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Investigation of Quantitative Analytical Method

with X-ray Fluorescence (Rep. 3)

Determination of Zinc in the Copper-Nickel Alloys and Some

Discussions about the Matrix Effect
by Toshio Sawada and Akinari Ichiryu

On the X-ray fluorescence analysis about zinc in the copper-nickel alloys, zinc Ka line
of the 1st order, the strongest fluorescence intensity line in the zinc, is not much different
in the degree of 20 with LiF as analyzing crystal, from the CuK; line and the WL« line,
if tungsten is used as target of X-ray tube. ZnK; line of the 1st order is not also separated
from WL; under the above condition. For these reasons, ZnKea line of the 2nd order was
used as a measuring line. The intensity of ZnKa line is attenuated with increasing of nickel
concentration, because nickel takes the absorption effect for ZnKa. To correct theoretically
this matrix effect, the calculation formula (4) was obtained, including one constant value k
which is experimentally determined and the mass absorption coefficients of the sample
composition for ZnKe. On the quality control of the copper-nickel alloys, e.g. 10% cupro-
nickel, 3095 cupronickel or 709 nickel-copper alloy, the simple equation (5) with only a
constant coefficient was derived from equation (4).

On the determination of zinc in the copper-nickel alloys, satisfactory results were ob-
tained in comparison with chemical analysis. And this method was modified to apply the
determination of zinc in aluminium alloy and good agreement was obtained. This proposed
theoretical calculation method was seemed, therefore, to have a capability of much more
fruitful application.

The matrix effect in copper-nickel alloys was quantitatively explained by using the
relationship between wavelengths of characteristic lines and absorption edges. Absorption
and enhancement effects in the general use, being not clear in the explanation about matrix
effect, some new difinitions were presented as follows.

1st absorption effect: the absorption effect of the primary X-ray spectrum.

2nd absorption effect: the absorption effect of fluorescent X-ray spectrum radiated
in the specimen.

Excitation effect: the effect by which, after the 2nd absorption, the other X-ray
spectrum with much longer wavelength are radiated.

If primary X-ray spectrum is continuous, it is difficult to measure how much effect the
1st absorption takes on the intensity. For example, an amount of absorption depends on the
concentration of nickel at the energy range from CuK to NiK absorption edges, though the
amount of that scarecely depends on the concentration of nickel at the higher energy range
than the absorption edge of CuK. Therefore, with one effective wavelength for continuous
X-ray spectrum, the 1st absorption effect could be considered in a calculation formula like
equation (4) or (4, for the element of the highest atomic number in the sample.
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Fig. 1 Sepctra of fluorescent X-ray of zinc.
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Fig. 2 Calibration curves for zinc in the copper-nickel
alloys.
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Table 1 Samples for calculating k-value.

Composition, % .
Sample - (T’j)/
Cu Ni Fe Mn Co Zn
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Table 3 k-value.
10—S 99.4 [
30—S 97.4 95.8 e
70— S 99.6 99.7 104.7
i }
Sample S 10-~S ! 30--S
z \

ke LT 99.0 o34 & 1000 0BAm DT EEHRA
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13, <Y v 2 A0EEYHIET 284, KELROEE
R TRIINE R BV, TRTOTHRCOWTS
D L&D ERIEATT D O AIGETH 5o — R BN D
R AN DL ERS OHTR L D Do CliE O =R %
EICAT 5 Z ENBMETH Do o THEIELHHNU
DE BRI OFIE KD TR, BEEHOBETS
ThBHo

WEGBE D & E OO RO DWW TR E TR
Bofik ks & Table 4 L7 b, KO FIEF 20T
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Table 4 Mean standard composition of

10—S 87.18| 9.75| 1.39| 0.24| 0.10| 1.17 73.48 the copper-nickel alloys.
30—S 65.56 | 32.25 0.77 0.56 0.13 0,70 136.63
08 31.02| 65.67 | 1.38| 0.93| 0.04| 0.85] 232.88 Composition, % ne
. i
s 99.00| — | — | — | — 1.00]  42.00 Material ) s )s
Cu Ni Fe Mn Co Zn
* Mass absorption coefficient of sample for ZnKa.
10%
. X X ?:upronickel 87.72 1 10.00 1.25 0.50 0.03 0.50 | 74.23
Table 2 Intensity ratio for the copper-nickel alloys. 20
zo:upronickel 67.36 | 31.00 0.55 0.50 0.09 0.50 | 132.21
10—8 30—S 70—8S
70%
nickel-copper | 31.42 | 66.50 1.25 0.63 0.20 — 234.75
0.970 0.924 0.441 0.448 0.334 0.362
Intensity 0.921 0.989 0.378 0.408 0.347 0.359 * Mass absorption coefficient of material for ZnKae.
ratio 0.929 0.961 0.421 0.433 0.378 0.373
for S sample 0.949  0.980 | 0.404 0.399 | 0.383 Table 5 Maximum error when the composition
0.977  0.965 | 0.425 0.361 of specimen admits in the standard.
Mean 0.957 0.417 0.362 L Material | 10% cupronickel | 30% cupronickel | 70% nickel-copper
Standard 0.025 0.022 0.017 rror for £0.03% +0.03% +0.04%
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Table 6 Calculation coefficient A-value. Dy I ) ) ‘“ S °
7o & 2¥ Beattie » Brissey ¥ o X % % I0E e
Lucas-Tooth & Price ® s L ORI & 80E 6 1o X 5%

| Material 10% cupronickel | 30% cupronickel | 70% nickel-copper

1Nm% 1.8 L6 1 2.36 T LTy, (OO 1k e 85X e it 5 Wi
BOFE 1 DORINOBEB EHE 2 Tnb, fE-TINBD
4-3 B & R % 2 J5 TV A M SR 24 7 e SR A R 0N, 7 oD
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Lictia ELwp e Table 8 win%k, Table 7 O&% KAWL, FEOH L LR D, TxBHRD

Ly Sk = AL DR HE < T .
iiiii%iigib;ggﬁﬁgizgigwl@é WBMICIREE G L 5 45 b0T, TN e
= IERRREIC PWRD Do CAVIADREII LD BT D X5 Bdize T ERIE BIFT & o 7eh

BE L LIT, LB AEf b I LA b P -
Z@Tifb;iifé1 VIR < B, FCHBAGERA A L, O EcoT bR LT
: veo T BBED I By E T T S A enTITSRIC A TEER

Table 8 Accuracy of X-ray determination.

L7zo
: 10% 30% 70%
Material c/upronickel cupronickel | nickel-copper 70751 T ZnKe (2) DIRE4A4 S &0EL & F—
Nbcimen 20 15 2 SUETHIE LT, #0MEOBIFRY Fig. 3 i
posﬁ;’fgfigiggfeme* +0.0179% (10) | +0.023% (3) | +0.024% (22) T075ehiIiE 7 v 2 =9 &, 88, HHSR, ~ 7 % ¥V A%
Average of —0.010% (5 —0.016% (T) —0.0109 (D EFNTNBD, Wihd ZnKe x4 2 HERULEREE
egative difference* e T Bt . i At .
. o INE L B THR- TG 4D MR & —B LC L\
Standard dev1ation £0.015% 00179 +0.023% . e g ez
for difference ThDo ULnBITTOTSDMMITIME S L D LIRESFE D
* Difference from the result with chemical analysis. G, iﬁ‘: o /7—/1/%@03;{%%\ & (/iafﬁ__o fcﬁﬂ{ﬁﬁ\%\gf& Bo
Figures in parentheses mean number of specimen. o
WE, @, =y, 7Tizv st ZnKa O ERBK
5 % = whDHE Figd ok 5ithn, ZnK ZF|DOFHECIN & 7

=y r Vv AESRB RO L, 4 OMHR A E MIZmTADR Yy 7 ATEE S ERERT E BN

Table 7 Determination of zinc in the copper-nickel alloys.

109 cupronickel 30% cupronickel 70% nickel-copper
Sample (2:11;11?1?’}:121 arﬁi;as},s , Dm:;;e , Sample gx?aelrsrrlsiicsa,l arzg‘l;i}i’s s Diffg;;:e , Sample acr}:aell;lsii(::} azx(;{;syi s, Deg:rf;e s

% % % % % % % % %
10- 1 0.03 0.02 —0.01 30- 1 0.01 0.01 0 70- 1 0.06 0.06 0
10- 2 0.04 0.04 0 30- 2 0.45 0.45 0 70- 2 0.06 0.08 +0.02
10- 3 0.29 0.29 0 30- 3 0.50 0.51 +0.01 70- 3 0.07 0.08 +0.01
10~ 4 0.51 0.52 +0.01 30- 4 0.51 0.50 —0.01 70- 4 0.08 0.10 +0.02
10- 5 0.53 0.54 +0.01 30- 5 0.53 0.53 0 70- 5 0.09 0.10 +0.01
10- 6 0.57 0.57 0 30- 6 0.55 0.53 ~0.02 70- 6 0.11 0.12 +0.01
10- 7 0.61 0.60 —0.01 30- 7 0.59 0.61 +0.02 70- 7 0.11 0.13 +0.02
10- 8 0.63 0.63 0 30- 8 0.60 0.57 ~0.03 70- 8 0.12 0.12 0
10- 9 0.66 0.66 0 30-9 0.62 0.61 —0,01 70- 9 0.13 0.12 —0.01
10-10 0.70 0.71 +0.01 30-10 0.69 0.68 —0.01 70-10 0.19 0.20 +0.01
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Fig. 3 Calibration curves for zinc in the copper, nickel

and aluminium alloys.
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Fig. 4 Absorption coefficient and wavelength for copper,

nickel and aluminium.

Table 9 Mass absorption coefficient ratio

at a constant wavelength.

Mg Al Ni Cu Zn
X-ray
(u/p)] R* 1 (u/p)| R* | (u/p)] R* [(n/p| R* [ (u/p)| R*
MoKa Q
oI Ay | 483 | 0.088) 5.30 | 0.107) 47.4 | 0.954/ 40.7 | 1 | 5.8 | 1.101
R&Kﬁ‘;m 2.93 | 0.086{ 3.60 | 0.106) 32.3 1 0.950{ 34.0 | 1 |37.7 | 1.100
A&Ks‘g;\) 2.97 | 0.086) 2.74 | 0.104) 25.0 | 0.947| 26.4 | 1 |28.2 | 1.068

* Mass absorption coefficient ratio for copper.
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Table 10 Determination of zinc in aluminium alloy.

Chemical composition, % X-ray Ipifference
Sample analysis,
o,
Zn|Cu|Fe|Si |Mn| Mg Cr | Ti| Al % %
A 6.121.600.25‘0,150.102.600.250.05 88.88, 6.21 +0.09
B 4.531.42034;0.140.051.450‘230.01 91.83 4.62 +0.09
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Fig. 5 Absorption edges and analytical lines of the

elements in the copper-nickel alloys.

&= r VIRERS T, BOTRIIB%L T oA
EEGHICHWT Fig. b #5.5 L RD X 5 R IBRMR T
}Z)O

B R OFEAE D, 1 RN IR & B EE)
17 <, Fhe s R B v, ZnKa 1=y v
Wi & D B ENT, OB E Y EREATH 50
b, =y 7 VL&D 2RENGENRE R Do - THEIZ
S U B A LB TH B,

a0 D TREIE, ORI X D ERE TIEAY
L DB WD, e =y r v OBRPEREAMETH
D, S r VOB NTE T REIITIAEX Y, MERE
TEED, 2REUE~ Y T YL L o TEAINDDN, &
FENDCOTERT 5. BisRix CuKe ©d -T2
vF, NiKea ZEarEHE 2 7m0 1o T2 OMBITERN S
12, bbb LRBIEIR L FHEMREIL, =y rrvod
Wiz, CoKa DififEn (KTXE5 A 8L, ¥
& - ThHhEfx BT DR L 5,

=IOl KBEEEMRIZ 2 v FDEE5 L2

UChbo ULl, =y VORI E BHTEED B
DIFNE—ERKEWIE, =9 7 VEHERTL LD 1K
%W%%®§®m$é<ﬁéﬁ@éioZW%M%%MF
T LU FhiEzhEi: CuKe & NiKe ¢ & - TR,
B~ H Y ORIECT NiKe 0758 E D 3E A
XWX BN, (HERNERLE ik iz, NiKe
A B #2397, CuKe TH3UTH Do) EoT= v
NOGEEHRNRBNTE, 1 RBPEhRIEEE, ~ v #H o
Ka #4855, RSB 52 ER% T 5, =
HMUTHEGISHEC L > TEFH LA WEWS 2T, ©
COFRRIFHNLS B, £7213® CuKe & NiKe iz k&
BIEEHRICIE L A E 2D, F i 1 RIRIRAE DB
B L DZNBHTED, DWTFNOE LS TE BN,
BB TR OKE XIBELNTRENDTE L LDE S
i DIE LD 3T & 724

P DNTHE, 1 RIBNEIEROME T X B8k <,
F SR A R DT 2 RIBWEE A Z T hE L

6 —



Vol. 5 No. 3 R XA X A ERDHTOUIE (883 4%) (187)

Wo =y 7 VIZDWTEE T RBEIDGH R ERTRD X 5 i
&&5ﬁ,%&:y¢W@2iéﬁ%%§ﬁﬂmbf,:
DB L DBEERBET S Z LT E D, FERh R ER
THZENTE, 2RPPDOLIELTIUIL W2 LKk
Z)O

BlED X 5, #xXEmokE L& WSO EL S Eik
FIC= t Y v 7 AROEEEBEST D ENRTE o, 2
BN a RS, 1 RXENERXE T
BILRLVEETH D, ZOMTDONTIE, ELEED
TEDL L IBET2LERE S TWDbITTH b,

1. #& B

W-= v rvadrholifnh, #XXHETERIN Lico
ZnKa i3 =y r v ICX o> THRIREN DD, =y v
DERRIC & > CREHE RIC LU B, £ 0
FRE % R B 7oddic, HaBIRABIC L » T= v 7 vin
EDWUENRAHRE LT A8 &, MEAAELT,
RO SERLHEET 2HEERR Uiz ZOHFRHEL
W, MEIZ LT 5 RENRETE, MERC R E
by, WMBLEETDILNTE, (LFESITHEL
LI —F Lo

COHBMADOEA L 7 VI =y nEEFOTEHRT SIS
Lizhs, WR$TDRAE SN, HERRNEADE 2 FicH
DDA & ERERR Uico

fA-= v r VEETDNTD = + Y v 7 AR DT
F LD ThIz, FEROPINFHI, SRIEHE TR IR
ELRWOT, B, 1RGNS, 2 REDENE, B
BERIROBFEEREREL, I L - TEMENICEHIA
1T otco MMXIEOWE & TPCHOBRAL < U v 7
ADBEAE JNETHEL RS D LN TER, 1 RX
foNERE XRO%E, 1 RBIEHRAEMEL Y, EEH
IRBERAE T o 72

X ik
1) #eRYs, mwde, —WIMEES @ 4 Pifkag, 10(1961), 1195
2) WEEE, —PIEE | AR, 5(1964), 22.
3) H.]J.Beattie, R.M. Brissey: Anal. Chem., 26(1954), 980.
4 KM, —PIER AR, 3 (1962), 90.
5) H.J. Lucas-Tooth, B.]. Price . Metallurgia, 64(1961), 149.
6) K. Hirokawa, H. Goto : Z. anal. Chem., 185 (1962), 124.



P
104
Reprinted from SUMITOMO LIGHT METAL TECHNICAL REPORTS Vol. 5, No. 3, Jul. 1964

HHKIT L 2IEKRBEORREICO T GE4#HD
B v i X 7] g K 0 KB

ERAE&E LXK



BIHTHHHRHIHTHIIHINS

S
i X
T

TEGIKIT L A KREEDIE BT OWT i
BY va M BXOa i ok o KRS
IR T S

Corrosion of Condenser Tubes with Polluted Water (Rep. 4

The Regional Characteristics of Sea and River

Water on the Kansai Area

by Reizi Tanaka

As a part of investigation concerned with the corrosion of condenser tubes using
polluted water, characteristics of sea and river water on the Kansai area have been
examined. The Osaka power station constructed at the estuary of the Kitsu River
has been afflicted with the corrosion of condenser tubes since the start of operation.
The corrosion has been found to be caused by the pollution of cooling water, while
unknown the change and the seasonal variation of cooling water from the upper to
the lower stream of the Kitsu River, therefore these problems were also examined
on the power stations which were under construction and possible to be polluted.
The experiments have led to the following conclusion.

(1) The Kitsu and the Aji River have been suffered heavy pollution from the
middle to the estuary, and affected to all over the QOsaka harbor.

(2) Sponge ball cleaning is indispensable at Kasugade power station as the high
flow rate of the Aji River causes the river involving the mud on the river bed.

(3) The water in the lockgate has been suffered severe pollution at Amagasaki.
So it is necessary at Amahigashi 2nd power station that suitable materials should
be chosen to resist for the pollution.

(4) At Sakal the pollution of river is severe, however the cooling water near the
Sakaiko power station is fairly clear excepting it has tendency to pollute slightly
and increase sulfate reducing bacteria. So it is desirable at Sakaiko power station
to care the future pollution of cooling water.

(5) Pollution index are proposed for simplified expression on polluted water, and
it is indicated that the pollution of Osaka and Kitsugawa power station is equal to
that of Shintokyo power station at Tokyo and Nagoya power station at Nagoya,
while the pollution of Amahigashi 2nd power station is almost equal to that and
the pollution of Kasugade power station is sometimes equal to that.
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Fig. 1 Cooling water of Osaka power station.

