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Experimental Study on Redrawability of Sheet Metals

by Koichi Yoshii

In this paper the investigation into redrawability of sheet metals is presented. The
experiments were carried out using sheets formed iron, Al-killed steel, 25-0, 251/2H, 52S-
0, 56S-0, Cu-O and Cul/2H. The results were discussed mostly for the purpose of
finding out some fundamental principles about general redrawability.

(1) Decreases in work-hardening co-efficient n of the material formed are closely related
to the rise of its redrawability. Therefore, the formability of sheet metal in case of
plaindraw and redraw forming seems to have a tendency that the larger the work-
hardening co-efficient n is, the smaller the drawing ratio is on the limit of forming.

(2) There are the shape-effect of the punch on the limit of redrawing as in plain-drawing.
Namely, for forming material that has larger n, round bottomed punch draws better
drawability. On the other hand, for material that has smaller n, as drawn by flat bot-
tomed shell, redrawability rises without the influence of the punch shape used in re-

drawing.

(3

For the purpose of considering “general formability,”

it is better to have a general

idea of “the course of drawing-bulging combined forming” and to let it correspond with

its formability.
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Table 1 Summary of mechanical properties for materials used.

Flow curve

Base Materials thickaass, stross, strongth, Blongation, Nartnes, a-Ce
mm Go.2 kg/mm? O p kg/mm? & % Hy (5kg) Ckg/mm?2 n
Fe Pure iron 1.0 26.3 32.0 41 103 53.0 0.11
Al-killed steel 0.9 15.7 30.8 50 91.3 54.2 0.23
25-0 1.0 3.2 9.4 40 22.9 17.0 0.27
25-1/2H 1.0 13.2 13.7 17 41.0 20.0 0.06
Al 525-0 1.0 10.4 20.9 25 56.8 49.6 0.36
56S5-0 1.0 15.9 30.2 27 77.5 72.0 0.38
Cu-0 1.0 5.0 23.8 53 49.2 54.0 0.46
cu Cu-1/2H 1.0 24.4 27.6 20 94.8 37.5 0.11
Yk L O JIS 5 BFMFIC L BB TH Ho TNT
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Table 2 Dimensions of the toolings used.
(i) Plain drawing tools (2 pairs)

P . Dia, mm { i
une Profile radius, | 10

Dia, mm [

Die

Profile radius, \
mim :

(ii) Redrawing tools (16 pairs)

Punch Dia, . | 26.0 | 25.0 | 2.0 | 23.0] 22.0 | 21.0 | 20.0 | 19.0
Profile radlus,i 5.0 and homisphorical shape.

Die Proﬁll%ai?éadius |28.4]27.4 ] 26,4 | 25,4 | 2.4 | 23.4 | 22.4 | 214

mm " 3.0 [ 3.5 4.0 ’ 4.5 ‘ 5.0 t 5.5 l 6.0 6.5

e d,

Redrawn shel

.

Fig. 1 Schematic diagram of redrawing.
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Table 3 Sheet holder force for plain drawing.

Materials 1 Fe IA;};SIM’ 25-0 }ZS%HFZS ojses-oclx-o fCu—%H
Sheet

holder i 8005 300 200 ﬁ 300 | 400 | 400 600] 600
force, kg
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Fig. 2 Plain drawing ratio and limit of total drawing
ratio. (experimental case)
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Table 4 Type of limit of total drawing ratio.
(Cf. Fig. 2)
Punch shape Al- | !
Biatn Fe | killed |25-0|25-1H|525-0|565-0 /Cu-0| Cu-tH
draw- redraw- steel 2 2
ing ng
Fat | 1| 1 [o | 1 | 1w |1
Flat ;
Round| 1 | 1 | I | 1 SRR
Flat | 1 | 1 | 1| 1 IR B B
Round
Round| T | I | x| 1 | m|®m |m| 1
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Table 5 Test results of
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several drawings.

ZZ

;:hapt[afenali\\\f } Cu-1 Fe ! Alkilled 1 25-0 525-0 } 565-0 Cu-0
“ Flat | 215 | 2.0 206 | 215 | 200 | 206 | 2.00 2.15
o Round | 2.03 | 2.09 ] 2.15 ] 2.24 | 2.06 | o212 | 2.18 2.24
i Plat Flat 1 1.57 | 1.36 | 1.30 i 1.36 i 1.22 | 132 } 1.29 [ 1.13

%58 Round | 157 | 18 | 1 | ra | 12 | 18 | 13 | 1%
:‘é‘g“ Round Pt |ows0 | 1.30 |1 | 1.32 |12 |t | L |16
- Round | 1.50 | 1.33 [ 1.33 | 1.44 | 1.2 ] 1.31 1 1.28 | o1
é" Plat Flat | 338 | 28 | 268 | 292 | 24 | 27 | 2m | 24
“Sgé Round | 3.38 | 2.91 [ 2.83 | 3.09 t 2.52 N 2.79 | 2.68
g5 Flat | 305 | 272 | 266 | 2.9 |  2.52 2.72 2.7 | 2.60
a5 Round
~3 Round |  3.05 ] 2.78 | 2.8 R [ 2.0 2.78 2.79 | 2
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0
—\‘I 5 ?V\T j/:&/\ :
0.2 A ] B ! 8
0 10 20 30 0 10 20 30 0 10 20 30

Points on blank radius from the centre, mm

mark A : Necking by punch radius as plain drawing.
n B : Necking by die radius as plain drawing.

# C: Necking by punchradius as redrawing
(to be used for Fig. 6,7 ).

Fig. 5 Thickness-strain distribution of drawn shell,
Cu-0. (¢p=05, {,=079
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Points on blank radivs from the centre, mm
Fig. 6 Thickness-strain distribution of drawn shell, 25-0. (£p=05, {»=0.79)
tPloin drawing) [Redrawing)
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| /\ - c /v\ §
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" Points on blonk radivs from the centre, mm

Fig. 7 Thickness-strain distribution of drawn shell, 25-1/2H. ({,=05, {,=0.79)
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Table 6 Coefficients of correlation between each
drawability and the work hardening
coefficient n.

L.D.R Limit of Limit of total
Punch shape (for plain redrawing | drawing
~1 i -1 i -1
Plain draw] Redraw draw), ¢, ratio, ¢, ratio, ¢,
Flat ~0.808* |  —0.503
Flat EE— —0.061
Round ~0.822¢ | —0.684%
Flat ~0.817¢ | —0.505
Round - --0.723%
Round —0.766% | —0.415
* Correlation with 95% level of significance.
@@MMK’)b\'C B AEBIR R R A D v LD

T, b‘oé%fﬁlﬁmﬁﬂt A OB BTG FERINE
HEFD B?I’L“Cb\%o Z T, InTEEEAL AR & HEERIK A
FIT & B R ) PEIERIREBA R A TR L7aas, SEEA v 7+
& 2R U ME & AR T h o 7o
PRATR U Heik, Ay FIAR A Y T TR
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Ploin drawing

Drawing ratio §F
nN
o

Redrawing

A

0 0.2 0.4
Work hardening coelf., n

White marks : Round bottomed shell
Black marks : Flat bottomed shell

Fig. 8 Relation between work-hardening coefficients n
and limits of drawing ratio ([). (Plain drawn by
flat punch.)
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Study on the Curvatures of the Sheet
Passing through the Roller Leveller

by Takeaki Baba and Minoru Tajima

It is very difficult to get a dead flat aluminum sheet only by rolling mill, because
aluminum sheet is rolled in the completely work hardened state and the modulus of
elasticity is lower than that of the steel roller.

Thus, it becomes important to correct the buckling of sheet in the final process of
aluminum sheet production.

In order to correct the buckling of metal sheet, generally roller leveller is used and
the correcting capacity of a roller leveller is decided by the curvatures that roller leveller
can give the sheet.

But there is no method to estimate the curvatures theoretically and practically, then
roller leveller makers and its users generally estimate the curvature by their experience.
This papers present a mathematical method to estimate the curvature, and it is predicated
that the curvature is the function of leveller roller radius, roller arrangement pitch, gap
of top and bottom roller, and thickness of the sheet to be levelled;
namely

1 Licos 0y + @r—D;) sin iy t
o STY O Tty
where
K; : curvature,
L; : roller pitch,
9; : contact angle between No. i leveller roll and the sheet,
r : radius of the leveller roll,
D; : gap of No. i+1 top and No. i bottom roller,
t : thickness of the sheet.
And some calibration curves are also presented to estimate the curvatures for various
roller levellers.
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On the Effects of Some Factors on the Fatigue Strengths
of 5052 and 5056 Aluminium Alloys

by Seikiti Hukai and Katsuzi Takeuchi

The fatigue properties of 5052 and 5056 aluminium alloys have been reported in previous
papers, and the fatigue strengths in annealed condition were lower about 1~2 kg/mm?2
than the values issued by Aluminum Company of America (ALCOA) as shown in Table 1.
We obtained approximate average values of 11.0 kg/mm? for 5052-0 alloy and 13.0 kg/mm2
for 5056-0 alloy at 107 cycles.

On the other hand, our experimental results of high-strength or Al-Mg,Si alloys on
their fatigue strengths were not inferior to ALCOA’s values, hence, it poses a question why
fatigue strengths of 5052-0 and 5056-0 alloys are lower than the values shown in Table 1.

This experimental study deals with the effects of such factors as homogenizing
treatment of billets, annealing temperature, cold-working before the annealing treatment,
manganese content, impurities of silicon and iron contents and addition of titanium on the
fatigue strengths of annealed 5052 and 5056 alloys for the purpose of increasing fatigue
strengths as well as with the effects of cold-drawing or -rolling and stabilizing treatment
on their fatigue strengths.

The fatigue tests were conducted on an Ono’s rotating-beam fatigue tester (1,700 rpm)
and fatigue strengths were determined at 107 cycles.

In order to obtain the approximately equivalent values to those shown in Table 1, it
might be necessary to satisfy following conditions.

(1) 1In the case of chemical compositions, the silicon content is to be lower than 0.1 95,
the iron content 0.2~0.4 % and the titanium addition less than 0.059% in 5052-0 alloy,
and in 5056-0 alloy, the silicon content is to be lower than 0.19; and the iron content
is about 0.2~0.3%. The relations of silicon and iron contents on the fatigue strength
at 107 cycles are shown in Fig. 16 and 17.

(2) In 5056 alloy, a billet before the extrusion process needs to undergo a homogenizing
treatment of 430°Cx 3 hour and 510°CX7 hour air cooled, but, 5052 alloy billet might
need no treatment.

(3) Final cold-rolling reduction before the annealing treatment needs to be more than 36
9 in area, but when above mentioned conditions (1) and (2) were both satisfied, the
reduction of cold-drawing could be decreased to about 30 ;.

Those conditions are the same as the grain refinement procedure. In the condition (1),
it is feared that the increase of iron content would not produce good results in the corrosion
properties, and this condition is also related to the purity of aluminium. Our previous
results may be related to the purity of the base material.

The relations between cold-working and fatigue strength are shown in Fig. 9, and the
effects of stabilizing and annealing treatments were shown in Table 10 and 12,respectively.
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T3 =y A E45062% X 0t505613 3 A il & B
AR A b o— S A TH 0, FoEIRE (EHR
g7, s 107ED (k3T BeE s bf:? L L,
oA Table 1 w4 ALCOA%: (Aluminum
Company of America) 0){@22 A E 1~ 2kg/mm?2
Ko T, bitbNORBRTHRAROLDEED
5052-0 #1753 10.6~11.4kg/mm?2 (3F#511.0kg/mm?2),
5056-0 #1% 12.3~14.2kg/mm?2 (F# 13.8kg/mm?2) TH
Do

Table 1 Fatigue strengths of annealedz)5052 and
5056 alloys issued by ALCOA.

il

Fatigue strength
Material R R A 108 X 10°
cycles cycles cycles cycles cycles
5052—0 16.5 1 13.7 ] 12.3 “ 11.6 11.3
5056—0 ol -] — 1 - 14.1
|

Remark : Approximate average values, as determined by tests
in R.R. Moore rotating-beam fatigue machines.

—HERNT, Gh7rvi=w Aééé,S)W}?fﬁ“//V 3=
nirde (AlMg,Si ks &k 05083440 7 & IEo\Tohb
b O EREESR 1: ALCOA @ & F%STH D, Lo
Mo T, B L7z & 5 1c5052-0%s J 085056-0%t o 7 353k s
DHRIREFRNDRE NG ZERMEE D, Lnd, 81
R WX DY D LA,

b, FERAEEDFIORT,

(1) Al-Mg 2 L& & DR 5RE
(

2) SHHMOBBEALWIEDFE

(8) Lo EE

@) ZrEmI o

(5) BEBHIRES /i DO EEHp S N T E DR #

(6) &H Mn o

(1) FHily Sk LU Fe o8

(8) 5052& & tsi) BAMY Fe ks L O TIRIMDEE
(9) 505644t B ARy Fe L&

2. RBRBLUHER

2-1 Al-Mg2 &£ 0EHAE

&% Mg B EEC RITTHEOBM A M D 7D,
i 99.79%A1 gz Mg % 1.0~5.2 % fm L TE E L7
2 kgiE A 18mme EMIHE AT 70w, MO E E,
¥ LUV EN A 15.5mme ik 360°C ¢ 1hr gigl Uiz
b DA RENCHE Uto SRR QRS &8 80 I B0
Table 2 L3 CFNEIRT

FES R N SERE IR o SRR (1700rpm) %
W, SEERIIARE S 104 /s L 107 BIOEH o7 o TIT 7R
W, FERER AR 107 [oEA HWA I L & Lize B
BRI SEATHE AR 10mme D FEHETED L D TH Y, T
O L bBETH o

Table 2 Chemical compositions of Al-Mg binary alloys.

DX, 5052F% L UM5066& 4 EIEER I T B X Mg Chemical composition, %
W% 38 ALCOA 400 b mA B TIBIE il bl | | % | Mg| Cu| si|¥e|Mn|zn| Ti| Al
L 7 b8 & L C Peraluman 356;‘5;0*507,) AlMg 34 Al 0 Tr.|0.01|0.06|0.09 | Tr. | 0.01}|0.01 | 99.82
{i%@&%f}ﬁiﬁibii%iﬂﬁ%}émfb\é/)‘i, AR, A2 1.0 1.02|0.01 | 0.07 | 0.09 | Tr. | 0.01 | Tr. | Bal
A3 2.0 1.98 | 0.01 | 0.06 | 0.09 | Tr. | 0.01 | 0.01 | Bal.
20, BelEEAIER L (11500 721312000rpm) & Ad 2.5 | 2.45]0.01|0.06|0.00| Tr. | Tr.|0.01]Bal
T, TIB DR HE052-0% L UB056-08f D o5 % A5 3.0 13.090.01]0.07|0.09| Tr.| Tr.|0.01 | Bal.
EREHETHDO LT ALV AB 3.5 3.43 | 0.01 | 0.06 | 0,08 | Tr. | 0.01 | 0.01 | Bal
AR 1$5052-070 B 0Nz 5056-04F OISR EAHAEL D b A7 4.0 4.04 | 0.01 | 0.06 | 0.08 | Tr.| Tr.| Tr.|Bal
1~2kg/mm? @ X425 &4 HI e L %M A8 4.5 4.64 10,01 | 0.07 | 0.10 | Tr. | 0.01 | 0.01 | Bal
. , - _ A9 5.2 5.93 | 0.01 | 0.05 | 0.09 | Tr. | 0.01 | Tr. | Bal.
TF T ELELME:, T+ OO ZEELRE LobDTH
Table 3 Mechanical properties of Al-Mg binary alloys.
iy As extruded® Cold-drawn and 360°Cx 1 hr annealed(®
Mark confent, sgci:'xlgth Tensile | Elongation, thi-filixeegss ?xg;rag%’ stYrieilgth Tensile |Elongation,| Vickers (1:1}111:;1'3%1;
% |02 oftsety, {ERELN: s | mumber, |TASET 029 offsen, TTELY | Hember, |(Uonotehed),
&/mm 10 kg leg-m/cm? kg/mm 10 kg kg-m/cm?
"Al 0 3.3 8.1 41 24 7.2 3.3 7.1 54 26 7.0
A2 1.0 3.6 1.0 42 37 9.6 3.5 11.4 42 37 10.1
A3 2.0 6.8 14.9 36 42 12.0 5.1 15.3 36 43 12.7
Ad 2.5 5.4 16.7 34 4 13.2 7.7 17.0 35 48 13.8
A5 3.0 6.4 18.5 35 49 14.4 8.4 19.7 36 50 14.4
A6 3.5 7.0 19.9 37 50 15.2 - - - - —_
A7 4.0 7.7 21.9 39 56 14.9 - - - — -
A8 4.5 8.6 23.3 40 61 16.5 10.2 2.7 38 59 16.8
A9 5.2 9.6 24.8 39 61 17.2 11.2 2.3 38 65 16.8
1, 18 mme¢ (2), 15.5mm¢ (23% red.) (3), Did not fractured.
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Fig. 1 Effect of magnesium content on the fatigue
strength of Al-Mg binary alloys.

Table 4 Chemical compositions of specimens.

