS = v oAl o B ek

" HF B -

R B TRt B



LI I H R
X

LD H B U TR

J4y

7 o

= v s WMo BEKE Y M

' O OB’ —F

The Deep Drawing Capacity of Aluminium Sheet

By Koichi Yoshii

A way for improving productivity of sheet metal press-forming may be to put the

right material in the right purpose.

In order to tender some informations for that, the author has attempted to classify
variously tempered aluminium sheet based on the results by some fundamental formability
tests. Erichsen cup test, K.W.Il. bore expanding test and deep drawing cup test, a few sort
of punches were used, have been carried out. Compared the annealing tempered sheet with
rolling tempered one, following results were obtained.

(1) There is no difference between the bulgeability of them.
(2) As to deep-drawability, the annealing tempered sheet is better.
(8) As to bulging combined deep-drawability, the rolling tempered sheet is better.
(4) As for stretch-flangeability, the rolling tempered sheet is better.
And a few consideration was carried out for the connection between the results of tensile

test and deep-drawability of them.

1. £ A M» %

HEBMEO b - & b— KRR LW, 25
FF100E LB THBTHEMM 7V I =y 25T
%%507W:*WA@%WM'WE%Em%&£m¥M

EROER L LT v AT, BRCERE D A 2 B
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BOGREERE LD L LTHWBNRDZ & MRS ot
P, BLEORNE, EmEA A EXE, FABMOMIEAEE S
TR U B A M & UCHRT 5 28 TN 5
Ao THtc, v AT HNOR LS EBID
AN B - TRD Z ENEL BN,

FEEEMETENCEET A R L) 2B AT S
S ERTE D, I DUEERTE TR OEIENIT L DN
TEAL Ul B il e e cofiin: LI X DR L
METE D, 1 DILETBR TR & U7l R Al 24 7 IR
ORI & 2 LI L THIE LcHM B Th 50 BB 40
7nE URER, B RSB iR 5, BUERIEOE
Wb IRE OBMEEIIE R - TR D, I I TR
DLEROEL & B AT TR,

CETRHRHRIETEACTRE Lic7 v =y 2 mko
B DM D CHEREICHE AT o e R e e+

BHEE BT, B MO AN LB I AT O B 7 R
& BB D YR & OBIEMEI DWT 2, 3OEBRETR o
HERL b THRETD
oo X

2. 2 BR ¥ #

WATH LM O BER AL L ORI AHA—CT 5 7
4 N T ORBRFENL LD A ¥ Ty F bl ot L
175 o CRMEAEL FIRC AT i o T B B % LERET
B LTk, 40 5 mm BRGNS T b 70 % U
LOmmE THMFEE L, #1%, £hER190°C, 220°C,
260°Cs L 0* 350°C Ifpy ¢ 1 ERAME R F L Uiz S B H
B Mo FEREREH & LTIk, 405 5 mm o gL

MTHAF0% FRELImm, 1L.3mm, 1.bmm, 1.7mm
L O2.0mm¥E THIEIEE L, # 2 ©350°C, 1R B

BE LA motoDt, FANTHE1L.0mm 4RI L
7B EOME A BV, (Fig 128, B_L10BosE o
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o g 4 Table 2 iRt DIF&#E % Figlic
HEL Ui B THRbT Z 210 T %o HIE O 3 7 v illi%
Photo. 1 ik Lz,

Table 1 Chemical composition of test specimens

iCu] 1 ‘Mg\Mn§anCr]A1}
i omei 0.59 \ 0.15 ; Tr. i 0.0141 0.0121 Tr. l 99.21

%

|
|
i
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Table 2 Mechanical properties of specimens
. | Yield Strength, Tensxl strength, Elongation { Vicker's harness | 1 i |
il Tempeesglensg i v0.2 | vB ! , Hv 1‘ Enf;}siﬂ ; Symbols

proc i i kg/mm? kg/mm? i % (5 kg) | u !
350°Cx 1 hr. 2.5 9.2 16 22.6 Louns A
200% 1 2.6 9.2 48 ‘ 20.3 on.s B

Annealing s
tempered sheet 2601 9.6 11.0 32 I .6 | 9.4 f C
2201 13.2 13.7 i 10 : 38.0 | 9.2 | D
190%1 14.8 16.2 | 6 46.0 i85 | E

| | | ‘
1.it-1.0t ‘ 8.6 9.8 34 31.1 97 | a
) 1.3-1.0 | 1.1 11.6 ! 12 37.5 9.0 f b
Rolling tempered 1510 | 11.6 12.8 ; 7 3.7 X B
1.7-1.0 . 12.4 13.4 6 42.7 | 7.8 d
2.0-1.0 | 13.0 4.5 6 43.8 A e

Photo. 1

Ingot 5.0!

