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Development of Copper Alloy Condenser Tube‘s
Resistant to Polluted Sea Water “AP BRONZE™

By Shiro Sato**

In these fifteen years, the serious corrosion of aluminum brass or cupronickel condenser
tubes by polluted cooling water has been experienced at many power plants in Japan. The
corrosion rates were in the range of 0.2~0.6 mm per year., Water analyses and reproducing
tests have demonstrated that the corrosion is caused by the saline water contaminated
with hydrogen sulfide. The research was made on corrosion resistant copper alloys. From
laboratory corrosion tests on several hundreds of copper alloys, it was clarified that the
Cu-Sn based alloys containing aluminum were most prominent. Field tests at some power
plants also showed that the tubes of copper alloys containing more than 6 percent of tin
and 1 percent of aluminum were more corrosion resistant than those of commercial
alloys. One of the reasons responsible for good corrosion resistance of this alloy tube is
considered to be in the formation of the stannic oxide film which is stable regardless of

the presence of hydrogen sulfide. According to the above-mentioned results, since
more than 250,000 tubes of Cu— 6 ~8 %Sn-1%Al1—0.1% Si alloy named as

1963
AP BRONZE

have been utilized with successful results as the condenser tubes of power plants.

1. Introduction

Since 1955, many steam power plants have been
constructed near the large cities of Japan. They
applied aluminum brass condenser tubes. Among
these, the tubes of some power stations were found
to suffer severe pitting corrosion. Examinations?’
of these tubes demonstrated that the corrosion was
analogous to that by polluted sea water already
reported®> and the corrosion rates were in the
range of 0.2~0.6 mm per year. To choose more
corrosion resistant alloy tubes the field tests have
also been made on all condenser tubes listed in
the specification. Nevertheless, no successful results
were obtained.® Water analyses as shown in Table
1 and reproducing tests > demonstrated that the

Table. 1 Analyses of cooling water of some Japanese
power stations located in the large cities.

[tems Range Shin-TokyolExlziI?gpolsz [ Osaka
S~ (ppm) 0.0~4.5 | 0.0~ 0.1 | 0.0~0.1 | Tr.~0.2
pH 8.5~7.5 | 6.7~ 7.7 | 3.2~8.0 | 7.3~ 7.9
Dissolved oxyEen, | <d 0.0~ 4.8 | 0.1~6.3 | 0.0~ 7.2
Chemical oxygeny| >t 6.0~12.5 | 1.8~9.0 | 3.4~15.8
Cl-(%) variable | 0.9~ 1.7 | 1.2~1.8 | 1.1~ 1.7

corrosion phenomenon could be attributed to the
presence of minor amounts of hydrogen sulfide in
cooling sea water. It was considered that the pre-
sence of hydrogen sulfide was due to the resultant
product of the activity of sulfate reducing bacteria

*This paper was presented at the 4th International Con-
ference on Metallic Corrosion, Amsterdam(1969).
#Dr of Eng. Sc., Research Department.

which inevitably prevailed in the sea water con-
taining sulfate ions when the sea water was con-
taminated with the wastage having an excessive
amount of organic substance. Therefore the research
was conducted to develop the alloy tubes which
were resistant to the corrosion by polluted sea water.

2. Specimens and Test Procedures
2.1 Rotating Blade Corrosion Test
After the evaluation.of variety of accelerated cor-

rosion testing apparatus, the rotating blade corro-
sion testing apparatus as shown in Fig. 1 was decided

Fig. 1 Rotaing blade corrosion testing apparatus.

to be used as the most suitable one. This apparatus
had eight disks on which 192 pieces of specimens
were able to be fixed. Fixed specimens were im-
mersed in the tank filled with polluted water which
was pumped up from Horikawa Canal in Nagoya and
continuously injected for replenishment. Table 2
shows the examples of analyses of this water. Each
disk rotated around the horizontal axis so to get
the speed of 7.4 m/sec at the tips of specimens.
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Table.2 Analysis of water of Horikawa Canal in Nagoya
used for the rotating blade corrosion tests.

Date Feb. 1961 Aug.1961
Depth (m) 0.5 2.0 0.5 2.0
$2- (ppm) 0.1 0.1 1.4 0.1
pH 7.0 7.7 7.4 7.6
Dissolved oxygen (ppm) 0.1 3.9 Tr. Tr.
Chemical oxygen demand(ppm) 12 7 1 8
- (%) 13| 17| 11| 14

The specimens of the following alloys were used
in the Ist to 5th runs of the rotating blade corro-
sion test.