KBEFEEFNC I\ E DRI bET V2 Y 7 ATBHEAE LT A EBIC S B, 2O kT rayF
#~%%ﬁbfﬁm%%®@ﬁﬁ%%ﬁﬁbﬂtﬁ,:Q Yy~ A SN BREOEAEME LTLRD BN,
EEFT U CHRBFIS3AE 3 A B EK O IREST b ftize %?ﬁhém%of@ﬁ%®@ﬁ%%ﬂﬁﬁ<ﬁofb\
Fig. L& b OREWRREF R LR T SOWEIKD Bo

— 2 —



(190) F R &

& BB

B O#] July 1964

EgZiﬁ%%%rhwérm?”@%ﬁ&ﬁﬁﬁ%T
o FOREARITER2~0AmMmMIZEE L, HBRIRIE S
HHEEENFREKNIFEERC B S TR TEEHN
CIGHT AL X AR L TCW5S, FREaREEcEs T
HZ&, WAELD ERFBEATCTHH Z LR ETBNT
b 1EE 2 DDKNFEEFRLEFETH Do

Max.  Min. |
—0 °o— Un{it No.l P
0.8 B emwdho—= Unit No.2 /
- e e e o = Unit No.3}-0
T V- nlﬁc-)_____{//v
£ - '/'
€os A /./ |
= V\ /'
;)i v ?zaf__ﬁs—iO
el 4 R
504 ; A"/ N
- L 2
8 Iof y' ) ./I
0.2 Wl 77 ] NVZad
iy / x
0 Pd LZ

Sep. Moar. Sep. Mar. Sep. Mar.  Sep.. Ma.
1959 1960 1960 1961 1961 1962 1962 1963

Fig. 2 Corrosion of Osaka power station condenser tube
situated at the estuary of river Kitsu.
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Table 1 WA AT/e o /24EA B - THREIESZ - Kk
EH TR Utzo BRKFEENEEAIE LT L B 5 b CrEgEDs
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OEEAR RN 1m, o2 UKEIImEEL 5 b
DOV10m) o 2 7 OFRHA R L CEBRICEE Lo

3-3 RBRH®

AR FHEIZ N F T & R LT JIS-K0101 T3
KBRS R 88 U T T 72, Table 2 BT,
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a) TYEZY LA AV

JS Cikanvey v s« =7 3y nin EDOhBRER

CRWT, KE(ET b U v nEsE (30%) 0.5ml, JREEF T
)y N (25%) 1mla InTWBA, TKkOEA7

VAR RE VTR B EAGE WO T, B R20%
2.5ml, #%3E13259%Em2.5mlic b 7o

b) EIFEEE

JISgcikav#E—7rr VM2 v 7 ) v LA R
WY 5L, WkhoORTHEWHOBCHIET 2 € 2 %
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TV E DS BE S B OBEY TILARWD T, FF
navE7zrruEavibr )y 2 BEg250mlc>& 3 v
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mliz, P-vrxz=vys 7 3 vEKlmlg 2mlic, #4455
fheg 28k 7 v = v n B8 1 mlay 3mlicded iz,

Table 1 Date of sampling
1 Time Date Sampling area High tide Ebb tide ‘Weather
Jul. 31, 1962 Amagasaki 19 - 52 12 - 54 Fine sometimes cloudy
1st Aug. 1, 1962 Osaka 20 - 12 13 - 28 p
Aud. 2, 1962 Sakai 20 - 38 14 - 05 Fine
2 nd Sep. 25, 1962 Osaka and Sakai 18 - 37 11 - 00 7
Nov. 12, 1962 Sakai 18 - 54 13 - 02 7
3 rd Nov. 13, 1962 Osaka 19 - 26 13 - 40 7
Nov. 14, 1862 Amagasaki 19 - 58 14 - 16 Fine after cloudy
Feb. 22, 1963 Sakai 17 - 87 12 - 15 Fine
4 th Feb. 23, 1963 Amagasaki 18 - 24 12 - 51 4
Feb. 24, 1963 Osaka 19 - 08 13 - 35 Fine sometimes cloudy
May. 8, 1963 Sakai 19 - 24 13- 04 Rainy after cloudy
5 th May. 9, 1963 Amagasaki 20 - 02 13 - 31 Rainy
May. 10, 1963 Osaka 20 - 36 14 - 02 7
) Aug. 5, 1963 Sakali 19 - 51 13 - 01 Cloudy sometimes fine
6 th Aug. 6, 1963 Amagasaki 20 - 21 13 - 41 Rainy afer cloudy
Aug. 7, 1963 Osaka 20 - 58 14 - 19 Fine
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Table 2 Test method of water

Subject Method Note
Turbidity JISK 0101 (1960) photometry Wave length 660mp
pH 4 glass electrode
Relative conductivity 7 — At 25°C
Total solid 7 gravimetry
Ignition remnants 2 ”
Ignition loss Vi Y
M-alkalinity 7 titration
Total hardness 4 7 With EDTA
Oxygen demand V] Ve With KMnO; in alkaline solution
Dissolved oxygen ” v
Sulfite ion JISK 0101 (1957 7
Chlorine jon JISK 0101 (1960) 7 With 0.14N AgNOg
Ammonium ion 7 photometry Wave length 425mp
Nitrous ion ” 7 7 535mp
Nitric ion # ” 7 7
Sulfide ion 7 ” Wave length 595mp
Ferric ion Y 7z With o-phenanthlorine
Sulfuric ion ” gravimetry
Calcium ion 7 titration With EDTA
Magnesium ion 7 7 7
Total silica 7 gravimetry
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Table 3 Water analysis on Jul.~Aug. 1962. (1)
Sample No. 1 2 3 4 5 6 7 8 ] 9 ‘ 10
Water gate of Outside of Water gate of South side of Ama- Estuarg of
&1 Position Amagasaki 3rd utside of Amahigashi power higashi power stuarg
-E power station Amagasaki gate station station Yomo river
EDE Sampling time 11807147 1203~1221 12281255 13001312 13151381
=8 .
E‘U Depth, m 0.5 4.0 0.5 5.0 0.5 5.5 0.5 4.0 0.5 3.0
[
| Temperature, °C 27.5 23.5 29.6 24.3 30.0 25.2 30.0 28.0 30.0 28.0
Turbidity 27.0 17.0 54.5 24.5 79.2 26.3 62.5 72.0 79.4 74.4
pH 7.75 7.80 6.95 7.55 7.00 7.50 6.95 7.10 6.95 6.95
Relative °°“d“°“"itnyl; rem 25,080 48,540 25,730 44,970 17,480 41,670 | 20,000 31,190 24,950 25,850
Total solid, ppm 18,500 35,950 19,230 35,720 12,550 33,810 14,550 23,470 18,310 19,410
Ignition remnants, ppm 15,200 28,620 15,550 29,140 10, 000 27,380 11,510 19,470 14,830 15,310
Ignition loss, ppm 3,300 7,330 3,680 6,580 2,550 6,430 3,040 4,000 3,480 4,100
S | M-alkalinity, ppm 71 111 96 116 98 115 96 96 93 93
'43 Total hardness, ppm 2,830 5,470 2,950 5,520 1,910 5,200 2,250 3,700 2,860 2,970
5 | Oxygen demand, ppm 5.2 3.6 8.5 4.8 11.1 5.2 9.7 7.7 8.1 6.7
5 Dissolved oxygen, ppm 7.25 2.37 Tr 1.87 Tr 0.40 0.20 Tr 0.35 0.73
§ | Sulfite ion, ppm Tr Tr Tr Tr Tr Tr Tr Tr Tr Tr
5 | Chlorine ion, ppm 9,060 17,520 9,270 17,450 5,940 16,200 6,820 11,540 8,880 9,400
: Ammonium ion, ppm Tr Tr 8.4 Tr 15.8 Tr 14.0 8.2 10.6 9.8
& | Nitrous ion, ppm 0.1 0.1 0.1 0.1 Tr 0.1 Tr Tr Tr Tr
4 | Nitric ion, ppm 1.1 0.7 1.0 1.3 1.0 0.9 0.7 1.3 0.9 0.5
N | Sulfide ion, ppm Tr Tr Tr Tr Tr Tr 0.04 0.03 0.04 0.06
Chlorine demand, ppm 2.4 2.5 3.2 1.8 4.7 1.8 4.3 3.0 4.4 3.6
Ferric ion, ppm 0.3 0.1 4.6 0.3 4.0 0.6 5.0 2.5 2.8 1.4
Sulfuric ion, ppm 1.179 2,331 1,182 2,261 825 2,229 957 1,570 1,213 1,246
Calcium ion, ppm 245.9 440.3 278.7 447.4 198.6 423.1 215.8 333.1 264.4 278.7
Magnesium ion, ppm 593.5 1,120.0 598.3 1,142.8 385.0 1,068.5 454.5 757.8 580.3 606.1
Silica, ppm 10 8 16 12 20 14 20 10 12 14
Sulfate reducing bltflg?\{/l;il 23 1 . . 5,400 250 . _ . _
Sample No. 11 | 12 I 13 I 14 15 16 17 18 19 20
Position Ferry of Namura Fujinagata Draining of Osaka Confluence of Aji
g Senbonmatsu ship building ship building power station and Rokkenya river
05
:a'g Sampling time 1015~1085 1041~1058 1108~1126 11201144 12201241
3 .
g0
| Depth, m 0.5 5.5 0.5 7.5 0.5 4.4 0.5 9.0 0.5 5.0
Temperature, °C 28.4 23.8 28.4 22,7 27.9 24.0 28.0 22.6 28.2 23.7
Turbidity, 48.0 19.6 42.0 11.5 41.0 11.2 41.5 20.0 33.5 18.2
rH 7.20 7.40 7.30 7.60 7.20 7.70 7.30 7.55 7.05 7.50
Relative °°“d“°“"itiu Jem | 17220 | 38,660 17,370 | 39,180 19,580 | 38,610 22360 | 40,510 10,150 40,440
Total solid, ppm 11,760 30,330 13,090 30,860 14,610 30,630 16,900 32,160 7,260 29,650
Ignition remnants, ppm 9,250 24,130 9,730 29,020 11,450 24,920 12,910 27,560 6,410 24,280
Ignition loss, ppm 2,510 6,200 3.360 1,840 3,160 5,710 3,990 5,700 850 5,370
M-alkalinity, Ppm 93 108 87 111 81 101 96 110 46 95
o Total hardness, ppm 1,820 4,710 1,890 4,780 2,350 4,720 2,480 4,990 1,100 4,470
S | Oxygen demand, ppm 5.3 3.8 5.5 2.4 5.6 4.5 7.9 4.7 6.8 5.8
§ Dissolved oxygen, ppm Tr 0.05 Tr Tr Tr 1.45 0.15 Tr 2.34 0.93
E Sulfite ion, ppm Tr Tr Tr Tr Tr Tr Tr Tr Tr Tr
& | Chlorine ion, ppm 5,700 15,000 6,200 15,100 6,820 14,820 7,660 15,730 3,390 14,530
2 Ammonium ion, ppm 4.9 2.2 4.1 0.4 3.4 0.1 3.2 0.3 0.3 0.2
8 | Nitrous ion, ppm Tr Tr Tr Tr Tr Tr Tr Tr Tr Tr
+ | Nitric ion, ppm 1.2 0.5 1.1 0.4 0.2 0.9 1.2 1.1 0.7 0.7
._g-. Sulfide jon, ppm 0.01 Tr Tr Tr Tr Tr Tr Tr Tr Tr
[3 Chlorine demand, ppm 2.6 3.0 3.0 2.8 2.5 2.5 2.6 2.5 2.3 2.2
Ferric ion, ppm 1.9 0.6 1.2 0.2 0.7 0.2 0.9 0.3 0.8 0.7
Sulfuric ion, ppm 797 2,178 822 2,078 926 2,048 1,074 2,195 447 1,930
Calcium ion, ppm 204.4 400.2 234.4 427.4 237.3 424.5 235.9 428.8 178.7 444.5
Magnesium ion, ppm 374.5 978,0 38¢.1 994.6 442.2 985.4 503.4 1,031.8 221.1 926.9
Silica, ppm 14 14 16 10 16 12 18 12 14 14
Sulfate reducing b&%ﬁlr/l;{l _ _ _ _ 9,200 2,400 - _ - _
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Table 3 Water analysis on Jul.~Aug. 1962. (2)
]
Sample No. 21 22 l 23 { 24 | 25 l 26 ! 27 ‘ 28 } 29 ‘ 30
Draining of Water gate of W s
e| Positi o ater gate of Sakai| Between the 2nd
'8 osition g:v?rlé%as& tion I;:;‘égagg tion Ajigawa tunnel union power station | area and Yawata
L]
28| Sampling time 1250~1300 1315~1328 1338~1340 1185~1150 1207~1228
B0
g Depth, m 0.5 4.5 0.5 2.5 0.5 3.5 0.5 3.5 0.5 10.0
9]
Temperature, °C 28.0 24.3 29.3 29.3 29.4 29.4 28.3 24.8 26.8 24.0
Turbidity 60.5 47.3 43.7 42.1 49.6 55.2 18.0 12.0 14.2 14.5
pH 7.10 7.30 7.30 7.25 7.20 7.10 8.10 8.20 8.20 8.10
Relative conductivity,  m| 12470 34,470 1,150 1,500 350 420 | 43,800 | 40,150 | 40,540 | 43,510
Total solid, ppm 9,320 26,230 760 990 240 342 35,170 31,300 33,120 35,100
Ignition remnants, ppm 7,380 21,010 440 310 60 174 27,420 24,590 27,600 28,290
Ignition loss, ppm 1,940 5,220 320 680 180 198 7,750 6,710 5,520 6,810
g M-alkalinity, ppm 77 99 43 47 39 47 112 101 108 m
;:’; Total hardness, ppm 1,340 4,130 130 150 51 56 5,170 5,450 5,120 5,580
£ | Oxygen demand, ppm 8.7 5.6 4.9 6.2 6.4 6,4 5.6 3.6 4.5 4.0
g Dissolved oxygen, ppm 0.02 0.08 1.26 1.27 0.09 0.61 9.21 4.11 6,74 3.24
% | Sulfite ion, ppm Tr Tr Tr Tr Tr Tr Tr Tr Tr Tr
B Chlorine ion, ppm 4,270 13,070 310 410 83 98 14,900 15,050 15,460 16,940
“ | Ammonium ion, ppm 5.4 1.7 1.0 0.9 1.0 1.1 Tr Tr Tr Tr
§ | Nitrous ion, ppm Tr Tr Tr Tr Tr Tr 0.1 0.1 0.1 Tr
'.'l; Nitric ion, ppm 1.5 1.3 1.0 0.9 0.6 0.6 0.4 0.8 0.4 0.5
o | Sulfide ion, ppm 0.01 0.01 Tr Tr 0.01 0.01 Tr Tr Tr Tr
Chlorine demand, ppm 2.8 2.5 1.5 1.3 1.2 1.3 3.9 3.0 3.4 2.9
Perric ion, pom 1.2 0.5 1.2 1.9 1.7 0.3 0.3 0.7 0.2 0.2
Sulfuric ion, ppm 556 1,778 44 62 13 21 2,216 2,029 2,124 2,262
Calcium ion, pPpm 184.4 373.1 28.9 34.7 19.3 20.7 394.5 365.9 378.8 414.5
Magnesium ion, ppm 264.8 850.4 21.5 28.3 5.6 7.9 1,182.7 1,021.3 1,073.3 1,154.1
Silica, ppm 14 12 20 29 15 31 10 30 12 10
Sulfate reducing bacteria, . . . .
MBI/l - 2,400 3,500 2 2 |
Sample No. 31 32 33 1 31 i 35 | 36 37 38 39 40
.g Position gﬁggcgnixilding Water gate of Sakaikd power station g:ﬁ;?rgﬁ %farbor The end of 6th area
prd
?:?g Sampling time 1251~1312 13301354 1409 ~1427 157~1527
= O
=) —
g | Depth, m 0.5 10.0 0.5 4.0 7.9 10.0 0.5 5.5 0.5 4.0
? Temperature, °C 27.9 22.2 — 21.8 23.7 22.5 28.7 24.5 28.0 25.4
Turbidity, 13.6 6.5 22.0 10.5 8.7 3.6 13.2 13.6 20.5 15.5
pH 8.10 8.00 8.49 8.10 8.02 7.90 8.00 8.00 8.40 8.20
Relative conductivity == 1 40,400 | 43,780 | 30,400 | 42,450 | 43,400 | 44120 | 39,530 | 42,840 | 39,610 | 42,250
Total solid, ppm 32,870 36,560 32,500 35,599 35,32 36,780 32,170 35,280 31,810 34,340
Ignition remnants, ppm 26,540 28,720 25,020 28,400 28,130 28,860 26,910 29,500 25,470 21,460
Ignition loss, ppm 6,330 7,840 7,480 7,190 8,190 7,920 5,260 5,780 6,340 12,880
o | M-alkalinity, ppm 108 116 109 112 114 116 102 114 106 107
;9; Total hardness, ppm 5,120 5,620 4,990 5,380 5,540 5,550 4,980 5,470 5,020 5,440
& | Oxygen demand, ppm 4.6 5.2 4.5 3.8 3.9 3.0 5.6 4.2 6.6 3.8
£ | Dissolved oxygen, ppm 5.32 0.74 8.98 3.83 2.04 0.72 7.10: 2.67 8.29 3.12
% | sulfite ion, ppm Tr Tr Tr Tr Tr Tr Tr Tr Tr Tr
+. | Chlorine ion, ppm 15,660 17,040 14,970 16,330 16,910 18,700 15,050 - 16,740 15,360 16,510
< | Ammonium ion, ppm Tr Tr Tr Tr Tr Tr Tr Tr Tr Tr
$ | Nitrous ion, ppm 0.1 0.1 Tr Tr 0.1 0.1 0.1 Tr Tr Tr
5 | Nitric ion, ppm 0.7 0.2 1.2 0.4 0.1 0.1 0.4 0.8 0.7 0.3
c?) Sulfide ion, ppm Tr Tr Tr Tr Tr Tr Tr Tr Tr Tr
Chlorine demand, ppm 4.0 3.4 4.0 3.0 3.3 2.9 3.6 3.7 3.7 3.7
Ferric ion, ppm 0.1 0.2 0.1 0.1 0.1 0.1 0.7 s 0.2 0.1 0.2
Sulfuric ion, ppm 2,050 2,368 1,975 2,239 2,229 2,265 2,070 |7 2,267 2,074 2,222
Calcium ion, ppm 377.4 410.2 371.6 413.1 411.7 404.5 801.7 | . 3945 370.2 391.7
Magnesium ion, ppm 1,088.4 1,155.0 1011.2 1,113.0 1,131.4 1,127.5 1,015.6 ' 1,120.3 1,024.3 1,114.4
Silica, ppm 8 4 12 12 10 12 12 6 10 14
Sulfate reducing bacteria, _ — _ _ - — _ — _ —
MPN/ml
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Table 4 Water analysis on Sep. 1962.
{ |
Sample No. ! 1 2 l 3 4 5 1 6 t 7 1 8 ] 9 10 11 12 1 13
Confluence of | Draining of Water gate of | Ferry of Namura Fujna-
Position Aji and Kasugade Kasugade Ajigawa tunnel v : Y gata
Rokkenya river| power station | power station Senbonmatsu | ship building Shi'pl)d'
g N building
bn.g Sampling time 025938 9501000 1030~~1040 1050 ~1(5° 1145~1155 19001210 1215
£
E‘S Depth, m 0.5 5.5 0.5 4.5 0.5 3.0 0.5 3.5 0.5 7.0 0.5 7.5 0.5
K _ _ I
Temperature, °C 23.8 24.0 23.8 23.8 24.3 24.5 24.7 24.7 24.3 24.0 25.0 24.5 25.0
Turbidity 21.0 35.5 30.5 9.6 61.5 49.5 83.0 142.0 61.0 15.0 39.0 13.5 28.0
pH 7.1 7.2 7.1 7.1 7.1 7.1 7.0 7.1 7.0 7.1 6.9 7.3 6.9
o
-§ Relative conductivity, xU/cm | 16,020 | 39,110 8,190 | 38,230 1,320 1,510 337 337 | 16,370 | 40,930 | 25,090 | 41,410 20,800
o
=]
g Oxygen demand, ppm 5.0 8.7 8.7 3.9 6.2 3.1 8.9 11.4 9.2 4.6 6.2 4.2 6.0
5
[=]
) Disolved oxygen, ppm 0.87 0.04 Tr Tr 1.93 1.68 2.13 3.41 0.38 Tr Tr Tr 0.01
Ll .
é Chlorine ion, ppm 5,220 | 14,560 2,520 | 14,140 326 385 66.7 64.2 5,360 | 15,270 8,670 | 15,530 7,010
=
3
? | Ammonium jon, ppm Tr _0.1 4.4 0.2 Tr 0.4 Tr Tr 3.6 0.6 0.8 Tr 8.6
Nitrous ion, ppm Tr Tr Tr Tr Tr Tr Tr Tr Tr Tr Tr Tr " Tr
Sulfiide ion, ppm Tr Tr Tr Tr Tr Tr Tr Tr 0.01 Tr 0.01 Tr Tr
Chlorine demand, ppm 2.3 2.6 2.7 2.7 2.3 2.0 2.0 1.7 2.6 2.7 3.0 2.7 2.4
Sulfate reducing bacteria, — — — | 3,500 5,400 - —— — - —_ — 5,400
MPN/ml
Sample No. 14 15 16 17 18 19 20 21 22 23 24 25 26
Fujina-] Draining of West side of Th d of Bet ond Entrance of Water gate of
Position gata Osaka est side o ¢ end o ctween .n Sakai old Sakaikd power
ship, power station 7th area bth area area and Yawata harbor station P
o building
2| Sampling time 12~;‘2~5 12851244 1400~1414 1430~1440 14501500 1610~1620 1680~1640
3 2
'g\g Depth, m 5.5 0.5 9.5 0.5 10.0 0.5 7.0 0.5 5.5 0.5 9.0 0.5 10.0
34
)
Temperature, °C 24.5 25.6 24.5 23.8 23.8 24.0 24.0 23.8 24.0 24.2 24.0 24.0 23.8
Turbidity 6.5 26.0 9.6 8.0 50.0 16.0 17.0 60.0 149.0 23.5 474.0 18.0 25.5
pH 7.3 6.9 7.2 7.8 7.7 7.8 7.7 8.1 8.1 7.8 7.8 8.5 8.1
Relative conductivity, pv/cm | 43,890 | 23,270 | 42,510 | 45,790 | 46,240 | 44,160 | 45,790 | 44,640 | 44,690 | 44,510 [ 45,260 | 44,330 | 45,000
Oxygen demand, ppm 2.4 6.6 3.2 2.0 2.2 2.2 2.2 3.2 4.2 4.0 6.6 5.6 5.2
« | Disolved oxygen, ppm 0.73 0.02 Tr 3.74 2.26 3.21 2.28 4.81 4.13 5.44 0.98 6.22 0.54
o N
ey
g Chlorine ion, ppm | 16,680 7,930 | 16.070 | 17,910 | 18,170} 17,090 | 17,810 | 17,220 | 17,300 | 17,040 | 17,400 | 16,940 | 17,430
g
Il
% | Ammonium ion, ppm Tr 0.7 Tr Tr Tr Tr Tr Tr Tr Tr Tr Tr Tr
b
Q
‘: Nitrous ion, ppm Tr Tr Tr 0.1 Tr Tr Tr Tr Tr Tr Tr Tr Tr
Q
LY
2 | Sulfide ion, ppm Tr 0.02 Tr Tr Tr 0.01 Tr 0.02 0.01 0.01 0.01 0.01 Tr
9]
Chlorine demand, ppm 2.3 2.7 2.7 2.6 2.3 2.6 2.3 2.7 2.3 3.0 3.0 3.0 3.0
Sulfatereducing bacteria, 2,400 —_ —_ - - — — — - — — 73 56
MPN/ml
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Table 5 Water analysis on Nov. 1962. (1)
Sample No. 1 2 3 4 \ 5 ‘ 6 ‘ 7 8 \ 9 10
o3 West side N Between the 2nd Water gate of Sakai Water gate of Sakaikd|
,5 Position ‘ of 7th area \ The end of 6th area | gres and Yawata union power station power station
e