Hot rolling

Cold rolling

Annealing. 1.0!
350°C X thr =m0
. { 1.0t
290X thr .
! 1.0t
260X Thr —
' ! 1.0¢
220X 1hr’
. | 1.0¢
190X Thr -
IRE Reduction '____}_0_____,_,
s oy t
. 9.1% t
1.3/ " Annealing) 1.0
TR 231 1.0t
:::3—4350 c g
— % 1hr. r 33.3. 1.0t
r—‘"—'—__—.‘_ﬁ
[ 412 1.0t
L 2.0t i L e |
g 500
Cold rolling

Fig. 1 Schematic diagram of making processes

of specimens

o 0O © >

m

X 100
3. B
31 RBRTEESH
PEfr 0 A4~ T Erichsen 4 ‘10)(%%4.»&%%%
k@ﬁ\@%bﬁ,ﬁmjiimﬁﬁk R4 5
izl b o Cw% (Table 3), Aot |
RETH D, MEHc mhwawfVA T CaEEYE O FLAL
KA, TR U R b ibtoljﬁﬂ itk
Lbhides: Ulg\ iV EE A BRI & . #EERrye Table

4 TR A B,

Table 3 Tool dimensions for the deep drawing test
Diameter, Profile radius,
mm nmim
I
i Die 2r2=35.40 rd=3.0
| rp=1.5 12.0
Punch 2ry=33.00 5,0, 16.5*%
8.0,

* yp=16.5 means hemispherical punch.
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Table 4 Blank holder force used for the tests
Blank holder force, Specimens
200 A, B.
2.1
300 C, D, E, a, b, ¢, d, e.

32 RFEMY I

Rk D e (L.D.R) oREcikAEEO K% 5 #D
2 0.5mm OMFETHEL. WHETR-oTID5H 3H#
DLERGEHI 95 2 &m0 2Dk TR T T v 7 EEE Dinesx
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oo

HERE R A N IR R D e, STl A F BRI Al R
HyFHEE 1,1 % & oo Fig. 2, Fig 3w #FhR
L7z

2.1

oo I
2.0 /&\“}:

1.9
1.8
/ 8]
1.7
0 0.25 0.5 075 1.0
Punch profile radius ratio pl7s
f T T i 1
0 5 10 15 165

"
plt

Fig. 2 L.D.R. (The limiting drawing ratio)
of annealing tempered aluminium sheet.
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Table 5 Measured elongation value
Rl eogsion, | Onitorm clongation e Toge S o® | Uniform elongation | or—_eu
etv % iy 70 | (] ey % u 7o 0
A 35.1 30.1 ] 5.0 a 23.3 17.4 5.9
B 38.7 33.3 5.4 b 8.9 3.9 5.0
C 22.2 14.2 8.0 c 6.4 2.6 3.8
D 4.9 0.6 4.4 d 4.4 1.8 2.6
E 1.8 0.7 1.1 e 4.5 1.7 2.8
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Table 6 Bore expanding ratio of specimens

] Di/di Di/di
A 1.64 a 1.57
B 1.69 b 1.24
C 1.45 c 1.14
D 1.13 d 1.13
E 1.10 e 1.14
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Effect of Chlorination of Sea Water on the

Corrosion of Condenser Tubes
By Shiro Sato

Investigation has been made on the effect of chlorination of sea water to the corrosion
of condenser tubes. Three experiments were made. The 1st experiment was performed
at Tanagawa Power Station of Kansai klectric Company on tube specimens of aluminium
brass, Albrac (special aluminium brass), 90-10 cupronickel and 70-30 cupronickel during
the period from June to November in 1961. In this experiment sea water was pumped
up in the four head tank where the concentrate chlorinated water was injected to prepare
the sea water containing the chlorine of 0, 1.0, 5 and 10 p.p.m and flowed in the test tubes
in velocity 2 m/sec.