Chemical composition, %
Mark

Material
Mg Cr}Mn}cu si | Fe | zn| Ti| Al

2:2 #HHOBHELEBEOHE

5052% & OF 5056444 2kg HBMA THEDO T & < FNF
MEBEALAIE LD b,

460°Cx 15hr 430°Cx 3 hr
480°Cx 15h 5056-4 4 ({510°
50524 4 X 15hr 4 (510°CX 7 hr
500°Cx 15hr 430°C X 3hrts
510°Cx 7 hr

520°C X 15hr
20mme CHAH L, &5, 18% /13 16mme # Ty

11%350°C ¢ 1 hr 550 U CHBRICHE Lico 7ads, o
Fedd, BIEALALEE L7t b o b2 foo
(L3RS & Bebki R ELE Table 4 & 5 e L, S-N

i Fig. 2 iICBIR Uico SRBOFE R DD X Ofbdhmn
BHND

(1) BEACMIR B O 8 BEMEE © BF+ 280 b %
DAL Tl As, AIRRENE LD LW o &
AT A 70 & TIN5 R 23D e AS B,

18 T TTTTT
~ IN T TT]
16 :\ WIS T ‘5‘052'0' {D9oD) shown in Table 5
\\ \ i ]
\\\ * A
1 MR
NSV
\\:Qﬁ:\ D
12 RSN L - B
E c SRR
g 0 J €
L ST e o S
% \\ 15056-0, (Q481) s
N | :
16 h i o
- %:.‘_‘_ - O g,,_
| A O] ~::‘E
1 ~ |
14 e 7
1 |
12 il
5x10* 10° 10¢ 107 5%107

Cycles to failure
5052 D901 |2.45]0.24 | Tr. | 0.01]0.05]0.27|0.03 | 0.02 | Bal.
5056 | Q 481 | 5.05 | 0.10 | 0.12 | 0.02 | 0.09 | 0.18 | 0.03 | 0.01 | Bal. Fig. 2 S-N curves of annealed 5052 and 5056 alloys.
Table 5 Mechanical properties of specimens.
Preheating . Tensile properties Brinell Charpy Fatigue strength, kg/mm?
. treatment Yield . . hardness 1m;1>act
Material| Mark of billet Manufacture strength | Tensile | Elongation,| W - value 108 108 107
°Cxhr 0.2% strength, * (U-notched),
offset) kg/mm? % 10/500/30 kg-m/cm? cycles cycles cycles
kg/mm?
A NOttreated 10.4 20.2 32 48 13.1(» 16.7 13.4 <11.5
20mme¢ extruded,
B 460x15 9.2 20.1 33 49 1410 15.4 12.8 11.6
cold-drawn to 18
5052 DL | C 480%15 7.7 19.6 35 46 4.5 15.7 11.9 (<12)
mmé¢, and 350°C
D 50015 7.6 19.6 36 44 14.81 16.0 12.3 (<12)
x1 hr annealed.
E 520x15 8.3 19.9 34 44 14.1<0 16.2 12.5 (<11)
F NOttreated 20mme¢ extruded, 14.0 29.3 34 59 10.0 19.7 16.3 <15
Q G 4303 cold-drawn to 16 14.0 28.9 34 59 10.2 20.4 15.5 <14
5056 481
H 5107 mmé¢, and 350°C 13.5 28.3 35 62 11.7 19.8 15.9 15.1
g | $80¢83nd | 1 hr annealed. 18.9 28.3 34 62 10.5 19.0 16.2 15.5

(1) Did not fractured.
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BOEBMTILEAERBNE W, L, 056648084 R U7

BB ORABRICHbI T 5, T7hbb,
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1) i, BEEMyf L0 & ki, EEMLoOE
HEbMIEOENc YN TH L, fy & EREIET
Uilco & OHEFITEHE & bHLITH D,

(2)  FEOSHREE (Tt L OVERES & b J0TC B ORI
WA ET 52, M ESE2MIEEZ 25 0Tl
FESRENET Uit 5 (505244133091 1=, 505644
310%L o

(8) FEHE &SI & AFEIHREDR ik L 2kg
[mm?2 G otoe CENC ZIUE, ITIC kA ESHRE DR
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Table 6 Chemical compositions of cold-worked specimens.

\ ¢ Chemical composition, %
Material | Mark | Manufacture i . . - : —
| Mg cc | Mm | Cu | S | Fe | Zn Ti | Al
i ; | ! |
sy | D 22 mmg, extruded 54 1 0.6 ‘ Tr. 0.03 000 017 | 001 0.01 Bal.
500°C 8 hr preheated, | l i :
D37 and 20 mme¢ extruded. | 2.48 { 0.20 ‘i 0.02 0.02 0.09 & 0.22 i 0.03 \ 0.02 Bal.
20 mmé¢, extruded | i | i | | i
Q24 | 500 | 0.10 0.10 0.03 | 000 | 019 | 0.0 ‘ 0.02 Bal.
5056 430°Cx 3 hr and 510°Cx 3| ] i ; ; !
Q58 | hr preheated, and 20 | 5.19 ‘ 0.11 0.11 0.02 : 0.10 | 0.18 0.01 | 0.01 Bal.
i mmé¢ extruded. ‘ ] | ! |
Table 7 Mschanical properties of cold-worked specimens.
Tensile properties Brinell ‘ Charpy
. ; B impact
Condition | Material Mark Reduction, Yield Tensile True Elongation, | Reduction hardness value
© ;}/r%rfl%;?t) strength, bsrg_z:elélsng ’ of number, | (U-notched),
% “kg/mm: | kg/mm? | kg/mm? % area, 10/500/30 | kg-m/cm?
0
360°Cx1hr 12.2 22.9 49.4 26 70 47 -
10 23.0 24.9 47.7 17 68 64
D25 20 25.9 27.0 4.1 15 62 70 —
5052
30 27.9 29.5 48.8 13 61 76 —
34 26.8 28.5 48.8 14 62 75 —
Cold- 40 26.0 28.6 47.5 14 62 73
drawn
360°Cx1 hr 15.6 28.4 53.0 33 58 63 9.2
10 28.0 32.5 57.1 19 56 85 -
5056 Q24
20 30.4 36.4 53.1 15 45 91 —
36 31.1 38.3 58.4 13 i 47 94 —
. |
360°Cx1 hr 9.3 20.7 45.6 30 71 47 15.1¢0
10 22.4 24.3 48.6 19 68 63 14.5¢1
20 24.3 25.7 48.7 17 67 66 13.4
5052 D37
30 24.7 26.5 49.8 17 57 69 12.8
36 27.1 27.9 46.3 14 59 75 11.0
40 24.8 27.0 50.2 17 67 70 11.7
Cold-
rolled 360°C %1 hr 12.0 29.0 55.0 37 59 63 12.1
10 28.1 35.2 56.3 18 53 88 9.2
20 31.7 36.3 59.1 17 52 90 7.0
5056 Q58
30 33.8 39.0 57.4 16 48 95 5.9
36 34.8 39.5 59.1 14 48 101 6.0
40 35.1 40.4 57.7 16 46 98 5.4

(1) Did not fractured.
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Fig. 3 Relations between cold-working reduction and
mechanical properties of 5052 alloys.
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Fig. 4 Relations between cold-working reduction and
mechanical properties of 5056 alloys.
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Fig. 5 S-N curves of cold-drawn 5052 alloy (D 25). Fig. 6 S-N curves of cold-rolled 5052 alloy (D 37).
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Fig. 7 S-N Curves of cold-drawn 5056 alloy (Q 24). Fig. 8 S-N curves of cold-rolled 5056 alloy (Q 58).
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Table 8 Fatigue strengths of cold-worked specimens.

. ! Fatigue strength, kg/mm?
Condition |Material | Mark | Reduction | 08 T8 5
cycles 1 cycles ] cycles
360°Cx1h 16.6 12.7 11.3
10 17.4 13.3 12.6
20 17.5 13.5 12.6
5052 D25
30 18.0 14.4 13.2
34 18.2 14.1 13.2
Cold-
0drawn 40 17.4 13.1 12.1
360°Cx1h 20.6 16.3 14.6
10 20.8 16.8 15.2
5056 Q24
20 20.8 15.8 13.6
36 20.4 14.7 13.1
360°C x 1hr 14.6 12.0 10.8
10 174 13.9 13.1
20 17.3 13.9 13.1
5052 D37
30 17.4 14.0 13.2
36 17.9 14.7 14.1
40 18.0 - 141 13.2
Cold-
rolled
360°C < 1hr 20.2 15.7 14.6
10 23.2 17.8 15.7
20 23.0 16.1 15.6
5056 Q58
30 22.4 18.0 16.5
36 22.6 18.2 17.1
40 24.2 17.4 16.6
22 T
0 ® Cold-drown
§ 20 aa v Coldrolled |
> (Billets were preheated)
=2
38 ‘ 5056
I -
9 H i
2 ol — T
- i y I .
< ! 4 ] S - Q25
2
2
=14 ~4 Do 4
o :é %é E%}:
2
o
| 5052
!
10 ‘x |
Annecled 10 20 30 40 50

Reduction, %

Fig. 9 Effects of cold-working on the fatigue
strengths of 5052 and 5056 alloys.

Table 10 Mechanical properties of cold-rolled and stabilized 5056 alloy.

2-4 REACLIBOE

Al-Mg &I L= £ CHic BHIMKE 35 &
M2k a & T L, e nsgnd sz bb, ok
DTN I ZEE LI A 3 2 & MERE X LT Do

50564 £:200mme KTUFHEHH B 20mme AT L
FelER A N R Y m — TN A28 X 0F86% DT HEIN T %
LicDb, 160°CX 3hr o¥zE{binil4 U CRERIC 4 Uiz,
#eElbr oL sk Table 9, #HkHEEYER 1x Table 10,
S-N dh#s Fig. 10 i #nFhids,

EBENIHERAELDDBLEDEDLHTH D,

1) Mh b sBRE Y ix et L Z 2k »
CIELEDOF F L OETL, M@k Ui,

(2) JEYSRE I E23% D84, 15.2kg/mm?2 /3 13.7
kg/mm?2 iz, 36% k4t 15.5kg/mm?2 A3 14.5kg/mm?
L0, FEEER L0 & E LR O AR EE b Do

ks, AEDORMIE 2-3 HOFFIEH (Q 58) & H~THE
SRENMEND, BRI A G X e o o O RERA S
IV WA

24 T IRE T T
o e 23%red.
22 )Y 5 a 36%red b
N
€20 Q\k\‘,\
N \\\ Cold-rolled
2 8 \> i }
u; ERAN \\/4 !
T < \’\\ Sa
& N
N§\~AL AN
14 Stabilized — el
H i
. ] |
5%10" 10° 10° 10° 5x107

Cydes to failure

Fig. 10 S-N curves of cold-rolled and stabilized
specimens of 5056 alloy.

Table 9 Chemical composition of 5056 alloy.

Chemical composition, %
Mark
Mg | Cr [Mn | cu| si|Fe| zn| Ti| Al
‘ Q25 4.89 l 0.11 | 0.10 | 0.03 | 0.09 i 0.18 0.0l; — | Bal.

Cold-rolled Tesnile properties Brinell Fatigue strength, kg/mm?

reduction(®, Condition stgéglqch Tensile Elongation, hardness 108 107
0.29 ofgfset) strength, number,

% a/mme kg/mm? % 10/500/30 cycles cycles
" As rolled 30.0 35.3 16 82 16.5 15.2
stabilized (% 24.7 34.0 20 78 15.6 13.7
3 As rolled 33.3 39.8 13 83 17.8 15.5
stabilized (2 27.5 36.3 18 80 16.3 14.5

(1) 20 mmé¢ extruded and cold-rolled.

(2) 150°Cx3 hr
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HE Uico

50524 &tk {1 2-3 TH T84 D25THh b, 5056
A& O L3R 1k Table 11 @ikd &3 O BEH
BB E 1 Table 12 105k L, $5o558 8 TEeEE
B BRI RT I E & BRIk T Fig 11 L12i %
NENER U,

BONAFRIEDOWTHRETHE DXL TH D,

(1) 30% kit O FEHK TIREIS05288 21k L+
350°C, 505644 Tl 325°C Th » 1o FESSHREEIFFig. 11
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ROND L5 CIENKE BN TEFHBRE K
T3 5MEmAE L0, MTES% % Z %2 5 & HEHBOES
B <7855 L,

Table 11 Chemical composition of 5056 alloy.

FHR BN BT 3B T 0 55T D\ T (27)
18 ]
£
AN 30% Cold-drawn
2
16
8
< 50
'\3 A/" 56(@40)
g > \
%
5
£ 12
3 \O\T\ 5052(D25)
2o
250 30C 350 400 425
Annedling temperature, °Cx lhr
Fig. 11 Effects of annealing treatment on the cold-
drawn 5052 and 5056 alloys.
£
N 18 7 T
o 350°C x1hr Annealed
-
E 16 A /’::
S 4 5056@58) o
= .
dig)) 12 ’ !‘ . S //14 t
5 5052(D37) L
2 5
210 ‘
£ o 10 20 30 40 50 55

Chemical composition, % Cold-rolled reduction before the annealing treatment, %
Mark
Mg ‘ Cr \Mn i Cu ’ Si 1 Fe ‘ Zn ! Ti | Al Fig. 12 Effects of cold-rolled reductions prior to
| Q40 5.00 1 0.09 u 0.10 ‘ 0.03 | 0.13 i 0.18 1 0.01 i 0.01 | Bal. annealing treatment on the fatigue strength
| ! i of 5052 and 5056 alloys.
Table 12 Mechanical properties of anneald 5052 and 5056 alloys.
i . . . o
i Cold- Cold—k. Annealing Tensile properties Brinell Fatigue strength, kg/mm?*
| working
Material Mark working temperature , Yield Tensile | Elongation hardness 108 100 107
reduction, Osztaref}f%t strength, 1 number,
method % °Cxlhr ( k/gc;m;;:zt) kg/mm? % 10/500/30 cycles cycles cycles
|
§ 275 | 189 2.3 21 64 - - -
300 17.8 24.4 22 59 16.7 13.7 12.2
325 13.9 22.5 26 55 16.7 13.0 11.2
5052 D25 Drawn 30
350 8.2 20.1 32 46 4.5 12.0 11.0
380 7.9 20.4 34 42 — — —
410 7.8 19.8 34 43 - - —_—
275 20.2 33.3 25 78 20.2 15.1 14.2
300 16.2 30.5 30 67 19.8 15.8 15.0
325 14.5 30.1 31 64 19.5 16.3 14.8
5056 Q40 Drawn 30
350 14.0 29.2 32 63 20.1 15.2 13.8
380 13.8 28.9 35 63 20.8 15.4 (13.4)
400 4.1 28.7 32 63 — — —
10 350 11.3 20.8 31 50 15.3 12.5 12.1
20 350 13.1 21.1 29 54 15.8 12.5 10.9
5052 D37 Rolled
30 350 11.2 21.2 31 49 15.6 12.6 10.8
40 350 9.9 21.1 33 49 15.9 12.2 10.7
10 350 15.2 29.6 32 64 — 15.0 13.9
20 350 12.4 29.2 36 59 18.9 15.5 13.3
5056 Q58 Rolled
30 350 13.3 29.8 36 60 19.9 15.8 13.2
40 350 14.5 29.9 35 60 20.3 15.3 13.9
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(8) FZC, FEIEMIE 36 3o k0 50% REEE A b2 72 243 ,
o 5052:]’1)1:?)15056%@%@*?% 360°C ¢ 1 hr &g L, -+ b N \ 50?2 Sci:éccloelj ro“ed ond 360° C>l<lhr
DR FHEAME Lizo S-Nififito> 1 ik Fig. 1312k L, \ [} (@029 9kg /mm?, G621.0kg /mm?, $36%)
5056 | 50% cold-rolled and 360°Cxlhr | | |
P L Fig. 121 @ F 721X AR THERIR Lo 20 i (ggnze]os:eAk /mm 0830‘ 3k /mmzlﬁi%,)
CRBORBOEGFREE /2 ) REFTH D, 506284 & IR N N i
1119 %5 10 12.8kg/mm?2, 5056 441 15.5kg/mm?2 % ) W
R LU J\ 16 I o]
) EOREALLSD L, HSRIMTEEY 2436 8 e o
BRELETH Do LnL, KEELIOWOBE, Witk 7 W T
R & > THMMITE RN S L b BB, 2T, (L5 5 =5
ADEMA S, T7bt, Mn, Fe, Si, Tifk&o/&ED Q
BN % 12 LR O 2 i & o TSR AYE XN D Plaverre e o 00
M E D I RELT CRE Lo Cycles to failure
2:6 &% MnEOXE Fig. 13 S-N curves of annealed 5052 and 5056 alloys.
50524 413 Mn 8% 0~0.29, 50564 4% 0.1~0.6% & 27 T4 Si & Fe 0
FNFENE 2, Fof{Fmsois Table 183 1IR3, g SERE, Fiayo Si & Feo B4 EKOMP (50524 4
% 20kg S5k MBI (50524 drix 480°C X 12hr, 1% SitFe 55 0459 LLF, 50564 41k Si0.30%L1F, Fe

50562 k21 480°CoC Shr # S00°CX 8 hr) HMLLAD Dy 0400511 F) CHE2T, FOBIHMEIC TIE TR EH R
20mmep [THEAHAM I 16.7mme i L, 360°C ¢ 1hr Uieo /b, 5052 4411 Si % 0.05~0.35%, Fe#
BESE L CRBC L Lo BRIRAOFEYERN S Table 14127895 0,06~0.209 & L, 50564413 Si % 0.10~0.40%, Fe i

PlbofEfie Lo &, Mn &84 2 SmE & il 0.20~0.30% & LTSI & Fe ol a4 F 2l TBHD
7, SEREBY A E L, MEEO 5, Ero, EIRE FEW & LEisrd Table 15 ik d, ok, AlH4135052
WRIET Mn 0BT LA LWL ) Th D, B47199.99%, 50564 4% 99.9% D b OHEHH Uiz,

Table 13 Chemical compositions of specimens.