)

..__“3 g Sampling time \ 14037412 \ 1385~1350 1305~132% ll 14341410 \ 13101320

(23]

g Depth, m| 05 7.0 | 05 | 100, 0.5 100 | 05 8.5 | 05 10.0
Temperature, °C | 18.6 18.7 | 18.3 | 18.6 18.1 18.3 | 18.5 18.4 | 19.1 17.5
Turbidity 12.2 12.2 17.9 211 15.1 143.0 21.6 48.9 12.3 9.1
pH 8.0 8.0 7.7 7.9 7.7 8.0 7.8 7.9 7.9 7.9
Relative conductivity, =~ 1| 45,130 45,930 44,800 45,550 | 44890 | 45,980 42,010 45,410 45,030 | 47,300
Total solid, ppm | 36,200 36,970 36,980 56,870 | 36,670 ) 38,080 33,820 36,880 | 36,810 38,020
Ignition remnants, ppm 31,110 31,710 30,590 31,200 30,600 31,330 28,590 31,060 30,840 31,060
Ignition loss, ppm 5,180 5,260 6,390 5,670 6,070 6,750 5,230 5,820 5,970 6960

- M-alkalinity, ppm 110 1 111 112 110 118 112 115 113 112
‘;93 Total hardness, ppm 5,850 6,000 5,820 5,930 5,930 6,030 5,440 6,060 5,850 5,930
] Oxygen demand, pPpm 2.3 2.4 2.2 2.3 1.9 4.8 2.8 1.8 3.2 2,1
é‘ Dissolved oxygen, ppm e — — — - —_ — — - —
8 Sulfite ion, ppm Tr Tr Tr Tr Tr Tr Tr Tr Tr Tr
@ | Chloine jon, ppm 17,530 18,050 18,270 17,890 17,580 18,100 16,390 17,890 17,580 17,680
§ Ammonium ion, ppm 1.1 0.1 2.1 0.7 1.0 1.6 1.3 1.6 0.3 0.7
2 Nitrous ion, ppm 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 0.4 0.3 0.4 0.3 0.6 0.4 0.3 0.4

5 | Sulfide, ppm Tr Tr Tr Tr Tr Tr Tr Tr Tr Tr

¥ | Chloine demand, ppm 3.3 1.4 2.8 3.0 2.2 4.0 2.7 2.8 2.5 2.8
Ferric ion, ppm 0.1 0.4 0.3 0.3 0.4 0.9 0.3 0.8 0.2 0.2
Sulfuric ion, ppm 2,546 2,6.6 2,565 2,597 2,521 2,592 2,322 2,541 2,500 2,580
Calcium ion, ppm 373.0 410.0 383.2 383.2 381.2 387.3 348.4 387.3 377.1 379.1
Magnesium ion, ppm 1,196.0 1,208.3 1,182 1,207.0 1,208.2 1,229.0 1,100.8 1,236.6 1,198.5 1,209.5
Silica, ppm 1 3 3 6 4 25 6 27 2 3
Sulfate reducing bﬁflg?\lr}?ﬁl . _ _ _ _ _ . o 0.18 0.4

Sample No. 11 12 13 14 15 16 17 18 19 20
Water gate of Draining of Confluence of
g it Entrance of . 1
S Position = Ajigawa tunnel Kasugade Kasugade Aji and
B Sakai old harbor power gtation power station Rokkenya river
o

bgng Sampling time ~12¢0 1310~1318 13251334 13131350 1358~3410

a

g | Depth, m 0.5 | 6.0 0.5 | 4.0 0.5 3.5 0.5 4.5 0.5 5.5

# {"Temperature, °C 195 | 187 17.0 | 165 17.0 17.0 18.5 18.5 18.5 16.5
Turbidity 9.7 8.5 39.9 44.4 33.4 47.3 31.2 15.8 22.1 42.6
pH 7.9 7.9 7.2 7.1 7.2 7.2 7.1 7.4 7.5 7.8
Relative conductivity, =~ | 46,970 | 46,210 3,920 6,350 5,200 6,00 | 14,080 | 35,160 8,700 | 41,300
Total solid, ppm 37,400 37,350 2,500 4,170 3,340 4,120 9,840 26,970 5,900 32,690
Ignition remnants, ppm 30,300 30,390 1,920 3,300 2,630 3330 7,750 22,270 4,800 27,430
Ignition loss, ppm 7,100 6,990 580 870 710 790 2,090 4,700 1,100 5,260

a M-alkalinity, ppm 112 116 38 46 44 42 72 98 48 102
.g Total hardness, ppm 5,820 6,050 550 770 700 770 1,570 4,350 1,260 5,140
& | Oxygen demand, ppm 2.3 5.8 3.9 5.4 3.4 4.5 6.7 3.4 3.6 5.3
é Dissolved oxygen, ppm — — 4.95 3.86 4.57 4.13 Tr 1.88 4.48 2.81
3 | Sulfite ion, ppm Tr Tr Tr Tr Tr Tr Tr Tr Tr Tr
2 Chloine ion, ppm 17,630 17,790 1,220 2,090 1,580 1,940 4,630 13, 260 2,850 15,960
& | Ammonium ion, ppm 0.8 1.0 1.6 1.3 1.5 1.3 5.6 1.9 1.2 1.2
4 i Nitrous ion, ppm 0.1 0.1 Tr Tr Tr Tr Tr Tr 0.1 0.1
-_g- Nitric ion, ppm 0.2 0.1 0.1 0.1 0.1 0.3 1.0 0.4 0.5 Tr
& | Sulfide, ppm Tr Tr Tr Tr Tr Tr Tr Tr Tr Tr
Chloine demand, ppm 2.8 3.0 2.9 2.7 2.4 2.7 3.0 3.0 2.7 3.0
Ferric ion, ppm Tr 0.2 1.9 1.6 1.4 1.4 0.9 0.5 0.8 0.4
Sulfuric ion, ppm 2,532 2,546 171 281 215 256 650 1,796 397 2,268
Calcium ion, ppm 379.1 379.1 35.4 52.7 42.8 48.8 114.0 283.4 67.8 341.2
Magnesium jon, ppm 1,184.7 1,238.9 113.8 154.4 143.1 157.0 434.7 884.7 265.2 1,040.7
Silica, ppm 3 3 14 19 11 23 6 1 14 6

Sulfate reducing bacteria, _ _ _ _ = _
MPN/mi 9 a - -
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Table 5 Water analysis on Nov. 1962. (2)
Sample No. 21 22 23 24 25 26 27 28 29 30
.. = . Water gate of
P Draining of Osaka Fujinagata . s Ferry of p
I3 Position : : =5 Namura ship building Amagasaki 3rd
) wer statio. ship buildin Senbonmatsu h
b po n p 8 power station
bgb-g Sampling time 14481500 1508~1520 1528~1588 1544~155% 1300~1310
=R
E Depth, m 0.5 10.0 0.5 6.5 0.5 6.5 0.5 6.5 1.0 4.5
i Temperature, °C 20.8 17.0 19.6 19.2 18.5 19.2 18.5 19.2 20.5 19.5
Turbidity 19.8 9.7 54.5 8.6 51.3 6.1 65.8 9.7 15.2 15.8
pH 7.4 7.8 7.3 7.8 7.0 7.6 7.0 7.7 7.3 7.8
Relative °°nd“°t“’“3";ﬂ Jem | 35,540 4,610 27,740 44,180 24,010 43,850 22,350 44,560 43,950 44,990
Total solid, ppm 28,140 35,150 20,980 34,800 17,110 33,400 15,940 35,160 35,800 36,250
Ignition remnants, pPpm 23,130 30,560 17,600 29,780 14,740 28,800 18,320 29,740 29,450 31,200
JIgnition loss, ppm 5,010 4,590 3,380 5,020 2,370 4,600 2,620 5,420 6,350 5,050
M-alkalinity, ppm 104 110 101 110 95 110 94 116 93 106
§ Total hardness, pPpm 4,530 5,770 3,440 5,640 3,150 5,570 3,330 5,730 5,590 5,890
§ Oxygen demand, ppm 3.7 2.5 7.8 2.4 7.0 2.2 7.7 2.2 2.9 2.2
E Dissolved oxygen, ppm 0.24 2.95 0.07 2.85 Tr 1.64 0.09 1.43 3.02 3.83
8 | Sulfite ion, ppm Tr Tr Tr Tr Tr Tr 0.25 Tr Tr Tr
@ | Chlorine ion, ppm 18,700 17,820 10, 340 17,470 8,560 17,210 7,790 17,470 17,290 17,950
:9': Ammonium ion, Ppm 2.9 2.3 4.6 1.9 5.4 2.8 5.6 2.3 1.1 0.6
s Nitrous ion, ppm Tr 0.1 0.1 Tr 0.1 Tr 0.1 Tr 0.1 0.1
2 | Nitric ion, ppm 0.3 0.2 0.5 0.5 0.7 0.3 0.6 0.3 0.3 0.1
§ Sulfide, ppm Tr Tr Tr Tr Tr Tr Tr Tr Tr Tr
Chlorine demand, ppm 3.0 3.3 3.3 3.0 4.2 3.0 5.4 3.3 2.1 2.1
Ferric ion, ppm 1.2 0.6 1.5 0.2 1.9 0.3 1.8 5.2 0.4 0.3
Sulfuric ion, ppm 1,908 2,485 1,481 2,458 1,983 2,448 1,100 2,484 2,462 2,576
Calcium ion, ppm 293.7 384.4 220.3 369.3 192.2 362.8 177.2 365.0 362.8 384.4
Magnesium ion, ppm 922.3 1,168.8 702.1 1,146.2 648.2 1,133.1 701.6 1,170.8 1,138.0 1,199.4
Silica, ppm 10 5 6 6 8 1 9 1 5 1
Sulfate reducing bacteria,
. N/ml — — 1,600 540 — — — — 13 6.8
Sample No. 31 32 33 34 35 36 37 38 39 40
: Water gate of South side of
iy Outide of 3 P B A Estuary of .
g Position : Amahigashi Amahigashi i Sumitomo metal
-;0_; Amagasaki gate power station power station Yomo river
.‘é”g Sampling time 13201330 13401347 1350~ 1400 14051415 1425~1485
A
5 ;Depth, m 1.0 5.5 1.0 4.5 1.0 5.5 1.0 3.0 1.0 4.0
# | Temperature, °C 21.5 19.5 22.0 21.0 23.1 21.5 26.8 26.5 21.5 21.5
Turbidity 26.5 20.3 70.0 40.2 53.6 33.9 48.2 41.2 89.0 41.5
‘pH 7.3 7.8 6.8 7.2 6.9 7.3 7.1 7.0 6.8 7.1
[Relative conductivity, | 41,160 | 45,80 | 30,00 | 39,70 | 33,360 | 39,090 | 37,570 | a7n.980 | 28540 38,040
. Total solid, ppm 33,450 38,080 22,960 32,320 27,100 33,460 30,680 28,630 21,310 29,040
: Ignition remnants, ppm 27,770 30,690 19,170 26,480 21,930 28,200 24,520 24,960 18,180 24,450
Ignition loss, ppm 5,680 7,390 3,790 5,840 5,170 5,260 6,160 3,670 3,130 4,590
M-alkalinity, ppm 101 106 92 105 95 106 97 98 93 100
.S .Total hardness, ppm 5,450 5,830 3,460 5,030 4,140 5,240 4,650 4,700 3,430 4,720
§ .Oxygen demand, ppm 2.6 2.0 6.7 4.5 4.3 4.0 4.9 4.6 7.3 4.5
é Dissolved oxygen, pPpm 2.14 3.47 0.07 0.99 0.11 2.05 1.01 0.62 Tr 0.48
g Sulfite ion, ppm Tr Tr Tr Tr Tr Tr Tr Tr Tr Tr
® |'Chlorine ion, Ppm 16,240 18,050 11,050 15,280 12,730 16,240 14,310 14,260 10,390 14,160
8 | Ammonium ion, ppm 1.8 0.4 2.3 1.7 1.7 1.7 1.6 1.7 1.9 1.5
3 Nitrous ion, ppm Tr 0.1 Tr Tr Tr 0.1 Tr Tr Tr Tr
22, | Nitric ion, ppm 0.4 0.1 0.2 0.2 0.4 0.2 0.2 0.3 0.3 0.7
(% Sulfide, ppm Tr Tr Tr Tr Tr Tr Tr Tr Tr Tr
Chlorine demand, ppm 2.8 2.7 4.4 2.5 2.6 2.6 2.7 2.7 7.3 3.6
. Ferric ion, ppm 1.3 0.5 3.1 1.9 3.2 1.8 2.7 2.7 3.4 2.1
. Sulfuric ion, ppm 2.212 2,484 1,587 2,177 1,825 2,318 2,048 2,035 1,521 2,025
: Calcium ion, pPpm 332,6 385.2 262.3 338.1 286.9 350.4 309.4 309.4 237.7 311.5
Magnesijum ion, ppm 1,121.9 1,183.1 681.9 1,015.7 831.5 1,059.2 941.0 953.4 688.8 957.0
Silica, ppm 7 5 10 4 6 5 5 6 8 5
Sulfate reducing bacteria, = _ 14 39 _ _ _
MPN/ml - - -
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Table 6 Water analysis on Feb. 1963. (1)
Sample No. 1 2 3 4 5 6 7 8 9 10
= Position Entrance of Water gate of Between the 2nd The end of West side of
.8 Sakai old harbor |sakaikd power station] area and Yawata 6th area 7th area
TR]
=] g Sampling time 1125~1145 12021215 1251~1304 13+1~1322 13871850
& ©
g | Depth, m 0.5 6.5 0.5 10.0 0.5 10.0 0.5 9.0 0.5 8.0
- Temperature, °C 7.6 7.4 7.0 7.0 7.5 6.9 7.4 7.2 6.9 6.6
Turbidity 15.3 13.0 5.7 30.6 13.0 25.7 23.1 50.1 7.0 14.3
pH 7.9 8.0 8.0 8.2 8.0 8.1 8.2 8.2 8.1 8.4
Relative conductivity | 43,730 10,050 41,370 40,520 43,390 13,490 43,490 43,730 43,540 43,970
Total solid, ppm 35,110 36,520 35,780 36,980 37,830 38.530 36,480 37,850 36,500 37,490
Ignition remnants, ppm 28,910 30,070 29,750 31,300 30,640 30,600 30,230 30,010 29,890 31,110
Ignition loss, ppm 6,200 6,450 6,030 5,680 7,190 7,930 6,250 7,340 6,610 6,380
" M-alkalinity, ppm 114 117 116 116 112 112 118 114 112 110
,g Total hardness, ppm 5,570 5,730 5,650 5,800 5,660 5,810 5,730 5,790 5,740 5,860
] Oxygen demand, ppm 4.0 3.5 3.7 3.7 3.9 2.8 2.8 2.9 3.5 2.3
é Dissolved oxygen, ppm 3.99 4.81 7.05 3.79 3.73 4.99 4.98 4.99 7.23 5.25
8 | Sulfite ion, ppm Tr Tr Tr Tr Tr Tr Tr Tr Tr Tr
2 Chlorine ion, ppm 17,300 17,400 17,400 17,700 17,420 17,600 17,450 17,810 17,370 17,860
£ | Ammonium ion, ppm 1.0 0.3 0.4 0.1 0.7 0.5 0.2 0.3 0.2 Tr
% | Nitrous ion, ppm 0.1 Tr Tr Tr 0.1 Tr Tr Tr Tr Tr
:i;.’. Nitric ion, ppm 0.2 0.4 0.4 0.2 0.6 0.2 0.4 0.5 0.4 0.6
i Sulfide, ppm Tr Tr Tr Tr Tr Tr Tr Tr Tr Tr
Chlorine demand, ppm 1.6 1.3 1.3 1.3 2.0 2.0 1.4 1.6 1.6 1.1
Ferric ion, ppm 0.3 0.1 0.1 0.3 0.3 0.2 0.2 0.3 0.1 0.04
Sulfuric ion, ppm 2,512 2,562 2,528 — — 2,582 2,550 2,571 2,558 2,598
Calcium ion, ppm 368.9 377.1 373.0 381.2 364.8 389.3 373.0 377.1 373.0 373.0
Magnesium ion, ppm 1,129.4 1,165.8 1,146.4 1,177.9 1,156.2 1,175.3 1,165.8 1,177.9 1,168.3 1,197.4
Silica, ppm 2 8 1 16 3 10 5 20 6 3
Sulfate reducing bacteria, . . 2 4 — o . - — —
MPN/ml
Sample No. 11 12 13 14 15 16 17 18 19 20
.| Water gate of : Water gate of
e Water gate of Sakai s Outside of : . .
=] 1 p A . Amah h S
2 Position union power station Amaggs:lé{rl sstradtion Amagaraki gate ;no%véxgasstz:tion umitomo metal
%‘)E Sampling time 14201485 1125~1138 1145~115% 12021215 1225~1240
& ©
g | Depth, m 0.5 4.0 0.5 | 4.0 0.5 4.5 0.5 5.5 0.5 3.5
i Temperature, °C 7.1 7.1 9.5 i 7.5 — 8.0 12.5 10.5 12.5 11.5
Turbidity 9.3 10.9 16.3 12.7 42.6 65.0 27.6 43.1 60.0 25.0
pH 8.0 8.0 [(16°C) 7.6 8.0 |(10°C) 7.2 7.9 6.8 7.1 6.8 6.9
Relative conductivity, = | 41,30 43,250 42,050 44,250 38,610 42,530 30,490 38,040 27,720 34,840
u
Total solid, ppm 33,890 36.340 33,930 37,950 32,470 35,640 24,510 31,070 21,690 28,430
Ignition remnants, ppm 27,860 29.670 27,560 29,810 25,810 29,300 19,810 25,600 17,970 23,410
Ignition loss, ppm 6,030 6.670 6,370 8,140 6,660 6,340 4,700 5,470 3,720 5,020
« | M-alkalinity, ppm 115 115 106 101 102 112 92 106 96 102
-E Total hardness, ppm 5,320 5,710 5,310 5,940 5,140 5,710 4,170 5,000 3,610 4,540
2 | Oxygen demand, ppm 2.3 2.1 4.6 4.1 4.5 5.8 8.9 7.2 7.8 6.1
é Dissolved oxygen, ppm 638 6.36 5.25 6.65 3.76 4.78 0.15 2.61 Tr 0.68
% | Sulfite ion, ppm Tr Tr Tr Tr Tr Tr Tr Tr Tr ) Tr
2 Chlorine ion, ppm 16,480 17,470 16,480 17,650 14,870 17,400 11,710 15,360 10,710 13,850
& | Ammonium ion, ppm 0.9 0.6 0.7 0.1 0.4 0.3 1.5 0.5 1.8 b.9
% | Nitrous ion, ppm Tr Tr Tr Tr Tr Tr Tr Tr Tr Tr
2 | Nitric ion, ppm 0.5 0.4 0.5 0.5 1.0 0.5 0.5 0.4 0.3 0.5
& | Sulfide, ppm 0.1 0.1 Tr Tr Tr Tr Tr Tr TF Tr
Chlorine demand, ppm 2.3 1.6 3.1 3.3 2.3 3.3 3.2 2.7 ‘ 4.9 2.8
Ferric ion, ppm 0.1 0.1 0.7 0.2 2.4 0.7 3.1 1.8 2.9 2.7
Sulfuric ion, ppm 2,412 2,550 2.388 2,579 2,220 2,402 1,709 2,211 1,5?0 2,019
Calcium ion, ppm 393.4 377.1 385.2 377.1 327.9 352.5 274.6 336.1 307.4 254.1
Magnesium ion, ppm 1,053.7 1,188.5 1,056.3 1,214.4 1,049.8 1,173.4 846.5 1,010.8 690.5 948.9
Silica, ppm 3 13 3 6 7 9 10 40 10 10
Sulfate reducing bacteria, . . — _ — —
MPN/nil 7.8 6.8 49 31