The jet impingement test was performed as the 2nd experiment on Albrac, 90-10
cupronickel and 70-30 cupronickel alloys. In this test the chlorinated (1.0 and 2.0 p.p.m.
chlorine) and non chlorinated 395 NaCl solution containing 5 vol. % of air in jet velocity
5 m/sec was used.

The third experiment was conducted to charify the effect of chlorination during the
jet test on the surface of Albrac using an electrochemical and electron diffraction technique.

The results obtained were as follows.

By the Ist experiment:

1) Chlorination promotes the corrosion but the corrosiveness of chlorinated sea water
containing about 1 ppm of residual chlorine is not so severe as to cause trouble.

2) Inner surfaces of tubes exposed to non chlorinated sea water were covered with
tight brown films which were expected to be protective films but the films formed on the
surface of tubes exposed to chlorinated sea water were easily removed.

3) Chlorination has the effect to inhibit the deposit of greasy slime on the inner
surface of tubes.

By the 2nd experiment:

1) TImpingement attack is seriously promoted by the chlorination. For example the
depth of corrosion pit by chlorinated solution (1 ppm) was deeper as eight times than
that by non chlorinated solution.

2) Exposure of metallic surface was seen on specimens corroded by chlorinated
solution.

By the 3rd experiment:

1) Under chilorinated condition, the electrode potential of specimen exposed for some
hours to jet coincided with that of polished surface. This demonstrated that the chlorin-
ation broke down the protective film.

2) Polarization decreased drastically by chlorination.

3) Electron diffraction patterns obtained from the specimens exposed to the jet of
chlorinated solution were that of metals. This fact denotes the destractive action of
chlorine for the formation of protective film under the erosive condition. From these fact,
it is concluded that the effect of chlorination on the corrosion of condenser tubes is closely
related to the degree of erosive condition of the flow and that in case of chlorination,
especially under erosive condition, precaution must be made to inject the chlorine as
little as posible not to cause severe impingement attack.
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2) PR : 2m/sec /B X A ICTRET L,
3) HFE& 0.0, 1.0, 5.0, 10.0ppm & Lo
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Table 1. Mark and arrangement of test tubes.

Chlorine,
pbpm
0.0 A-10, B—10, C—10, D—10, A-11, B—11, C—11, D—11,
A--12, B—12, C—12, D12

1.0 A-—7, B—7, C~7, D—7, A—8, B—8, C—8, D—8, A—9,
B—9, C—9, D—9,

Arrangement of tubes, direction of flow —

5.0 A—4, B—4, C—4, D—4, A—5, B~5, C—5, D—5§, A—6,
B—6, C—6, D—6

10.0 A—1, B—1, C—1, D—1, A—2, B—2, C—2, D—2, A3,
B3, C—3, D3

A : aluminium brass, B: Albrac, C: 90—10 cupronickel, D: 70—30

cupronickel
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D slmE#EE 36 7.24) FEEHE 308M
2) #2EHE 36 8 19) EEAH 27THR
3) s 3[MmFHA (36. 9.26) HEHH 38HM
4) F4EFE (86, 10. 24) FEiRHH 280
5 #O5EMAE 36 11. 14) HEHH 21HMH

Bl B Bk 150 gRCZ oM 8 AMEEA 1L Ui,
IR R I BRI S e 8 9 A26 0 %11 A130
F OIS W TN TIELAEREy 77ROED 2D
ToDCBRKENTRR LD . ERNB Ao, &k
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2.5.2 FoOBRAFNEER
HAOWERTEONERNARIRTEE Lz ZAEE
MEHEADE OWEICIEERAE KB EONZ RS Lic
&R VELELTRY, 2OTRBRIINEROS S
M EOBBEMNTFLE LT ce THUCH LT, HEEEA
Lz B OWNERBEBEDO—R Lz ZAB N2y ~VTHE

bR TEY, O~ VIIHBHESCLEEL, 440
ML LB o iz,

HFRCET 2BREEOHRPAEER L LUBRKA R
HiEAEOWEM R4 Table 2 wikd, Table 2 1A
AENEEALEORERDR (1.96X3.14X15.0=92.32cm?2)
THY mg/em? %Rd, FOMEAE MO AR
L7z TH 5o