Ist run
(a) 49 alloys of Cu—0~40%Zn—0~7%A1-0.05
%As

(b) 26 alloys of Cu—30%Ni+X.
(¢) 44 alloys of Cu—6%, 10%Sn+X.
X: additional elements
X1t As, Sh, P, Sn, Mn, Si, Ti, Zr, V, Cr,
Al, Zn, Cd, Ca, Mg. Fe
X2 Fe, Mn, Ni, Al, As, Sh, Ag, Be, Cd
2nd-4th run

C o

2.2 Simulated Test by Model Condensers

The tubes of basic and prominent alloys were
screened for model condenser test referring to the
data of rotating blade corrosion test. Fig. 2 shows
the general and the front view of the model con-
denser. The alloys for test tubes were casted into
146 mm dia. billet, extruded in shell and then drawn
for the test tubes. These tubes were fixed in the
model condensers which were lozated at Sumitomo
Light Metals along Horikawa Canal. The sizes of
tubes were 25.0 mm ¢xX1.0 mm £x2,000 mm /. The
test was made during the period of December, 1961
— June, 1963 with the intermittent inspection and
retubing several times. Two of the other model
condensers were located at Sumitomo Light Metals
for longer service test

3. Results of Tests
3.1 Rotating Blade Corrosion Test
Although the corrosion test data on aluminum
brass specimens showed some disagreement in five
runs of the corrosion tests, the typical corrosion

Fig. 2 Model condenser installed at Sumitomo Light Metal along Horikawa Canal.

(d) 84 alloys of Cu—0~15%Sn—0~3%Al
5th run
(e) 45 alloys of Cu—6% Sn—1%Al+X,
(f) 39 alloys of Cu—0~40%Zn—1~7%Sn
Xs: Ag, As, Be, Cd, Ca, Co, Cr, Fe, Zn,
Zr, Mn, Ni, P, Sb, Ti, V, Si
The alloys were melted, casted and rolled into 1.2
mm sheet from which the test pieces of 20 mm x70
mm were prepared. The test was repeated if neces-
sary and the results were evaluated in anti-corrosion
values, The anti-corrosion value was simply devised
as follows based on the data of weight loss and
depth of pits to counteract the inconsistency of the
corrosiveness in each run of the test.
V=[{QCA-Y)/A+(@2B—Z)[B)x25:--+(1)
where V=anti-corrosion value, A=weight loss of
aluminum brass specimen, B=maximum depth of pit
of aluminum brass specimen, Y=weight loss of spe-

cimen, and Z=maximum depth of pit or loss in
thickness of specimen.

by polluted sea water was surely observed in each
run with severe pitting and slimy deposit as shown
in Fig. 3. The test data on aluminum brass spe-
cimens were shown in Table 3 to manifest the
variation of corrosiveness.

3.1.1 Cu-Zn-Al Alloys

The alloys of low aluminum contents had much

Table. 3 Results of rotating blade corrosion tests on
aluminum brass in five runs of tests.

Test run Weight loss M B davsy

No. 1 0.97 0.45

No. 2 0.80 0.52

No. 3 0.61 0.33 i
No. 4 - 0.45 0.42 o
No. § 0.711 0.28
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Corrosion of

a'uminum brass in five runs of
rotating blade corrosion tests.
O~® show the No. of test runs.

weight loss with less pitting, while those of high
aluminum less weight loss with sharp pitting. It
was considered that no promising alloy was found
in this alloy system.

3.1.2 Ca—30%Ni+X Alloys,
Element

Among the sixteen additional elements tried, 5
percent of iron, 1 percent of chromium, aluminum
or tin showed some modifying effects.

3.1.3 Cu—6%, 10%Sn+X Alloys

The alloys of this group demonstrated fairly
good corrosion resistance, Fig. 4 shows the effext
of additional elements to the anti-corrosion value
of copper-tin alloys. An addition of aluminum re-
vealed the most remarkable modifying effe-t of all
the alloys. ‘
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Fig. 4 Effect of additional elements on the anti-corrosion
value “V” of Cu—6% and 10% Sn alloys.

3.1.4 Cu-Sn-Al Alloys

The test on this alloy group was repeated three
times. Fig. 5 is an example of copper-tin and cop-
per-tin-aluminum alloys. The three binnary alloys
on the left show that the corrosion resistance of
alloy of medium tin content is superior to those
of low and high tin alloys. The copper-tin-aluminum
alloys excluding high tin and high aluminum alloys
show that the corrosion of these alloys are uniform.
Fig. 6 shows the relationship between the tin
content and the maximum corrosion loss, weight
loss and anti-corrosion value. From the curves, sho-

cu o r \
ol 86,59 | 92,94 | 91,90
Sn s i :
) 5,90 13.4 6.14 6.24 |
Al - : 9 i : '
((0/&> o b oo 09@}3 ]»“?%gj {7a“’:‘§'4 3*90
Fig. 5 Corrosion of Cu-Sn-Al alloys by rotating blade corrosion test in polluted sea water.
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alloy. The specimens containing small amounts of
silizon seemed a little more resistant and stable to

§ = corrosion than the others.
S E 3.1.6 Cu-Zn-Sn Alloys
S ° The specimens containing 2.5% or more of tin
é."é . x showed good corrosion resistance. Comparing the
= AT anti-corrosion values of these alloys with those of
= Ay other alloys, it was inferred that the corrosion

resistance of these alloys of high tin content was
next to that of copper-tin-aluminum group.

3.2 Model Condenser Test

Thick slimy deposit covered the inside surface
of all tubes fixed in the model condensers. Alumi-
num brass and cupronickel tubes suffered sharp
and dull pitting corrosion, respectively. The tubes
of copper-tin alloys with or without additional
elements showed no pitting corrosion. Only the uni-
form corrosion was notized in most of the tubes.
Some typical examples are shown in Fig, 8.