— 10 —
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Table 6 Water analysis on Feb. 1963. (2)
Sample No. 21 22 23 21 2 26 27 28 29 30
South side of Water gate of Draining of
s ¢ . Estuary of i
g Position Amahigashi . Ajigawa tunnel Kasugade power Kasugada
2 power station Yomo river e Station power station
s
£ E Sampling time 1950~1304 13t2~1320 1115~1128 1185~1145 1155~1203
B O
§ Depth, m 0.5 4.0 0.5 2.5 0.5 4.0 0.5 4.5 0.5 5.0
n Temperature, °C 13.5 11.5 16.0 16.0 6.5 7.0 6.7 6.8 7.0 6.8
Turbidity 48.8 47.1 21.1 24.4 42.3 57.2 47.6 34.1 81.3 43.4
pH 6.8 7.1 1(10°C) 6.9 6.9 7.2 7.0 7.9 7.1 6.9 7.0
Relative conductivity, .| 33,170 37,990 35,410 | 35,840 6,790 8,690 8,630 27,350 5,950 | 30,990
Total solid, ppm 25,440 29,950 27,910 28,650 4,480 5,700 5,910 21,060 3,980 24,460
Ignition remnants, ppm 20,590 24,390 22,550 23,280 3,610 4,620 4,750 16,960 3,140 19,600
Ignition loss, ppm 4,850 5,560 5,360 5,370 870 1,080 1,160 4,100 840 4,860
o | M-alkalinity, ppm 92 100 97 99 55 58 60 87 116 71
& | Total hardness, ppm 4,060 4,820 4,450 4,560 770 970 980 3,320 400 1,930
& | Oxygen demand, ppm 6.1 5.5 6.5 6.0 8.2 7.7 7.8 6.0 6.9 12,2
g | Dissolved oxygen, ppm 0.36 3.72 1.84 1.99 5.07 4.26 3.18 4.38 5.43 3,67
% Sulfite ion, ppm Tr Tr Tr Tr Tr Tr Tr Tr Tr Tr
. | Chlorine ion, ppm 12,420 14,440 13,670 14,030 2,250 2,860 3,010 10,230 1,860 11,630
<€ | Ammonium ion, ppm 0.9 0.9 1.0 0.7 1.1 1.3 1.1 0.8 6.3 2.3
$ | Nitrous ion, ppm Tr Tr Tr Tr 0.1 0.1 0.1 Tr 0.1 Tr
‘5 | Niric ion, ppm 0.4 0.3 0.2 0.3 0.5 0.3 0.3 0.6 0.4 0.2
z?) Sulfide, ppm Tr Tr Tr Tr Tr Tr Tr Tr Tr Tr
Chlorine demand, ppm 2.8 2.6 2.5 2.5 2.8 2.6 3.0 2.5 3.2 3.0
Ferric ion, ppm 3.6 2.5 3.7 3.8 1.1 1.1 1.0 1.1 1.6 0.9
Sulfuric ion, ppm 1,809 2,132 1,958 2,062 326 411 398 1,454 295 1,700
Calcium ion, ppm 286.9 340.2 308.3 291.0 63.5 73.8 82.0 229.5 59.4 266.4
Magnesium ion, ppm 812.3 964.6 897.1 931.1 148.5 188.5 188.3 667.3 61.1 307.1
Silica, ppm 7 6 8 8 8 12 9 12 13 6
Sulfate reducing bacteria, _ . . - 31 33 _ _
MPN/m1 - -
Sample No. 31 32 33 34 35 36 37 38 39 40
Confluence of o Draining of
et 13 Ferry of Namura Fujinagata 2
g Position Aji and 1 . 5 . Osaka
'§ Rokkénya river Senbonmatsu ship building ship building power station
=]
.on g Sampling time 12101228 13t0~1320 1330.~-1312 1350 ~1402 14161428
a0
§ Depth, m 0.5 5.0 0.5 5.0 0.5 7.0 0.5 9.0 0.5 10.0
» Temperature, °C 6.7 6.7 8.3 8.5 8.3 7.8 9.5 7.5 14.0 9.4
Turbidity 49.6 48.8 64.2 40.9 47.9 24.4 40.0 21.6 22.8 15.1
pH 6.9 7.2 6.7 7.0 6.9 7.3 7.0 7.2 7.3 7.6
Relative °°"d“°“‘”tiyu Jom | 10,610 32,250 16,880 31,640 22,950 38,870 30,580 40,840 37,650 42,250
Total solid, ppm 7,320 26,370 12,570 26,030 17,410 31,750 23,710 33,340 30,380 34,230
Ignition remnants, ppm 5,760 21,220 10,150 20,650 14,290 26,270 19,600 27,520 25,060 28,060
Ignition loss, ppm 1,560 5,150 2,420 5,380 3,120 5,480 4,110 5,820 5,320 6,160
g M-alkalinity, ppm 65 97 97 104 101 112 101 112 105 112
2 | Total hardness, ppm 1,140 4,110 1,950 4,040 2,780 4,960 3,820 5,390 4,860 5,490
& | Oxygen demand, ppm 9.2 8.3 11.4 7.6 9.7 5.7 6.2 5.1 7.02 5.0
E Dissolved oxygen, ppm 4.81 3.70 0.8 1.61 0.18 2.48 0.81 3.17 3.12 3.06
gj Sulfite ion, ppm Tr Tr Tr Tr Tr Tr Tr Tr Tr Tr
5 Chlorine ion, ppm 3,390 12,650 6,000 12,320 8,520 15,790 11,860 16,450 14,920 16,740
« | Ammonium ion, ppm 2.8 1.1 6.1 3.3 5.1 1.5 3.3 0.9 1.8 1.0
$ | Nitrous ion, ppm 0.1 Tr 0.2 0.1 0.3 0.1 0.2 0.2 0.1 Tr
& | Nitric ion, ppm 0.4 0.5 0.2 0.1 0.5 0.1 0.2 0.2 0.2 0.1
& | Sulfide, ppm Tr Tr Tr Tr Tr Tr Tr Tr Tr Tr
Chlorine demand, ppm 3.5 3.0 5.9 5.8 6.8 4.4 6.5 3.2 3.8 3.5
Ferric ion, ppm 1.2 1.4 2.1 1.6 2.3 0.8 2.2 0.6 0.9 0.5
Sulfuric ion, ppm 504 1,820 872 1,802 1,241 2,202 1,701 2,398 2,160 2,440
Calcium ion, ppm 102.5 278.7 147.5 303.3 192.6 327.9 254.1 344.3 311.6 356.6
Magnesium ion, ppm 214.8 829.4 384.2 797.5 558.5 1,006.1 773.9 1,100.6 991.7 1,117.5
Silica, ppm 13 26 10 5 6 2 6 1 7 5
Sulfate reducing bacteria,
MPN/ml - - - - — — 17 17 o —
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Vol. 5 No. 3 THYARIT X 5 AR EHE D e DWT (B 43D (199)
Table 7 Water analysis on May. 1963 (1)
| ;
Sample No. t 1 k 2 3 ! 4 5 6 7 8 | 9 10
e Water gate of Entrance of Between the West side
_§ Position Sakailks power station| Sakai old harbor | 2nd area and Yawata| 1 ne end of 6th area of 7th area
e
g
LR Sampling time 1185~1145 1296~1218 12301210 12501800 131513128
0,0
& | Depth, m| 05| 100 0.5 6.0 0.5 7.0 05 | 60 05 | 7.0
Temperature, °C 17.0 i 13.5 17.0 4.2 16.0 14.2 17.0 ; 14.5 ‘ 15.5 i 14.5V
Turbidity 10.1 23.6 28.9 45.0 12.5 68.4 17.1 44.4 19.0 23.6
pH 8.2 8.1 7.9 8.0 8.2 8.2 8.1 8.2 8.2 8.2
Relative C°nd“0“‘”ti'u om | 49,620 50,180 46,970 49,990 48,100 50,090 46,020 49,990 47,730 49,990
Total solid, ppm 37,420 41,250 38,480 39,500 39,250 38,820 36,620 40,250 38,120 41,080
Ignition remnants, ppm 28,180 29,730 27,620 29,230 28,250 29,730 26,090 29,490 28,150 29,650
Ignition loss, ppm 9,240 11,523 10,830 10,270 11,000 9,090 10,530 10,760 9,970 11,430
o M-alkalinity, ppm 112 118 118 118 112 120 1i2 118 112 116
& | Total hardness, ppm 5,560 5,900 5,49 5,880 5,590 5,760 5,310 5,870 5.550 5,920
§ Oxygen demand, ppm 3.9 3.0 4.5 2.4 2.9 2.5 4.3 2.1 4.7 2.4
é‘ Dissolved oxygen, ppm 3.77 6.28 2.55 2.77 5.12 4.65 4.60 3.61 5.63 4.64
] Sulfite ion, ppm Tr Tr Tr Tr Tr Tr Tr Tr Tr Tr
9 | Chlorine ion, ppm 17,670 17,550 16,310 17,500 16,760 17,550 16,040 17,600 16,830 17,600
é‘ Ammonium ion, ppm 0.2 0.1 1.1 1.0 0.1 0.1 0.3 0.1 0.1 Tr
2 Nitrous ion, ppm Tr Tr Tr Tr Tr Tr Tr Tr Tr Tr
.g. Nitric ion, ppm 0.4 0.2 0.5 0.3 0.4 0.4 0.7 0.2 0.7 0.4
3 Sulfide, ppm Tr Tr Tr Tr Tr Tr Tr Tr Tr Tr
Chlorine demand ppm 1.0 1.7 1.7 2.6 2.0 1.7 2.6 2.0 2.3 1.4
Ferric ion, ppm 0.4 0.2 1.2 0.8 0.4 0.5 0.6 0.8 0.6 0.4
Sulfuric ion, ppm 2,392 2,529 2,400 2,556 2,420 2,580 2,288 2,527 2,287 2,518
Calcium ion, ppm 356.6 368.9 348.4 364.8 344.3 356.6 335.1 368.9 352.5 368.9
Magnesium ion, ppm 1,133.3 1,210.2 1,122.5 1,207.4 1,148.7 1,230.8 1,085.1 1,202.3 1,135.8 1,215.5
Silica, pPpm 1 2 1 13 [§ 26 5 19 2 7
Sulfate reducing bacteria, 24 17 . . _ . . .
MPN/ml “ - -
Sample No. \ 1 1 12 13 14 ‘ 15 ; 16 17 18 19 : o
: . . Water gate of ‘ -: Water gate of
s Water gate of Sakai A Qutside of s o 1 i
5 Position union power station %ﬁgf?ﬁ;ii;d Amagasaki gate Sumitomo metal \ pfa\“%i.hls%gi?én
'S ,,
§°§ Sampling time | 1343~1855 1335.~1305 1355 ~1402 1417~1425 1435 1417
a9
E | Depth, m | 0.5 | 5.0 0.5 | 2.5 0.5 | 5.0 0.5 4.0 0.5 | 4.5
# | "Temperature, ¢ 18.0 | 14.5 17.5 | 15.0 7.5 | 14.0 18.5 14.5 18.5 | 14.4
Turbidity 23.3 11.7 23.1 34.6 100.8 18.4 88.7 63.4 91.0 39.8
pH 8.2 8.1 7.1 7.6 6.8 7.6 7.1 7.0 6.8 7.1
Relative Conducﬁmi”u om 44,8% 49,730 31,190 44,18) 30,710 47,820 17,230 38,840 22,110 44,470
Total solid, ppm 35,600 39,350 23,490 34,880 23,170 35,590 12,340 31,18) 16,290 33,770
Ignition remnants, ppm 25,600 30,670 16,770 25,170 16,550 27,570 8,78) 22,140 12,910 23,850
Ignition loss, ppm 9,000 8,680 6,720 9,710 6,620 9,020 3,560 9,040 3,385 7,910
M-alkalinity, ppm 116 116 82 85 112 114 112 114 104 112
.E Total hardness, ppm 5,190 5,840 3,410 5,010 3,360 5,500 1,850 4,320 2,320 5,030
*é‘ Oxygen demand, ppm 4.5 1.3 8.4 3.8 6.8 2.8 5.6 4.6 8.1 4.6
'é‘ Dissolved exygen, ppm 7.70 4.24 2.81 3.34 Tr 3.81 Tr Tr Tr 1.87
] Sulfite ion, ppm Tr Tr Tr Tr Tr Tr Tr Tr Tr Tr
© | Chlorine ion, ppm 15,520 17,450 10,410 15,710 10,820 17,170 5,200 14,570 6,970 15,820
S | Ammonium ion, ppm 0.1 Tr 11 1.1 2.0 0.3 5.3 1.8 3.8 1.6
“ Nitrous ion, ppm 0.1 Tr Tr Tr Tr 0.1 Tr Tr Tr Tr
9, | Nitric ion, ppm 0.4 0.2 0.3 0.6 0.4 0.1 1.1 0.2 0.9 0.3
§) Sulfide, ppm Tr Tr Tr Tr Tr Tr 0.1 Tr Tr Tr
Chlorine demand, ppm 1.8 2.0 2.0 3.0 4.7 3.0 5.0 2.7 5.3 2.3
Ferric ion, ppm 0.3 0.3 3.5 3.1 8.3 1.5 4.7 5.5 5.7 0.5
Sulfuric ion, ppm 2,221 2,506 1,470 2,151 1,445 2,343 797 1,823 1,004 2,176
Calcium ion, ppm 323.8 348.4 229.5 327.9 233.6 348.4 139.3 278.7 172.1 332.0
Magnesium ion, ppm 1,063.6 1,206.8 688.5 1,018.9 675.4 1,125.1 436.5 880.0 459.7 1,021.7
Silica, ppm 1 5 8 7 5 4 11 6 15 5
Sulfate reducing bacteria,
MPN/ml - - 140 110 — — — - 180 220
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(200) T R &8 2 B B & July 1964
Table 7 Water analysis on May. 1963 (2)
Sample No. 21 22 23 24 25 26 27 28 29 30
South side of Draining of Confl £ Aji Water gate of
g Position Amahigashi Estuary of Kasugade onfiuence of Al Kasugade power
~§ power station Yomo river power station and Rokkenya river station
]
,?g Sampling time 1455~1502 15201518 12401247 1257~1307 1318~1330
5.0
E | Depth, m 0.5 | 4.5 0.5 3.0 0.5 4.0 0.5 5.0 0.5 | 4.0
~ Temperature, °C 17.0 1 15.0 19.0 17.0 17.3 14.0 17.3 13.4 17.7 17.5 i
Turbidity 74.8 59.3 100.8 98.3 47 6 20.0 143.0 422.5 224.3 544.5
pH 6.7 6.8 6.9 7.2 7.1 7.4 7.0 7.5 7.1 7.0
Relative conductivity, = | 25,280 | 42,950 | 24,860 34,400 10,020 | 43,570 4,740 | 45,220 260 160
Total solid, ppm 18,130 33,250 19,650 28,220 8,340 35,660 4,510 35,970 620 2,690
Ignition remnants, ppm 13,840 25,400 13,840 20,980 6,170 25,190 3,190 26,320 430 2,170
Ignition loss, ppm 4,290 7,850 5,810 7,740 2,170 10,470 1,320 9,650 190 520
“ M-alkalinity, ppm 114 100 110 100 96 114 106 136 62 118
.© | Total hardness, ppm 2,640 4,750 2,570 3,740 1,070 4,850 490 5,140 70 90
§ Oxygen demand, ppm 7.8 3.4 6.0 5.5 4.2 3.9 12.0 15.6 12.0 20.6
é‘ Dissolved oxygen, ppm Tr 2.10 Tr Tr 2.74 1.38 3.52 3.10 2.85 1.37
o Sulfite ion, ppm Tr Tr Tr Tr Tr Tr Tr Tr Tr Tr
2 Chlorine ion ppm 8,120 15,190 8,010 11,550 3,430 15,400 1,660 16,230 3,750 7,490
£ | Ammonium ion, ppm 2.7 1.2 2.6 1.9 1.7 0.5 1.8 0.2 2.0 1.5
B Nitrous ion, ppm Tr Tr Tr Tr 0.2 0.1 0.1 Tr 0.3 Tr
'E‘ Nitric ion, ppm 0.2 0.2 Tr 0.5 0.7 0.1 0.1 0.4 0.6 0.6
Lg Sulfide, ppm Tr Tr Tr Tr Tr Tr Tr 0.2 0.1 0,1
Chlorine demand, ppm 4.3 2.4 3.0 2.0 2.4 2.0 4.7 4.0 2.7 5,0
Ferric ion, ppm 7.4 4.5 8.9 8.5 1.7 0.7 10.4 1.2 6.9 4.8
Sulfuric ion, ppm 1,218 2,223 1,206 1,684 472 1,981 208 2,318 24 67
Calcium ion, ppm 196.7 311.5 188.5 254.1 94.3 315.6 41.0 307.4 8.2 16,4
Magnesium ion, ppm 521.2 965.2 510.3 755.2 1 203.7 986.8 93.7 1,063.0 10.8 11.1
Silica, ppm 18 11 21 8 17 4 290 336 117 1,426
Sulfate reducing blil/lc;ﬁlr/i;l,l - - = = . . . . 920 4,800
Sample No. 31 32 33 34 35 36 37 38 39 40
s M Ferry of . . Fujinagata Draining of Osaka
E Position Ajigawa tunnel Senbonmatsu Namura ship building| ship building power station
pei
]
bEDg Sampling time 1312~135¢ 1442~ 1450 1457 ~1509 15t1~15%0 1528~1537
70
g | Depth m 0.5 4.0 0.5 5.0 0.5 7.0 0.5 8.5 0.5 9.5
~ Temperature °C 17.9 17.7 16.5 2.4 16.3 12.3 15.9 12.3 18.5 12.3
Turbidity 128.4 186.9 97.5 27.1 103.2 30.2 25.7 60.5 9.4 59.2
pH 7.1 7.0 6.5 6.9 6.5 7.0 6.8 7.0 6.7 7.2
Rleative °°"du°t”‘tz'v em 350 330 19,840 47,440 19,940 48,200 28,730 48,200 33,030 50,660
Total solid, ppm 710 1,090 14,150 36,510 14,030 37,510 21,140 34,440 21,350 36,070
Ignition remnants, ppm 460 810 10,040 26,910 10,100 27,280 15,680 27,700 16,720 28,860
Ignition loss, ppm 250 250 4,110 9,600 3,930 10,230 5,460 6,740 4,630 7,210
M-alkalinity, pPpPm 62 80 114 138 124 126 108 122 112 118
.g Total hardness, ppm 50 70 2,260 5,380 2,010 5,450 3,000 5,520 3,490 5,760
Té Oxygen demand, ppm 10.4 16.3 10.3 4.6 9.2 4.0 6.5 4.0 6.5 2.3
é‘ Dissolved oxygen, ppm 2.50 1.73 Tr 1.47 Tr 0.61 Tr 0.36 0.31 1.41
8 Sulfite ion, ppm Tr Tr Tr Tr Tr Tr Tr Tr Tr Tr
9 | Chlorine ion, ppm 3,330 3,330 6,140 16,750 6,350 17,070 9,370 17,380 10,510 18,420
:c::: Ammonium ion, ppm 1.7 1.8 6.9 1.9 5.4 3.8 4.1 4.3 3.4 2.6
2 Nitrous ion, ppm 0.4 0.1 Tr Tr 0.1 Tr Tr Tr 0.1 0.1
% Nitric ion, ppm 0.6 0.4 1.4 0.4 0.2 Tr 0.6 0.4 0.8 0.6
51) Sulfide, ppm 0.1 0.5 0.1 Tr Tr Tr Tr Tr Tr Tr
Chlorine demand, Ppm 4.3 5.7 6.5 3.7 10.5 3.7 10.5 3.4 4.8 3.4
Ferric ion, ppm 7.8 1.8 4.1 0.2 4.0 0.1 4.7 0.1 0.2 1.0
Sulfuric ion, ppm 26 27 919 2,464 920 2,387 1,348 2406 1,587 2,570
Calcium ion, ppm 12.3 12.3 151.6 348.4 147.5 348.4 204.9 352.5, 237.7 356.6
Magnesium jon, ppm 5.7 8.3 456.3 1,096.1 398.1 1,111.9 603.2 1,127.9 704.2 1,183.4
Silica, ppm 24 517 31 12 15 8 15 2 12 10
Sulfate reducing b&cﬁg}r}gl _ _ . . . - 280 110 o .
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Vol. 5 No. 3 TERORIT & D HEARBMEOB AT D\WT (B4 (201)
Table 8 Water analysis on Aug. 1963. (1)
Sample No. 1 2 3 4 5 6 t 7 ] 8 9 10 1 12 13
I Br(i)%ge Entrance of North west of gggtgf West side of The end of Between the gige}r’f—
g Position %]6;2 }Slglr{gér‘)ld 3rd area IS):;‘&B;I 7th area 6th area %{Iﬁ”g{:a and IS]gléVe;lrko
;3 station station
gg Sampling time 1140 1155.~1205 12201280 1250 1328~1380 13101350 1400~1410 1480
—_ Q0
a
g Depth, m 0.5 0.5 10.0 0.5 5.5 0.5 0.5 6.5 0.5 8.0 0.5 9.0 0.5
s Temperature, °C 30.7 29.5 24.5 28.9 25.5 32.5 29.0 25.6 29.5 25.5 29.0 25.4 29.5
Turbidity 196.3 10.3 4.9 18.5 7.0 194.7 17.2 15.9 13.1 12.8 9.3 10.6 9.8
pH : 7.2 8.1 7.9 7.9 8.1 3.5 8.4 8.0 8.4 8.0 8.2 8.3 8.5
Relative conductivity, po/cm | 19,090 | 36,870 | 44,130 | 41,500 | 44,570 6,592 | 42,950 | 44,340 | 41,110 | 44,640 | 41,760 | 44,130 | 41,720
Total solid, ppm | 14,620 | 34,470 | 37,150 | 34,770 | 36,530 5,200 | 33,070 | 36,290 | 32,800, 36,620 | 34,070 | 36,340 | 33,800
Ignition remnants, ppm | 11,320 | 25,150 | 28,590 | 26,610 | 28,410 4,090 | 26,770 ) 28,790 | 25,800 | 29,250 | 27,750 | 29,560 | 26,790
Ignition loss, ppm 3,300 9,320 8,560 8,160 8,120 1,200 6,300 7,500 7,000 7,320 6,320 6,780 7,010
M-alkalinity, ppm 120 102 115 95 110 | (158.0) 99 109 103 11 104 112 102
Total hardness, ppm 2,220 | 5,150 5,620 5,230 5,620 740 5,110 5,580 5,140 5,720 5,250 5,650 5,200
Oxygen demand, ppm 18.5 4.7 3.4 7.2 3.2 29.0 4.4 3.7 3.6 3.2 4.0 3.6 3.2
E Dissolved oxygen, ppm S 6.64 Tr 7.51 0.77 e 9.30 1.12 9.23 1.06 7.35 0.92 7.69
‘é’ Sulfite ion, ppm 5.25 Tr Tr Tr Tr 11.25 Tr Tr Tr Tr Tr Tr Tr
é‘ Chlorine ion, ppm 6,670 | 15,850 | 17,110 | 15,800 17,140 1,820 | 15,560 | 16,960 | 15,610 | 17,430 | 16,110 | 17,330 | 16,090
8 Ammonium ion, Ppm 5.8 Tr Tr Tr Tr 13.4 Tr Tr Tr Tr Tr Tr 0.2
® | Nitrous ion, ppm Tr 0.1 0.1 0.1 0.1 Tr Tr 0.1 Tr 0.1 0.1 0.1 Tr
‘[:é Nitric ion, ppm 0.3 0.1 0.3 0.2 0.6 0.5 0.2 0.2 0.2 1.1 0.2 0.4 0.3
2 Sulfide, ppm 1.5 Tr Tr Tr Tr 1.7 Tr Tr Tr Tr Tr Tr 0.1
' | Chlorine demand, PpPm 18.0 3.7 4.0 2.5 2.0 >100 2.0 2.6 1.4 1.7 2.0 2.0 1.4
!g Ferric ion, ppm 3.1 0.1 0.4 0.9 0.3 129.0 0.3 0.2 0.1 0.2 0.2 0.2 0.1
Sulfuric ion, ppm 949 2,243 2,425 2,277 2,494 898 2,240 2,422 2,218 2,495 2,274 2,457 2,263
Calcium ion, ppm 164.5 329.0 359.3 337.7 359.3 77.9 333.3 359.3 333.3 368.0 333.3 368.0 333.3
Magnesium ion, ppm 439.0 1 1,052.6 | 1,146.4 | 1,064.8 | 1,146.4 132.3 | 1,039.9 | 1,136.4 | 1,047.4 | 1,166.1 | 1,072.4 | 1,148.6 | 1,059.9
Silica, ppm 22 2 4 8 4 40 6 10 4 12 2 12 2
Sulfate reducing bacteria, - _ _ . _ _ - . _ _ - _ 180
MPN/ml |
Sample No. 14 15 16 17 18 19 20 21 22 23 24 25 26
Water
. gate of | Water gate of | Water gate of | Qutside of South side of Estuag of Water gate of
o Position Sakaikd| Sakai union Amagasaki 3rd| Amagasaki Amagasaki_ Yomo river Amahigashi
g power power station power station | gate power station power station
] station
?g Sampling time 1440 1528~1585 1210~1219 1225~1288 12401255 1300~-1309 1315~-13%¢
— O
a
E Depth, m 10.0 0.5 2.0 0.5 3.5 0.5 4.8 0.5 4.0 0.5 2.5 0.5 4.5
# Temperature, °C 25.4 30.0 30.5 30.0 28.0 31.0 27.0 32.0 32.0 34.0 34.0 32.0 31.0
Turbidity 4.6 17.7 17.7 27.0 13.1 61.2 15.4 63.0 72.0 74.4 73.9 65.4 66.7
pH 8,1 7.9 7.9 8.4 8.1 6.9 7.4 6.7 6.6 6.5 6.5 6.6 6.6
Relative conductivity, pU/cm | 44,490 | 40,110 | 40,260 | 38,460 | 41,220 | 30,680 | 42,180 | 21,820 | 26,830 | 27,950 | 28,390 | 21,550 | 39,510
Total solid, ppm | 36,970 | 31,860 | 32,170 | 28,820 , 32,910 | 24,110 | 34,820 | 18,160 | 21,170 | 21,620 | 24,720 | 17,800 | 25,970
Ignition remnants, ppm | 29,430 | 26,060 | 25,950 | 22,730 | 25,970 | 18,840 | 27,650 | 14,800 | 16,990 | 16,920 | 17,140 | 12,650 | 14,270
a Ignition loss, ppm 7,540 5,300 6,220 6,090 6,940 5,270 7,170 3,860 4,180 4,700 7,580 5,150 | 11,700
8 | M-alkalinity, ppm 110 101 101 108 96 93 110 93 89 85 85 93 97
§ Total hardness, ppm 5,630 4,940 4,910 4,350 5,200 3,720 5,340 2,810 3,250 3,290 3,410 2,480 3,640
'é Oxygen demand, ppm 2.4 6.0 5.6 5.1 3.3 4.7 2.3 2.9 6.1 6.5 5.0 5.9 5,2
& | Dissolved oxygen, ppm 0.79 10.22 8.91 4.19 3.80 Tr 2.21 Tr Tr Tr 0.06 Tr Tr
1’ Sulfite ion, ppm Tr Tr Tr Tr Tr Tr Tr Tr Tr Tr Tr Tr Tr
& | Chlorine ion, ppm | 17,060 | 15,030 | 15,080 | 18,210 | 15,770 | 11,370 | 16,380 8,280 9,810 9,810 | 10,500 7,330 | 11,600
3 Ammonium ion, ppm 0.2 0.4 0.3 0.3 0.2 2.2 0.2 3.4 2.4 2.6 2.5 3,1 2.4
% Nitrous ion, ppm Tr Tr Tr 0.2 0.1 Tr 0.1 0.1 Tr 0.1 Tr 0.1 0.1
3 Nitric ion, ppm 1.0 0.2 0.1 0.3 0.1 0.6 0.3 0.4 0.4 1.1 0.7 0.3 1.2
Sulfide, ppm Tr Tr Tr Tr Tr Tr Tr Tr Tr Tr Tr 0.1 0.1
Chlorine demand, ppm 1.4 2.3 2.6 3.9 2.9 2.6 2.9 2.4 3.0 2.7 2.7 3.1 2.5
Ferric ion, ppm Tr 0.2 0.1 1.3 0.3 5.2 0.9 6.3 6.0 7.8 8.0 5.8 5.1
Sulfuric ion, ppm 2,397 2,162 2,113 1,912 2,226 1,613 2,333 1,175 1,366 1,434 1,501 1,038 1,576
Calcium ion, ppm 363.6 316.0 316.0 281.4 333.3 248.3 342.0 199.1 225.1 220.8 233.8 173.2 246.8
Magnesium ion, ppm | 1,145.3 | 1,008.0 | 1,000.6 886.9 | 1,059.9 750.6 | 1,089.6 562.6 654.1 664.2 686.3 498.6 735.8
Silica, ppm 12 4 4 6 4 2 10 10 6 16 2 12 8
Sulfate reducing bacteria, 280 - . 2,800 | 3,500 _ _ _ . _ — 1 14,000 | 3.900
MPN/ml ’ ’ , ,