Mn Chemical composition, %
Material Mark content, - - - ;
% Mg | Cc | Ma | Cu | Si | Fe | zZa | Ti | Al
B—43 0 .56 0.5 | Tr. 0.01 0.04 0.09 Tr. | Tr. Bal.
B—44 0.05 2.55 0.26 ‘ 0.06 Tr. 0.05 0.10 Tr. Tr. Bal.
5052 1
B—45 0.1 2.56 0.26 0.09 Tr. 0.04 0.09 Tr. Tr. Bal.
B—46 0.2 2.61 0.26 0.21 Tr. 0.04 0.09 Tr. Tr. Bal.
C--50 0.1 5.13 0.12 0.12 0.01 0.09 0.80 0.02 0.01 Bal.
C—51 0.2 5.15 0.12 0.21 0.01 0.09 0.28 0.02 0.01 Bal.
5056 (2> C—52 0.3 5.11 0.13 0.31 0.01 0.09 0.31 0.02 0.01 Bal.
C—53 0.4 5.08 0.12 0.43 0.02 0.08 0.39 0.03 0.01 Bal.
C—54 0.6 5.14 [ 0.12 0.64 0.01 0.09 0.28 0.02 0.01 Bal.
(1) Limit of manganese content, 0.1 %. (2) Manganese content of specification, 0.05~0.20 2.

Table 14 Mechanical properties of annealed specimens.

Tensile properties Brinell Charpy Fatigue strength, kg/mm?
B i H 0 i hardness impact value
Material Mark ! Yield Tensile Elongation, 100 ' 107
! (oszta;egfftsl}at) strength, number, (U-notchesi),
! Kg/mm? kg/mm? % 10/500/30 kg-m/em® cycles cycles
B—43 8.2 19.7 35 45 - 12.1 <12.0
s052 <1 B—44 9.9 20.4 34 46 14.4 12.5 11.9
1
B—45 10.3 20.7 33 49 13.9 12.5 <12
B-—46 13.6 22.9 28 52 14.4 13.0 12.0
c—50 42 29.9 31 65 15.5 <14.0
c—sl 14.3 31.0 32 ! 62 - 15.1 4.1
5056 (1O C—52 14.1 30.7 29 63 - 15.0 <14.0
C-—53 14.3 32.4 31 65 — 15.7 13.9
C—54 14.9 33.8 27 67 | — 14.8 14.1
!

(1) 16.7 mme (30% cold-drawn), and 360°Cx1 hr annealed.
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BRI 2 kg 534 460°C X 15hr (5052 &), F7zik
430°C < 3hr 7% 510°Cx 7 hr (50564 4:) THE(LEE %
L= b, 19mme BRI 5 16mme il {h L, 360°C
¢ 1hr gEg U CRBRICHE Urco BRRMFETEZ 1L Table 16
R L, Fig 14 3tz Si &4, e Fe 8% & -C
PFOREAFRR LA D TH b,

EBNIHRCOWTHET 5L 2D LI TH D,

(1) W77, SUEEEY 7 &XEHE L b Fe oEmeon
ThTrkrnbr b, SioEnddiEmed 285
ThBHo, MEd St oI ONTETETL, SFR{E
VRV ARON - X AN

(2) i Fig. M Rohs J & < SialgnLC

Table 15 Chemical compositions of specimens.
Si Fe ‘ Chemical composition, %
Material Mark content, | content, ‘ ‘ |
% % | Mg | o | Mn Cu si Fe zm | i Al
D-1 ‘ 0.05 0.05 2.55 0.23 0.001 0.001 0.07 0.08 Tr. Tr. Bal.
D—2 0.10 0.05 2.55 0.25 0.001 0.9003 0.15 0.05 Tr. 0.002 Bal.
D3 0.20 0.05 2.51 0.24 0.001 0.003 0.20 0.06 Tr. 0.001 Bal.
D4 0.35 0.05 2.45 0.25 0.001 0.002 0.36 0.08 Tr. Tr. Bal.
5052 D5 0.05 0.10 2.67 0.26 0.001 Tr. 0.08 0.09 Tr. Tr. Bal.
D—6 0.10 0.10 2.63 0.26 0.002 Tr. 0.12 0.11 Tr. 0.001 Bal.
D7 0.20 0.10 2.55 0.24 0.001 Tr- 0.19 0.12 Tr. Tr. Bal.
L
D—8 0.05 0.20 2.60 0.25 | 0.002 Tr. 0.07 0.21 Tr. 0.002 Bal.
D -9 0.10 0.20 2.60 0.23 0.001 Tr. 0.11 0.19 Tr. Tr. Bal.
D—10 0.20 0.20 2.66 0.25 0.002 Tr. 0.21 | 0.23 Tr: Tr. Bal.
1 |
E--1 0.10 0.20 | 5.18 0.11 0.11 0.012 0.16 0.22 0.05 0.01 Bal.
|
| E—2 0.20 0.20 5.12 0.11 0.10 0.011 0.26 0.21 0.01 Tr. Bal.
J E--3 0.40 0.20 5.21 6.11 0.11 0.012 0.47 0.21 0.03 0.01 Bal.
5056 E~d 0.10 0.30 587 | on 0.10 | 0.0 0.16 0.30 0.01 Tr. Bal.
i |
E—5 0.10 0.20 5.15 0.11 0.20 0.011 0.15 0.21 0.01 0.01 Bal.
E—6, 9.40 0.20 5.10 0.11 0.19 0.012 | 0.46 | 0.21 0.03 Tr. ‘ Bal.
i |
(1) Mn 0.20%
Table 16 Mechanical properties of annealed specimens.
Tensile properties Brinell Charpy Fatigue strength, kg/mm?
i t
Material Mark Yield Tensile |Elongation,| hardmess | I7BCI, 105 100 107
(Osztorex}%tgt) strength, number, |(U-notched),
'k/éymfﬁ " kg/mm? % 10/500/30 | kg-m/cm? i cycles cycles cycles
|
D1 7.6 18.9 36 43 14.7 ; 16.1 12.1 <12
D—2 7.4 18.5 37 41 14.4 15.8 12.4 <12
D3 7.1 18.1 34 40 12.5 14.6 12.0 <12
D—4 7.0 17.5 34 40 9.5 \‘ 14.8 11.8 <12
5052 <L D5 7.2 18.5 38 42 14.3 16.0 12.2 <12
D6 8.3 19.9 35 46 13.8 (17.0) 12.9 11.6
D7 7.6 18.9 35 42 11.8 15.7 12.7 11.8
D—8 8.2 19.6 35 44 14.5 16.6 13.1 12.2
D—9 8.0 19.5 35 44 14.2 16.3 12.7 11.4
D—10 7.7 19.2 35 44 11.5 16.0 12.0 11.7
E--1 13.8 28.3 29 58 10.6 (>21) | 16.0 <15
E—2 13.6 27.9 29 57 8.9 20.3 15.0 <15
E—3 13.5 27.9 29 55 5.8 20.0 16.0 15.1
5036 2 E—4 4.1 29.5 32 59 9.0 20.4 16.3 15.2
E--5 14.5 29.4 31 59 10.2 (>21) 16.2 <15
E—6 13.7 28.2 27 55 5.4 21.0 15.6 15.3

(1) 16 mme¢ (24% cold-drawn), and 360°Cx1 hr annealed.

9

(2) 5052 alloy specimens did not fractured.
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Fig. 14 Effects of silicon and iron contents on the fatigue strength
at 107 cycles of annealed 5052 and 5056 alloys.
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Table 18 iz L, S-Nh#gd Fig. 15 173, g 14 SRR 8- 58-
N . 3 ™ 2NN
BONIERNDHDOED T L 2b B 5 , a Ay
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Table 17 Chemical compositions of 5052 alloys.
Fe Ti Chemical composition, %
Mark content, content, .
% % Mg Cr | Mn Cu Si Fe Zn Ti Al
B—55 0.3 0 2.46 0.24 0.01 Tr. 0.06 0.32 Tr. Tr. Bal.
B—56 0.4 0 2.47 0.25 0.01 Tr. 0.07 0.43 Tr. Tr. Bal.
B—57 0.3 0.03 2.56 0.25 0.01 Tr. 0.06 0.32 0.01 0.03 Bal.
B—58 0.4 0.03 2.61 0.25 0.01 Tr. 0.07 0.42 0.01 0.03 Bal.
F—1 0.3 0.1 2.57 0.24 Tr. Tr. 0.07 0.30 Tr. 0.12 Bal.
F—2 0.4 0.1 2.52 0.25 Tr. Tr. 0.07 0.42 Tr. 0.12 Bal.

— 10 —
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Table 18 Mechanical properties of annealed 5052 alloys.

Tensile properties hBré“eH Charpy impact Fatigue strength, kg/mm?
Yield . N ardness value(®,
Mk swength | oheigin, | ConRUOR | mmbern | (Umoienddy | 10 “’“ -
29 » - 2
(0 ?i{/g /?Iffggt)’ kg/mm? % /500/ g-m/cm cycles cycles cycles
B—55 (1 8.4 21.2 32 44 - (>15) 12.6 <12
B—56 (1) 8.6 21.7 32 46 — (>15) 13.0 <12
B—57 (1 10.4 21.4 29 48 — (>15) 13.3 11.9
B--58 (1) 9.9 21.7 29 49 — 16.7 13.6 12.6
F—1 10.2 21.8 31 49 14.2 (18.3) 13.7 12.1
F—2 & 10.4 22.6 29 51 12.5 17.5 13.5 12.3

(D 16.7 mme (30% cold-drawn), 360°Cx1 hr annealed.
(3) Did not fractured.

0.4
Condition] Mg 2.4~2.7%
& Cr0.23~0.26%
Mn <0.10%
0°C x Th |
0.3 7 \Fatigue strengt 360°Cxlhr amealed
% o12kg /mm? uwp
= o 2 lL5~11.9kg /mm?
c, A ‘S"'x‘\ v 11.0~1.4kg /mm?
g A @ a £12kg /mm?
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4 d 7‘\\< °
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| >
0
0 0.1 0.2 0.3 0.5
Fe content, %
Mark A Ti0.02% D: Ti0.09 % and Be<0.0005 %
B. Ti0.02% E. Ti0.20% and Be<0.003 %

C : Ti0.09 % and Be0.001 % F. Ti0.27 % ond Be0.002 %

Fig. 16 Effects of silicon, iron and other elements on
the fatigue strength at 107 cycles of annealed
5052 alloy.
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(2) 17.3 mmg¢ (25% cold-drawn), 360°Cx1 hr annealed.

0.4

Condition | Mg 4.9~5.4% Fatigue strength
Cr0.09~0.12% 0 15kg /mm? up
Mn 0.10~0.20% 414.5~14.9kg /mm?
360°C xlhr amnealed | @ 14.0~14.4kg /mm?
03 ® <13.9kg/mm? o]
Limit of Si content 4 <15kg/mm?
a B (at 2 x10%¢cycles)
R /
R C
?, 0.2 E =
= [
e A -2 O\\ g
7] \' I’// \“ w
< L%
0.1 (3¢ oY -
a y £
Na o/
R -
O I
0 0.1 0.2 0.3 0.4 0.5
Mark Fe content, %
A Be 0.005% D:Ti O.lvb%ond Be0.0014 %
B:Ti0.12% and Be0.0015% E:Ti 0.16 % and 8e0.0031%"
C:Ti0.12%and Be0.0015%
Fig. 17 Effects of silicon, iron and other elements on

the fatigue strength at 107 cycles of annealed
5056 alloy.

R, ek, Fig 17 13 Mg 4.9~5.49%, Cr 0.09~0.12
%, Mn 010~0.20% OHEFPIDLE 5 T M 7 AT
B60°C CHEGE Lz b DIC bR Ly Vo T & il

Table 20 Mechanical properties of annealed 5056 alloys.(D

L 2-8HEF U TR C EBRIEH Ui {EZE ok Fatlgas ot
B , _ - Tensil ti . -
Table 19, ozt EE Table 20 7k U, M55 REIE ST properties Brinell |rength, kg/mm
s . S Mark sg;é(:xlgth Tensile | Elon- hardness 10 107
HII?@UD Flg‘ 14 ({CEQTR bfco (O.Zfi'/o strength, | gation, number, ) )
BN R DN TRETHEDOXEDL 5 ThH b, Oifset); | kg/mme % 10/500/30 | cveles | cycles
(1) FEHHRE147~15.7kg/mm?2 TH v, BEFREE E—~7| 155 32.6 30 61 15.7 | 14.7
Bl qN Do LichioT, SiAa 01%LLT, Fe# 0.3%%% E—8 15.3 1.2 a 63 15.9 | 15.0
& IUE e E—9| 14.9 30.4 32 62 >16) 15.7
. . N . E—10 15.1 33.5 32 61 (<16) 14.8
2 oFwK, FEF TORRFBERLEOMDERL ED,
Si x Fe ) &H%K;B\/\VC&%G‘EE% # LT Flg 17 e (1) 16.7 mmé¢ (30% cold-drawn), 360°Cx1 hr annealed.
Table 19 Chemical compositions of 5056 alloys.
Mari ’ si Fe Chemical composition, %
ar content, content, .
z % Mg | Cr Mo | Cu | Si | Fe | zn Ti Al
E—7 0.05 0.2 4.88 0.10 0.12 l Tr. 0.04 ( 0.21 0.02 Tr. Bal.
E—8 0.05 0.3 4.96 0.09 0.12 | 0.01 0.04 | 0.33 0.02 Tr. Bal.
i H
E—9 0.1 0.2 4.99 0.10 0.12 ‘ Tr. | 0.10 0.20 0.02 0.01 Bal.
E—10 0.1 0.3 5.14 0.10 012 | Tr. 1 0.10 0.33 0.02 0.01 Bal.

— 11 —
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» Be A &1 ADEEELSHbE TR LTL S, #
S5 15kg/mm? g% & ORI S TRR L
7LCo

3. & =3

B ZRERSE B A 5550523 1 0'5056-4 &SI B o i 95k
B 1~2kg/mm? X 58842 R0DEDEDL
5 Chbo

(1) fL2ER sy -G, 5052 44 niEs, Si0.19% LT,
Fe 0.2~0.4%, Ti%z/g&Hm (0.05%LF) +5080H
n, 505644k Si#x 0.1%LLTF, Fe % 0.2~0.3%f pr &
T HDNR I,

(2) 50564 4 #5 5% BRI (LALBE (430°C X 3hr#4510°
CX 7hr) 450N 5,

(8 BLEo(n), @EARE Ui el (s m o g
MB0BREEET & L A3, FNBS TP < & $36%L o
FERE N T EMBESIRTICLE T H B,

Bl EoAEA BRI+ 5 &, Fe o, B8 0, B
FRIDOELR ML TH A D, THEMEOY—LE D
WAL A NS Z & Th Do o/, MEBEWXLETSHY, it
Peps Fe o3 2 LI L DFETHD L HILhHOTHRAR
WNEDENRD B LIchioT, Fe Bidd oI5
I%wahfbwoALCOA%WD?~£%J:%&, 5052-0
WG S S X IOS[EI D 5530 B 1k 1950 g 13 12.0 kg/
mm? X% 5HH%, 19574 A5 11.3kg/mm?2 & /¢ 5 T Bg
AlHiGOMENEBE L T 5D TRV & 4% 2 B
%O

4. #& B

Bk g TR gk U sz 5052-0 Fo B O 5056-0 41 o 554k
BN 1~ 2kg/mm2 DT, INEAAELEIEIO4%E
By & LTSRN BIE 3 LG &, i - oo 258
ZWE L, b THmlNT Ghek ORI Y e -1
L BIEEE), R LU & U Ba O STREE bk~ f,
BONIREREENTHEOEDLHTh b,

(1) {24 R Tk, 505248404, Si 01%0TF,
Fe 0.2~0.4%, Ti & /&N (0.05%LLTF) 4506815
D, 505644 Tt Si% 0.1%LLTF, Fe#n 0.2~0.3 e
EFTDDOML e Ak Mn BEOBIMIES mEo @ i
HF DN,

(2) 5056641285 BB AL (430-C < 3 hr #510°
CX 7hr) %4 030dh b, 505244 TlaHE Mo
BhERAUTE & A ER BN,

(3) BESEATOINTE LA < & $36% (FAEMT) Ll EAS
DEETH Do TOHATDE L ORE & 3BIR e < Bl
TEFRENE BN D,

@) FEFREGAEMN T3 L3505 Himb i s
HIMTEY 225 L ET LIBYD 5,

(6)  ZEACLIERH O PSR EREER L D) LS,

2)
3
£
5
6)
D
8
D
10)

x 18
fo & 2, BE, M oAREE, 1-1 (1960—1), 45,
Yrew, PR AR, 3—3 (1962-7), 117
ALCOA%L © Structural Handbook(1960), 83
B, PIPY L ARREERSR, 761 (1958--10), 527
I, e oAkgE, B—4 (1964—10), 355
reg, Eeh o oAREE, 2—4 (1961-10), 77
C.Panseri, L. Mori ; Alluminio, 33—5 (1964—5), 233
F.Gatto : Allminio, 26—6 (1957—6), 251
K.E. Mann . Z. Metallk., 53 (1962—10), 645
A, BEIF BN, 5-—20 (1939-8), 1I-3
ALCOAZ%: : Alcoa Aluminum Handbook (1950, 1957,
1960, 1962)
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Study on Aluminium-Magnesium-Silicon Alloy (Rep. 7)

Relation between the Condition of Extrusion followed by Solution Heat
Treatment and Abnormal Grain Growth of Extruded Products

by Shiro Terai, Yoshio Baba and Akira Takashima

Experiments were carried out to study the manufacturing condition of extruded
products of Al-0.459,Mg-0.389;Si alloy, with which their mechanical properties and
electrical conductivity should meet the requirements of the 2EC standard (Tensile strength
=20.3kg/mm2. Electrical conductivity==55% IACS), also with the least occurrence of grain
growth.