Corrosion test data on copper-tin based alloy
tubes are plotted in Fig. 9 in relation to the tin

Weight loss (mm/year)

oo
(=]

2 content and maximum corrosion loss. Increase
5 60 in the tin content of alloys aids the resistance to
< corrosion. The alloys having one percent of alumi-
'g‘ 40 T G 51>
5
(&}
= Test run
z 20 RO .2
[ NO -3
[CNO @4
1 1 1 1 1 il 1 i ]
975 2 4 3 g
Sn (%)

Fig. 6 Results of rotating blade corrosion tests showing
. the effect of alloy compositions on the corrosion
resistance of Cu-Sn-Al alloys to polluted sea water.
wing the anti-corrosion value, it is obvious that
the addition of suitable amounts of aluminum is
very beneficial to the corrosion resistance, and
also the most optimum tin content for the cor-
rosion resistance is dependent upon the aluminum
content.
3.1.5 Cu—6%Sn—1%A1+X Alloys
Fig. 7 shows the effect of additional elements
on the anti-corrosion value of copper-tin-aluminum

1001
~ Be ! .
< 90t si Feo 4 Sl‘Zn .SI 7n
5 H *
8 |emece Gd S FoSt SSi%oesl _Zn %
> 8ol ° Cig ® As Mn
(] eSh "R e e, e g
5 As 20 Sheng o & Ni
¢ 70} . con
g I
= 60} . oFe
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s o
50+ Cr Be
® L ]
40 g1 L T s N L ) s L
.02 04 060.1 0.2 0406 1.0 2.0 4.06.0
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Fig. 7 Effect of additional elements on the anti-corrosion Fig. 8 The inside surface of test tubes in model conde-
value “V” of Cu—6%Sn—1%Al alloy. nser after removal of the scale and deposit.
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Fig. 9 Result of model condenser test on Cu-Sn alloy
tubes containing none or 1 percent of additional
element.

num had less corrosion than those having none or
other additional elements.

The tubes of Cu-Zn-Sn alloys containing more
than 2.5% of tin were also free from pitting cor-
rosion but suffered slight uneven corrosion. These
tubes were considered to have fairly good corrosion
resistance next to some Cu-Sn-Al alloys. The
scales of test tubes were analyzed. The results
showed the presence of two to nine percent of
sulfur which belongsnot to sulfate but to sulfide.
This indicates that the main factor affecting the
corrosion in model cnndenser tests should be the
sulfide.

4. Production of Tubes

Based on the above test data, the composition
of the alloy for more corrosion resistant condenser
tubes against polluted sea water was decided as
shown in Table 4 and named as “AP BRONZE”.

The tin content was selezted for 6 percent at
the start of field test because of the limitation
from tube making techniques, but it soon increased
to 8 percent. The tubes of this alloy were made by
conventional process as follows; melting, casting,

Table. 4 Chemical composition of corrosion resistant
condenser tube aginst polluted sea water “AP

BRONZE”.
Mark Cu Sn(%) Al(%) Si(%)
AP-1 Remainder 6.0 1.0 0.1
AP-2 Remainder 8.0 1.0 0.1

— 5

solid piercing and extrusion, tube rolling, repetition
of cold drawing and annealing and then final ins-
pection. In melting of this alloy, the precaution
was taken for the selection of raw materials to
avoid the contamination by detrimental impurities
such as lead and bismuth. Especially, the contami-
nation by bismuth which originated from ths virgin
metal of tin should be closely controlled to low
level. In casting practice, the care was required to
give the enough feeding to prevent the hot tear
and the shrinkage cavities. The grain refinement of
ingot was useful to modify the ductility at the
elevated temperatures. Fig. 10 shows an example
of macrostructure of the ingot. The ingot thus
obtained was less than 0.2% in porosity, more than
32 kg/mm? in tensile strength and more than 50%
in elongation.

The ingots were hot extruded in shells. The
temperature of the hot extrusion was limited in
the very narrow range. The extruded shells were
ductile enough for the cold working.

Fig. 10 Macrostructure of ingot of AP-2 BRONZE (Cu—
825Sn—1%A1—0.195Si alloy).

5. Field Test

The field test was performed for one to three
years by installing the test tubes of copper-tin-
aluminum alloy in the condenrers operating at
some power stations. At the same time, the alumi-
num brass tubes were also installed near the test
tubes for comparison.

The test results showed that the aluminum brass
tubes were covered with porous and brittle black
film and suffered pitting corrosion. On the other
hand, copper-tin-aluminum alloy tubes were cove-
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Fig. 11 Field test on condenser tubes of

red with the white film of fine powder and suffered
only the uniform corrosion as shown in Fig, 11,
The test results are plotted in Fig. 12 which reveals
that the expezted service life of copper-tin-aluminum
alloy tube would be about two or three times longer
than that of the aluminum brass tube.