¢ )i Acidity
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Table 8 Water analysis on Aug. 1963. (2)
Sample No. 27 i 28 s 29 30 31 32 33 34 1 35 1 36 1 37 38 39
Upper Upper | 5outh side of P
: stream .Istream f Draining of o
&) Position Sumttomo PG [Kanaai o™ | Amagesaki | o Sover | g | S5 Baliaime
b= rivegr river manufacture ®
g iver o — -
E 3 Sampling time 13351354 1411 1430 1450 1505~1517 1158~1210 12201232 12401250
=
g Depth, m 0.5 4.7 0.5 0.5 0.5 0.5 5.0 0.5 7.0 0.5 9.0 0.5 7.0
Temperature, °C 31.0 31.0 — — — 32.5 30.0 29.6 24.8 28.8 23.6 29.2 24.0
Turbidity 72.0 60.9 58.9 85.4 67.1 142.3 121.1 24.5 8.0 43.5 8.0 58.5 8.0
pH 7.0 6.8 6.5 6.7 6.5 6.3 6.5 7.0 7.6 7.0 7.2 7.0 7.1
Relative conductivity, po/cm | 14,980 | 29,740 7,889 | 13,680 | 13,570 | 25,510 | 32,580 | 31,730 | 42,310 21,280 | 42,340 | 20,060 | 42,310
Total solid, ppm | 12,440 | 25,000 6,250 | 11,870 | 11,940 | 21,310 | 28,260 | 26,130 | 34,930 17,680 | 33,640 | 14,380 | 384,030
Ignition remnants, ppm 9,140 | 18,260 4,470 8,040 8,060 | 15,750 | 20,420 | 19,030 | 28,660 | 12,800 28,040 11,710 | 27,900
o Ignition loss, ppm 3,300 6,740 1,780 3,830 3,880 5,560 7,840 7,100 6,270 4,880 5,600 2,670 6,130
S | M-alkalinity, ppm 107 101 84 111 61 76 91 105 113 94 124 99 117
é Total hardness, ppm 1,780 3,570 870 1,600 1,580 2,960 4,030 3,820 5,540 2,420 5,610 2,280 5,440
é Oxygen demand, ppm 7.2 5.0 5.9 8.9 5.4 6.0 4.6 13.7 2.3 7.6 3.2 9.2 3,6
o Dissolved oxygen, ppm Tr 0.01 Ve Tr Tr Tr 0.54 0.15 Tr 0.01 Tr Tr Tr
2 Sulfite ion, . ppm Tr Tr 1.25 0.25 Tr Tr Tr 0.25 Tr 0.25 Tr 0.50 Tr
S | Chlorine ion, ppm 5,170 | 10,680 2,640 4,670 4,640 8,800 | 12,180 | 11,680 | 16,800 7,360 | 16,900 6,720 | 16,590
+ | Ammonium ion, ppm 3.6 2.9 4.1 5.1 2.6 2.7 2.3 2.5 0.7 4.2 3.9 6.6 2.5
-% Nitrous ion, ppm 0,1 0.1 0.1 0.1 Tr 0.1 0.1 Tr 0.1 0.1 Tr 0.1 0.1
& Nitric ion, ppm 0.4 0.7 1.8 0.6 1.5 0.7 0.2 0.1 0.2 0.1 0.1 0.1 0.1
Sulfide, ppm 0.1 0.1 0.3 0.1 Tr 0.1 0.1 0.1 Tr Tr Tr 0.1 Tr
Chlorine demand, ppm 3.5 2.2 6.3 5.7 2.2 1.8 1.5 3.8 3.1 4.0 2.3 5.6 3.7
Ferric ion, ppm 3.9 5.6 4.9 2.9 8.7 15.9 18.7 0.7 0.2 14 0.2 1.7 0.3
Sulfuric ion, ppm 748 1,507 389 681 699 1,302 1,734 1,639 2,416 1,040 2,383 969 2,339
Calcium ion, ppm 134.2 246.8 77.9 129.9 121.2 203.5 268,4 255.4 350.7 168.8 359.3 155.8 342.0
Magnesium ion, ppm 350.1 688.7 158.0 297.5 297.8 570.4 783.8 741.1 | 1,096.8 440.3 | 1,096.8 440.3 | 1,068.7
Silica, ppm 22 10 18 20 24 20 22 10 8 2 2 4 6
Sulfate reducing bacﬁelx;ig,/ = . _ . _ . . . . 7,200 4,400 _ .
Sample No. 40 i 41 1 42 43 44 45 46 s 47 48 \ 49 ‘ 50 t 51 } 52
| position Perry of | o (Onami Central| Aligawa | Raepfa' O | SITEREC O | Riga&”
-g Senbonmatsu gﬁﬁlri; bridge |market | tunnel power station |Rokkenya river | power station
Wi : —
.§ 3 Sampling time 12551306 1318 1340 1400 14151428 1430~1442 14501458 1510~-1518
Q
g Depth, m 0.5 6.0 0.5 0.5 0.5 0.5 3.0 0.5 3.0 0.5 4.5 0.5 4.0
Temperature, °C 28.4 24.8 29.2 29.7 29.4 29.6 29.4 29.4 29.4 29.0 24.7 29.2 29.4
Turbidity 80.0 21, 47.0 75.0 41.0 52.0 71.5 75.0 340.0 57.0 63.0 295.0 32.5
pH 7.1 7.2 6.9 6.7 6.9 6.9 6.9 7.0 6.8 6.8 7.3 6.9 7.1
Relative conductivity, po/cm | 19,590 | 41,950 10,530 2,300 448 208 210 246 1,163 6,347 | 41,890 4,551 § 40,210
Total solid, ppm | 13,940 | 34,250 6,926 862 152 201 232 273 2,876 2,888 | 32,390 3,204 | 29,820
Ignition remnants, ppm | 11,400 | 27,420 5,522 724 124 158 201 209 2,326 2,422 1 26,950 2,704 | 25,470
a Ignition loss, ppm 2,540 6,830 1,404 138 28 43 31 64 550 466 5,440 590 4,350
2 | M-alkalinity. ppm 98 121 65 48 36 40 40 41 43 47 111 52 105
é Total hardness, ppm 2,230 5,870 1,150 175 73 46 44 47 154 724 5,230 565 4,880
'E‘ Oxygen demand, ppm 11.6 4.0 7.0 8.4 9.0 6.2 10.8 6.4 11.4 4.6 2.2 6.4 3.7
S Dissolved oxygen, ppm 0.40 Tr Tr 0.65 0.28 1.03 0.56 0.42 0.59 0.20 0.25 0.17 0.22
2 Sulfite ion, ppm 1.00 Tr Tr 0.50 Tr 0.50 0.25 0.25 1.25 0.25 Tr 0.25 Tr |
2 Chlorine ion, ppm 6,650 | 16,400 3,720 396 103 30 30 37 659 2,110 | 15,820 1,530 | 14,710
“ Ammonium ion, ppm 6.0 2.2 2.5 3.0 1.4 1.6 1.6 1.7 1.9 2.5 1.2 2.7 1.6
:“5’. Nitrous ion, ppm 0.1 Tr 0.1 0.1 0.2 0.1 0.1 Tr 0.2 0.1 0.1 0.1 d.1
2 Nitric jon, ppm 0.1 0.1 0.1 0.1 0.3 0.6 0.4 0.7 0.3 0.6 0.2 0.4 0.1
Sulfide, ppm 0.4 Tr Tr 0.1 Tr Tr Tr Tr 0.2 Tr Tr 0.1 Tr
Chlorine demand, ppm 2.7 5.0 3.6 4.0 1.1 1.2 1.2 1.1 2.0 1.7 2.9 1.7 2.9
Ferric ion, ppm 0.9 0.6 1.7 2.3 1.7 1.3 1.8 2.0 6.2 1.9 0.4 1.9 0.5
Sulfuric ion, ppm 948 2,376 475 69 21 13 15 20 63 316 2,242 236 2,112
Calcium ion, ppm 160.2 350.7 125.6 26.0 11.7 7.4 13.0 11.2 17.3 56.3 324.7 47.6 333.4
Magnesium ion, ppm 425.8 | 1,046.8 194.8 25.5 10.2 6.5 2.7 4.5 25.8 141.7 | 1,028.5 108.8 921.1
Silica, ppm 16 6 2 8 16 38 56 70 288 34 16 70 8
Sulfate reducing bac]\t/lelx)'i?}ml _ _ - _ _ . —1 15,000 3,800 _ _ . _
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Fig. 5 Cooling water in Amagasaki and Sakai area.
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Fig. 11 Pollution index of cooling water in Amagasaki.
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Fig. 13 Pollution index of cooling water in Nagoya.
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Study on the Aluminium-Magnesium-Silicon Alloy (Rep.6)

On the Mechanical Properties and Electrical Conductivity of the Welded
Products of Al-Mg-Si Alloy with Different Mg/Si Ratio

by Shiro Terai and Yoshio Baba

This is the report on the study of the cracking in the heat-affected zone and the
mechanical properties and electrical conductivity of the welded products of Al-Mg-Si
alloy with different Mg/Si weight ratio.

The findings are as follows:

(1) Weldability of Al-Mg-Si alloy is affected by the content of magnesium and silicon.
Al-Mg-5i alloys containg MgeSi of 0.59 to 1.094, in the region of excess-Si, show the
maximum tendency of weld heat-affected zone cracking.

(2) Among the various kinds of filler metals, for example between the same alloys
Al-0.895Mg and 4043 alloy, the products welded by the filler metal of 4043 alloy show
the minimum tendency of weld heat-affected zone cracking.