The findings are summed up as follows:

(1) An abnormal grain growth is not observed in as extruded state of Al-0.4595Mg-0.8894Si
alloy which was extruded at the temperature of 410 to 530°C with the reduction of 87 to 989;.

(2) Solution heat treatment at or less than 480°C showed no abnormal grain growth of
the above mentioned extruded products, but a large amount of grain growth due to
secondary recrystallization was observed around the surface of extruded products after
the solution heat treatment at higher temperature.

(3) Extruded products of this alloy has about 22kg/mm?2 in tensile strength and 569
IACS in electrical conductivity after solution heat treatment at 480°C followed by the
precipitation at 175°C for 20 hours.

(4) Therefore, to meet with requirement of the 2EC standard also to prevent an abnormal
grain growth, solution heat treatment at 480°C is recommended for Al-Mg-Si alloy electric

conductor.
1. #

Al-Mg-Si REHE B > B OB H iz T, MHy
TR DS LA B OFRERSEE A b S &3 < MLH
NEENRUIEUIEMBEE RS 2 Enb b, 2 TRRTIL,
EH OfE GBI O KL, M T cieFd L
WHLDTHDN, 5HWEHHy ICEO BRI AE D
WL ELETHILONYRAETH L b, R InTE,
HH o D0 IR B A S OV B PR L AL TR 1 B oD K BE B (R 3
T RBEMAIE A 1T o fo FDE OB 72 B O E R
s JNETEE A B LRI O EN AT,
HMIPER 7 SO E R BEEL 2EC s GIRRY,

||

20.3kg/mm?2, [}y 17.5kg/mm?2, EL(EEED5% IACS
Blb) @R T 5EofEREAIBL AL LD & Live
2. ® B &% ¥

SRV BN, MEE99.75% 7 v 3 = nEEe AL,
A BOTIMTIE Al-6% S1 64&%, <73 v AOHBM
21k 99.9% < 7 v v NAFER L

PR
T

BTHER TR

3. R BR F &

2. WIS B A L, Table 1 @ =04 i %
Tltre w7 %59 045% 7 4 3 0.38%BE 7V S = v
nipbigkH Al-Mg-Si &4 %A L, 68mme X 200mml
D& 700°C THEiE L, 540°C C 4 Mefinshg, o
B v I TE S v BOMMICE LI+ 28%
BB 5 HWTHE s HoRE% 104, 200 33105 25
mme, b b~ M4 98%, 92% % L U8T% D=
LBV R, ABEOBA I v RO SR AL
Cds ISR AWEST 2 HNTINTER 91.29% & —%ET
H BN, WEOBKAE FEh 2dmm X 1dmm 1§, 24m.
mx 7mm2 ¥, 24mmx4.7mm3F, ¥ J024mm X 3.5m.

Table 1 Chemical composition of test specimens.

Chemical composition, % )

Cu | Fe | si Mg 1 Mn [ Zn | Cr Ti
1 Tr | 0.15 | 0.36 | 0.42 | <0.00 | <0.05 | <0.01 | <0.01 |
2 Tr | 015 | 0.37 | 0.45 | <0.01 | <0.05 | <0.01 | <0.01 |
3 Tr | 016 | 0.38 | 0.48 | <0.01 | <0.05 | <0.01 | <0,01 |
i
4 Tr | 0.16 | 0.38 | 0.48 | <0.01 | <0.05 | <0.01 | <0.01 |
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m 4 Lz FhEn Table 2R Loy o S F T Lo

Bl bo & & <l U3k, Table 3 3 L UF Table 4
R LRiE kBB S WLy LENENOEMLE Y
o, MHRE, 3R Rk LOEREBEEOH
w2 A R Lo 7ol AERF IRUIMIC X T3 SR
R IETEREE DT fod, EE LT o7,

4 = B B R

B O RIRIERE &R BE SITH I BEOR
I8 L O BBfR

FZe D BRgE, WH o koo PIRRARER & 3 o iR EE
LR R OB DBFROBRIESH B DT, FTHE
VOB DOWTDONDB & &T Do

AR OWTHE, HEYEOMNTE (Yvy F OEE
L A4 ZAHOWEBOL) —E T LILCHET S, 21
T TN D E By T Licbl) Th 5, Photo. 1
1%, 410°~530°C DA CMH U7 & & O W AHR % 5555,

41

RIS, BEChHIT TRLE DD ThH D, HHEYIRED
BT EEEERMBIC L T, B REEREEEAR D
Bl Photo. 2, HIH s # 480°~560°C i T
AR LB O E R Licb D Th Ho Mt o IR E410°
~530°C DHEIFETIX, BEFLAIEERE 480°C TREdE
1 D BT, 490°~520°C O#EiF L 440°~500°CTC
L U7 b BN BB A i SRR E 23380 B A 43, 410°C
I B3 530°C THIH U 7= 6B Gl b s EEED bivik
Uhg

X, 560°CCHEMLES LizB &t v gD
WA b BT REOER AR GIEY £ - LT\ 5o
Wy BOMEC b &9 < IELAR, TR RO
ME—DBATIE, £ 20y Huciid F D EES
AL A I EbiA, Table 5 3k oo Wi o & f
OB L, AL Ui=fE o 5o HEH & SR 3
DEARTR LIS DTH Do 2 X ITHITH MO M >
THH Y T E D F s o o b B A T Ui & DMt o 8

Table 2 Condition of extrusion and heat treatment of test bar.

Condition . .
\\ g}?{ggegé‘cure of ;I;;rir:xapiige;tuoxg of Esg?rr;i;gn of Heat treatment after extrusion
1. 175°C%20 hr
410, 440, 470 24% 141 hole 2. 480°Cx1 hr->W.Q-»175°Cx 20 hr
S b = 490 24x  7-2 holes 3. 490°Cx1 hr—»W.Q
quare bar : 24x4.7-3 holes 4. 500°Cx1 hr—»W.Q
500 d 530 24x3.5—~>4 holes 5. 520°Cx1 hr->W.Q-—175°Cx20 hr
an 6. 560°Cx1 hr—>W.Q-—>175°Cx20 hr
1. 175°Cx20 hr
410, 440, 470 10¢ 204 2. 480°Cx1 hr—»W.Q->175°Cx20 hr
Round bar == 420 and 25¢ 3. 520°Cx1 hr—»>w.Q
500 and 530 all 1 hole 4. 560°Cx1 hro>W.Q
5. 560°Cx1 hr—>W. Q—>17S°C/<20 hr
Table 3 Sampling positions of test specimens. Square bar.
Direction  of  Extrusion A
Head Tail
AL y v w M s | . V7772257 i
ABCDEF GHIJKL MNORQR
1500 mm
Specimens for testing grain structure A G M—As extruded condition
(length 10mm) B H N-—Heat treated at 480°C for 1 hr, water quenched
C 1 O-—Heat treated at 490°C for 1 hr, water quenched
D ] P—Heat treated at 500°C for 1 hr, water quenched
E K Q-—Heat treated at 520°C for 1 hr, water quenched
F L R-Heat treated at 560°C for 1 hr, water quenched

Specimens for testing mechanical

properties (length 170mm)

T —Precipitation heat treated at 175°C for 20 hr

U-%—Ieatzotr}?ated at 480°C for 1 hr, water quenched, precipitation heat treated at 175°C
or r

V»—fHea’%Oh}'leated at 520°C for 1 hr, water quenched, precipitation heat treated at 175°C
or r

W——%«Ieagotieated at 560°C for 1 hr, water quenched, precipitation heat treated at 175°C
or r

Specimens for testing electrical

conductivity (length 180 mm)

X,—Heat treated at 175°C for 20 hr

Xz~£Hea‘50t}1;eated at 480°C for 1 hr, water quenched, precipitation heat treated at 175°C
or r

Yl—%{eagot‘;eated at 520°C for 1 hr, water quenched, precipitation heat treated at 175°C
or r

Yg—?eagotieated at 560°G for 1 hr, water quenched, precipitation heat treated at 175°C
or r
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DI OEACHRE A Lizo photo 3 ia‘fﬁ';b L7=& &£ DRk LARRL D AL I & b B/, photo. 4 {21 photo. 3
T 410°~530°C oM v B EHE T 3o 2 idh s Rk L=brk A 480°C, 520°C s & O 560°C Tk 4L3E
DBNTWn W, i, JJHIE:‘Z87%~97%®f£{ﬁ%c«dsb\f L7568 DGR T, BAILAERIE E H3480°C a1,

Table 4 Sampling position of test specimens. Round bar.

Head Tail
llL! M I N _ Wllllﬁi 0 [ P ll 25 ¢
A BCD £ FG H TJKL
1000
I.I\u\ ™ [N Lt: V%%%@go ﬂ 0 T P /lltl\i 20 ¢
i - - —~ 3 :
ABCD =39 EFGH TJKL
‘< 1700-
1] R — 1 01T i ¢
Al8co s _E% *ﬁ—— TUKL
] 5000 -
Specimens for testing structure A E I—As extruded condition
(length 10 mm) B F J—Heat treated at 480°C for 1 hr, water quenched
C G K—Heat treated at 520°C for 1 hr, water quenched
D H L-—Heat treated at 560°C for 1 hr, water quenched
Specimens for testing mechanical M~}E—Iea§0treated at 480°C for 1 hr, water quenched, precipitation heat treated at 175°C
or r

properties (length 220 mm)
N—%—Iea’;otaeated at 550°C for 1 hr, water quenhced, precipitation heat treated at 175°C
or r

O—Precipitation heat treated at 175°C for 20 hr

Specimens for testing electrical / Precipitation heat treated at 175°C for 20 hr

conductivity (length 180 mm) Heat treﬁted at 480°C for 1 hr, water quenched, precipitation heat treated at 175°C

P \ for r
Heat treated at 560°C for 1 hr, water quenched, precipitation heat treated at 175°C

for 20 hr
410°C 440°C 470°C 500°C | 530°C

Head
N
£
£
N
A Center
X
~
o~

Tail

Head
~ -
~><r< Center
~

Tail
~ Head
<
X Center
>
~

Tail

Head
bt
2 Center
~
N Tail

Photo. 1 Macrostructure of cross saction of Al-Mg-Si alloy extruded at various temperature.
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410°C

440°C

470°C 500°C 530°C

24mm X 14mm

480°C 24 7

24 %X 4.7

24 %3.5

24X 14

490°C 24% 7

24 X 4.7

24X3.5

24%x 14

500°C 24% 7

24X 4.7

24X3.5

24X 14

530°C 24% 7

24X 4.7

24X 3.5

24X 14

560°C 24% 7

24X 4.7

24X3.5

Photo. 2 Same as photo. 1, but aftsr solution heat treatmsant at 480~560°C. Center of square bar.

Table 5 Percentage of grain growth zone after
solution heat treatment.

Center of square bar.
N.G. Grain growth is not appszarzad.

e FEE
\ *\ 410 440 470 500 530
(mm) (mm})

2414 N.G. | NG. | NG | NG | NG
480°C 243 7 NG. | NG. | NG | NG | NG.
4% 47 | N.G. | NG. | NG | NG | NG.
24x 35 | NG | GN | NG. | NG | NG.
2414 N.G. | N.G. 5.0 | N.G. | NG.
24x 7 N.G. | N.G. 3.0 | N.G. | NG
490°C 24x 4.7 | NG. | NG. 1.0 | NG. | NG
24% 3.5 | N.G. | N.G. 0.0 | NG. | NG
2414 N.G. | NG. 11.6 125 | NG
24x 7 N.G. 45.4 80.8 3.8 | N.G.
500°C 24x 4.7 | N.G. 50.0 7.2 | 100 N.G.
24x 3.5 | N.G. 15.0 30.0 5.0 | N.G.
2414 N.G. 21.4 28.6 | NG | NG.
24x 7 N.G. 34.8 25.0 | N.G. | NG.
520°C 24x 4.7 16.6 3.2 6.6 | N.G. | NG.
24x 3.5 | N.G. 10.0 2.6 | NG | NG.

24x14 100 100 100 100 100

24 7 100 100 100 100 100

560°C 24% 4.7 | 100 100 100 100 100
24% 3.5 | 100 100 100 100 N.G.

* Temperature of solution heat-treatment

** Shapes of specimens

*#* Temperature of extrusion, °C

480°C CTHIHY L7 EE98% k1 0 # o 5 A b R ds
JURBEHIE S L Ok GEORENS LD BIb, 520°C T
BRI AT - 258y, MITENY%, 98%DHE I
fli f LB D3 & 6D DAV 2RI 9896 LoD T BE O R,
B RSB DER AR E WD 2R ED BT, 560°
C THBHRLAUIR & TT o f= BBk, MTE92%, 98%DHf
$HE 410°~530°C DR T H U 723X T o b DLk
WENH EHBENT WA, Table 6y, LIokkEs
Table 5 1Tk Lz & FED HETEE LR TS %o
FEROKBR X5 E, Al-Mg-Si %440 Mok
WECAKE Y5 2 500, MHvEBONLELSL ZD
BOBRILAUERETHD Z 0L LD BN,

4-2 BREEE

4-1 R v O FE F kR L OBUIOMBOMET DOIER,
FEd R E AR LD AHEBEANRIEE B Loz, 2
RN T AT - 72 & ORI OWTIRAE LT
PN ol

4-2-1 MY BT PO LBEOME

M > B ¥ O L H M L 2B A OB R
D, AP OWCOMER S Fig. 112, B >wWTo
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410°C

440°C

470°C

5C0°C

530°C

Head
D
R Center
N~
©
Tail
Head
S
PN Center
Tail
Head
§ Center
o
Tail

Photo. 3 Macrostructure of cross section of Al-Mg-Si alloy extruded at various temperatures. As extruded.

Table 6 Percentage of grain growth zone after solution heat treatment. Round bar.

N.G. Grain growth is not appeared.

\ ok T 410°C 440°C 470°C 500°C 530°C

\;*\

. N 480 520 560 480 ] 520 ] 560 48) 5 520 ‘ 560 480 } 520 i 530 480 520 560
N

Head N.G.| N.G.| N.G.| N.G.| N.G.| N.G.| N.G.| N.G.| N.G.| N.G.| N.G. 1.4 N.G.| N.G. | N.G.

87.2% Center N.G.| N.G.| 114 N.G.| N.G.| 14.2 N.G.| N.G.| N.G.| N.G.| N.G.| N.G.| N.C.| N.G. | NG.

Tail N.G. N.G. 0.85 | N.G.| N.G.| 20.0 N.G.| N.G.| 20.0 N.G.|] N.G. N.G.| NG.| N.G. | NG.