6. Discussion

As mentioned above, it is concluded that some
copper tin-aluminum alloy condenser tubes, Cu—8%
Sn—1%Al alloy tubes for example, are more resi-
stant to corrosion by polluted sea water than alu-
minum brass condenser tubes. The difference of
these alloys is, of course, dependent upon suscep-
tibility to the pitting corrosion. Although the me-
chanism of the pitting corrosion by polluted sea
water is not vet understood in detail, in the
author’s opinion, one of the main factors
affecting the pitting corrosion is the film formed
on the surface of tubes. The results of the chemi-
cal analyses and X-ray powder diffraction of the
films on tube surface are shown in Table 5. Besides
the copper hydroxyl chloride (CuCls-3Cu0O-3H:0),
on the aluminum brass tubes sulfide (Cu:S) was
formed and on the copper-tin-aluminum alloy tubes
the stannic oxide(SnO:)was formed. Fig. 13 shows
the analyses of scales by an X-ray microanalyser.
On copper-tin and copper-tin-aluminum-silicon alloy
tubes, the percentage of tin in the scale was much

AP BRONZE
Cu-Sn-Al alloy and aluminum brass.

Table. 5 Analyses of scales on aluminum brass and Cu-
Sn~Al alloy tubes used in polluted sea water.

liemical analyses
Alloys Scales | _ (%) | X-ray analyses
Cu  Sn S
Aluminum |Outer } 42— 2.6 | CuCl-3Cu0-3H,0
Brass Inner 36 — 2.7 CuCl,-3Cu0-3H.0, Cu.S
Cu—3{9%5Sn— 10uter 37 5 0.7 CuCl;-3Cu0-3H,0
1% A1 Inner 21 35 0.1 CuClz-3Cu0-3H,0, Sn0.

O TOKYO
® NAGOYA
@ OSAKA

. Y{mm/year)
(o)
~

0.2

0.1

0.0

Corrosion rate of AP BRONZE tubes

Corrosion rate of aluminum brass tubes. X (me vear )

Fig. 12 Comparative corrosion test on aluminum brass
tubes and AP BRONZE tubes at the power station

in large cities.
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more than that in the alloys. In one case shown
in the middle of Fig. 13, the aluminum content
increases in the scale as tin does. In another case
on the right, silicon content increases in the scale
as tin does, but the aluminum content does not.
From thermodynamizal data® % stannicz oxide

Fu 107,50 10710 12551 (H.]__Cu-b755n-1%A1-0. 1781 (Osaka! I

1(% Scale Metal 9%
100

50 48, Cu

Cu-10%5n_{Horikawa)
Metal

Scale,

Cu
50|

%
5 120
{20 : sn 1o
0
o

Si 0'0-
,ﬁ/\/uof
Fig. 13 Analyses of scales of the Cu-Sn-Al alloy tubes

corroded by polluted sea water by X-ray probe
micro analyser.
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layer is considered to be stable against the attack
of sulfide in polluted sea water and this looks like
more or less electrically conducting to allow the
slight general corrosion. On the contrary, in case
of aluminum brass, the metal surface is covered
with black, brittle and porous s-ale which is formed
by cuprous sulfide (CueS). It has been clarified
from electrochemical study® that the sulfide film

would act as the effective cathode for pitting.
Thus, it is inferred that the difference of susce-

ptibility to the pitting attack between Cu-Sn-Al
alloys and aluminum brass is attributed to the pro-
perty of the scale formed on the tube surface.

In selecting the alloy for condenser tubes, it
seems that the de:iding factor lies in the estima-
tion of optimum ezonomy. The comparison of per-
petual cost index (PCD™ between aluminum brass
tubes and AP BRONZE (Cu—8%Sn—1%Al alloy)
tubes was made by the following equation under
the appropriate assumption of the determining
fartors, such as tube price (A), expected service
life (n), retubing cost (B), interest rate (r) and
scrap price (O).

_ A Aner .
PCI=(A+B C)(l-————~+r>n_1+C r

A typical example of the calculation of PCI for
the application of both alloy tubes is shown in
Fig. 14 where the assumptions of the cost for
various factors were made as follows, 1.00 and 1.67
for the cost of an aluminum brass tube and a
AP BRONE tube, 0.10 for the retubing cost, 0.06%
for the interest rate and 0.30 for the scrap price
of both alloy tubes. Corrosion test data on the
condenser tubes by polluted cooling sea water have
shown that, in most cases, the service lives of
aluminum brass tubes are in 2-4 years and those
of AP BRONZE tubes are as long as two or three

times. Therefore, when the cooling water is badly
polluted, the tubes of AP BRONZE for the conde-
nser are recommended in stead of the aluminum
brass tubes.

Based on the data mentioned above, more than
250,000 tubes of this alloy have been put into pra-
ctical use since 1963 with successful results. Typical
data of periodical corrosion inspection of this
alloy tubes are shown in Fig. 15 and Fig. 16.
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Fig. 14 Tube life vs. perpetual cost index.
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Fig. 15 Corrosion data of AP BRONZE condenser tubes
applied in the power plants using polluted cool-
ing sea water of Tokyo.
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Fig. 16 Corrosion data of AP BRONZE condenser tubes
applied in the power plants using polluted cooling
sea water of Osaka.
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Effect of Additions of Cu and Zr on
Stress Corrosion Cracking of Al-Mg Alloys.

by Yoshio Baba

Corrosion cracking or season cracking occurs in the Al-Mg base alloys containing more than 5%Mg
when exposed to tensile stress and a certain environment. An extensive study was undertaken to develope
an aluminum alloy resistant to stress corrosion cracking. The effect of additions of 0.3%Cu and 0.2%Zr
in Al-6~9%Mg alloys on stress corrosion cracking has been investigated in 3.5%NaCl solution at room
temperature under conditions of constant load and constant deflection.