(38) As to the joint efficiency of welded products, annealed material has the joint
efficiency of 1009 in tensile strength, 12094 to 15094 in proof stress and 10094 in electrical
conductivity after being welded and such efficiency is regardless of the kinds of filler
metals used in this experiment. Therefore, it is practically possible without any trouble
to use annealed materials for welding. T6-heat-treated material has the joint efficiency
of 509 to 60% in strength after being welded and affected by the Mg/Si ratio, the
filler metals and the speed of welding. Its efficiency can also be increased a little by

the precipitation-heat-treatment after being welded. However, it is more desirable to
narrow the weld heat-affected zone by using the high speed welding method.
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HMEDEEE LT, & LT AI-Mg-Si %44 (6061-T4,
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BETHD, BEBEERBAFRCAERLTS 2 94~100% #i%k
ThDHEBNTD, F 1z, AI-Mg-Si 4&D%EED X
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i Research Report N 07.)1 2 V.G.Hull,
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N DIIEBEHATE D L RN B N T D, B iC Al-
Mg-Sish D& &% W BEOEEIIE, BMHRELS
BAA, BEECHTLHEFURGAERRTLELDLHIL
m%%f&éﬁ,ﬁ%%mmé&t%%m%%%@%ﬁb
7o FEE G Kaiser 7 KWk AY F 7y 7 @RENLF
= Z = PAMCIEED B WO TARB T 20 S E
HERBWTEREFT L, Al-Mg-5Si R4 &4 BEH 7 2
ELTHAT A A0OERMBHC L ABFRITOEEL L
7o\

2.2 B M ¥
SRR N e Vs 99.75% 7 v 2 = v n B LY
99.89% D~ 7 x vy 8T, 7AZOTME, 40435 &5
B & UCALF129SiR& &%, B A Al-5%SIR&
& e
3. RERAEL IURKRE
2R Lo id ks L Oh-E& &% W Tablel iR

Table 1 Chemical composition of test spscimens

ISV AEWEDO STV AR UL O, LU
&% FHE Lz, Table 2 [kt o S Bk R %R Ui

D S8 FE LB DU EN W, B
Brid2mm X 190mm X 100mm 8907, FIEHmEic A 7
iz TIG FisAs T Table 3 iR Li-&BTox4
VIR, B~ TN R L0%EY — Faoyl
L U7 DT D ¥ &, F X O LT
HULE A 1772\, BRI % L OB SR E 4 il UCHR
BooFh & il Uiz,

i, TNOHHMBOBEEOX WO Y v - vk — i
AT HHENT, BER Y voRBEORIRAE, X
BT X DNEBR MR, BMEMMERA TR ot &
TeBEE Y ~ FIC LCEAFAOEELE DWTE v 1 ~ X
A 2y H e U CEE B O A AT e Wi o B D
WTHHBE B DAL BT AT IR o 7o

4 R B B R

4-1 BEOIVLVOTL

\CO o —— Table 3 /R U= B LM CABB A B L- B AR
11 po n, % S
" \k\\ Mg Si | Mg.Si o w Total 4 Licv v Tabled tF &7z, Tabled iz & % & Mg,Si
ar 1 g . Y . .
— BN 0.5%Cr A4 FRFOREZ v v HEANE L@,
A 0.29 0.39 | 0.46 | 0.22 — | 0.68 ‘ 1 0fer e g e e
B 0.50 0.19 0.50 — 0.19 0.60 DT Mg2SI ﬂl 1 /OT f/{ ;fél@ﬁuﬁm@git*%ﬁhv V@ﬂﬁﬁﬁj
LA i i &t ~ =BG TR
c 0.6 | 075 | 1o | 0.7 — | 1.38 PN L Mg251@£177‘b§m}/t?rtﬂféi, 7 Ve
D 0.97 0.37 | 0.96 — 038 | 1.3 HEASNIEECE D T 5 2 ENEED bie TS EDE
E 0.07 | 091 | 155 | 038  — | 1.88 BRoOFER CLLERE~ 7 % v v 2 QO FE REE 7 1 Zllo
F 1.8 0.54 | 1.4 —  0.48 ] 192 HEL Db 7 vOEBAND IR ENEED BN, F#,
G 1.2 1.26 | 2.06 | 0.49 — | 25 Ot T O T6 $ 7 IR L AEEEO v VITH 35
" L jemire ] OB ER pma T R a s LA Ry v vOERs IR, O
Table 2 Chemical composition of filler metals
(except for same alloy filler)
Chemical composition, %
Mark 7 Reference
Mg t si ; Fe 1 Mn E Cr ] Cu Zn Ti
1 } 0.34 1 0.09 k 0.05 E Tr } 0.01 l Tr 0.02 0.01 Al-0.3%Mg
2 l 0.81 * 0.09 0.04 5 Tr 0.01 i Tr 0.02 0.01 Al-0.8%Mg
3 1 1.84 1 0.09 0.04 t Tr l 0.01 ‘ Tr 0.02 0.01 Al-1.8%Mg
4 i Tr t 5.14 0.23 ; 0.02 t 0.01 ] 0.01 ~ 0.02 0.01 4043 alloy

T L5, MeeSiOEIIEA05~29% DOREFHCEE 7 1 8
Hlds L OYBF~ 7 2 v v KAl & D% BER 501 T 760°C
TR L, 730°C CHFBMI AT AV, 100°C &
AL 72 P9~F 30mm £ X 200mm w X 200mm / o 4T 720°C
Tt Uieo #Hbi% 520°C X 20hr B E LA A 770\,
6mm ¥ ¢ 500°C CEMIFEE R AT /R, B AN T A 0
2T 2mmt oW B e ZOWEDNWT, FREDF
¥ (F# &9, 450°C oG LT Lcb o (O
BEFRd), BEAVEEE Fodt (T6 &FR9) 2E#H &L
Too WM E LT 4043 44 (Al-5%Si 44, HEr7vm

Table 3 Welding condition of test specimens

Process Tungsten inert gas arc welding

Filler metal Same alloy and the alloys showed

in Table 2

Filler diameter 2mm®= or 2.29mmé

Joint type Square butt
No. of passes 1

Argon gas flow rate 8 I/min
Current 65~80A.
Rate of welding 200mm/min
Diameter of the used tungsten} 9.3mm
electrode

— 9 —
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Table 4 Effect of filler alloys on the crackings appeared in Al-Mg-Si alloy welds
\Welding Filler
Condition\ Same alloy Al-0.34% Mg alloy Al-0.81%Mg alloy Al-1.84%Mg alloy 4043 alloy
of parent alloys \\
A E A / E A / E A E A E
F B F B F B r B F B F
C G C G C G C G C G
D H D H D H D H D H
A/ E A/ E / A x E A E A E
o) B  F B  F B J F B F B  F
c / G cC x G c / G C G C G
D  H D / H D H D H D H
A / E A E A x E [/ A / E A E
6 B / F / B F B F B F B F
C G / cC x G c / G c /G C G
D  H D H D H D H D H

%iﬁT6HK%@%7V@@ﬁ@@b:amw@%nto
we, XigdEmie & AIEmERE O K E W i il
Photo. 1~4 z7% U7~ Photo.1 3 Al-0.59Mg,Si %}t){éﬂ(@
Otk & THRIBELLBEADXHEREETH D, BED
AVHER 7 A BROBRTEHAN R Y vikkE WA, Bie
RUTCBERE < 7 5 v v s QIOBEEHE, Yk —vRees
WA, EBAEN T vk I T & AR B iz, Photo. 2 1%
B U< Al-0.59%MgsSi o O}t % 4043 &4 THEE L4
DXBFBBBETH Do 4043541 CHE L BAEE
DV VOFREEEME DY LTED, ZOREEDOHE

FquV Vﬁﬁm@ﬁ%ﬂw&l/)b &ﬁiwmy) 1’37“/710 LasL, %:
T vk~ L CwWb, Photo.3 11 Al-0.59Mg,Si

A: 0.229, excess silicon

i Photo 1 (.

Blank : No cracking is appeared.
/ : Partial cracking is appeared.
% : Cracking is appeared through total lengths.

o T6 WA L&TBE LA B0 X555 EXThH
Bo FEETHE LILBEAILY VIIAEIE S OB S h
B A - Twb, Photodix[E U< Al-0.5% Mg,SionT6
B #4043 6 & THE LR Bo XBEREER T, #4
BHEOHBEDO L5 v vIBEIIZZEDSNT, LAYk
~VRERE LT WD Db, TSI, A

BGER A D i LCBEE BRI~/ Fvy L

D BBy v BN,

B: 0.19% excess magnesium

X ray photographs of welds in the 2mm thick AI-0.5%Mg,Si alloy sheet

welded by the same alloy filler and aged at room temperature for 2 weeks. The
base material was annealed at 420°C for 1 hr and then slowly cooled to 250°C.

A 022% excess sﬂlcon

ASM

Photo. 2

B: 0.199% excess magnesium

Y ray photographs of welds in the 2mm thick Al-0.5%Mg.Si alloy sheets
welded by 4043 alloy filler and aged at room temperature for 2 weeks.

The

S base material was annealed at 420°C for 1 hr and then slowly cooled to 250°C.

.__3__
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A: 0.229; excess silicon B: 0.19% excess magnesium

1A1)‘

Photo. 3 X ray photographs of welds in the 2mm thick Al-0.59;Mg.Si alloy sheets
welded by the same alloy filler and aged at room temperature for 2 weeks. The
base material was solution-heat-treated at 520°C for 1 hr and precipitation-
heat-treated at 200°C for 2 hr.

A: 0.229% excess silicon B: 0.199% excess magnesium

Photo. 4 X ray photographs of welds in the 2mm thick Al1-0.5%Mg,Si alloy sheets
welded by 4043 alloy filler and aged at room temperature for 2 weeks. The
base material was solution- and precipitation-heat-treated.

4-2 BEEFERCONT

g TWeld o ol

Al-19%MgsSi B0 Obi% fedls LU M3 &HH 3 037% orcess
PR CHEE U, 2 ISR TR S 4 o A O R A Fig.] P [silicon” "Mognesium
# XU Fig 20 Ureo Flgligkd ot Lo ot §40 I D
ThoT, HTCTHLINER~ 7 F vy 2 QAOER § 20}
FEME N B U A TR D XD A9 10mmAs B2 A3 ”E | 1
{LLT B, Fig2 34043 46 CHEBE LB ATH D, B 0 20 0 20 40 0 20 0 20 40
Bt ORI  TELAIIL, B rE O B2 2T D Tl Distonce from the centeof weld,

Photo.5 13, & TEEE L7~ DBmEmiim o IR Fig. 1 Hardness survey taken across the weld and

heat-affected zone of 2mm thick Al-19%Mg.Si

e XL UBEMEBIHLEG A R L b DTH bo
alloy sheet welded by the same alloy filler

Photo.6 1%, 40434 & Tl LIckh & OB BB oW

and aged at room temperature for 2 weeks

IR AR & OSEIBBTIIR C o U, PRI o1 2 B after being welded. The base materials were
BRI — D OBATH 5o annealed at 420°C for 1 hr and slowly cooled
Al-195 MgoSi 4 &30 0 TOMBREED B & k& s & to 250°C before being welded.

V40434 &M CHE#E L, 2 EMSER TR S Siosa
DR o—plx Figdsk LU Figd iR Ui Figd ik

U LS ORI CREORILET 1 3 037%, 4o 3% T [fved owr% Weld 038%
BB~ 7 % v v & 0.38% DMK CH Ho Figd 1324043 240 e cgnesium
Bb A VIR & L CHT /o 1A R Clb Do 3

SEGVEEOBA L4038 R BT BV 2B a L ok 5 T~ Yt
WAEBOEEIE LA B DR, Foko TO MM gq| 1| ~

S LA D & D R3mmR e 2 5 E

Th Do MEEERD 5 bikg THE LB A OB O 0 20 0 20 40 40 20 -0 20 40
o PIIRAR S S OSSR A Photo.7ic, 40434 4T Distance from the center of weld, mm

B Ui-isa i oW Photo8 Imk Uizo  T6 ALERK 4 45 Fig. 2 Same as Fig. 1, but welded by 4043 alloy filler.
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5 Weld F 4 Wel
8100 L\ L B j dd L
2 90 ,/r** - = ‘ /ﬂ
g 70 — ' /
.E i i
O
T 50 0.37% - 0.38%
& excess excess |
3 20 silicon magnesium
> 40 20 0 20 40 40 20 0 20 40

Distance from the center of weld, mm

Fig. 3 Hardness survey taken across the weld and

heat-affected zone of 2mm thick Al-19Mg.Si
alloy sheet welded by the same alloy filler and
aged at room temperature for 2 weeks after
being welded. The base materials were solution-
heat-treated at 520°C for 1 hr and precipitated

at 200°C for 2hr before being welded.

e EEweld Weld |
o A T = s
70 / \ A
|
% 0.37% 4~ 0.38 %
excess lexcess;
20 silicon ! Imagnesium
40 20 0 20 40 40 20 0 20 40

Distance from the center of weld, mm

Fig. 4 Same as Fig. 3, but welded by 4043 alloy filler.

Base material (x100)

Base material (x100)

e

Photo. 5

3

0
[w]

~
(@]

0.37%] 0.38%

%]
o

excess excess

Vickers hardness number

)
«
ot

slilicon magnesium

20 0 20 40 40 20 20 40

40

Distance from the center of weld, mm

Hardness survey taken across the weld and
heat-affected zone of 2mm thick Al-19Mg,Si
alloy sheet welded by the same alloy filler and
aged at 200°C for 2hr after being welded. The
base materials were solution-heat-treated at
520°C for 1 hr and precipitated at 200°C for 2hr

before being welded.

%)
S

Weld 0.38%

excess

Weld 037%

excess

no

silicon
p—

0
o

~
(o)

Vickers hardness number

[%a]
(@}

40 20 0 20 40 40 20 O

Distance from the center of weld, mm

20 40

Fig. 6 Same as Fig. 5, but welded by 4043 alloy filler.

0.379% excess silicon (x3)

Boundary layer of weld (x100)

Center of weld (x100)

ks

Bounday layer of weld (x100)

Macro and micro structures of Al-19;Mg,Si alloy welded by the same alloy

filler and aged at room tempsrature for 2 weeks after being welded. The
base material was in fully annealed state.

0

magnesium
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037% excess silicon (x3)

Base material (x100) (x100) Boundary layer of weld (x100)
e : S -

5 y s
PSRN WA ey
LN R IR R A,

0.38% excess magnesium (x3)

Boundary layer of weld (x100)

R T

iy 'k??%;
Photo. 6 Same as Photo.

Base material (x100) Center of weld (x100)

- SR RS gt WAL LY B R T g
ST
A QRED TR «

Boundary layer of weld (x100)

Base material (x100)

gt e

et TRE LY
IR
ey

; 5 i 5 PR 7a b
Photo. 7 Macro and micro structures of Al-19%M
aged at room temperature for 2 weeks after being welded. The base material
was solution-heat-treated at 520°C for 1 hr and precipitated at 200°C for 2hr.
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0.37% excess silicon (x3)

Base material (x100)

(=< 100y

Photo. 8
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B AE D E Db 0% TR 200°CT 2 IR ER b & H&T, cik AlL0.8% Mga&c, dizd043E64&CHEEL
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WBNTo Figb 174043 4 eaEmbt & LCHEE LSS TLBEOBICIIE 4 DOEFROFITIEETH 2 L & L)

DERT, H@THE LIRS ‘Di‘ﬂ}}%*ﬁ?g[ﬁ@@ﬂih B it b: Welded by same ¢: Welded by Al-0.8% d: Welded by

FOMEFITR S 5T AI-Mg-SIf%4a4enmEch o orbase ooy alloy filler Mg dlloy filler 4043 lloy filler

o =y
LTHERO Y v, &5 BB EEomHErbbe 5 iol—=] b=t =] [P
HE UGG, AR 72 O o Clad0484 o g O[T bees S
EHEMCTIND & ST BTl R A RS 2 & 8 \m 25 tv /*-—<
b'b 157}%71:0 . —o-.‘.:: - % = b ,/—1»*/‘ e
s O [ T 4 . &
N . S £ [ / F—
4-3 BEHOBMYLEREHEICONT PE V% /o /1
v %5 o Ultimate tensile strength )

BREOHIEDO M & Bl OV CH— &t T i 3 10} - Tensile yielgi strength
LrsonsEos s Lonsemun Legeo 22 | | | ] || 1
By 7 b U ER B, WY~ FH DL D2 05101520 0510 1520 0510 15 20 0510 1520
O LORERTHISE Uco TREBEIC DWW T I MgaSi  content, %

S F ; ~S5Pl e . ig. 7-1 Mechanical properties of welded and unwelded
£~ FETHILAERE DN T OS2 o oo 2mm thick AI-Mg,Si alloy sheet. Welding

4-3-1 Fﬂ%wg Licise beads were not removed before the test, and

‘ * ;ﬁ : =1

welds were solution- and precipitation-heat-

. » B treated after being welded. The base material
FHZOWTIE, B LA ORBECOMEIRTS - was as cold-rolled.
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b: Welded by same c: Welded by Al-0.8% d: Welded by 4043

éxm dlloy filler Mg dlloy filler dlloy filler
a <
2 10 [ \ H | S — |
2 e w0 § O | I = ) | - ]
Yo -
S
25

2
E s
S e s /‘ /
5520 5 ST oy S
5 \m / ’/"/__.4 /
R Y e e A4S £ Saatis S
w £ S e
=) /
0 8 olts // :
g £ / __IExcess Si / o Ultimate tensile strength
S 2 ---|Excess Mg ®Tensile yield strength

05 1.0 15 20 05 10 L5 20 05 1.0 15 20

MgzSi content, %

Fig. 7-2 Same as Fig. 7-1, but welding beads were
removed before the test.

BB AR L R X OWT IR 2 580 L 7e Db OFfER T
B BB FfE & OB BITERRRNDT, Dbl
BT6 il Ui b Fig13-1-a LIl Ulco WERIEHR
LA s JOHT LI 4 R U 7o B0RHE LIE LIZR o8,
BRI UWER R LT 5, BNk ORIIC X 52
HE DD by, Al-08% Mg &4, 5
WE4A0434 & TR L7c e iR LT, R80T L DI #
PR BT B4 7R 2 & 238ed B, Fig7-213,

o: Base dlloy
alloy filler

(523
0

b: Welded by same «c:

R Y — YRR Uled & CHE (LA s X OWT AL
HATIR o 7D HOFERFEBROM R T b kg, ¢ AL-0.8
%Mg, d 134043 £ & THEE LBEB TH Do B~ FO
FrERIBROSERMY OEINIT LA ZBlbN v, Ak

DB R & L Ui g, 830 4 BROFE DK
X, Flg8 B S EEE DOWC RO ZRA 1T - 7
G I W /pY - 2 NN O /N B3 o] A R SRR B =17 /N
N TT6 WA L f# o BSEEE Fig16-a & iR
LThdont, (3EAEEBOIRNT & MRED BT

4-3-2 OMEBELICESE

OBz oWTiE, BEOE E, kL OBERERERLAM
¥ L OWF AR A AT 7 o 7o BHBHE DWW TR A 77 5 720
FORERA B IR I DWW Tk Fig9-1, 2k L T8 10-1, 2
W, BEEEE T OWTE Figdl 5 L0 121k Lic, Fig.
9-1ds L OFig.9-213 888 Lok £ 05 IRRIRFE R T, Bk
Y - FaRRE LD BFEERA TR obDThH
Bo OB % LIAEAITE A ENFIRBR VIR WTILE
HEoEENRBDLNTH LT, T, BEY-FED,
WL OBEERY Ik JIETEECOWTHLEHE K&
VRS BT D o Tre Fig0-13s L OF Fig10-21358 L

Welded by Al-0.8% d: Welded by 4043
Mg dlloy filler alloy filler

— Excess Sif |
|| Excess Mg

w
~N

w
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(9,3
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Electrical conductivity, % 1ACS
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0510 15 20 0510 L5 20 0510 1.5 20 05 1.0 1520
Mg2Si content, %

Fig. 8 Electrical conductivity of welded and unwelded 2mm thick Al-Mg,Si alloy sheet. Welding
beads were removed before the test and welds were solution- and precipitation-heat-
treated after being welded. The base alloy was as cold-rolled.

. a: Base. alloy b Welded by same c: Welded by Al-0.8% d: Welded by 4043
s 50 dlloy filler Mg dlloy filler dlloy filler
5 o= %
5% 3 | T S N =
w \E 10 ] L ! N
o 20[T—Excess Si1 [T oUltimate tensile strength™ T
U Excess Mg o Tensile yield strength
QL ]S
§ o
S c
4 - .
L E 10 Hdemiog] Ll dede | ..o 8
iz 1
D2 SH—T—1—H Hett=t H—teut =
T o
£ : |
58 0510 1520 05101520 0510 1.5 20 0.5 1.0 1.5 20
Mgz Si content‘,"% ‘
Fig. 9-1 Mechanical properties of welded and unwelded 2mm thich Al-Mg,Si alloy sheet. Welding

beads were not removed before the test and welds were not heat-treated after being
welded. The base alloy was as annealed.
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O HEWALAE Y L OWT AR A Lo BA o<, O HI oo LABEROBREEENMEE A5, Fig.
E DERTESRNR RO T, TO6 0% Lcs (Figls- NG OM A v Ure & 5 OIRIE SR A e U rcids
1-a) i Uico 8GR, Ok a s TOMM LR BThHY, BEROMBIIER~ 7 & v Y 20RO
e T6 W U7- b & ORI ARZELRRD BT, FHGER 7 A B ORBHCHE L TR E W, 3HOE
FRBEIMMOBHAR BT 5245 F VHCED BN b0 5 H4043 6 & THE L S WOET2iIE D s,
Figll L0 Figl2ix, FABEOBEC DWW TESESEE S e T6 Il A 1T/ o oA ORI, Figl2 t@lo b
M Licf R <h ¢, OMBEBEOEE L, e i NAD LD BRI 4 EORBORKEERER b

1 Lou |

| 1 {
05 1.0 1.5 20 05 10 15 20 05 1.0 15 20
MgzSi content, %

Fig. 9-2 Same as Fig. 9-1, but welding beads were
removed before the test.