¥FEA KT HHE data & LU, £ Tl0

Table 2. Result of corrosion test on some condenser

tubes at Tanagawa Power Station by

chlorinated sea water. mg/cm?. month

xﬂ& e [y (% fsep., ok |,
Mark July 24{Aug. 19| 75F |Oct. 24Nov. 14
10 0.0 0.43
Y 1 ” 1,78  1.40) 0.33  0.21]  0.30,  0.80
@ 12 '/ 2.420  1.45) 0.200 0.2 0.78] 1.02
B 7 1.0 1.01
E 8 s 0.31 1.63| 0.94 0.77] 3.26) 1.38
= 9 ,, 0.35  1.97] 0.7 0.8 2.1 1.21
B 4 5.0 8.36
i 5 ” 0.8 1.43] 1.92] 31.39]  2.90| 1.01
N 6 ” 1.000 0.87] 1.200 922.12] 1.94] 5.4
= 1 10.0 11.49
2 ” 0.91)  1.50| 1.95] 10.05| 60.60] 14.92
3 v 0.71  1.32] 1.86, 9.35 40.95| 10.84
10 0.0 0.83
1 // 1.88)  1.97 0.24 0.2 0.66 0.9
12 // 3.15| 1.94 0.12 0.31 0.64 1.23
R 7 1.0 1.00
g 8 ” 0.36) 1.82] 0.91 0.87 212 1.22
2 9 ” 0.31 1.400 0.85  0.99] 2.13} 1.12
< 4 5.0 10.92
M 5 ” 1.95]  0.97] 1.38| 28.42| 2.16] 6.72
= 8 ” 1.89]  0.98] 1.39, 15.21] 2.12  4.32
1 10.0 11.73
2 ” 0.771  1.40| 1.94] 9.86] 63.74 15.54
3 ” 0.88)  1.62] 1.96| 0.36| 40.35| 10.84
10 0.0 1.52
- 1 // 5.20, 1.58 0.39) 0.13  0.34] 1.53
2 12 7 5.67]  0.90| 0.17] 0.26| 0.26] 1.45
= 7 1.0 0.53
2 8 4 1.65 1.13] 0.93  1.85| 1.52] 1.42
§ 9 ,, 2.33  2.67 0.32] 0.4 1.20] 1.20
s 4 5.0 11.63
1 5 ” 1700 1.99] 1.85] 28.02| 3.47,  7.41
= 6 ” 1.59]  1.60| 2.94 13.48]  3.65|  4.67)
) 1 10.0 8.02
= 2 ” 3.23| 2.73 2.38] 7.22] 64.14] 15.94
3 // 2.96 2.54 1.55 8.88 44.66] 12.12
10 0.0 0.65,
~ 1 */ 0.45] 0.57 0.38 0.25 0.89, 0.51
Bl 12 ” 0.27,  0.47) 0.40, 0.25 0.60 0.40
E 7 1.0 0.87
I 8 k4 1.38  2.02] 1.17| 0.73] 2.34] 1.53
5 9 ” 1.61  1.87 0.87] 0.0 2.49  1.43
s 4 5.0 8.84
z 5 ” 1.98  1.70| 1.53 37.54] 2.87 9.12
= 6 // 1.78  2.13 1.98 18.07] 2.90 5.37
a 1 10.0 9.08
- 2 ,, 2.30]  3.37] 3.46] 7.90 52.40 11.89
3 ” 2.67]  4.83) 5.13) 8.8l 44.91 13.27

* During the these periods from Sep. 26 to Oct. 24 and from Oct.
24 to Nov. 14 the pump stopped in some times by unexpected
trouble and water containing high chlorine might flow or

stagnate in tubes and cause the abnormal corrosion,
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A 2483 X011 A 14 Bkt HHIE CHETAEN 5.0
ppm ¥ 7ok 10.0ppm @ & D DB LR A ME ORI B E i
LTHEALERKESRDLN TR, HLMLEERE TS, ZD
AR » 7OBIKBETINMET Uy F D7Dt B E N
HEREDOIFKNREDIAEFN T2 & ERRE TR
TRBALTWERBNRS S Z EhBRERBEANRE LT
WS oD, o T IS data HERA L, E
B IEANIEE L D RO Z &b,