The lowest stress causing corrosion cracking i.e. “threshold stress” is less than 3kg/mm2(corresponds
to 23% of the 0.2% proof stress) for Al-8%Mg alloy quenched from 400°C and aged at 130°C for 7days.
Small additions of Cu, Zr and especially both elements improve the resistance to stress corrosion cracking
of Al-Mg alloys. For Al-8%Mg-0.3%Cu-0.2%Zr alloy the “threshold stress” is 10kg/mm?2, and it is
increased up to 15kg/mm2(corresponds to 83% of the 0.2% proof stress) when the alloy was air-cooled
from the solution temperature.

Mechanisms of these effects are discussed on the basis of the direct observation of precipitates in

grain boundaries and the measurements of electrical resistivity.
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b DR ZDOREBNRE LU NEBRIT VWD,

3T, #EFIRLT Al-8% (9at%)Mg &4 D EIC I X
FTHMERNTCEORE R L 6, £ 0.05~0.1%Ll
FOCUMMEEFDOIIRZ YV I R2ELTEBLTAHL
ERRHBUALIY, ULl sT, iEo Cultk Mg R+ D
BEPELEDC LT X DRA~OBHEONT RIS, %
OFEREL ZREIRECISIEANN 2R L T5
PR BRT BB IN S, HEE, Zr OBEEN$
FoCublilE SR TED BN, T2bb Mn, Criz
EE ARG IE AN 2WET B EnlifEc
X%, £0°T, AWETIE, Al-MgA&0Mi i8S AR
HEE B X139 Cu LZoRMOBER2 L 5, ZOWEY
RERERATHCEL2HENE Ui,
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2. B H &

KEFCE W EASIT Al-6% Mg, Al-7% Mg, Al-
8%Mg ¥ & O Al-9% Mg &4T, ZHZFRE 0.3% Cu
& 0.2% Zr 2 B 3 B \WE Z OIS %2 FIBCHEINL 72,
{EFRE S 99.99% Mg, 99.9% Cu s L % 99.7% Zr &
%o KB % Table 1 R¥,

Table 1 Chemical compositions of test specimens.

Additional

rdditiona Nome . Cu0.3% Zr0.2%  Cu0.3%+Zr0.2%
COHEI;&%WHS Mg Mg Cu Mg Z2r Mg Cu Zr

Al—6%Mg 6.1
Al—-7%Mg 6.9
Al-8%Mg 8.0
Al—9%Mg 9.1

6.2 0.31 6.1 0.22 6.1 0.31 0.20
7.1 0.30 7.0 0.21 7.1 0.32 0.20
8.2 0.31 8.2 0.20 8.1 0.29 0.19
9.3 0.30 9.1 0.22 9.2 0.30 0.21

B e % 450°C T 24hr OXEINEE 380°C T 5 mm
3 CRMIEEL, 360°C THIRIESIBREK Imm B S
ECHBEEL TIRDY L RITEARBRA & Uk, B2
400°C © 3hr DEHKMBEIKITHBAR Uiz, & 558
B A bRESER (810°C/min OFE < 150°C ¢
BEUTHSIL, 2 5BBEEES BN EES sk d
WA 21775 - oo BERMALEIE 130°~250°C il ¢£T
AN fCo

IS A EtiaE pH 6.5 o 3.5% NaCl i <,
EHEB LR T HEETCITE o7 BRERRIL,
SEFTERIE 5 mm, £ &3 18mm DEEIC W B WA DBIEIG T
PEBLT, 3.5% NaCl X EBHE10 B 50 Hre &by
B 1TEEY A 200) ©7 BRfTR -7 SEGTHREBIE,
[@20mm, £ 3200mm, ghiF2EE12.5mmo 5 o Uil
TR B %23.5% NaCllAI 1ERBE L TTK - 535,
SIS ARG - T, T TORE %2 HNOsddec+
HF 5 cc+H20 950cc #irp 90°C TE#E U 72,

3. R B & B

Fig.1 w400°C /6 KBEAN Uiz Al-8%Mg & &>

L TN
E N
~ SN
2 ~
15
w
n
3 .
+ 10
< Failed
g5 Did not fail affer
= .
7 day’s testing
0
1 5 10 20 50 100 200 400700
As water~ . .
’ A t h
quenched ging time (hr)

Fig. 1 Effect of aging at 130°C on the stress corrosion
cracking of Al-8% Mg alloy water-quenched from
400°C, tested by the constant load method in
3.5%NaCl alternate immersion

WT, JEMEETORIE AN L131 130°C 3o
W RIRT, W BIZBRGINISBHEoMnE & 3
AU, 100~200hr < 3kg/mm?2 LT OBk Bz
T 5B KEANUIcE T ORENE 20kg/mm? DIGIIT $
THEOF A N TEHBHL LA 57,

Fig.2 & 400°C 2 5 KBEANII0°CT 7 BRKBRIL 72
Al Mg AR >\WT, ERBEHRTOBIEAENCS
L1275 0.3% Cu & 0.2% Zr BSOS % R T, BEKTEERY
EZDLEWET (GHEAERN 2R S BRI RIG
INEEICINSTLROBINC L DM T 5, T OZHE
i, Fig. 3 @R R$TT &L, 4000C b5 L E it »
TIHBEETH B, o2 A, Al-8%Mg-0.3%Cu-0.2%
Zr 540U x\WEkEdie X b 10kg/mm? A 5 15kg/
mm? ~NEML TW5, —J5, Al-8% A& Cixni#EE T
BAR 2 X 20/ 3 { 3kg/mm2lFTTh B,

25

- —-None |

520 R -o-Cu0.3%

ED \\ —-72r0.2%

= o . -o-Cu0.39%+2r0.2%
15 K . i H j

=
|

.