Head N.G. | N.G.| 43.6 NG.|] N.G.,| 285 N.G.| N.G.| NG.| NG.| N.G.| 189 N.G. 1.9 38.4

92% Center N.G. 8.07 66.1 N.G. 8.15 | 54.4 N.G. 5.6 42.3 N.G. 3.7 34.6 N.G. 7.7 57.7

Tail N.G. 3.85 | 58.2 N.G. 4.61 | 44.4 N.G.| N.G. 45.0 N.G. 1.9 28.8 N.G. | N.G. | 49.2

Head N.G.| N.G.| 78.4 N.G. | 38.4 66.6 N.G. | 20.0 86.6 N.G. 6.6 96.6 N.G. | 66.6 68.3

98% Center N.G. | 38.4 53.3 N.G. 50.0 80.6 N.G. | 53.0 83.9 50.0 83.9 87.6 N.G. | 41.6 83.4

Tail N.G. | 50.0 66.6 N.G. | 45.3 84.4 36.0 38.4 80.6 83.3 37.5 53.4 1.5 66.6 85.0

* Reduction of sectional area

i+ Temperature of solution heat treatment

** Position where specimens were taken

¥k Temperature of extrusion

5
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faAa Fig. 21k Uizo Fig. 11k, AMOBRIC I T
F e 2 H TR UTebl 1278, 2dmm X 1dmm 1 F, G Uiz
PO BRI L, F O OMTER A b oM v
DB Ucbsto TS B U7cis iR & 0 RV EA RT3
AR EDBND, Fig. 2 KR U AEBEH OB, 7
HY s I B k% 87.295~98% D C =B 48 2 CHR
UichidCTh B0, REBOME » TR CrlE T
YINTEOK X BB O H 2R3 S BmnyE = 4 73 o
LRI LD BNTe O DRI DWW TR E BRI o T
HWEDFERATTH & EAEE L,

PO EAA S UBOBA T MM o B O S KITERAY
R JIET Rk % <, 470°C DL RO ETHH L

TS AFOEMIMHCAE b bbb, ZDHLDONT
33T, RRBEOFIRE 2 FICEAME Lzl DT
BB, ZORRENE, M VIRED R BRIET (
ZOFREETIE MgeSh) OREELNERRNE Ebitbs
4-2:2 BEALEEE R ABEOME

DT, W LA B LA AT, & BT
IR % S U Ao o s B A Aok Fig. 3ic, I
B> Fig. 4 @k Lse Fig. 3 o TlliliFnEFih
mﬁ,%%uﬁvﬁ;ﬁ@f%ﬁb,ﬁMKm%Wk%ﬂ
R AR, 480°C ¥ L OF 560°C AL LA
Mg LT, 520°C THEM LR Uis 4 ,ﬁ%m&uﬁv
DT B ENHED BN, DECHBCOWTT
ﬁ%%@u%&Fm‘4kﬁbﬁoﬁﬁmﬂﬂﬁ§ﬁ%b

G, BT THDPEMPAMEE DR TN LD BND, 4l
&Vw@MIW ZOWTIEHBH v IREOK S @70°C
BIF) @i, IMTEDKAX RO RETCLld 504,
BRI R R <, MWCML@M&T%%bL”ALi,

3 LB o oD i KEWEDRHNE NS T &
i&&wbﬂ&#oko

DX, ARSI L R v &8, BIML
WMBBLEAEENED L 5 IniBis & 725 #mcobf,%mb

7otk EAy Table 7 iIC/k Lz, Sk B &, MV IREDS
D, BHRAERENE S RAHIRE, BREEEN,
ETOEAE DXL, TTRONL S, EmER%
T, RO SR O A LA B 1T % AP O
v EM, BERCMBAGT TL DN EREEEL, 5%
TACS B BT, +4 55EC 0ol A eI E2 5 L0 TH
BEEMboT,

Bl k2 BN T 72000 TH B oo A TUHE L o 44 {8 F
LT, 200mme X 750mml D #sis s 100X 6mm s J OF
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Photo. 4 Same as photo. 3, but after solution heat treatment at 480-560°C.
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Table 7 Effects of temperature of extrusion and heat treatment on the electrical conductivity of
the Al-Mg-Si ternary alloy.
\. Fak e 480°Cx1 hr 520°Cx1 hr 560°Cx1 hr
Shapes of extruding dies *
175°C <20 hr 175°C %20 hr 175°C <20 hr 175°Cx 20 hr
410 59.38 56.60 56.49 55.09
24x14 1 hole
530 57.68 56.34 55.58 55.31
410 60.59 56.23 55.44 55.11
24x3.5 4 holes
530 57.46 55.32 56.20 55.38
* Temperature of extrusion ** Precipitation heat treatment *##% Solution heat treatment
}‘\ I ] Tensile yield Ultimate tensite Elongation .
N 20 strength, strength.
= ]6 ‘\ ) 4
5 T~ — 1 24 ®
5" | — LA
W % 20 4 — 7 14
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Pig. 1 Effect of the temperature and shape of e H] l I ‘ ‘ I
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extrusion on the mechanical properties & o 2 : 8
. o T A
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5 16} ]
L [
s 32 [
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w20 ' T T f" 16 — 0
‘ | , l I}
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i Shape of extrusion || Fig. 3 Effect of the temperature of extrusion
£ 12 o 108
B i s Qe and solution heat treatment on the
13
S 8 1 | mechanical properties of Al-Mg-Si
2. alloy. Square bar.
Eg 0 B
g - p” po - = KRR PIVBo & OBEBKHA(LA Fig. 8 ¢ 520

Tempeioture of extrusion, °C

Fig. 2 Effect of the temperature and shape of
extrusion on the mechanical properties
of Al-Mg-Si alloy. Round bar.
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Photo. 5 Macrostructures of the surface of 6mm t bus bar. Solution heat treatment at 520°C after extrusion
at 420°C.

Photo. 6 X-ray diffraction pattern of surface (a) and cross section (b) of Al-Mg-Si alloy extruded at 470°C.
As extruded.

Photo. 7 Microstructures of extruded product solution heat treated at various temperature after extrusion at
470°C. (x100)
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Temperature  of  solution heat freatment, °C
Effect of the temperature of extrusion and
solution heat treatment on the mechanical

properties of Al-Mg-Si alloy. Round bar.
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Temperature  of solution heat treatment, °C:

Effect of the temperature of solution heat
treatment on the mechanical properties
and conductivity of bus bar of Al-Mg-Si
alloy.

Size of ingot 200mmé¢ 750mml
540°C for 4 hr
420°C
Reduction of sectional area A.989% B.97.3%
All specimens were precipitated at 175°C
for 20 hr after solution treatment.

Preheating ingot
Temperature of extrusion
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Some Factors Affecting the Corrosion of Aluminium
Brass Condenser Tubes by Polluted Sea Water

by Shiro Sato

Recently, the power stations situated in large cities often encountered with the troubles
of severe corrosion of condenser tubes of aluminium brass by polluted cooling water. This
paper presents some typical examples of corrosion of condenser tubes by polluted sea water
and reports the results of experiments conducted to clarify the individual effect of some
factors which are characterizing the polluted water on the corrosion of aluminium brass
tubes.

By representing four different types of corrosion of aluminium brass tubes by polluted
sea water, the features of the corrosion by polluted sea water were characterized as follows ;

(1) Tubes are covered with slimy deposit.

(2) Main type of corrosion is pitting.

(8) Sulfide is contained in deposit.

(4) Intergranular corrosion is observed.

The experiments were performed by following two method ;

(1) The corrosion test on tube specimens through which 3% NaCl solution containing
hydrogen sulfide or ammonium ion is circulated.

(2) The corrosion test on sheet specimens using rotating disc corrosion testing
apparatus in 39 NaCl solution of various pH containing hydrogen sulfide and in
polluted brackish water in which the pH is controlled to be kept in weak alkaline
value.

The results obtained were as follows;

(1) Hydrogen sulfide in order of 1ppm is very active to the corrosion in neutral solution,
causing the pitting, but is less active in alkaline solution.

(2) Action of ammonium ion in order of 10ppm or more is also effective to cause
pitting, but is not so prominent as that of hydrogen sulfide.

(3) Decreasing of pH value of sea water with increasing degree of pollution promotes
the corrosion without the action of sulfide.

(4) Controlling of pH of polluted water in weak alkaline value is effective to inhibit
the corrosion, but in practice the difficulty is expected for depositing such insoluble
calcium carbonate inside the tubes that will impede the performance of condenser
tubes.
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- ‘List of symbols
Unit No. |Dateof !ubingor retubing Tube : Aluminium Brass (Albra, JIS H-3632, BsTF-2)
Ly o T Mo 1950 Tube size : 25.4mme X 1.25mmt X 9,144mme, o a
1 (o] Wl e
10r ® | May 1963
A Sep, 1959
o9t 2 |al Sep. 1961
. A Jul. 1962 a
0.8
3
z N
50.7 (‘
80 A
7] a
2 A
5
506 §
5 A
oL
e /'Y
5 0.5t 1L
B Ll /gu
£
E 0.4 A
3
=
0.3
0.2F
o
. A T A o o e e
“June Jan, June Jan. June June Jan. Jure Jan. Jure Jon.
1959 1= 1960 k 1961 1962 Sle 1963 = 1964 o

Date of inspection

Fig. 1 Results of the periodical inspections on the maximum depth of corrosion pits on some condenser

tubes of No. 1 and 2 unit of O Power Station, through which the polluted sea water of estuary of

Kizu River passed.

Table 1 Analyses of the deposits?) in the condenser
tubes corroded by polluted sea water.

Power Date of conclgggiltiﬁ)ﬂ, % X-ray
Station inspection Cu ‘ Fe 1 ) analyses
1959, Dec. 37.6 2.4 4.2
o} 1961, Oct. 29.4 8.4 5.2
1964, Oct. 37.9 9.0 8.7 CupS
S-N 1962, Oct. 26.5 3.1 0.31
S-M 1964, Oct. 30.1 0.3 5.4 Cu.S
Rofma. | 191, May | 19.8 | 0.8 | 2.8

1) Deposit: deposits for analyses were sampled from the contacting
layer with the tube surface.
2) 8% : sulfur other than sulphate.
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(a) Corrosion by heavily polluted sea water at O (b) Corrosion by shghtly polluted sea water at

Power Station. S-N Power Station.

C2% (d) Corrosion by sea water contaminated by

hydrogen sulfide by leakage of hydrocarbon
dreadging operations at S-M Power Station. gas containing hydrogen sulfide at W Refinery.

(©) Corroswn by sea water heav11y polluted by

Photo. 1 Typical examples of condenser tubes corroded by polluted sea water and their cross sections, showing

the pitting corrosion covered with slimy deposits and intergranular corrosion.
structure, x100)

(Magnification of
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Table 2 Chemical analyses of scale formed in the

aluminium brass tube corroded by 3% NaCl
solution containing Ilppm of hydrogen sulfide.

(wt%)
Cu Zn Fe Total $§ | SO, t S* Ignition loss
23.3 2.6 0.18 1.1 0.82 ] 0.83 26.1

* (total S)—(S as SO,™)

(% 100)

D, 81%DS0; HADSHETLZEHITLDE LT, IF
BEKIC & B ISR Y ) T KR E O WEAEY & e b
@T&) - fCo m@ﬁ%%i(/125mg/cm2fjb D f:o

0.3
. . Upper surface
e | ____ o----- Under surface
g .1 .
= I e
5 TTTmomemee- o " \
=
g CIfF
fa]
— Direction of flow
0 .

0~ 200~ 400~ 600~ 800~ 1000~ 1200~
200 400 600 800 1000 1200 1400
Sections separated by the distance from tube end, mm

Fig. 2 Maximum depth of corrosion pits in each section
of 200mm length of the aluminium brass tube
through which the 3% NaCl solution containing
1 ppm of hydrogen sulfide passed.

Duration of test: 740 hr. Temperature of
water : 40°C. pH of solution: 7. Velocity of
water: 2.0 m/sec.

(%400)

(b) Cross sections of the corrosion pits.

Photo. 2 Aluminium brass tube corroded by circulating 3% NaCl solution containing 1 ppm of hydrogen sulfide,
showing the formation of slimy scale and severe pitting corrosion.
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(b) Cross sections of the corrosion pits.

T, FAUEIIEREKE X AEKEBEEORAEDTE
HF&EZ BB,

@ 7vE=vadtyOEEZLARREEED, €
ORI TE LB L B I &% R0 7 KRS O S8R 7
eI D Bl 5 T8, BEROF L STy
HEDYHBe LMo TT7 vEa=Y WA 4 2 & IBELEIK
BAOERE LTERL D 2L DTty

A~ 2N

(x400)

Photo. 3 Aluminium brass tube corroded by circulating 3% NaCl solution containing 13 and 80 ppm of am-

monium ion, showing the pitting corrosion.
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4. HEEEHER (201)
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720
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721, PH 285.6 D4, BIAHE L < 360 Mo B 4 #
Ko Do LT E s o 1D TL20M CEl A IR Lco

42 = B # R
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= v L HH

A
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BRSO #
D BERS A S A TR

HpS : none

8.0 | 85 9.0

LT\, BB OB A 2 Photo. 4 1z 7%9, Photo.
A b LW DEDI L2 D, (1) pH 25.6 04, Hiit
IKEDHEIC )b 57, B ey — i X
NARBEDNFELA BN otce SO EMD, BIR
HRETHEISHE UImbD LB S, (2) pH A8 6.8,
7.5 % LU B0 b a &iciRic X » THEE S N8
i, WERABEGEDE A — v E U T B L <
BRCEAINTE Y, Oy X Table 3 f%mﬁb
& D CThotee ZOWRMISBRIERKICL > TRAEL S
t?»iszmu@m”“@&mri<UTiD,Mﬁ
BadHBiviz (Photo. 5), LL, Bifkia e %
pH 716.8, 7.5 & L8 8.0 DIRIC & » TIEHA XN/~
WAL R 7 = v DR EN I SBBRFTEETH o700 1277,
PH 73 6.8 DI X » TRA XN LRRFCDOL, —RL
TUH AR OB AN I BT (3) PHI I L O10TH
B U7 R b O B EEC 23 ndo 595, 138 A KA
HEUTEST, 73V ETHE EENREENTATH
FAEEIE & A EBAREE LR 2 A% h o o
4-2:2 BEERRILBOHERSE

il oEER/VEAHE LTable 3i/jR Lo 2>
i (122 OFHE) 2HEEEE (Baa L O #E mm/
V) ¥ LiF 9 pH 7 5 O HR L O H O BB % Kb 12
(Fig. 3), Fig. 3 LU 2EDZ &M\ 42 5, (VLN E
TELRWEE, pH 28 LAl
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HyS

0 51015 20mm
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Photo. 4 Corrosion of aluminium brass specimens fixed on the rotating discs and exposed to 3% NaCl solution

of various pH value containing 1 ppm or none of hydrogen sulfide.
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pH .75 H,S:.1 ppm
Photo. 5 Cross sections of aluminium
specimens shown in Photo 4.
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Fig. 3 Effect of pH and hydrogen sulfide on the cor-
rosion rate of aluminium brass by 3% NaCl

solution.

Table 3 Results of the corrosion test on the aluminium brass specimens fixed on the rotating discs in 3% NaCl
solution containing none or lppm of hydrogen sulfide.

Duration of test : 360 hours, except the tests on pH 5.6 (120hr).

Velocity at the tips of the specimens :

2.0m/sec. Temperature of solution : 40°C42°C. 12 specimens were used in each test.

H.S : none HeS : 1 ppm

Test

Corrosion  rate, mm/yr Corrosion rate, mm/yr Depth of corrosion pits
condition

Mean, X [ g Mean,x g Mean, X o
5.6 12.5 | 1.2 15.5 1.9 none —
6.8 0.4 | 0.08 1.3 0.5 0.26 0.09
7.5 0.2 | 0.03 0.4 0.06 0.16 0.06
8.0 0.02 | 0.004 0.3 0.05 0.06 0.05
8.5 0.03 0.003 0.06 ] 0.02 none -
9.0 0.04 0.003 0.04 | 0.01 none —
10.0 0.03 0.002 0.04 [ 0.004 none —

1) 0 : standard deviation.
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Fig. 4 Variation of corrosion rate of aluminium brass
with duration of test in 3% NaCl solution con-
taining Ippm or none of hydrogen sulfide.
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Fine Wire Manual MIG Welding of

Thin Gage Aluminum Alloys
by Yoshihiko Sugiyama

Recently a new type of MIG welding torch, so-called a spool-on-gun torch has been
developed in Japan. This study has been made to put this torch to practical use for
welding thinner aluminum alloy sheets which cannot be welded by the conventional MIG
welding torch. First the welding parameter guides in all positions for making butt and
fillet joints of the thicknesses from 1 to 3 mm were chosen. Because of its smooth
feeding of fine wires this type of torch facilitates the welding of thinner materials to
which an ordinary push type manual torch has not been applicable. The useful minimum
sheet thicknesses by this torch are seemed to be 0.8 mm in a butt joint and 1.6mm in a
tee joint respectively. This process is also applicable to all position welding at nearly the
same welding condition as in the flat position. Welding speed by this process being faster
than by TIG process, this process may be an effective joining method for aluminum to
minimize welding distortion and to prevent the loss of mechanical properties caused by
welding heat.

The hardness surveys for welds showed that the heat affected zones in MIG welds
were usually narrower than in TIG welds and consequently the joint efficiencies of
undressed MIG welds were superior to those of TIG welds, but without reinforcement
they behaved adversely possibly due to a lot of fine porosities in weld metal made by

this process.
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Photo. 1 Torch, control unit and power supply for fine
wire manual MIG welding.

(Courtesy Mitsubishi Electric Corporation)
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Photo. 2 Spool-on-gun torch for fine wire manual MIG
welding.
(Courtesy Mitsubishi Electric Corpoartion)
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497t 1100, 3003, 5052, 5083 3 & 0°60614 4% 8
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Table 1 Chemical compositions of parent metals.

Chemical composition, %
Alloy

Cu | Fe si Mg‘Mn[anCr‘Ti~A1

1100 0.021 | 0.60 0.14 0.003 | 0.014 [ 0.009] 0.002] 0.003| rem.

3003 0.04 0.51 0.11 | <00.01 | 1.22 | 0.01 |<C0.01} 0.01 | rem.