(1) —BEAk, HEEARORE AR L & LI ROER
ChbHLEITHDH, HMBEAREANEBEOFELY S 7 7
R R LTHIUE Fig. 2 0 15 ThD, ST 9 IR K
Th ., E<BEMITb2 - T, £ Hl 2 #E 2w
TEDPFRE 2 2 OSFHE A RO CREA ISR &
DBk LS B E BN AT AEAC S D 2 L AR LT

2o

June 19 ~ Nov. 14, 1961

B LBHEDTHDZ EERL TV A,

(3 # 1 EOWECI T, BEEEADE ORENKE
L BBoOWBERBATHRDEBLUETLTWD Z &I
BKBIDOENBKBEOE & Ro T, Whd DRI
ENTEB, o TREINTWRD o /o7zd Tk
Wk Ebhb, L L, HEOEANRERRO M &
Bt e b D b2 BT, B 1REOHEITS W THEE
1ppm FEAFOBEENRD 70 & LIRS D2 R o
4) EEREK E b N - L3R T ARE © data B
mm/year [ L7 aERo data (IipREI-DWTHE
SEE A X541 0.01mm/year LIFTH 0, HEEAR
A% 10ppm gk LT 0.06mm/year DLTFRE THD
EEBAEOLAEE UBEA MBI bRk E S
Thbo

(5) #EFEFAE 7 LB LU Loppm @ BB OWT E
RBAGBITE Uit ol GRIFT A7y — v BRE L

AT OL @1 S LA ERE LICE (R~ vk 77 ¥ TH L)
8.81 935 9.86 DI AEME BT IUE, T HERWCTTNTRIED M
7.0 A ‘ == ~ . > . = N
O Aluminium brass 8.81‘ 9.3'2 hE < RbNTRY, 27 MEBRETHI L T AT
@ Albrac | T A WEHNEBELZEE LTS LD TH D,
‘o A\ 90-10 cupronickel 7.90 2.5.3 *ENEREDE
. A 70-30 cupronickel sR_BEDO—1, —4, — 7., BLIO—-10 LD NT*
ONMEEIEANAE Lizce TO7F — 2RBWT, HHEE
5.0 i s AEA: 5.0ppm & 10.0ppm 0 & ik B BEE 21
. T
£ T TRE DB AR U TN oD Thgh L, R
g HEAD LD 1.0ppm HEA L&D EDOWT, Z0 {7
5 40 , mEREORKES Table 3 R0 30%% 27 0=y 7
E\ / Table 3. Result of determination on quantity of
_'_g . 4 5 deposit on inner surface of tubes.
. 30 /
E’ < S - Conc. of chlorine, ppm 0.0 1 1.0
g /'///‘ a TTTTT—— Mark
b AT ! Alloy T — 10 ] 7
2.0 '] / ?/ _______ | Aluminium brass 2.04 mg/cm? 0.64 mg/cm?
° o e Albrac 2.01 mg/cm? 1.00 mg/cm?
/154“ /" (;P 9010 cupronickel 1.11 mg/cm? 0.84 mg/cm?
10 ,// 49;, ’ T 70-—30 cupronickel 1.10 mg/cm?® 1.39 mg/cm?
’ /:——"- 4 § . e s
b i WER B AEONERIIC TN HELEA LT
& # WEDFAKRTH Ty HEDEASMEY (%74 2)
O o 5 55 BABLXEDMENS D Z L AR LT D UL, E
_ _ HEAD S DT b DM EYRIEME D T/AE < 2.0mg/cm?
Concentration of chlorine, ppm. s = AN AE Sl By 1109C TR
Fig. 2 Effect of concentration of chlorine on the cor- THDo foios k'@j%_‘:‘. @‘“ Té%f%oi CRLRRD
rosion of condenser tubes. The plotted lines data THHDOT, HEMEAOEDONENC R BNIZER
shows the mean value of two medium value. WD 2 Ut E A T~ b O Tl 18- T,
2) FH1IEHOWE (7 A24R8) TRWTHE, 30%% 27 110°C CHGE TN B R L ROE - & TiuE, HEE

v =y 7 kRS ZHEOHBIEAD L WIES O ARE
1.0ppm DFHEAFEALLBES LD A& LELNTEY,
ERWLERELE S TS, L L, 8 2ELEOHER
BN, 2a20WEED 5% 6 flakknT, Wihvbh %
PWCHIET 2% 1.0ppm O BAD BAKE L H &/~
<\ 10ppm DIFHOFEANMEACE S LD LFEAX(E