BRI TH D, BIMP OB L2283 E VD LN
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Fig. 11 Electrical conductivity of welded and unwelded 2mm thick Al-Mg,Si alloy sheet. Wedling
beads were removed before the test and welds were not heat-treated after being welded.
The base alloy was as annealed.
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Fig. 13-1

Mechanical propsrties of welded and unwelded 2mm thick Al-Mg,Si alloy sheet. Welding

beads were not removed before the test and welds were not heat-treated after being
welded. The base metal was solution- and precipitation-heat-treated.
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Fig. 14-1 Mechanical properties of welded 2mm thick
Al-Mg,Si alloy sheet. Welding beads were
not removed before the test and welds were
solution- and precipitation-heat-treated after
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and precipitation-heat-treated.
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Fig. 16 Electrical conductivity of welded and unwelded
2mm thick Al-Mg,Si alloy sheet. Welding beads
were removed before the test and welds were
not heat-treated after being welded. The base
metal was solution- and precipitation-heat-

treated.
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Study on the Forged Material

of Hyper Eutectic Aluminium-Silicon Alloy

by Shiro Terai and Yoshio Baba

On manufacturing the forged piston of hyper eutectic aluminium-silicon alloy, the
relation between grain size of primary silicon of Al-189Si alloy ingot and its extrudability,
machinability, forgeability and heat treatment of extruded product was investigated.

The results obtained are as follows:

(1) The finer the primary silicon of ingot, the better is the exrudability.

(2) The finer the primary silicon, the better is the machinability of extruded bar.

(3) At the forging temperature of 400 to 500°C, a forging less than 40 per cent in
the deforming ratio (hg-h;/hyx100%) at a time does not generate surface cracks
of the product, and maximum deforming ratio is a little higher in existence of coarse

primary silicon.

(4) A forging more than 45 per cent in the deforming ratio at a time generates the
surface cracks, and the more the cracks, the coarser is the primary silicon.

(5) The maximum deforming ratio of Al-189;Si-Cu alloy system is about 3 per cent
higher than that of Al-189;S5i-Cu, Mg, Ni alloy system at the forging temperature of

450°C.

(6) Considering the permanent expansion, heating at 220°C for 4 to 6 hours is

recommended for temper-treatment after solution-heat-treatment.

Hardness of

forged products after that temper-treatment is about HgB 45 for Al-18%Si-Cu
alloy and HrB 65 for Al-189;Si-Cu,Mg,Ni alloy.

(7) Refering to the above mentioned results, the forged piston of Al-18%Si-19%Cu-
19%Mg-19%N1i alloy with 48 mm diameter was manufactured in practice.
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189%Si-19%Cus 4, > 1 1E¥H1 3 A1-18945i-29Cu-1% Mg
~-1%Nis & s L, FEEEOHHTHRE Table 1 Rl
Foo WG A HRIEA/N, B, KEAET S0 #HRT
Bl X O SROMmE 2 HH L, $550R £ D50~100,
100, 300°C s Lo 7otsiid 67¢ X 200mml T
MR M % T~ T830°CTIT A o /o

Table 1 Chemical compositions of test specimen.

Chemical composition, %
Alloy Mark

Si ’ Cu Mg 1 Ni 1 Fe
18.54 0.85 0.16 | Tr. 0.32
Al-18%5i-Cu b 18.54 0.85 0.16 | Tr. 0.32
c 19.01 0.95 0.20 Tr. 0.40
b'd 18.90 2.00 1.02 1.16 0.30
Al1-18%Si-Cu,Mg,Ni y 18.86 1.92 1.15 1.15 0.32
z 18.75 2.03 1.07 1.33 0.39

2:2 # H

5 1813480°CC8hr i nshtk, SRERH 3000 M s A (5
B LT20mme X IFLTHE Lize ¥ vy MEEIX480°C,
a2y 7 —REN 440°C, IR 27, 18 B LU
0.9m/min® 3 B bhrt, MHEORERNA WA L

2:34 Bl M T

S 4 7 2 v 4 G2¢2200r.p.m3% 1 0.025mma £ ¢
TN, 176 X25mm DfEsERriclk L, ’E
WRRE (BRNASHEBEEEFRRAA <~ 78 LYY
VEDIBDRKIEOH A RE Ulco 7k IEIMERIEIO X
WD F y T OFEEBE DO YEIE OV aRER y ()
gtXssmiE -y EHER) X Dz L

2-4 3B e

R & SRR ERERREOT B KB L
1S IIUE T 350~500°C 4R E THRERE 4 73230
SO U B tmi s B ETH L 5 BL A 50kgo B g% 2m
3 X OV L MOE 5 B T Lid TERERA 1770\ i
DV UREABET B L L LERREE RO, ERER
SR DIEMRRIOE v A ho, EAROR Y hy & LA
BEWE (%) =ho—h1/he X100TEDH L,

25% @M I

SEEH O IE I BV R anB hod e, AL D,
RAMIEN RSB A (10mme X 100mmD) & 7 2 i
HEE T (20mme X 7Tmmi) # R mIT L, 495°C X 3hriz
AL ILEE K 48 150~350°C 24 7 WEAKEE ¥ o LB %
T\, BEMERER TR Lico

3. RBRERSIUVER

31 SBOMRT 1 BHE

Table 2 &SESROWF 7 A FREH TR Lo Al-18%
Si-Cu%Aa 4k X 0AL-18% Si-CuMgNiZ a4 & bieF
DR, R, RICAHIN T, Photo. 11
Al-18%Si-CuR &4 O MBI A R Lo

Table 2 Effect of casting condition

on the grain size of primary Si.

A11°r5;lark %:r;t;laggature, Mould ?g?r;x;l)grature, oG;E;i?irif:fy Si,
°C °C mm
830 Graphite 50 0.015~0.025
b 7 Cast iron 100 0.03 ~0.04
c P » 300 0.04 ~0.05
x ” Graphite 50 0.018~0.025
v ” Cast iron 100 0.03 ~0.04
z 7 ” 300 0.04 ~0.06

Photo. 1 Micro-structures of ingot a, b and c. (x100)
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Photo. 2 iR L7 Z & <, dMHEBoORAERIIC L D A,
B,CDo 4 Bz 445 L, Table 3 1w &850 MHMES B
FE LTz I kB & Al-189%S5i-Cusié g & Al-189%5i-
Cu,MgNi %4 &R MEEDIEIIT L A Y B bk
D3, Hdh 7 A BRLEAVNE S OB EES B, F

Table 3 Effect of grain size and extrusion speed
on the surface cracks of extruded bar.
Alloy Extrusion speed, m/min Si grain size,x10~2mm

wark ] o9 [ 18 | ou7 Head Tail

A A B 156~25 15~25

b A B C 25~40 25~35

c B B C 35~50 35~55

X A A B 15~25 15~25

y A B C 25~40 25~40

z B B D 35~50 40~55

e &
gt

AL END Z Ly, o E s e U T o &
A ERETHAEBVTH—ELLTHDHL) ThDo
3-3 IRHEO DI
RO DTk Fig. 1 iR L OHIDX
WD F 5 TOFEE BT X DYHINE O R TR A R

Photo. 3 Micro-structures of extruded bar a and c. (x100)

oA AR e B L EE v VATEE I it D, MHIBD
28 A g & B LT Photo. 3ic B sens, o
SEEEAMA TR Leas, Wb e EHoRGh 7 A Bk

WE/NARDIEERFTSH Y, FOBEOFHREMEY &
W7 A BRE/ N DIZEMANZ EARbA S,
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@ Good 0.9 u 094
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Fig. 1 Effect of grain size on the machinability of extruded bar and roughness of machined surface.

3-4 HHBEOREN

Fig. 2 iwAl-18%Si-CuF & &k DWW TH0kg-1mERD
BEIRE L ERBOMRER Ui, CNIEXDE, TOE
£40 1 EOEEEHZILA0%EEE TEHETH D,
A B L DOERICDOWTIL, WERRBIZEDT N
BERERE LT D,

Fig. 3 131A1-18%Si-Cu,Mg,NiZ A &I DT DG EMN
5o AlF18%Si-Cukéd & AR REMER L TN DS,
SR K 3 BERROETHATEDBNB, Fig. 4 LU

Fig. 5 1©Al-189 Si-Cu& &3 & U Al-189; 5i-Cu,Mg,
Ni R&&iIonWT 50kg-2m BEROBEEE & ERED
BERE R Lico BERELF & & L ICERENRERT S,
1 EDEFENRSYE B2 D EREMY v kb, D
BEWMGr A BREOK D LDIRE v vEENREE TS
50

Photo. 4 1T855& L= XD 5 BRRED B v VIRE K4
#7& L Photo. 5 ik v vERS o SEHIERAAER & R L
7o

N

X100, %

ho

ho=h1

N

-
e

\

/

30 —‘Qz’p

Deforming ratio

400 450 500 400

500 400 450 500

Forging temperature, °C

Fig. 2 Relation between the deforming ratio and the forging temperature of Al-18%Si extruded products.
(60kg-1m)



Vol. 5 No. 3

WA BTV I =T A GBS BT

(227)

z

=

S 40 U?CO
-1
P

o /

o 30| o)

5

@

o

400 450 500 400 450 500 400 450 500

Fig. 3 Relation between the deforming

products. (60kg-1m)

Forging temperature, °C

ratio and the forging temperature of Al-18%Si-Cu,Mg,Ni extruded
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Fig. 4 Relation between the deforming ratio and the forging temperature of Al-18%Si extruded products.
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Fig. 5 Relation between the deforming ratio and the forging temperature of Al-18%Si-Cu,Mg, Ni extruded

products. (50kg-2m)




(228) F K &8

& B &

July 1964

Normal

®

Small cracks were faintly appeared
Small cracks were appeared

Medium cracks were appeared

mo O oW
® © B

Large cracks were appeared

Photo. 5 Micro-structures of cracked part (x100)

35 HHBOBEMEC P LT THNBOY

WEEOEE HrB : my s vz vBayr—n) LB
MIOBIFA Fig. 6 107 Lz, Al-18% Si-Cu R dks
L V'AL-189% Si-Cu,Mg,Nif &4 & & i B b O ERi
DR, BEIIRTE T LT EE HrRB10~20 2
ET I NT WD, BAVE170°CK16hro i Fy TES
DEEEENE LN D, InBWdh7 A BREDOKR, ML -
TEEEIRE D\,

Table 4 HfHD & ¥ 5 L O TOEMATR B D 5 IRE B
BAERUIco WIdh7r A BRECIDETFDO T v 20355
B B I AHHBOMECEEYBIIELTWE LD
IX#E 2 Biviove

XC, ZOBEEHCAYHELTERTLES, &
S v = b v RN 2000011,L0>amr~=(/_&5 = DR
%V%%ﬁ@bﬂf%D,%ofNWCTm{‘VMﬁ%
Fin ottt CERPET RARIRCERET S v
¥V OHEENTHEHELDND, ThabbALLD L
R /NE 7 Sik LU Cu EEREECEEB Lz 2D
BASRBRTHERTI IVICEENEENETDIE LD
C%ﬂ%%&%ﬁb,%KAHN%%&T@@%@K&%
REER L & b’CaA1+0’(CuAlz)lz?aAl+9(CuAlg)>j@ﬁa
FanaAl>aAl+-G.PzoneDEFHE L H - Tl b HMTH
bo ABEERT & Al-189 Si-Cu %4 &¥ L OF Al-18 9 Si-
Cu,MgNi %44 & 4z 220°CK4~6hr D<€ F o E%
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Fig. 6 Aging curves of the extruded bar of Al-18%Si-Cu and Al-18%Si-Cu,Mg,Ni alloys.

Table 4 Mechanical properties of extruded bar of Al-189%;Si-Cu and Al-18%Si-Cu,Mg,Ni alloys.
Heat treatment As extruded l aAtgiglsgct %i‘i%h?ﬁ ’I}g?r after solution-heat-treatment
Alloy mark Tensi{lg/féxzngth, I Pr(&ogf/;f;sfs, Elongation, % ‘ Tens}i{g:/;trx;ﬁngth, Pro}géiﬁrmegs, Elongation, %
a 22.5 13.2 7 29.2 27.2 4
b 23.7 11.6 6 29.3 28.1 3
c 23.0 11.2 7 28.7 26.1 4
X 23.0 12.5 5 33.0 32.2 1
¥ 19.8 12.3 4 33.1 32.0 1
b4 19.7 12.0 5 32.7 31.8 1
Firotc b ot 170°C K 16hrigée F o B0 b D LT BB
0.029 K AMIEM A X L, B OESSOEEE v I (1) FHBROWGh 7 A BRENSHA T EWMEMEIE R T
& UTIEETMREOE T ERANE R Ik ABIELY % %o
72584 220°C X 4~6hrpsigis & % 2 o () HHREOLIEIME LU EL 7 A SR EE AT E BIFTC
36 EX bV RAEORME %o
Bl EDRBRERY 252 LT, 200mme DEEBIA 5 50 (3) SEEE R 400~500°C Tk 1 BOFERE (ho-hi/heX
mme O B A VERL L4Smmae 2 )i X E E48mme 10095) 7340 LU T OBA R v vgEE L T0D
DAL-182%Si-195Cu-19 Mg-19Ni R &g 2 | » % BEWE T A BREXR R BIEEbTNCERERNE
B E U7zo Photo. 6 B w A v 48 & Wi AR 4) 1 HOEEEHENEBL LT ind LRV vsFEE
o Uico Tho ZOBAWGRy A BRERLHIZE Y vAFELEL
— LI,
4. 1 = (5) 450°C G L4854, Al-18%Si-Cu &24it Al-
HrART VN I=Y LEEOBIGE A by R EET 51T 1895 5i-Cu,Mg,Ni & G b LTI 3 BETEEA T o
FWLTC, =& LTALISYSIRE &I WL 7 A B 6) KAMIERBRE Uice, Bt v 0 220°C X 4~

1 (0.015~0.06mm) AF[E LT, M, IS X U

BT & OFEMERE R RET Lico B DN RIERDEY T

7

Bhrsl Th Do I OBFDEHEEILAL-18%5i-Cuské
&3 HrB 45, Al-18935i-Cu,Mg, Ni %4 4% HgB 65
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Photo. 6 General appearance and macro-structure of the forged piston of hyper eutectic aluminium-silicon

alloy.
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Study on the Corrosion of Copper Alloys
in High-Temperature Water and Steam (Rep. 4

The Effects of Additional Elements on the Corrosion of Alpha Brass

by Shiro Sato

In the previous paper author reported that « brass of high zinc content showed the
layer type corrosion when exposed to water and steam at the elevated temperature. This
paper reports the effects of additional elements on the corrosion of a brass by water and
steam at the elevated temperature.

Cu-3097Zn alloys containing small amounts of As, Sb, P, Sn, Fe, Ni, Ti or Zr as the
additional element were used. The specimens were set in an autoclave. After the exposure
to the saturated water and steam at 300°C for 250 hours, the determination of weight gain,
the tensile test and the measurement of thickness of the corrosion layer were performed
to estimate the effects of additional elements on the corrosion.

The results obtained were as follows.

(1) By the addition of As or Sb to the alloy the rate of corrosion is greatly promoted.
For example, the thickness of the corrosion layer of Cu-30% Zn-0.09% As alloy was
more than 80u, but that of plain Cu-30% Zn alloy was less than 40u.

(2) The addition of P or Sn lowers the rate of corrosion. Especially, the addition of
P is effective to inhibit corrosion. For example, the thickness of corrosion layer on
Cu-309% Zn-0.05% P alloy was less than 7pu.

(3) The addition of Fe, Ni, Ti or Zr has no appreciable effect on corrosion.

A field corrosion test also has been made in the heat exchanger of the salt refinery by
exposure to steam at 220°C for six months on some copper base alloys. including special
70-30 brass modified by 0.059% phosphorous addition. The result of the field test showed
that the corrosion resistance of modified 70-30 brass was superior to that of plain brass.

1. #&
1)
2 CEIRBEOKE-IIERIC LD Cu-in 54D

il

(775 97), lié’&“}‘é&}ﬁ% "mﬁ/fk LTS H &b THEHE
f;’%fé‘&ﬁ:of\ﬂéo bf, //V‘:W-L\iilﬁlﬂ@m(mm}

SRS o\ CRE L, Sk E e s O ORI K BB wEE T,
T Cu-Zn &40 Zn BEFNERIC Bty 20, & 2 OBERCOLTRL I LIHFCHERTLHD LA N5,
BRE ZnO DEBEEWMEETHI L, BLOZOMAREE fEoT, 7L =Y M RGO BIEREED K LUK

X Zn BRI ON TERW R e 7RO S 00D BIRO ST L BIBRE OV THHC R BT T 57200, BIRSER
LWL LTITL &l ExRBBME L, : AT oo & OREBITRBD THET S C aab,m

UL, Cu-Zn &&DEREED KB LU ERC LD BN s E 5,

AT R JETHRMILEOHRC DN TEE LB TN LIF, EEOBEICE L, #~ 7 v 7% T
RNDT, BROBRY ZF 5 Cu-30%Zn G@OBE 4 g gm0 AFBRO B & LTE B &

s JIETHRMITEEO R DTG L, BMTTHRO e 5 A i e N

BRI H LT & b CREAEEE 525 bonns Love B0 RBRARBIIC DN CRET 5,

Z EHBB T Lo 2. HA#s ckvs%%ﬁ?i,f
&h,%%a\mwﬁ%%mﬁﬁabfiabfz%@

Py n B BT BEG, FhabbT =y g 2 PRAOESENS

*gAReRYATE 26 (1962), 174 w—#RR

B A4 2 LT, Cud0wtsZn 44 (AT wt i3y

R W B) 3 ROERICRMTEE LT, As-Sb-P.Sn-
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Table 1

Result of the corrosion test on Cu-309%Zn alloys containing various additional elements

by exposure to water and steam at 300°C for 250 hours under the saturated pressure.