5052 0.01 0.31 0.10 2.54 0.01]0.03}0.20 0.01 | rem.

5083 0.07 0.24 0.19 t 4.62 0.65 | 0.06 | 0.17 {<0.01| rem.
6061 0.26

0.20 | 0.55 ] 0.99 ‘ 0.01 0.01|0.05]o.o4 rem.
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Table 2 Machanical properties of parent metals.

Sheet Yield | Tensile | .
Alloy Temper | thickness, strength, | strength, | Llongation,
mm kg/mm? ! kg/mm? v
HI4 | 1 o123 | 10 | 5
1100 ! i
HIG | 2 us | 155 | 9
1 165 | 174 | 6
3003 Hl4 . ‘
2 | 157 | 171 12
1 2.5 24.4 8
HI12
2 2.7 23.3 10
H14 1 21.1 25.8 3
1.6 %3 | 27 5
5052 H16
2 25.2 27.5 6
1 } 18.4 23.8 11
H32 1.6 | 183 23.3 13
2 18.9 23.4 18
1 363 | 400 5
H16* 1.6 35.0 39.8 7
5083 2 36.3 40.6 7
1 2.8 | 378 12
Hog*
2 2.9 | 379 1
T4 2 ER I X 27
6061 * ~
T6 2 281 | 32,0 14

* These temper designations are merely for the purposes of
identification and do not necessarily represent typical
properties for these tempers.

Table 3 Chemical compositions of filler wires
used for MIG welding.

. Chemical composition, %
Filler

alloy | cu | Fe

Si}Mg | Mn‘f Zn
1100 | 0.018{ 0.20 0.07] 0.00 { 0.00 | 0.00

Cr l T Al

0.00 | 0.00 |rem.
4043 | 0.006] 0.38 5.3s| 0.00 l 0.01 ] 0.06 | 0.00 | 0.01 |rem.
5056 | 0.003| 0.18 | 0.07 | 5.04 ] 0.0 i 0.00 i 0.08 | 0.00 | rem.

Table 4 Chemical compositions of filler rods
used for TIG welding.

Filler Chemical composition, %
alloy

Cu | Fe | si Mg}Mn{ZH

cr | Ti | Al
1260 | 0.00 | 0.17 | 0.08 | <0.001] 0.002 | <0.001| <0.001] <0.001] rem.
4043 | 0.00]0.23 | 5.14 | <0.01 | 0.02

0.04 | <0.01 | <0.01 | rem.

5356 | 0.00 0A21|0.1s] 5.06 } 0.08 | 0.01 | 0.15 | 0.16 |rem.
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BATh & ofco M & BN B EELR G4 Table b k4,
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LI EAER UAH CRINESICHEENTE S, LnL
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BoNbHnR, ET7FEI%4dL, BCEERL O FACIT
25 KN BHEFNA DI,

Table 5 Parameter guide for fine wire manual

MIG welding of butt joint.

: Sheet Welding Arc Weldin
Wg%gilélng thickness,| current, voltage, speed,g
po mm A v cm/min

1 ] 60 { 16 100
1.6 9 7~
Flat ] 0 f 17 ~ 18 125
2 105 L 19 90
3 140 ] 22 95
1.6 ‘ 90 17 110
Horizontal
3 120 23 75
1.6 90 17| 110
Vertical
3 120 23 } 75

Edge preparation and joint detail : Close butt
Argon flow : 15//min

Electrode diameter : 0.8mm

Backing : Grooved temporary backing bar

BRI S DA AR EREDOBROBE T L -
Th#mbn, Tableb wabhs ks, TIGEHEED
3~4 FEREET B, Lo T X 3 OFEPHBEHRED
FEOENSIET I GEBIZEST, )+ <hTns
CEMELBND,

BRI B 556 v KB O MMl s L O & F 1 F
#u Photo. 3 4 X ¢¢f Photo. 4 iz7%4

2) = 3R

FERHc g 1.6 3 2 Of 3mm o 1100 % T, S
BEEBNC I B 2 I ABREBABYEE Ui B4 & Bbh
DLEEBLME Table 6 iR, BIRADND L5 I
HERSADHES, TIGHE#ED 3~4 fHitEd 5,

WENDBBRINC R\ Th, ¥ &7 Ut
BTDHIENTEDN, LAK LU LA I WEETI,
AOER SWE#EL YD, BERR, 7 7 BER XU EHR
EhFTNTNETEERE 5723 5 REHE LYV, 12
TIEA SRBEEIKEA SHBELRACRYCTHRIETE 5,

AR O #@HE T, 2 ABBECRWTIE, HE 16
mm FEEMAEE 0.8mm & v 1 v i & DFE O BEE
DREDRELE 2 b, WENRINUTRRS &, B
T ETh, WOBEEICE THIA I NERT 5,
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Flat Horizontal Vertical
position position position
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thick sheet

3mm

thick sheet

Photo. 3 Appearances of fine wire manual MIG welds in various welding positions.

Flat Horizontal
position

position

1.6mm
thick sheet

3mm

thick sheet

Table 6 Parameter guide for fine wire manual
MIG welding of tee joint.

Vertical
position

. Sheet Welding Arc Welding
v‘g‘;i‘g:&g} thickness,| current, voltage, speed,
p mm A v cm/min

1.6 | 95 18 90
Horizontal .
3 f 130~140 22~23 80
16 | % 7 %
Vertical
3 | 180~140 22~23 75
1.6 | 9% 17 85
Overhead
3 j 140 23 75
Electrode diameter : 0.8mm
Argon flow : 15 {/min

ok, BABELLDAAAHEET, BELEIRATE
W Table 6 O x I WHEERG LR U EIUE LV

BEBC R H A 3 AEERO /MR L UMWz €<
v Photo. 5 ¥ L ¢¢ Photo. 6 iR,

5-2 BRESOBBAMEDS JUXBRE

g 100mm, Ev 200 mm (FiEHr), #HE 1~2mm
» Tablel R LEABO—EHR7TVI=Y La&%,

Photo. 5 Appearances of ﬁne wire manual MIG ﬁllet welds
in horizontal, vertical and overhead positions from
left to right (1.6mm thick sheet).

Table 7 Welding condition for TIG welding.

t?x}ilgl?—: Welding | Welding Argon Electrode Filler
ness current, speed, flow, dia., dia.,
mm A cm/min I/min i mm mm
|
l 2 t 140~145 } 23 1 8 1 2.4 l 2.4
Edge preparation and joint detail : Close butt
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Photo. 6 Cross-sections of fine wire manual MIG fillet welds in various welding positions.
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Table 8 Mechanical properties of MIG welds.

Sheet Yield | Tensile |p | Joint
Alloy | Temper | thickness, strength, | strength, Elor;/gatmn' emc‘i’;‘
i mm kg/mm? kg/mm? o %
HY | 1 |58 90 | 5 69.2
1100 j '
HI6 | 2 | 58 | 97 \ 5 62.6
b | 82 S 3 63.8
3003 Hl4 |
P2 | 69 | 10,9 } 6 63.7
[ ‘ 5.8 | 235 2 96.3
H12 :
2 | 148 Lo223 8 95.7
H4O | 1| 150 | 20 2 81.4
1.6 | 154 | 215 3 77.6
5052 H16 ! ‘
2 12.0 \‘ 20.8 4 75.6
1 15.5 ! 21.1 2 88.7
H32 1.6 1 15.0 [ 22.3 5 95.7
2 | 134 ] 21.7 7 92.7
1 | 228 |29 3 82.3
HI6 1.6 L 19.9 33.0 3 82.9
5083 2 197 34.2 6 84.2
1 21.8 [ 31.6 3 84.0
HA
2 184 | 331 7 87.3
T4 2 a4 | 29 80.2
6061
T 6 2 16.1 ) 24.2 5 75.6
Note : 1) Welds were tested by JIS No.6 tensile specimen

with reinforcement left on.

2) The locations of fractures in tensile tests were all
in the heat affected zones.
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Table 9 Comparison of mechanical properties in MIG and TIG welds (1).

MIG weld | TIG weld
Alloy Temper Yield Tensile | : . Joint ‘ Yield Tensile | . Joint
| strength, 1 strength, | Elon(gatlon, | efficiency, { strength, strength, | Elono;gatlon, efficiency,
| kg/mm? | kg/mm? | o | % kg/mm? 1 kg/mm? | o %
1100 H16 | 5.8 | 9.7 | 5| 66 | 2.4 | 9.1 no| s
3003 H14 | 6.9 | 10.9 6 | 63.7 ? 6.4 10.7 10 62.6
H12 ws | 23 | 6 | w7 | 123 2009 | 8 90.0
5052 H16 120 | 208 | o | e | w7 | 204 6 74.2
H32 B4 a7 7| et 21| 28 8 88.9
H16 19.7 i 34.2 6 ‘ 84.2 17.7 ! 32.4 6 ] 79.8
5083
H24 18.4 § 33.1 7 87.3 17.4 | 32.8 8 86.5
T 4 ; 14.4 ‘ 24.9 8 89.2 13.6 21.7 6 77.8
6061 I - ]
T 6 | 16.1 ] 24.2 | 5 | 75.6 14.6 22.5 4 ) 70.3
Note : 1) Welds were tested by JIS No.6 tensile specimen with reinforcement left on.
2) The values of MIG welds were cited from Table 8.
3) All specimens fractured in the heat affected zone.
150
140 |
C 1
130
120+ P t tal . 5052-H12
Parent metal : N00-HI6 arent. meta
Nnot Filler wire . 5056{MIG), 5356(TIG)
8ot Filler wire : 1260 B
:m o100 F ,
~ 70f - < TIG weld metal
6o} TIG weld metal g oor \ MIG
“ ~ weld metal c ) -
£ ! — TG T B0F et > e
4 P TN H SRET ey Foomm = < . Y Al — TG
B LT o 70} oA
. 40r o -MIG 3 VN
8 / T 60 it
=% 30t R > 50 '
= - ]. - - N
= 20| y MIG weld metal
- MIG weld metal 40}
10}
30 - - - :
0 : . * ! - 60 40 20 0 20 40 60
60 40 20 0 20 40 60

Distance from center of weld, mm

Fig. 1 Hardness distributions of MIG and TIG
welds (1100-H16).

Distance from center of weld, mm

Fig. 2 Hardness distributions of MIG and TIG
welds (5052-H12).
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Table 10 Comparison of mechanical properties in MIG and TIG welds (2).
MIG weld* TIG weld*
Alloy Temper Tensile ! Joint Tensile Joint
strength, | Location of fracture efficiency, strength, Location of fracture efficiency,
kg/mm* | % kg/mm?* %
10.7 i Parent metal 9.0 Parent metal
1100 H16 69.0 58.0
10.6 ; Parent metal 9.0 Parent metal
11.0 Parent metal 10.7 Parent metal
3003 H14 64.3 62.0
10.9 Parent metal 10.5 Parent metal
21.2 l Fusion line 20.4 Parent metal
HI12 89.7 87.6
20.5 1 Parent metal 20.4 Parent metal
20.3 Parent metal 20.5 Parent metal
5052 H16 73.8 74.2
20.2 Parent metal 20.4 Parent metal
‘ 19.5 Fusion line 19.7 Parent metal
H32 ! 84.6 86.3
| 20.0 Parent metal 20.7 Parent metal
25.4 Weld metal 29.0 Fusion line
H16 68.2 72.7
27.7 Weld metal 29.9 Weld metal
5083
28.7 Weld metal 27.7 Fusion line
H24 - 75.2 79.2
28.3 Weld metal 30.3 Fusion line
21.1 Weld metal 21.9 Parent metal
T 4 78.1 81.4
6061 22.4 Weld metal 23.5 Parent metal
24.0 Weld metal 21.8 | Parent metal
| T6 8.1 [ Fusion line and 69.4
| 23.7 Weld metal 22.8 ] weld metal

* Welds were tested by JIS No.l tensile specimen (Z3121-1961) which had been prepared from 2mm thick sheets.

150
1401 Parent metal : 6061-T6
130 F Filler wire . 4043

1201
110
100
90T
80T
70T
60+
50F

Vickers hardness (2kg)

"= MIG weld metdl

30 60 40 20 0 20 40 60

Distance from center of weld, mm

Fig. 3 Hardness distributions of MIG and TIG
welds (6061-T6).
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Investigation of Quantitative Analytical

Method with X-ray Fluorescence (Rep. 4)

Aqueous Solution Method

by Toshio Sawada and Akinari Ichiryu

The some elementary problems at the aqueous solution method in X-ray fluorescent
analysis were investigated. At about 5 min. of X-ray radiation period, small bubles were
observed on the inner surface of the Mylar film, by which the surface of solution cell was
made. But the bubles grown up before 10 min. radiation had no effect on the X-ray
fluorescent intensity. The Mylar film was pushed up by the gravity of sample solution,
since the cell was held at “35-degrees of inclination for horizontal line. This pushed-up
amount of solution which was influenced by how to strain the film, affected the intensity
and so when several cells are used this effect should be corrected by intensity ratio for
each one. Chloric and sulfuric acid were inclined to decrease the intensity, but nitric acid
was scarcely. For aqueous solution method with X-ray fluorescence, nitric acid was most
suitable to dissolve metal or solid specimen, althougth some other acids, e.g., acetic acid,
had less matrix effect. The effect of acid or salt was not only on the fluorescent intensity,
but also on the scattering intensity.

Manganese, iron, cobalt and zinc in the copper-nickel alloys were determined by
solution method. 1g of metallic sample was dissolved with 15ml/ of (1+1) nitric acid and
diluted to 100ml.

less accurate than metallic method, for the maximum difference of chemical and X-ray

In the result of determination, it was found that solution method was

analysis was 0.049. Nevertheless, solution method was the excellent method to analyse the
heterogeneous or various shaped sample, which was difficult to be determined by metallic
method.

The depth of sample analysed by X-ray fluorescence is generally small, although it is
variable in response to the composition of sample. Assuming the intensity of infinite depth
as unit, the depth of half intensity, diz can be theoretically estimated. With ten times
of di, loss of intensity is less 0.1%. It was found on the calculation that the thickness of
sample needs to be some millimeter at aqueous sample. The up-distance of Mylar film
was also experimentally estimated about 0.4mm. This value will be important on the
theoretical treatment of intensity in solution method.

This method had also matrix effect, much less than metallic method and the number
of necessary calibration curve under the above condition was quite the same as that in
metallic method. As the result of considering the intensity, it was found that in order to
get equal intensity with metallic sample, 10g of sample should be dissolved to be 100 m/
of solution. From this fact, it is interested that more concentrated solution could possibly
be effective for the determination of small content in sample.
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NEBAYBAET IR EINKED ZENELLND, AT
AR L B oFHnEE e U JlE Lo MEx
WO otco NI, BEOHEN, v 7 —HDIED
HC X B e, BRoRE, B EEHHEE ik
WTORRE Uiss

il

2. EBREESIUHRK

G/ BE BT D 20 D @ D OB TR R I R i
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EhtlztboT, X#HEE: Machlett OEG-50 # v 7
27 v RERR, SR 7 vy 77 a (2d=4.028A),
XgofHsgr Nal(T) —— v v vy gy - # oy
A= FER Uice T 8B BEY KEFEmE L,
35° oMERAREEL, SO LB 1 R XBABESL, K
EHME AT HECXEEANET S & 5 Ik o T
Do (CCHL1 ZRD,

AR R A AN D v VERRITEFERE O b O T, AR
T 45X 26X 4.5mm D 7T 25 v JHITHD, DAL D
kLA 7~ (BEy6u) 2> THRERE T2, 2o~
47 —FBIEFED LRy Xy S ERE, e EET S
DDEBHD 2 v 2~ ANT, LT L b ATT
v A 7 —FAEREET AL o Tnbe A 7 ~ BT
A& UC—HMOflEE ZEIED 225 2 it Lin, BT
ENCESTHLIL LY, EHETHUANEIT 570,
R ANBE~A T ~TATEE LDDT, i ORER
%<, 5~6ml OFEBEE A LEL Lice F-MRH
Bk wrrnr s — OBOBEREI X o T Em &, 43X24
mm Tk o7

Auni-&BoEERR, MaeElgx L, mm d+
1) 20ml, F7-13EM 14+1D20mi & D80 BRIk KX
THEL, KT 200ml @iz ZOL5ELT, #, ~
yH v, asv, WA Smg/ml W OBERE L L,
$H, =y rMEILERDL L &BEY EEEHELTH W
7o

3. R B E B
31 B B

BARBE OEE OB EMEEMET Lico BRI Xin4
FST 5 L RIBDFENRD B, OB X EiRE
R IIFTEERE L BND, F/2, 2 KRN L5,

WA T EEIBES TR AT THDT, R4
ESHUANT AL A 7 —{EhTe DI FNIC LD
BEEILEEL BN, o TORBAE ANMBLE Z &7
< EREHE LW om B, OR—BEE 2D h 2 oo
BEMC b ThN5,

311 EFEAE L CROBHM

X DX ORI L O e vk 2 — DR ES
PHEZT, EISNEWEEXEE LT MnKe %3
Himi & Uleo

HEHL - = v r v &0 &ERE 28 wmm A+
40ml CHEAR L, KT 200ml i@ IR UCTHW o
EBHRHEE 40kV, 30mA < Gain 32, Differential 75
C, Base Line #J/T 5V, Channel width 4 & L, 60%)
DERFEETHIE Lz,

T OREE, S EHEORER (XERHERS~640) 1l
WD RIEFEL: LT B DR FBD Iz KIHFEL L
Db HREART 20, MECET B4, W
BEZLDHLNIRWEA b H oo HEOZRENE LGS
BLEDLNEDT, &EFE & A& ZE I AN TH
iy, @B L > TEBOBRE(L AR LI LT
Uteo EofERE Table 1 ¢4 5,

Table 1 Reproducibility of intensity without
changing sample solution.