5

EADEONEAEYEIFECASALD LAY, Zhic
T AEBOE L —BEBC L - 2D Tt & Bb
Nao

254 EOBARR

BHFER AT o BE L HE D U PR s Atk
TRA B Lico
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Cla=24 Cly= b8

Cla=tfppm Cly=1.0pps

Photo. & Albrac tubes

Clh=bE

Cl - Ligem Cly= 1 fppm

et e Cly =5.0ppan

Clp 1dppm Cly = 10pgem

-ﬂ.llj[IL-'iJlll.E'_iJi.}Lll lllel
Ny e Rk 3 il‘ |
Fhota. 8 00310 copronickal tubes Fhste. 7 70-30 copronicke] tubes
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3. Py bEEB
3.1 BEBLUERFE
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e LTT RO 3 Mo aat BN,

1 T F e JIS BsTF-2
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3) 0Yx T e=y JIs CNTF-3

BB & LT 26mmX 70mm X 1.2mm % Uiz,
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3-1.2 [

HEES BTG SR Y =y TR E Wi,
31.3 A B HF &
FEPUERD HAEA A Uiz 3 %Rk A KA A

. HERAPHIAE TS & Rk, B 388 Urs BREsE sk
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Time, min
Fig. 3 Variation of chlorine concentration with time

under jet test.
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(1) ¥wg : 8.09% NaCl @i

(i) Jet #Hist : 5.0m/sec

(iii) Z&R AL 1 5Vol%y

V) #i : 100hr

(V) &g : 10~12°C
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Weight loss, mg/em2 100 hr
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Dy L—BRIIE i D EG LicZ & b b - T EAHER 1.0
ppm BEOEEST 0.5~2.0ppm, 2.0ppm HiEDELST
1.0~5.0ppm DFFEAD /7 v X AR LI E b o7

AR T, AEBRAFORERNABE L. DLW THEHEE
fLER LOBAHDOE X NE Lz, BEREVER XU
KBAEXORET — 2% Table 4 Wk L. FOEHE
¥/ 7 7C Fig. 4 WBR Lico ¥/, ¥ v MEEER
IEBEOEEMEOMIN Y B4 K LT Fig. 5 @R Lo

Table 4. Result of jet impingement test by chlorinated

salt water.
Residual chlorine
AN 0.0
.0 p.p.m. 1.0 p.p.m. 2.0 p.p.m.
\Qmension
* %% *: Fk *| Kk
No. ™. mg mm  |mg mm  |mg mm
Alloy ™~ /em?® /100 Hrl  /em?{ /100 Hr] /cm? /100 Hr
1 1.81]  0.013] 18.41] 0.102] 28.49, 0.275
2 1.70] 0.018] 13.90; 0.089] 28.94] 0.293
Albrac 3 - — - —~| 27.89 0.300
mean 1.76, 0.016; 13.66] 0.096] 28.86 0.289
1 0.80] 0.025| 12.59] 0.053] 32.04] 0.162
90--10 2 — —| 13.71} 0.043] 27.43] 0.176
cupronickel 3 — — — -~ 28.43| 0.173
mean 0.80] 0.025, 13.15) 0.048] 29.31] 0.171
1 0.25 0.005 10.31) 0.038 20.74, 0.145
T0—30 2 0.29] 0.005] 11.43 0.030 19.83 0.131
cupronickel 3 - . - —  24.62] 0.127
mean 0.27] 0.005 10.87) 0.034 21.74 0.134

* Calculated from data on weight loss and whole surface area
of specimens.

** Maximum depth of pit at the jet impinging part.

(a) Weight loss (b) Max. depth of pit
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Fig. 4 Result of jet impingement test by chlorinated

salt water.

Albrac 90-10 cupronickel | 70-30 cupronickel

M%

Clg=2.0 ppm
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Clog=

P
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. Corroded part.

Velocity : 5 m/sec, Air: 5 Vol. %
Duration of test: 100 hours.

Fig. 5 Cross sections of specimens corroded by jet

impingement test using chlorinated salt solution.
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>E -200F —o—e- et test by 395NaCl solution
g ~0—o- Jot test by 395 NaCl solution with 1 ppm
o chlorine.
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Air: 5 Vol 9, Jet velocity: 5 m/sec.
Fig. 6 Changes in electrode potential on Albrac
during jet test using 3% NaCl solution and
chlorinated 3% NaCl solution.
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Fig. 7 Polarization curve of Albrac during jet test.
(a) and (b): No Chlorine.