<

Tension stress

N
I~
3] \\{N\ \\\.
P a é
I
© ° \c*\c\\_\vﬁ_o’
— &«
|

0.1 1 10 100

Time to failure (hr)

Fig. 2 Effects of Cu and Zr on the stress corrosion
cracking of Al-8%Mg alloy water-quenched from
400°Cand aged at 130°C for 7 days, tested by the con-
stant load method in 3.5% NaCl alternate im-

mersion.

25
. T T T T 17T
E 20 s Cu0.3%+2r0.2% ——
2 o g 2r0.2% + . L
15 e L i <
g J \Q.Q\ \U“Wh—ﬁ“ﬂ
» 10 o = e
3 RO Cu0.3%
2 5 ] ’
fid L

0 None

0.1 1 10 100

Time to failure (hr)

Fig. 3 Effects of Cu and Zr on the stress corrosion
cracking of Al-8%Mg alloy air-cooled from 400°C
and aged at 130°C for 7 days, tested by the con-
stant load method in 3.5% NaCl alternate im-
mersion.
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Table 2 & LECa Bl OB IRMERE & M RBIE 2R T, &’
WTERD 8\~ Al-8%Mg D5 Rk & 1229~31kg/mm?2,
0.2%71 7013 183~14kg/mm? ¢, T Ofilix 0.3%Cu DFEM
& 2kg/mm?2, 0.2%ZroFEINc X b # 3kg/mm?2, oNot cracked in one year
W& ORI L b 5kg/mm2 2R ZFNEINT 5, 5| oA few specimens cracked 20.2% Cu0.3%+7r0.2%

Elongation (%)

—J, MERMIERH 2 A4 T 0.1~0.2mm L, 0.3 5 | T //”
% Cu0.2%7r & RN 70662 €150.02~0.03mm  © & € Y/// (//“' o
ERAME S T B s, ABARBBE k0N €2 2af o7 0u0.3% o
UL B BIREERE & RS RIS IC 12 & A & BAw bV & i P

p/EROR fa 09: 20y "/_.

6789 6789 6789 1678%9
Mg contents (%)
Table ? Effects of additions of Cu and Zr on the
tensile properties and grain size of Al-8%Mg
alloy waterquenched or air-cooled from 400°C
and aged at 130 °C for 7 days.

Fig. 5 Effects of Mg contents and additions of Cu and
Zr on the tensile properties of Al-Mg alloys
air-cooled from 400°C, cold rolled 20% and aged

Additional sTt?fé?,E?h gtrr%osfs Elongation  Grain size Ej.t 130°C .for . 4 hr, z}nd their susceptibility to
elements (kg/mm?) (kg/mm?) %) (mm) stress corrosion cracking by the U-bend method

None 2031 1814 30~39 0.1~0.2 i in 3.5%NaCl at room temperature.

Cu0.3% 31~34 15~16 29~31 0.5~0.07

Zr0.29% 32~35 16~17 22~31 0.03~0.04

Cu0.3%-+2r0.29 35~38 18~19 28~30 0.02~0.03 N2 ET2 LD 50, 0.3% Cu & 0.2% Zr 2RIk

WML a2 2 RWT, ZoORIIEAMNBZY: 20T
%o Cul Zr ZRAMCH L7z b D& S 272 225°C
TR THC L L VIEIIEARNZIRCT X 55,
Fig. 6 1w400°Cas & 22151, 20% OB HEIEE, 225°C T lhr
DOIGE)E 5w 10% OBBEILE 2 A 7z Al-Mg &0

DER, WIEZD S Dk L BRI Ak
EhEhOEBERPBIETEELINDDT, &ED Al-
Mg RE@oUsdMTEC >\, 1EHMECTAED
ST AR 2 1572 - T2 Fig. 412 400°C 7 5 98 ¥57%:20%

Proof stress and

T 25

X 25

c ;\g /
— 15

é’ . O/O/D/‘ 0/0/0/0 O/O/O/o o000 S /‘ '/’/.//. o« * %o

E’ ked in one year 3 o A few specimens cracked

i 5 o Not cracked in y S

o A few specimens cracked 5 ® Cracked

g" 40 ® Cracked . ,\40 /

° wﬁﬂ” el {Kﬁﬁ SRE e

= E

o o 2 5

o ¥301 O/O/O/O ¢ £ =30 ./—0

¢Z> = O/O/"/‘ Q/O/H = : fod /

= S B 9 2% Cu0.3%+2:0.2%

20 None Cu0.3% 2r0.2% Cu0.3%+7r0.2% § g 20k None Cu0.3% 72r0.2% Cu % 4
0. +— .
6 7 89 6 789 6 7 8 9 6 789 6 7 8 9 6 7 889 6789 6789
Mg contents (%) Mg contents (%)