Metal sample* Aqusiggzle Metal sample* Aqu:z(;&sple
n 10 10 20 20
m 1766 x 32cpm 949 32cpm 1826 x32cpm 947 x32cpm
4 8.94x32 7 6.16x32 7 7.08x32 7 8.86x32 7
v N 7.43x32 7 5.45%32 7 7.55%32 7 5.44%32 7
o/ vTE 1.20 1.13 1.20 1.63

* Metal sample was used as checker for stability of instrument.
n : Number of repeated measurement.

m : Mean.

¢ : Standard deviation.

v N: Theoretical standard deviation for N, or total count.
Notice; The bubles were observed at the 5th mesaurement, and each
maesuring period was 60 sec.

HLBECILOEHEHORENSHRERMET L, SB0OK
R BN/ EHBDD I ENRNTEID, Fichbis
A UE20FHE U C S MBI I BB A e o ne L
L, WINDOBE L RIBOFLNL 3EE OREN D 5
TEMTE oy ZOKIE~A 7 —EICIE L TR
FLRWDT, WHEDZ EELTH L

SHNTEHBSRE D DN TREL LD, Fiokk
LEWINT 5o Aok, 6o Ba Nl 3~5
EED B, 206 MCik BEEAH 0.5mm o b Dot 50{H
RREFEE Ulzo 7okt XERE I IZBIRA R WA, 204
FIRESE TUL 2 v DRI ZH O B LT B 0% 8
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KEOKZv EHE, #FHATE A7 ~EOE Yk~
DRKx YV LICEES S D b, F oM LBEFET
B EBLNBDT, FELWHREIITh o7

Bl X5 &I X 2AZ LRI X » TRO B
HEAELB Y, BN EEL HoTHIRE Lisw
M, BB ERMOBSIET B ~NETH D, —It, 10
SHMADORE T, 72& 2 FIEHAED HbNTWTh, il
BV LB i S 2 %o

3-1-2 DHhAlCLEIEEY

FEEBULSEHTHRE Uit ZOBAILEEDEEN
MM E B3, Table 1 OBF4 EFEEORER NS D &
25T Lo L Table 2 iRl Ldic,
o FEDLS f5, 1.0 Rl SN BHERETH
b, Table 1 D&BFAIO 1.2 5 & ol LT Kanids <,
D A AEE IR ERERTE Bo

A T —EERDPBLESTEL, BB Th DD
BIEE D fon & B B, IS U DO TS
L7t uidn B,

Table 2 Reproducibility of intensity with filling
up the same sample solution at every

measurement.
Strained film* Loosed film**
n 20 20
m 960 32cpm 1026 % 32cpm
12 9.85%32 7 5.80%32 #
N 5.48x32 7 5.66x32 7
/v N 1.80 1.03

* The measuring cell for sample solution was made with strained

Mylar film at the radiation surface.
** It was made with loosed film.
Refer to Table 1 for the symbols.

3:2 vAT5—-SEDRVFICLBIREEL

WihkevD <A 7 ~FEIRBREMATZE LT, —#HD
WEETH TR #ELH LT WS, =4 7 —¥5
TSR LT - 1o BA T L EBOE N & - TR
BELBI LD, WoTlkbdATWUEFNETER
LEBELEAY, WMERSENT S (Table2 2, =
AT ~TEDED FE—BLTHIENRTERWDT,
D e v EEH LU C—EOMELY T 28581IE, o
WEMEALTHLRTE R B,

AT BRI DFELIBE L, 5 ThRWEHEIDN
THE Licd 25, BEXBMEOHIL Ny 777 Fo
HEBEUBRAE DN 2F Dk /b E BRI

S X AR BN B 2% FhERAFE Sy 7 77 ¥ ¥
b b ELXEEE LML, COBEmOE &b
B Liids o TR—FEBEIZL D BDBDD 2D
THEARE L, TOMELE RO THITE, v HOMHE
EMEIEHCTEDDITTH D,

33 Bo¥

B X BRI EBOMEL, bbby 7 ALK
BHEEAR, I3 Y Tik~7o & ) il EZE LD EA
EFHT A ERTED, &2 TIHERRE B TR L
WEd BEEOEHRLEOBENLBEBOEEDOWTHE L
770

< # v 10mg g, %, w4t 1+D REDL
o 15mi %2, KT 100m! 1= LT MnKa o4
WEL, FoOfiHE4% Table3 R Ui,

Table 3 Effect of acids on the X-ray fluorescent
and scattered intensities.

. (14+1) HNO,, | (1+1) HCL, |(+1) HaSO04, |
} Actd $ k f5mi | 15ml " sm!
l MuaKe (20-63° | 938 931 758 732
Background
2065 568 567 478 458
Net intensity
°t Intens| 370 “e 280 274

The volume of solution was 100 m/, which contained 10 mg of Mn.

—RARE T B &, 5, HEE, RO ERE D
BTT5Z &b, JhUdEMEM 218, B3, A
A v, BMBONCE RIS D, milkEERTI
FOBENR BRI B D EDO LD i PR bbbl Th
%o

Table 3 O CHIEXMIBE L ERHC Ny 7 77 > F
LET A LICERELRTIUER B, 3EDOED D
BT, WHARGEEENDRL, Flny 277 P
IKEZE D A WOT, AT L UTHBBEARE U
THET D Z L Ui,

IR E I L BIREE (LA FA 4% & Table 4 o RN
BEND, CNCIRERT HMERNERIC ST L L
D, BEXEREASERICBEE UEGIMRE L, 20
RS DHBREC L 2MEL LY, M A+1D0~
40ml &L, <y ryak LT 0.5mg/100ml ot
CHIMT B DB TH B 6o Tic & 2 MR INEIC £5ml
DENRL > Th, MELS 2 HBREFEATHZ LNTE
%o

7K & Bl U CREIE D S X BT 5 2 B 5 8% e e ik
NDERDE BT Do HEE L BRDORIIHRIC 1L ARZEN
WD TREI U EH 2 Do R UENVEBEDWNT, KENE
% (Fhokss) DEFMOmA L 5L, HO Tix2: 1,
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Table 4 Effect of concentration of nitric acid.

spee | GREY | BRI e ome e
1 0 38132 10.1
2 5 380 =32 10.1
3 10 38232 10.1
4 15 378%32 10.0
5 20 370x32 9.8
6 25 36532 9.7
7 30 363 %32 9.6
8 40 36632 9.7

* The volume of each sample was 100 m/, which contained 10.0 mg
of Mn. -

** This value was estimated from calibration curve with sample
No. 4 as standard.

HNO; Cig 1:4 Windo MWL KE L D RHIE)—
Be R &\ (9 0.4A BUF O BIC s LCEtic 2 5) o 4t
=>C, TEBOFHIKE D b EEXEH LSRN L CRExY
BETXEIHEALRD D, 20X D RELF+E KE#
R (E/2IRFB) OEFROENL  1THDHEBOT
HSTHER & 0 b BIREIE D i L, S SRR CiEk
K138 211 ook %, KE FEORNERT Z
LW Bo Lo LERE L COWBENE T4 5720, BEtka
BT 5 e L CIRTRES TS Do + D SHMEBIERIGIE
Wk L D k&5, Table 4 (045 X 5 Ic AL K
WG, EEEBAOBE LTELE LD E W2 5,

34 v NEaRADOGHE

= v 7 VEZLOW LB BN DWW <
HLD® 0T, e iRt AERTH—=y r1réd
EOSBHB LB THER L CGRFEE- E LTllET S -
LR Ll ZIRED BT ITEIEEDVERSTHD
wyHYy, g asnvb, HEATH D,

3-4-1 BRBRLEE

BUERBC L > TER LB LD, BORODITHE
COWTHERE (BN Uiz €0 &8 Fig. 1, 2, 3,
4 TH Do NTNOEED 20mg/100ml LITOUETH
D, MEBBIIERE S RTZENTEXSHDT, Bh5gE
kD L REOMBR ARSI, ZOBRRABOE
DEHERZEL b > THEELTAHZ LiclL, Tableb ¥ &
ODizs TLHNCEIR T H LRD L H Do

< rHv @1 (Cu-10%4Nig4), EFE3E (Cu-
30%Ni &4, =vrr—iad (Cu-T0%4Ni &44) O
PR BRI  —RKOMEM LD, MEBELDELND
M +£0.15mgMn/100m! THh - 770

Bk~ v Ay L EEMEICBARO I — RO R ER T,
FEME +£0.3mgFe/100ml ¢# o470
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Intensity ratio of MnKa
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0

‘5 10 15
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Fig. 1 Calibration curve for manganese.
O : Cu, 900mg+Ni, 100mg+Mn
@ : Cu, 700mg+-Ni, 300mg+Mn
A 1 Cu, 300mg+Ni, 700mg+Mn
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0.7

Intensity ratio of FeKe
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5 10 15
Fe, mg/100m¢

Fig. 2 Calibration curve for iron.
O : Cu, 900mg-+Ni, 100mg-+Fe
@ : Cu, 700mg+Ni, 300mg-Fe
At Cu, 300mg+Ni, 700mg+Fe

)
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©
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o
o

o
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Intensity ratio of CoKa

e
[

) 10 15
Co, mg,/100m¢.

Calibration curves for cobalt.

: Cu, 900mg+Ni, 100mg+Co
: Cu, 700mg+Ni, 300mg+Co
: Cu, 300mg-+Ni, 700mg+Co
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Table 5 Equations for concentration and intensity.

Condition of measurement
Equation for concentration | Standard
Element Material M . Standard 1
and intensity ratio deviation easuring Background intensity foraiﬁltggsizgn}gt?o
Cu—10% Ni L.R=0.0303x+0.544 +0.07
MnKe No correction for background 15mgMn
Mn Cu—30% Ni I.R=0.0299x+0.547 +0.09 +0.9gCu / 100mi
(1st) intensity. +0.1gNi
Cu—70% Ni I.R=0.0304x+0.544 +0.14
Cu—109% Ni 1.R=0.0303x+0.543 +0.28
FeKa No correction for background 15mgFe
Fe Cu—30% Ni I.R=0.0305x+0.542 +0.13 +0.9gCu / 100m!
(1st) intensity. +0.1gNi
Cu—T09% Ni I.R=0.0305x-+0.543 +£0.20
Cu—10% Ni I.R=0.0667x--0.010 +0.19 CoKe Background intensity was 15mgCo
Co Cu—30% Ni I.R=0.0657x+0.013 +0.21 st measured by the sample +8.?g%u/100ml
st . +0.1gNi
Cu—709 Ni L.R=0.0651x+0.006 £0.09 without cobalt.
Cu—109% Ni I.R=0.0407x+0.000 +0.14
Cu—309 Ni LR =0.0897x +0.000 £0.02 Background intensity was
. _ . ZnKa determined as mean of
Zn Cu—70% Ni L.R=0.0369x-0.006 +0.10 ) ¢ 20mgZn/100mi
(2 nd) intensities at 89.50° and
Zn I.R=0.0499x +0.004 +0.06 99.50° for %e.
Cu—Zn I.R=0.0423%x +0.003 +0.14

LR : Intensity ratio for standard.
x : Concentration of metal ion, mg/100 m/ unit.

N 5
NN M

A
7

©
kN

Intensity ratio of ZnKa(2)
o
o

o 5 10 15 20
Zn, mg,/100m¢

Fig. 4 Calibration curves for zinc.
. Zn, only
:Cu, 1g+Zn
: Cu, 900mg+Ni, 100mg+Zn
. Cu, 700mg-+Ni, 300mg-+Zn
: Cu, 300mg+Ni, 100mg+Zn
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g/100m! Th o7co ks, MMADLOBEE, R 1g HED
BERDOWTER L, IbiwTFnbiiEgs Ricd
BT ENRbnBs

M4 E1y Tablebs il Lz L5k, A% K Ke
DIRBEAEH Uico v H Y, RIFN0 775 v Vi
LI S &mKBERARD, 2507 Mk, a-9v FEE

B gl RO

FRWEH TRy 779 v FaRD, ELFIWTHBERE
HasRdize Sk MnKe 3 k08 FeKa @4 BihE
XEUIELE LU wa, CoKa g NiKe i@k - TiE X
NAHDTHIEXREL LIzl ThbD,

R ZnKe it LT CuKB, Wlay, NiKB 738
T 50T ZnKa o 2 KiE% Bz, ZOEA,
LRI LTHRER A RD L 2L L TE 50, &BRED
B4 L FEREYD 20689.50° & 92.50° A Hie L, FOTHHE
oy 2 75 FELT ZnKa (2) BofEEnss 2L
&, ZOBLNLHMECHARD I,

CO X5 nlEFBEE W0 T, BENEREOER
i kAo I e HEARC L T ESTHTH BEHED
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3-4-2 EEBHER

PR RERAERIB LT, fi—=y rva&&xiE
BN Ui &BEE 1g &0, +1D15ml ©Bgd
Bo MELT BEIEREY B H LB BHIL, KT
100m! ZHFR L CTHE Lo Z0fERE Table6 i L
Too Tods, SBEE CEIE XM UicfE &80 Lo

Table 6 OFERND, (LFHNE & RS X
& D=EEER 0.04% Th ol EBHEBEOBE L LK
LTCRPHENRS DN, AESHF L UTHMRHETHD
ZEhbhotis

a2 /9v b

4 % =

IR THIKBEROFER % F W S RO MBS DWW TRE %
TV, ARV DORBETERETEDLZ LBbholzdT, X
SR OB, OWEEHE OB LB B D
Bk ENRETinmh, @<4 7 —HETHEZRE Lich
oL, COROWEDEE LD IE—KRENEERD
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T, BB XEGgR I A RIS R 2854, MENE LT
B e ThbH, TOFE I DOWTHEHBETEADHET S
Z s Lo

B XBANIIHELETH -, SBE L R Xma
HU, B—EEL e XmEAlIET 5D TES
b, EHXEMECHRTIRBOE 11, B 1 kX
MOBETDHEY DR TR, BAEXRORENT LR
LT %o TR X R BE R T 2R O E 2 &%
HXMBEE L BT D LT S,

OB AR B o CORELRIR L, @1 RXE
DB X TG - T, —DODBENHETRETEL LN
SRR B ZOHE, BEOKRAELY X cm DEEY
TR WTHET B XOMELL, gIR? T~k D
TR Y 5700

dI=I,QNAdwexp { — (p.a+ pscoscs?)x] dx ¢))

SERm L Y xem FCOBEIC L - THRET DX
i I 1k
xa

TIoQNAdw
e prcosecy
¥ te, BEIOBENTE SR EWNEORE L. 13

Im::godl

-
—

x =

{1—expl —(p.a+ prcosec?)x]} (2)
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B XEIC X BRI OBIIE (55 44 (675
Table 6 Determination of manganese, iron, cobalt and zinc in the copper-nickel alloys.
Mn Fe Co Zn
Material Sample No.
C. A } Xm } Xs C. A Xm Xs C. A Xm Xs C. A Xm Xs
; . 1 0.60 0.60 0.60 1.06 1.06 1.06 0.05 0.04 0.04 0.18 0.20 0.20
10% cupronickel
2 0.34 0.33 0.33 0.99 0.98 0.99 0.08 0.07 0.09 0.54 0.52 0.52
1 0.67 0.68 0.65 0.56 0.56 0.60 0.07 0.06 0.07 0.10 0.10 0.11
30% cupronickel
2 0.81 0.82 0.82 0.76 0.74 0.78 0.10 0.09 0.08 0.44 0.40 0.40
1 1.12 1.12 1.13 1.12 1.10 1.16 0.12 0.11 0.10 0.06 0.06 0.05
70% nickelcopper
2 0.64 0.64 0.68 1.21 1.23 1.21 0.77 0.75 0.76 0.53 0.52 0.54
C. A : Chemical analysis.
Xm : X-ray analysis with metal sample.
Xs : X-ray analysis with solution sample.
b @EBEE LHEHRRBO 1) v 7 AHROBENLE _ L,QNAde ®
555 @BV & AR O XERE DBELE 5 7m0 preat F fhsc0SCCY
By EOWTHEELTHD C EIE Lz MEDLE LD E
I,
s N 2E =1 —expl— (e + pLrcosec?) x 4
41 BEOES pL— (pea+ s )X] @

Ie
@RI\ NT, FREELLA 2 430D 1icin B B a R L
ERAT, ZhvE dy TH B bEE,

ds = log 2
T (pea + prcosecy) loge

{(-’{j-)ea+ <i;-)fcosec‘f}ploge
i, BHEOEBAFRTCEETH I LN TE Do

HEREOBERIL, EREOBEC X - TEBNLHRER
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TWokT 5o WIRHEDRERY, TibbiEES 0.01%1C
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DBENRHIVELRSTED Z NI D,

KT B 72D KIEHORE L &BREB L onWT,
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@ @k 122 X Uiy ZHud TR X#as ST T,
ShEHT R B A 08 55° & Lise ff o T a=cosecdho=
122275, (2 0EBEBR)

® cosect {F 1.74 & Uiso ZHUL # 2335° & LT3R
Frb D, (2 DEEZE)

® o CuKae kX, HlETEO BRI HEOT
Wiswe L, HERIGEES IO BED FECE Lk
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@ X A3 BEREINEE (u/p)s ik, TiKea
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® 1xrXgcad2EERINHEE (ke X RDED
i Utco 1R XROEHRE % D3 0 OB X ORI
SORE LT %, BRAOWE S HERWREOX 7 7
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Table 7 Necessary thickness of specimen for X-ray fluorescent analysis.