Chemical composition Weight increase, Tensile strength, kg/mm? Elongation, % Thickness of

of specimens, wt % mg/cm? { ):degree of decrease, % { ):degree of decrease, % corrosion layer, p
Cu Additive Zn Water Steam érse pared Water Steam Srsepared Water Steam Water Steam
69.85 None R 2.48 1.61 34.1 27.7(19) 29.1(15) 65 45(3D 50(24) 40 30
69.15 As=0.04 R 2.54 2.98 30.9 24.6(24) 23.5(24) 58 48(17) 48(17) 57 60
68.17 As=0.09 R 4.21 4.46 30.7 20.2(34) 20.2(34) 63 33(48) 38(40) 96 85
67.18 As=0.34 R 4.48 4.70 30.4 18.4(40) 19.1¢37) 65 33(49) 43(34) 99 95
69.14 Sb=0.18 R 3.39 3.39 33.7 21.0(38) 22.3(34) 60 30(50) 35(42) 75 84
66.45 Sbh=0.48 R 16.77 16.83 — — — — - 270 290
66.30 Sbh=0.94 R 26.49 37.28 — — - — — 378 368
67.51 P=0.05 R 0.49 0.59 34.0 33.3 (D 32.0 (O 65 60 (&) 55(15) 3 6
70.69 P=0.41 R 0.46 0.45 42.2 41.2 (2 40.8 (3 50 40020) 45(10) 8 13
69.84 Sn=0.27 R 0.84 0.75 33.6 31.9 (8) 32.0 (&) 50 53 50 (0 16 20
66.56 Sn=0.94 R 0.74 0.94 34.0 30.5(13) 30.1(12) 55 53 (&) 63 (0) 10 12
67.07 Sn=2.08 R 0.70 0.92 39.2 37.7 (& 36.2 (& 53 35(34) 35(84) 8 17
68.37 Fe=1.49 R 2.47 1.71 46.0 39.4(14) 40.8(11) 40 30(25) 35(13) 47 38
67.44 Ni=1.28 R 2.04 1.39 36.6 32.7(11) 33.2 (9 50 35(80) 45(10) 41 26
68.67 Ti=1.65 R 2.38 1.73 47.5 41.6(12) 43.2 (9 30 25(17) 25(17) 31 30
66.85 Zr=1.56 R 2.65 1.87 46.5 40.6(13) 41.0012) 28 15(46) 20(29) 44 50

Fe-Ni-Ti X0 Zr 5 bhabnwing 1EOTHESY
B L a&s B ARSI CRRZ DI HWTHERL,
SRWCEEIAA I, ZOREBE&EOMS % Table 1 ZEfiic
7%?0 )

2-2 BEBH

Table 1 R Lc#& &0 A 050 mm CEEL,
Ev110mm, 1 10mm, FITEROES.0mm o5 [FRER A
ORI L, HBIc500°CK1hr DB -
TEBRA & Uleo 72720, Sb % 0.48% % 71k 0.94% &6
THAREITIENTREETH oD T, #UEL HEESOX
10X1.0mm o 7w v 7 B - TR & Lo

23 BREE

AR &7 v 2 > RORREICE L, A7 v v
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FYVASIEIO A -+ 7 v~ T DR AN,

2-4 SEBREHE

At 7 v T EEK 2 642 AN, BEEL, 110°C
THEHEA — P 7 v~ 7HOEEN 300°C, Ehnzoli
ED RS 86kg/em? i/ o THs B 250 hr O/, HA
IS H 4 Ldice BERFHC I WD LEOEBR 133K
K TEROBRBRF KRB a i,

3. RBOBER
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AR R BN HROB HHELSOUIFEETIEE LT,
INHDORBRFICOWT, BAL L HEELEONE,
BRI & B3 IHR3R 5 3 L O ¥ ORALOBE, & O

FE L AW OEERINDOBB IR EH{T 510 RRF ~ £
% Table 1 ©ixd,

3-1 EBELL

BRI RBIR CHRE, BRERYE O FNE
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ML Tz, BEERENE S IRINAEEOBMKY Fig. 1 1@
3o Fig. 1 @k \WwT As F/cid Sb 2@ L7z RERF
DIFEHEE, RINTELYEF Ll h ol aiE X
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- Fig. 1 Effects of added elements on the weight gain of

Cu-30%2Zn alloys exposed to saturated water and
steam at 300°C for 250 hours.
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Fig. 2 Effects of additional elements on the degree of
loss in tensile strength of Cu-309%Zn alloys ex-
posed to saturated water and steam at 300°C for
250 hours.
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Fig. 3 Effects of additional elements on the thickness
of corrosion layer formed on the surface of Cu-
309Zn alloys exposed to saturated water and
steam at 300°C for 250 hours.
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(¢) 68.1795Cu-0.099; (@) 67.1895Cu~0.34%

(a) 69.859,Cu-RZn As-R7Zn As-RZn As-RZn

(©) 69.1495Cu-0.187; (r) 66.4595Cu-0.48%; (8) 66.3095Cu~0.949; (h) 67.5195Cu-0.05%
Sb-RZn Sb-RZn Sb-RZn P-RZn

o S *

(i) 70.6924Cu-0.419; () 69.8495Cu-~0.27% (k) 66.5695Cu-0.949; (1) 67.0725Cu-2.087
P-RZn Sn-RZn Sn~-RZn Sn-RZn

s

) 68.3795Cu-1.49% (n) 67.4495Cu-1.23% (0) 68.6795Cu-1.65% (P) 66.8595Cu-1.56%
Fe-RZn Ni-RZn Ti-RZn Zr-RZn

Photo.1 Cross sections of Cu-30%Zn alloys containing some additional elements exposed to saturated water at 300°C
for 250 hours, showing that the corrosion is promoted by addition of As or Sb but inhibited by P or Sn.
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(1), BLOMWNZHRT L5 C, MINTTHEEEH LRI
HUTEAB R, Fe-Ni-Ti #7413 Zr %M ULis&
SOEBRRA OB AE KT L UERKPIEL Licb o,
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XND T ENbhotre foF ik, FHE 77~ T OUERE
s W TSR ST W e 70V 3 = v WHERE
(7T 7w 7) pidEE UTIEZRRAl (220°C) 2 BXK
SR Ak, —HOBICDOWTIRBI R RS RIS D
BECELY 7 vtk ), BEEEDEMNE Ui LT

Plain 70-30 brass (b)

(@)

Modified 70-30 brass
(67.59Cu-0.06%,P-RZn)

I DEERR IR O M R R 0 o DT SR A R M T b
N AL NE 57D T, Mot s by v E2RmL
7270-303%550 (SR & BRIt Uico BUTF, AR

DNT, AR EBIE D B B FEUC DL THIBICRE T Do
4-1 M

HERICHE L 7oA SR D LD TE Do
1) 70-30%55M, 2) ok f70-303%5H (Cu—32.4% Zn—0.05%
P), 3 varsys, £ 10%% . 7e=y i, 5)20%
X aTmrmy i, 6) 30%F o Susy v, 1) =97
VERE L (xrEe), 8) AEEE2HE

#£o4L0Ey 1.2mmoiK L v £ 150mm, HEHiSmmo
HOHEHI L TEERF & Ui

4-2 REBREH

BRI B 5K & X OIS & A3 L 2o iREE CIB il e

177 D foab, BRERH A MG 660mmad Pl fEE LT,

(¢) Albrac
(Special aluminium brass)

©

(@ 90-10 cupronickel

80-20 cupronickel

(f) 70-30 cupronickel x400

Photo.2 Result of the field test on some copper alloys by exposure to steam at 220°C for 6 months in the heat ex-
changer of a salt refinery. (a) and (b) show the very bzaneficial effect of phosphorous addition to a brass.
(¢) shows the susceptivility to intergranular corrosion of aluminium brass.
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L5 IR 25 B E D BIRIB A A B DAV R, &
B (P:0.05%mIm OEREEOE L ENCE LT
M VES WO FTCh ote bbb, 2D bR
IR oA — 7 v T L BDEBREER, HMEAR
BRIEIS N CHERRIN AL D LB BND,
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HBNIe DI &L Cu-Zn 441 Al ORI L V7
RESEDOKE LUOERKIC L » THRARALYE LRI D &
SIALZEEHPBIERT LD THED ELBND, DL
EOFRIIRAHRD T, BoTHETHTETH %,

5. & #

BlEDRBROERND, As 7213 Sb OFmAE L <
BaaxEET2EARLD L, BLIUPFERILSn, &
KP@%mﬁ%b%@ﬁ%mﬁfé%%ﬂ@écaﬁbm
Slte FBEWE 2HITEWT, Cu-Zn 4&0EEEEK
s DAL O XA %772\, Cu s ZnO o
REMOEFBE SN, 0 Cu pE#FEIENTILE Zn
HVBEGEETAHHMCTN T Toe SO Enb, BN
In FFOBBAEIHETEH I EEHHBE L, Z0%E
AVPEZVE, BWAREYXHET A HaNTFO—21k Zn
T DRSPS DI ENE 2 B, RERITH W
TRZG BN E B OIRINTTE DB R AT % /o VF
R OTIMTLENE AR BT 5 Zn BT O3B Tk
EMPE AR E L TWDZ LICBERTS LD T s n
5% 2 bS5, L, 300°C fHEDEEITRIT 5 a
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REDWTEEHETES 7 ~ 2R A B0 T, jic
AETBLERD Do

Kﬁ%#ﬁ%lﬂ@b%iﬁSn&E@%Mﬁ%@ﬁ%
BE3MTHE~ a7 v I =y nFROFREEK B
FARABRTE JETINSOTLRDEN & FRFRE
SELLTED, MHr0M@MEnss L 5 milgans
M, ZDZERLDNTENEDE ZABHS TN

6. #& Eiy

Cu—30% Zn 445 300°C o fgfKkis k ORIFIZE D
TR B AR 5 T BNITEE— As-Sb-P.Sn-Fe-

Ni-Ti 5 L O Zr—DHBIEOWTHEL, RO
720
(1) As F721% Sb OFMIIEAAZE L Tt %,
(2) P& 7oid Sn DRI & A HIHI9 5 o i P i30.05
B OTINTE OO T I BEAIEIT 5,
(3) Fe:Ni-Ti F713 Zr 7t K OHIMIE A LTk
T EAH LT o,
4) Pom (0.05%) kb fifatEisti Ui
MAESHDOERE LTI S AHAMAETAL0T
BB EH S ASR L VDI,

X [y
1) e L RS E I, 5 (1964), 2
2) Kk, M AekiESESGE, 1 (1960), 22
3) #km, 5, BB HA&EZAEE 25 (1961), 301
4) 7 ERBSEREE, 5 (1964), 121
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Studies on the Titanium Alloys (Rep.4)

by Yutaka Kondo and Shujiro Suzuki

In the previous papers (Rep. 1 and 2), the results of experiments on the workability,
mechanical properties and heat treatment characteristics of several binary and ternary
titanium alloy systems making use of comparatively high purity commercial sponge (BHN
110-120) generally used in Japan were described and three useful wrought titanium alloys,
Ti-8%Mn, Ti-29%Al1-29Mn and Ti-5%Al-3%Mn were selected.

In this paper, the results of experiments on the following items [(1)-(6)) of Ti-29Al-
294Mn and Ti-5%Al-3%;Mn alloys are described and the mechanisms of heat treatments of
these alloys are discussed. The results of experiments and the discussion of Ti-8%Mn alloy
were described in the Rep.3.

(1)
(2)

(3)
(4)

(5)
(6)

Hot working

Effects of cold rolling and annealing on the hardness, tensile properties, bending
properties, deep drawing properties and microstructures

Tensile properties at high temperature (up to 850°C)

Effects of solution temperature, cooling rate, aging temperature and time on the
hardness, tensile properties and microstructures

Isothermal heat treatments

Fluctuation in the chemical composition and the mechanical properties

By the above studies the followings ((a)-(k)) were found and the typical values and
specifications of the chemical composition and the mechanical properties of these alloys were
determined as listed in Table 19.

(@)

®

()

» B

2AI2Mn is a medium strength alloy, suitable for the manufacturing of sheets, plates,
bars and forgings and 5A/3Mn is a high strength alloy, for plates, bars and forgings.
Both alloys are heat resistant at moderate high temperature (up to approx. 500°C).
Hot workability is good in both cases.
Desirable heating temperature for hot forging

2AI2Mn ; start 900~950°C, finish 850°C

5AI3Mn : start 950~1000°C, finish 900~950°C
Desirable heating temperature for hot rolling is 850°C for both alloys.
Cold rollability

2AI2Mn : good (limiting reduction in cold rolling without crack: >709%), but for

the manufacturing of sheets the use of a special rolling mill such as a Sendzimir

mill is desirable because of the high yield strength.

5AI3Mn ; not good
Ending temperature of recrystallization

2A12Mn : approx. 670°C 5AI3Mn : approx. 800°C
Desirable annealing procedure

2AI2Mn : heating to 700°C——air cooling
5AI3Mn: heating to 850°C—>slow cooling (<C150°C/hr) to 730°C—air cooling

Overheating beyond 900°C for 2AI2Mn and 950°C for 5AI[3Mn is not permissible
because of rapid grain growth.
Both alloys are at the right side of type (@ or at the left side of type (& in the
model diagram Fig. 2 and B transus is approx. 910°C for 2A[2Mn and approx. 960°C
for 5AI3Mn.
The useful state of 2AI2Mn is the annealed condition and in the case of 5A/3Mn
is the annealed condition and 900°Cx1hr W Q.—>600°CxX1hr aged condition. By the
heat treatment this alloy is brought to higher strength.

Aokl K/L"f
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AL, e L8R LOHE 2| CELE TORBRE 1,800 —
B S WCRRE Lz SEOEMLE &0 D, Ti-29Al __4_H‘ L
-294Mn &&¥ LU Ti-5%A1-3%Mn &&ic o, me‘ﬁ—umr\"‘\-"\
SR LB A B BT, D, BESEL, miRMERER L OF | N\“““~f£;\\“\\\\
4 OBILIEMEIC DN T8t L S FEd Lok A s 1,400 ‘N\‘\\\

T 5, {15 Ti-8%Mn A& DWW T OGRS
D 3IITHE Lich, KM T INEED-IBDOESE
TOWTORFELE Lo

feds, A TIHBLIMEEC B Ui "2 S Wik, SE0H
1T Lz Ti 4408 RN Fig. 2, 3-A, B
B4 5 LIEUESIHETADT, ZbHOR LT ic
HREE Lizo

VI. Ti-225A1-22;Mn §20DH%E

1. K RE B4

Twn%ﬁivﬁﬁyn%@wwwﬁﬂéﬁﬁcam
HS B H, Blomige X b Ti-29%Al £ ~-Mn FoGE
PREERMBA SN 7 572D T, g Fig. 72 iR LT
FWize Ti-29%Al-29%Mn & &FERO S0 & & A
bt b, FHEHREEOFHMOME: a+TiMn ThH 50, &
1RICF L2 Z & < Ti-Mn RO RISILIER 1C@ s
B, ZOAE&TLIWAEDBEFMIE a+B HikThH 55 L
BEAND, Mok, Ti-2%Al-Mn Fo <7 vy o %8
PELIEHRAEE I E » & D LT Winw2y, 5 230 Ti-Al-Mn
FDEZATRLIEITEL, Ti-2%Al-7%Mn 4404
B B HKET B & B BB 05, Al 8A 5T
e A FHIERENBIZE Mn ks o &
37 5 Th B

2. A ¥ o #®E
BUEOBIEIC B\ e $5801%, K2 v @ 7Y 2v 2y
116 o 2+ v F imiliE Al (99.99%) & HfE Mn %o

Ev#320mm, M4kg Db D THB, SETER LUV
T o 5 HHER . Table 17 0 7 & < CEHTIEES B
T, Fe, HERTHETERE UAR, THEE odikiz
LD PAEFLA A BTN ER R Faid 4 b BT,
B— &l b D Th oteo B ZDERD 7 Y 505 524
HITERE IR 233 THERI L T A<, B3R RLE
Ti-8%Mn &4d kL 5 eB{LiLA BN Ieh o T,

|
|
1,200 }

g
&
.
3
£ I \ B+ TiMn
= 800\ i —
/ : ‘a-Ti+ 8+ TiMn
600 i
/ | o
400 i
I a~Ti +TiMn
200 i e
]
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Mn, %

Fig.72 Sectional diagram at 29 Al in the system Ti-Al-Mn.

Table 17 Chemical composition of ingot.
(Ti-29%A1-29%Mn alloy)
(1) Alloy elements

12,

OREIE, BEMCHRASSE LTELTWA 3o Ti &
EE PRI BB TR o7 Ti G&CBT 5 —80 e (—iE%
195744 1, 19584p4 H 4o 1 0% 1959454 D HARSEY KT B X
C19574F11 H DR LIRUIFERIC H#38) DEAWMTH Y, B 1HLA
ko> Vol. 2 (1961), No .2, P. 139~160iz, % 2 #ixM@E No. 3, P.
205~2151z, %53 #iE No. 4, P.273~287ic 2 F IR L1,
ks, AWOPNAS, Ti-2%A1-2%Mn & 2OWCikke LT
19574 4 Ao AR EEELEAkE, Ti-5%A1-3%Mn S412Du
TR & LCI9884E 4 A D FZ kA FNFNFFE Uiz,

R G TR ek S T AP AR

B2 m%%g

Part of ingot for analysis Al, % Mn, %
Center 2.02 2.21
Upper surface
Circumference 2.03 2.08
Upper 2.07 2.08
Side surface Middle 1.94 2.08
Lower 2.00 2.08
Center 2.02 2.11
Lower surface
Circumference 1.97 2.21
Mean 2.00 2.12
. | /+o0.07 +0.09
Deviation | (T8 | (2302
(2) Impurities
Impurity Content,%
N 0.007
e} 0.05
H 0.003
[} 0.01
Fe 0.02
Si 0.02
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Fig. 73 Effect of cold rolling. (Ti-2%Al-29%Mn

alloy sheets)
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Ti-29 A1-29%Mn alloy sheets)



(240)

R & 2B K &

July 1964

< 400°CH TR 13 & A EE 53 500°C &l L came
WA BT L, 700°C LGl e 23 1009 4 1k % T 8hAH

INTRE TS SVABREL T T5H Z L i Ehibh b,

a b

309 cold rolled
Photo. 22 Microstructure of cold rolled and annealed

sheets. (Ti-2%Al-29%Mn alloy),(x100x1/2)
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Fig. 75 High temperature tensile properties of annealed

sheets. (Ti-29% Al1-29%Mn alloy) N
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each temperature,
(Ti-29 A1-29;Mn alloy), (x100x1/2)
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Photo. 24 Microstructure of sheets cooled from 800, 900
and 1000°C.
(Ti-29A1-29%Mn alloy), (x500x1/2)

900°C, slowly cooled
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Fig. ™ ZEffect of cooling rate.
(Ti-29A1-2%Mn alloy 15mmé¢ bars)
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Fig. 78 Hardness distribution of water-quenched 15mm¢

bars. (Ti-2%Al-2%Mn alloy)
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Fig. 2 Effects of composition, heating temperature and
cooling rate on the structure of Ti alloys.
(Reillustration of Fig. 2 in Rep. 1)
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Fig. 3 Model diagrams for heat treatments of Ti alloys.
(Reillustration of Fig. 3-A, B in Rep. 1)
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Fig. 79 Model diagram for the effect of cooling rate
on hardening of Ti alloys.
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Fig. 80 Effect of aging temperature.
(Ti-295Al1-2%Mn alloy sheets)
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Fig. 81 Results of isothermal heat treatment
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15mm¢ bars.
(Ti-29%A1-29%Mn alloy), (x500x1/2)
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Table 18 Chemical composition of ingot.
(Ti-5%A1-3%Mn alloy)
(1> Alloy elements

Part of ingot for analysis Al % Mn, %
Center 5.13 2.98
Upper surface
Circumference 5.13 2.90
Upper 5.11 2.91
Side surface Middle 5.00 2.91
Lower 5.20 2.94
Center 5.08 2.88
Lower surface
Circumference 5.16 2.87
Mean 5.12 2.91
JE Ry

(2) Impurities

Impurity Content, %
N 0.010
(o} 0.06
H 0.003
C 0.01
Fe 0.05
Si 0.02

fnz, HEE SR 2 AR LD BRI U7 EER 300
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Fig. 84 Effect of cold rolling. (Ti-5% Al-39% Mn alloy sheets)
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Fig. 85 Effect of annealing tempsrature.

(309 cold rolled Ti-59%Al-3%Mn alloy sheets)
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Fig. 86 High temperature tensile properties of annealed
sheets. (Ti-5%Al-3%Mn alloy)
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Fig. 95 Annealing characteristics of three alloys.
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Table 19 Typical and specified chemical compositions and mechanical properties of three alloys.
Chemical composition, % Mechanical properties of annealed sheet Remark
Alloy Alloy elements Impurities Tensile Yield Elongation, % .
Ti strength, | strength, Density,
Al | Mn N 0 c H | Others kg/mm? | kg/mme | TSk picce Test piece)  g/em?
90
. 8 0.01 0.06 0.02 0.005 S8t 78 14 18
Ti-8%Mn — R 4.73
(7.0~9.0)| (<0.05) | (=) | (<0.10) | (<<0.015)| (<<0.60) C=120%108 || (>70) (—) (>12)
psi)
73
Ti-ggAl 2 2 0.01 0.06 0.01 0.005 ® 63 60 17 22 i
%MD (1 52.5)|(1.5~2.5) (<0.05) | (= | (<0.05) | (<0.015)| (<0.60) {E%Q()xl()s} (>49) =) (>15) '
psil
100
Ti-g%Al 5 3 0.01 0.06 0.01 0.005 ® ~o1 90 1 15 i
8%Mn {4 55.5)|(2.5~3.5)] (<0.05) | (—) | (<0.05) | (<0.015) | (<0.60) l@moxma] > ) C>10) '
psil
Note; ( ):Specified
< aoo°<::2'02%l 30
100 \\ T
@ . 700°C:131% \
S N\, °C:138% N
5 \ N T 25 *—]7~7pH(CH T
8 50 i RS N N
SISO Y 7800°C. 244 % \Y~\ Sayy ()
< \\ 700°C:124 % \ ~ St
5 i 20 i &2
. AN ' Ti SALg i~
. ‘6,4 Mn ’7(,4
" 60 } . E.:<-~- LAV T—4) X
£ : 3 .
£ 7
\U) 2 Al2Mn El N s \\\. L8A4/7 (A)\\ 2 \
- ; 1 21515 R 7 NN
£ <N\ '\ ‘24/.2% Ny
[o:]
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b \ 2l s \_&\ \ N\
o 0|2 T,‘(\S\]_ \ A I >
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§ TS 51° — & . \
~ 20 N\ = B i L WL N
\ﬁ — —— — ( ‘-‘§.7.~ ~\ “‘\\..
- . . [(S 3 ] e a— - ——
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Fig. 96 High temperature tensile properties of annealed
three alloys.
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