Fig. 4 Effects of Mg contents and additions of Cu and Fig. § Effects of Mg contents and additions of Cu and
Zr on the tensile properties of Al-Mg alloys air- Zr on the tensile properties of Ai-Mg alloys air-
cooled from 400°C and cold rolled 20%, and their cooled from 400°C, cold rolled 20%, aged at 225°C
susceptibility to stress corrosion cracking by the for 1 hr and again cold rolled 10%, and their
U-bend method in 3.5%NaCl at room temper- susceptibility to stress corrosion cracking by the
ature. U-bend method in 3.5%NaCl at room tempera-

ture.

WL U 72 Al-Mg RE & OIS E Rl sz & Bk
PERBC 1T MgE ik £ & 0.3% Cu £ 0.2%Zr INo 0.3%Cu & 0.2% Zr IWINOE# 2RI, BIREERX 20%
R T, Fig SCHIDHELHI0C CAhr AL BREEEZYO D LIEEAEED LA, JHHEAL
AR OWTORRER T, Mg B FROBME & i NEZEEFEL AL T b, Al-8% Mg-0.3% Cu-
BERETH, ARNCISIIERHINEZE AT 2, Bl 0.2% Zr s L &8 Al-9% Mg-0.3% Cu-0.2% Zr &0 =,
LD % E O RO IRAHIVEZE 0.3% CuoiR Z0OEB 2B TN ORI HNSTRET 5, 5, &K
I X HEU L WDT %o 130°C TAhr OREIRIME L < ERAPOEIEAEIEN TN S ERB A - TREL

— 3 -

WRENEZN: LSRR s LiZd Mg §ERB IO
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Ty, REHAELT, 20% BEEER 130°C T4hr #
U RN OWT, RS AHNRBR TENh I Al-8%
Mg &4 &, Hihizh -7z Al-8% Mg-0.3% Cu-0.2%Zr
AE&EWoKm ML Fig. TR,

Fig. 7 Longitudinal cross sections of (a) Al-8%Mg
and (b) Al-8%Mg-0.3%Cu-0.2%Zr alloy sheets
air-cooled from 400°C, cold rolled 20%, aged
at 130°C for 4 hr and then immersed one
year in 3.5% NaCl at room temperature by
the U-bend method. (X100)

4. = %=

PEoEBRERLY, Al-Mg &0 TEAERNER
220.8% Cu & 0.2% Zr DFEM, & ZOHEOREER
el v RBINDHERBP LA EINZN, 2O
KR 2 R Bz dic, Mg BF0HE, HHRR2ES
EHONE & BEEEREZC X D U 5, Fig. 8 400
Ch B KEAN L AI-8% Mg &&ic2wT, 130°C Ttd
EsEEgcs XiFT 0.3% Cu & 0.2% Zr RN L O
BRENToOEE»RT, Fig.9, Fig.10 s X & Fig. 11

200

100 T8

. " . .
0 oA A B S ——
-

-100 \

/g o None

. 200 o Cu0.3%

2 ©7r0.2%

< ~300 ® Cu0.3%+2r0.2%

4 Aging after the quenching
400 —-——— Aging after 20% cold drawing
-500
-600

1 10
Aging time  (hr)

Fig. 8 Effects of Cu, Zr and cold drawing on the prolonged
isothermal aging at 130°C for Al-8%Mg
water-quenched from 400°C.

alloy

ik Al-8% Mg A4 OBUEMMIT B L1279 130°C KD
BEB X 000.2% 2r £ 0.3% Cu RO 2R T, 2
TEETIE, BHERENBEZED b 5 & § iV 100~200
hr B DIRFETLX Mg ORIA~D B B HNRED 5D
DHT, EHEHTHIE 300hr ZEA TH 5 TH B, 30H K
BHU 7SR TR FUE B O Mt (Precipitate-Free-

0.2%Zr 0.3%Cu+0.2%2Zr
“Fig. 9 Microstructures of cross section of wire specimen
for Al-8%Mg and the alloys containmg Cu and
Zr water-quenched from 400°C and aged at 130°C
for 30 days.(x400x34)

(b) 130°C X 7days

(a) As water-guenched (c) 130°C X 30 days

Fig. 10 Effect of aging at 130°C on the thin foil electron
microstructures of Al-8%Mg alloy water-quenc-
hed from 400°C. (x4000)
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Fig. 11 Thin foil electron microstuctures of (a) Al-8%
Mg-0.2%Zr and (b) Al-8%Mg-0.3%Cu-0.2%Zr
alloys water-quenched from 400°C and aged at
130°C for 30 days. (x4000)