Material Measuring line (e/P)e (u/edr P dise, cm 10 dy/2
Ti Ke 44.6 55.7 1.0 4.6x10-® 460 p
H.0 Cu Ke 8.7 11.4 K4 2.3x10"2 2.3 mm
Mo Ke 1.0 1.4 K4 1.9x10-1 19 mm
Ti Ke 180 256 2.7 3.9%10¢ 39 p
Al Cu XKa 35 48.7 K 2.0x10-3 200 p
Mo Ka 3.6 5.3 K 1.9%1072 1.9 mm
Ti Ke 195 259 8.9 1.1x10-4 11 p
Cu Cu Ke 300 52.7 7 1.7x10~4 17 o
Mo Ke 35 49.7 K 6.0x107¢ 60 p
Pb Cu Ke 185 241 11.3 9.5%10-5 9.5 p
Mo Ke 100 141 K 1.7x10-4 17 p
(p/p)e : Mass absorption coefficient for effective wave length of primary X-ray. In this article, its wave length was assumed to be

(u/pds :

Db LR ERIC S 52 & 2 IEBICERSND NS, H e K
D (lp)e EZHBOME L DAX L o Pes0t 1faB

Table 7 OFER D
HHIF LB XGUEEEAR S, Fio, WETERE R O

that of absorption edge.

Mass absorption coefficient for X-ray fluorescence, or measuring line.
: Density.

: Half-intensity depth from surface in the specimen.

: Necessary thickness.
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72720, BIXEETHD, Tt LERTHAND, YI©
JG Ul E A ETIE L AR B 2 LT R B,
—fE LT, Yvazmvate) TFYOEBRICL >
THIE L, MELE y OBIfR% Fig 6 1K/ Uizo FREHM
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Mylar film
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H,O - 1 1
M 3
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Cell

Fig. 5 Cell and sample for determination of
up-distance, t, on cell surface.

05 y-d
—0.4 /j

Ry

oL

log I /1"

0 1 2 3 4

Distance under the cell surface (y), mm

Fig. 6 Intensity ratio and distance under the

cell surface, in equation (10).

O . Metal plate used was Zr.

@ . Metal plate used was Mo.
Notice : I means intensity of metal with water
on the metal plate, which positions at y under
the cell surface as Fig. 5 and I’ means intensi-
ty of metal with air on the metal plate at the
same position.
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COWT ZnKa O BEED &, 2 b0 &BEHR 1lg %
e A+D15ml wEm L, 100ml i Uiz iR o a8
Bl w4 % & Table8 /s b, ZnKa li= v r Mic &
B AIAKE L, KT E A EBRINE N7\, P Table 8

Table 8 Comparison of matrix effect at metallic and
aqueous samples.

Intensity ratio of Zn Ka
Material ‘
Metal | Aqueous solution*
Cu—1%2Zn 1 l 1
Cu-10%Ni-1%Zn 0.82 0.96
Cu-30%Ni-1%Zn 0.60 { 0.94
Cu-709,Ni-1%Zn 0.43 | 0.87

* 1 g of metal sample in 100m! of water, which contained 15m! of
(1+1) nitric acid.
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Table 9 Effects of copper and nickel on the intensity

of CoKa.
Element added [ 1 Cu, 0.5¢ I Cu, 1.0g k Ni, 0.5g 1 Ni, 1.0g
|
CoKe intensity, ‘ =
% 6dcpm. 593 587 } 588 ; 581 ‘ 554

The volume of solution was 100m!, which contained 10mg of Co.
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Corrosion of Condenser Tubes with Polluted Water (Rep. 5)

Immersion Test in the Water Gates of Some Power Stations and
the Connection between the Pollution Index and Corrosion Rate

by Reizi Tanaka

As a part of investigation concerned with the corrosion of condenser tubes with polluted
water, the relation of water characteristics and corrosion has been examined by the
immersion test in the water gates of some power stations and also by the laboratory test.

The experiments have led the following conclusion.

(1) There is scarcely any life on immersed copper alloy, but are numerous balanus on
the titanium, aluminum and painted specimens.

(2) Above-mentioned life is little observed in the polluted water, in which case the scale
deposited on the copper alloy involves sulfide and shows black color, but no scale on
the titanium and painted specimens.

(3) Cupronickel and admiralty brass often prove excellent corrosion resistance than
albrac, and some trial alloy has the same tendency, however it was impossible to find
excellent alloy for whole seasons in the three water gate.

(4) The corrosion rate of copper alloy is relative to the pollution index of cooling water,
and the higher the pollution index the higher is corrosion rate. However such alloys
as 70-30 cupronickel are sensitive to light pollution and those such as 90-10 cupronickel
and monel metal insensible to such pollution and indicate high corrosion rate in the
severe pollution.

(5) Investigation of connection between pollution index and corrosion rate of albrac on
the laboratory test with diluted natural polluted water indicates the higher corrosion
rate in the higher pollution as above, however pollution index concerned with the
decrease of dissolved oxygen reverses to the corrosion rate.

(6) It is doubtful to add the decrease of dissolved oxygen into the pollution index, however
the existence of trace oxygen brings about severe corrosion and gives a suitable condition
of anaerobic bacterial growth, since it is desirable to make that as a expression of the

environment.
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Table 1 Chemical composition of specimens.

e N Element
T Cu Fe Pb Al Si As Sn Cd P Zn
Alloy =
Deoxidized copper 99.91 0.002 0.001 - - — — — 0.016 -
70-30 brass 69.96 0.004 0.003 — - - - — — R
65-85 brass 65.05 0.007 0.002 - - - - - - R
60-40 brass 59.85 0.005 0.004 — - — - — R
Albrac 78.03 0.005 0.002 2.14 0.26 0.06 - — - R
Admiralty brass 70.88 0.009 0.005 - — - 1.09 —_ — R
Silicon-bronze AR 95.53 0.017 0.007 - 3.18 - 1.02 0.07 - —
— Element |
e Cu Ni Co Fe Mn Zn Si Mg C S
Alloy  TTvUM—
90-10 cupronickel 86.92 10.32 0.07 1.58 0.67 l 0.28 — — — -
80-20 cupronickel 77.31 20.81 0.15 0.67 0.56 ‘ 0.31 — — - —
70-30 cupronickel 67.32 31.03 0.22 0.48 049 | 0.3 - - — —_
Monel metal 31.36 R 0.13 0.93 0.96 | 0.08 i 0.13 0.10 0.06 0.009
|
T— _ Element |
T— Cu Fe Si Mg Zn [ Mn Al
Alloy TTe—
: .
Aluminum 006 | 087 i 0.21 \ Tr Tr k Tr R
D —— Element
I \ N i o ‘ c * H 5 Fe j si Ti
Alloy T |
Titanium } 0.008 } 0.04 ) 0.011 l 0.007 i 0.04 i 0.02 R

salEng = i F
80-20 cupronickel 70-30 cupronickel

Monel metal Aluminium (1100 alloy) Titanium

Photo. 1 Microstructures of immersed specimens. (x100x1/2)

kT OMBEIEREE - BERA R &% LI LIEERHT Table 2 Immersion positions and the period of 1st test.
B S AL AU ONST U 2-4-4 I HETR A TR
BE LT #7205, TUT DT 2-4-4 BRI A IR~ Positions Start End Period, day
Do

2.2 élﬁj‘%ﬁﬁa&v%%ﬁ Shi‘nn—agoya P.S. Sep. 5, 1960 Dec. 7 93

% 1 H OREST S LOWETable 217t e ¢ | o P / .

B A . . e . agoya P.S. K4 K4 v

6 7 ITCNION A MM LR TO 3 7 AHTH Ho & Mie P.S. Sep. 25, 1960 | Dec. 27 ”
DBE 2MBELEIFEHERS, GBI LIUVEAHE Shinagawa P.S. Oct. 11, 1960 | Jan. 8, 1961 8
KID37rErE L, FNFN3 7 B30 3 EM/FET 775 Horikawa canal Sep. 29, 1960 | Dec. 29 91

Photo. 2 (X ZNHOBEEEFRIC S 7= HEK A EZRT
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Shinnagoya P.S.

Nagoya P.S.

Meikd P.S.

Photo. 2 Water gate in which specimens immersed.
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Fig. 1 Analysis of cooling water.
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Fig. 2 Analysis of water at Kygochi and Horikawa canal.
Table 3 Deposited life in three water gates.
R Shinnagoya power station Meikd power station k Nagoya power station
Period @~ T .
Sep.~Dec. 61 Numerous balanus and bryozoa. g‘iﬁeﬂ?us bryozoa and a little Bryozoa.
Dec.~Mar. '62 Numerous balanus. gﬁ:{g&?us bryozoa and small ‘ Bryozoa and a little balanus.
Mar.~Jun. ’62 As above Sallzi;cﬂs. bryozoa and a little small 1 A little bryozoa and little balanus.
- - i
Jun.~Sep. '62 \ As above. Igétl:gﬁlgryowa and numerous 1 A little extinct balanus.
- , Numerous balanus and a little _ Numberous bryozoa and a few
Sep.~Dec. 62 bryozoa. l balanus.
Dec.~Mar. 63 Numerous balanus. \ Numerous bryozoa and balanus. %;};Leugryozoa and numerous
Mar.~Jun. ’63 Numerous balanus. 1 Little balanus. Little extinct balanus.
I
Jun.~Sep. ’63 A few balanus. i Numerous balanus. None deposit.
Sep.~Dec. ’63 Bryozoa and balanus. Numerous bryozoa. A little bryozoa.
Dec.~Mar. ’'64 Numerous balanus. Numerous bryozoa and balanus. A little baranus.
Mar.~Jun. 64 Numerous balanus. A little baranus. None deposit.
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Photo. 3 Deposited life in the three water.
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Deoxidized copper

70-30 brass

65-35 brass

60-40 brass

Admiralty brass

Albrac
Silicon-bronze AR
90-10 cupronickel

80-20 cupronickel

70-30 cupronickel

Monel metal

Aluminum

Titanium

a b a b a b
Shinnagoya P.S. Nagoya P.S. Meiko P.S.

Photo. 4A Corrosion of specimens on Jun.~Sep. 1962.
a : Covered with scale and deposit.

b : After removal of scale and deposit.

Deoxidized copper

70-30 brass

65-35 brass

60-40 brass

Admiralty brass

Albrac

Silicon-bronze AR

90-10 cupronickel

80-20 cupronickel

70-30 cupronickel
Monel metal

Aluminum

Titanium
a b a b a b
Shinnagoya P.S. Nagoya P.S. Meiko P.S.

Photo. 4B Corrosion of specimens on Dec. 1962~Mar. 1963.
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Table 4 Life and scale weight. (mg) Average of three specimens.
Shinnagoya power station

m Sep.~'61 | Dec.~'62 | Mar.~'62 | Jun.~’62 | Sep.~'62 | Dec.~'63 | Mar.~’63 | Jun.~'63 | Sep.~'63 | Dec.~’64 | Mar.~'64
Copper 138.5 214.2 173.2 143.3 105.0 37.5 111.5 212.3 165.1 20.9 84.4
70-30 brass 192.8 162.0 170.0 165.8 143.4 39.8 117.3 232.5 103.8 32.1 61.7
65-35 7 136.0 153.3 152.0 127.7 150.2 30.0 60.2 257.8 122.7 27.4 41.3
60-40 7 116.5 153.1 90.8 152.4 73.8 43.4 46.0 194.1 83.5 43.2 128.6
Admiralty 7 154.7 144.4 167.0 185.2 106.6 27.5 71.6 192.7 89.9 24.0 44.1
Albrac 26.6 114.6 33.0 171.4 34.9 18.3 25.8 166.6 24.9 33.0 188.6
Silicon-bronze AR 128.6 154.3 155.6 143.4 116.4 31.5 99.2 222.3 128.6 17.5 93.5
90-10 cupronickel 28.9 417.6 42.3 46.2 43.5 36.5 41.3 — 25.2 41.0 49.1
80-20 ” 26.0 94.8 59.7 47.1 45.4 31.8 39.3 171.4 24.9 16.0 62.7
70-30 7 25.6 92.6 34.9 73.9 25.8 14.0 31.5 71.9 35.6 18.7 147.2
Monel metal 43.7 381.8 130.7 411.4 350.7 15.7 754.5 54.1 147.3 47.8 242.7
Aluminum 503.9 1,354.3 2,421.3 2,005.1 665.3 70.9 1,958.9 141.0 609.8 375.8 629.4
Titanium 88.3 1,171.4 2,906.7 2,001.5 454.8 128.9 2,245.3 167.0 419.9 710.1 821.7

Meikd power station

\\\\ Sep.~'61 | Dec.~’62 | Mar.~'62 | Jun.~'62 | Sep.~'62 | Dec.~'63 | Mar.~'63 | Jun.~’63 | Sep.~'63 | Dec.~'64 | Mar.~'64
Materials\\
Copper 172.8 236.6 189.8 146.7 — 160.8 139.0 155.0 50.5 201.7 110.3
70-30 brass 151.6 250.3 157.9 136.4 — 132.1 133.4 172.1 66.8 167.4 148.9
65-35 7 143.7 224.6 163.8 112.2 - 142.2 127.2 207.4 87.0 143.1 145.2
60-40 7 122.8 136.6 140.8 109.9 - 50.0 70.9 236.3 83.3 49.5 89.5
Admiralty” 132.2 209.5 145.9 161.6 - 89.2 80.8 159.5 63.4 133.9 138.7
Albrac 65.7 64.3 72.5 79.9 - 75.9 56.5 236.7 148.1 48.8 136.8
Silicon-bronze AR 135.3 184.8 139.0 126.1 - 98.6 116.2 128.4 72.1 106.8 140.0
90-10 cupronickel 52.8 83.3 87.0 67.8 — 51.3 58.4 - 95.5 67.7 96.5
80-20 ” 70.5 78.5 84.5 66.1 — 50.7 52.2 165.6 70.0 74.1 98.3
70-30 ke 134.8 71.7 67.7 63.3 - 34.8 40.1 72.6 42.5 56.6 59.0
Monel metal 151.3 102.6 79.0 112.2 — 114.7 58.3 95.6 63.2 45.5 59.7
Ajuminum 587.0 664.3 382.4 704.7 — 867.9 83.7 218.3 407.0 329.7 108.2
Titanium 83.4 79.3 232.0 519.0 — 1,030.9 65.0 133.5 515.8 253.5 47.5

Nagoya power station

\\\\\\ Sep.~'61 | Dec.~'62 | Mar.~"62 | Jun.~'62 | Sep.~'62 | Dec.~'63 | Mar.~'63 | Jun.~'63 5 Sep.~'63 | Dec.~'64 | Mar.~'64
Materials ™
Copper 142.2 161.9 250.5 85.2 45.7 130.8 94.3 166.5 123.1 115.0 13.8
70-30 brass 188.2 191.0 255.2 112.2 94.1 132.7 70.5 45.1 103.6 135.1 25.7
65-35 7 288.1 181.6 124.3 99.3 101.1 118.5 68.5 51.6 100.8 118.6 24.0
60-40 7 270.0 146.0 134.3 153.5 110.5 52.6 87.1 91.0 91.1 50.9 39.6
Admiralty” 142.7 155.8 262.2 72.4 79.8 93.2 47.4 32.1 50.2 126.0 25.1
Albrac 238.3 84.3 100.6 159.2 165.1 65.9 80.3 94.9 138.6 34.8 28.5
Silicon-bronze AR 167.1 142.7 163.3 58.0 69.0 81.4 80.6 120.0 92.7 132.4 28.8
90-10 cupronickel 95.9 116.1 115.1 46.9 57.4 59.4 43.7 ’ — 101.4 89.7 27.1
80-20 K4 91.7 71.1 115.5 41.0 51.7 54.6 63.3 51.0 100.1 119.0 35.4
70-30 K 116.7 88.0 116.8 45.4 50.1 36.5 27.5 38.1 62.4 52.1 31.1
Monel metal 120.5 266.9 164.0 60.9 113.6 40.4 16.4 32.0 39.5 58.8 23.2
Aluminum 426.5 1,3850.7 403.0 89.1 228.4 419.1 32.3 25.5 387.9 292.3 66.4
Titanium 100.7 757.3 370.1 39.9 421.7 653.3 8.3 12.7 180.0 68.8 5.8
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icrostructure through Electron Microscope (s-1.1)
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