(c) and (d): With 1 ppm chlorine.
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Photo. 8 Electron diffraction pattern obtained from
surface of Albrac under jet impingement
test by chlorinated salt solution, showing

the exposure of metal surface.
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Photo. 9 Examples of inlet attack and local impinge-
ment attack of condenser tubes by sea water

chlorinated continuously.
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2) P.T. Gilbert, Chemistry and Industry, July 11 (1959).
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kg/mm? kg/mm?2 kg/mm?2 kg/mm?2 % %
B o E & % (JISHALE3) — — >25 — - -
oW oo ¥ % 9.7 13.8 28.7 49.3 30 5
% (JISH4163) — — 25~33 — I > —
® " ST G:360°C 50 8.3 11.5 28.7 5.4 33 56
17.5 GRS 12.8 13.3 315 52.3 32 50
BB 17.5 24 9 W A 16.2 28.3 36.7 5.5 | 16 45
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- a " g KEHROWHHE, kg/mm? K OBEYHESD, kg/mm? 3 % RHRF OWH IS, keg/mm?
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B0 ¥ W om oo ¥ 19.5 15.1 4.5 15.3 8.2 4.6 14.3 7.4 2.9
=) ) - (21.5) (45.7) (68.3) (26.7) (51.0) (80.0)
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3) ki, ¥ekd 200~200cc/mn,
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wom oo o ¥ 13.4 15.1 28.7 55.3 3t 58 64 9.2
c x = N (JISH4163) - - 2533 — >16 - - —
7 % 380°C £ 26 9.2 12.0 27.9 5.3 35 60 50 —
B 6 ® BB LOC DU O SR
. ® OH B (MMOEE) ® # C &k
DR E g,
D& BHHED,  kg/mm? g X H# HY®ED, kg/mm? LI S
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o 1® 21.0 15.1 14.2 1 1 1 18.8 15.2 13.4 1 1 1
1 1.99 13.6 12.2 12.1 1.54 1.32 1.17 12.8 10.2 9.5 1.47 1.49 1.41
0.5 2.4 10.9 9.2 8.7 1.93 1.75 1.63 11.4 9.2 8.0 1.65 1.65 1.68
0.25 3.20) 9.5 7.3 6.1 1.99 2.21 2.33 9.7 7.0 5.6 1.94 2.17 2.39
0.125 4.1 9.0 6.6 5.6 2.33 2.44 2.5 9.4 7.2 6.0 2.00 2.11 2.23
0.06 5.8 8.8 6.3 5.6 2.40 2.56 2.54 9.3 6.3 5.1 2.02 2.42 2.63
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: Mg Mn i Cr Cu si | Fe Zn Ti Al
(JISH4108) 4.5~5.6 | 0.05~0.20 | 0.05~0.20 <0.10 <0.30 <0.40 <0.10 — 7
R M 5.20 0.11 0.08 0.00 0.10 0.10 0.01 ] o
% 8 & SRR | D AR OB RN 0N 180° i 7 #
31 ] # "o I
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C ot om, | @ , | Bima v, b B v, | :, y, .
ggkg/mmz kg/mrrzz kk/fm2 %?y&?i L L eI A o
(JISH4104, IXH, KL96~12mm) - (15) (25~38) = 18 ) )
E 23 # " 7.8 12.7 29.2 - 42 - " -
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3. W (HER AEEEE Re{bfiEi)
B 100%x REVR L OSMEERRD (B 1om) O33R, 1808 B0 Y 7 & »E
% 3 9w & E® 180° i Bgh
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(JISH4104) 35 >35 >3 - - - - -
15 2.7 35.1 1 24.7 33.7 13 B0 15 % 6.6
E i 30 31.6 38.4 9 28.7 37.9 11 B0 2.5 6.0
50 35.1 40.9 7 32.4 41.4 10 B o3 4.9
70 38.2 43.4 8 35.9 4.4 9 B 3.5 45 3.5
1) (HRARETHLA L,
2) B FED TEST. METHOD STD. No. 151 ® Method 211, F2 (FfF5ig 0.5 , BLATESE27 )
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