Zone) M A BERD b b, 0.2% Zr DIRME X » T&
T BRI TR 2 KA S & O PFZREE 2
ERBEAEEDS W, U2 -T, #E Zr Bine &
% Al-Mg RE@OWB/TEEHINEORRE X, 2 LT
ERhofmstbc L0 Ebh b, —75, 0.3%Cuo
Bk Mg T O 2 U LI, &R RA~OEER
s o e EmiT i OEE 2 EL 5, /2, BRI T
HohE LT &L, #WEOCu2gir Al-Mg ZRE&4T
W 2EBDY T AR —DEFEET D, O EDIE Mg & Al K
T ol b BECHMEET B, oo &2k CuEF
2L IOTINC U EREBWNTEAEET D, L72di- T,
AL, 130C H2WEZNUTOREORY CRACES
P THE 2R Cu BF2atr b0 (FIRRERLY ©
it T #-AlsCuMgs %721 SHH-Al.CuMg MEMET 5)
EgniE, CoOEREmRENS (—1.00V) 1k B HE-Als
Mge (—1.24V) kb dXb~<br Y vr2D%h (—0.89
V) WiE W T, WNANELERC Y 2 — FIBREh 50
PRS2 D, MERNCEIEANNBRENBDTE 0

DN B,
XT, 0.3%Cul 0.2% Zr NEBERNE B &, £

mTHRIER @t Sh, KWARHEDO PFZ d B bhi
W, ST HOREIZ DWTIE, #Eo Cu &ETAE
AT B Zr R R G ORRNEFCRDbN I/
TR EBALD, BEARIOWEINTIE S b5 A£HEK
W2EET D, U5, KBADHCEE S RN 2
BOBEERTF O 4 TR L b, TRRBR~DEE
AR SN D72 IE BN EZ R AT S §
DEBR D, RIBFEE)H B ik 130°C Bigh < i3Il s MG
TEEHNEOT SN Al-8% Mg-0.3% Cu-0.2%2Zr &
£ H225°CClhr BT L2k v ¥l ics

— 9

20 _
1500 130°C
10

175°C

-10

Ap (nQ om)

_20 200°C

225°C

250°C
1 10 100
Aging time (min)

-40

Fig. 12 Isothermal aging at various temperatures for
Al-8%Mg-0.3%Cu-0.2%Zr alloy water-quenched
from 400°C.

DONRED b, chk Fig 12 OS5 REREM 5
Bonzrel, 200CUETCECUEF28L 7524 —
DAREBESC Y, BHOANLENE R
SR UclzDie, CoOBBRE - DEEbIb, It
¥, Mgb~T% OB X b & Mg8~9% DEE D MR IE
BARENERDS LT ST WA, Thid225°C ¢ 1hr o
B¢ TR TREDOBICA - TE b, Mgatao
ZUVWHANRNEERHRAEFTL CWE1ETHE5, 356
CBEEHHE D WIS T RN ERAEEIN D2, Th
RO 3 HOMCENT WAL LA THHD~T,

5. & ]

Al-6~9% Mg & & O IGIVE RHIN L 0.3%Cu &
0.2%Zr M, & WCHFEORBREINC X b U L 8
INbHCE%, ENEBLFEITARETORIIERR
BRCHEDN DT, T2& A, 400°C 7 HKEEANE 130°C ©
7 HIEZ) U 7z Al Mg B @O 1B AEN L & Wk
M 3kg/mm? (WI1D023%) LT THHDIL b, Al-
8% Mg-0.3% Cu-0.2% Zr &40 Z2nix10kg/mm? (i
Jy055%) ¢, 400°CH 5 ZEE Uiz e 15kg/mm? (i
J1083%) W E THIRL TWb,

Cu Moz, fERBEF~0 Mg B-TFOWHZE S
Bl bdH IO EREAD LY, NAD
T~ RN EBLRAHBCLEEEENDA L3 E b
Do —N, Zr BINCIRNFIT YL b N RO M
TR OREREEAEEDLZWE L AND, COHE
e U TR oMb & A T ORBE A OETE
L YAETSAHEoEETHEAERCL 0 LEDR
%o
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Analysis of Temperature Distribution of
Aluminum Slabs in Heating Process

by Eiichi Hirosawa and Teruo Uno

A study has been made to calculate the temperature distribution of aluminum slabs
in heating process assuming two dimensional heat transfer model.

Results obtained in this study are as follows:

1) The temperature difference between slab side surface and center is negligibly small

after four or six hours heating.

2) The heat input from top and bottom surface of slab is undesirable because it causes
the large temerature difference in the longitudinal direction of slabs.

3) The heat input from side surface of slab is much effective for reduction of heating
time. On the contray, the heat input from top and bottom surface of slab is not

so effective as the former.
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Fig. 1 Simplified flow diagram for computation.
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Introduction of New Copper Tube Mill
at Sumikei Copper Works.

by Yoshihiko Endo, Isao Shiota, Kiyoshi Ichikawa and Atsuo Seki

A whole line of new copper tube mill was completed and has been operating by
Sumikei Copper Industries, which branched out of Sumitomo Light Metals, in March 1969,
The output of this plant is about 1,300 tons now. But could be double-folded by
expanding of finishing lines, to trail behind further more demand for coolers and air

conditioners.

The equipments are a shaft furnace, a 5500 u.s. tons extrusion press, a 3-strand tube redu-
cer, four 84”-bull blocks, two new type combined machines, level winders, two bright annealers,

and some additional finishing machines.

Almost all machines are connected in lines by various convevors in order to make

material flow smoothly and automatically,

Particulary, to make this mill perfectly sound-proof and pollution free, many

considerations are taken.
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