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Protective Films on Copper Alloys in
3 % Sodium Chloride Aqueous Solution

by Zen-ichi Tanabe

A widespread use of copper alloys in sea water may be attributed to their high

corrosion resistance in sea water.

Their corrosion resistance are described as a protective
film which formed on their alloys in sea water.

Therefore, protective film on copper

alloys has been studied with a immersion test, polarization measurement, electron
diffraction analysis, infrared multiple reflection spectroscopy and photoelectron spectroscopy

(ESCA) in 3% sodium chloride solution.
The results obtained are as follows:

(1) Atacamite is formed on surface of copper and copper-zinc alloys.

(2) On copper-tin alloys, stannic oxide is formed on the surface of alloys, atacamite and
cuprous oxide are precipitated on the stannic oxide layer.

(3) On copper-aluminium alloys and copper-zinc-aluminium alloys, cuprous oxide or cuprous
hydroxide are formed. A compound of additional elements are precipitated on the

cuprous oxide or hydroxide layer.

Protective films of these alloys are mainly cuprous

oxide or hydroxide. Compounds of additional element affect the growth of cuprous
oxide or hydroxide, because these compounds affect for increase of local pH on surface.
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Table 1 Chemical composition of specimens.

Cu Al Zn Sn Fe Si

a0 R — - — 0.01 0.01
a--1 R — 9.79 - 0.04 0.04
a-2 R - 20.23 — 0.02 0.06
a3 R - 30.64 — 0.02 0.02
a-—4 R - 40.84 — 0.03 0.03
b-1 R 0.96 - — 0.01 0.05
-2 R 1.97 ~— - 0.02 0.03
3 R 3.90 —_ —_ 0.03 0.04
-4 R 6.17 — — 0.04 0.06
c~1 R - - 2.21 0.03 0.02
c—2 R — — 4.02 0.05 0.04
c—3 R - - 6.04 0.02 0.05
c--4 R - - 7.73 0.02 0.03
c-5 R —_ - 10.32 0.04 0.05
c R — — 11.91 0.03 0.02
d—1 R 2.01 20.18 — 0.03 0.30
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Fig. 1 Schematic diagram of experimental method.
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Fig. 9 Effect of pH for corrosion weight loss of
copper alloys in 3%NaCl solution.
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Effects of Heating Temperature, Heating Time and
Phosphorus Content on the Hydrogen Embrittlement
of Copper by Oxidation and Reduction

by Mutsumi Okawa

Concerning the hydrogen embrittlement of oxgen-free and phosphorus deoxidized
coppers when heated alternately under oxidizing and reducing conditions, the experiments
were conducted in order to reaffirm this phenomenon and to investigate the effects of
temperature and time of heating and phosphorus content on the penetration depth of
embrittlement.

The results obtained from these experiments are as follows:

1) Even the copper materials containing no oxygen and having immunity to ordinary
hydrogen embrittjement, such as OFHC and phosphorus deoxidized coppers, can still be
embrittled if it is heated in hydrogen atmosphere after heating in air at high temperature.

2) The sensitivity to this kind of hydrogen embrittlement is generated by the
penetration of oxygen into the copper during the heating in air.

3) The penetration-depth of hydrogen embrittlement depends upon only the penetration-
depth of oxygen during the previous heating in air, and it does not affected by the
conditions of heating in hydrogen atmosphere.

4) The depth of oxygen penetration during heating in air increases evidently with the
decrease in phosphorus content in the copper, as well as with the increase in time and
temperature of the heating. Therein, the relationship between the depth of oxygen
penetration and the three factors including phosphorus content, temperature and time can
be shown by the following equation, in the range of 0.003 to 0.5% phosphorus and 600° to
900°C:

c-t

X2=piiom/T

where, X is the depth of oxgen penetration(mm), P is phosphorus content (wt%), 7T is
the oxidizing temperature (°K), ¢ is the time of oxidizing (hr), ¢ is constant of 8.13x108,
n is constant of 1.20, and m is constant of 1.12x104.
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Fig. 1 Micro-structure of the OFHC copper tube failed
with hydrogen embrittlement in a practical
application. (100x24)
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Fig. 2 Micro-structure of the phosphorus deoxidized
copper tube failed with hydrogen embrittlement
in a practical application. (% 100x24)

This tube contained 0.004% of phosphorus.
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Fig. 3 \/Ilcro structure of the phosphorus deoxidized
copper tube unfailed in a same application as
that shown in Fig. 2. (x400x24)

This tube contained 0.025% of phoshorus.
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a) Commercial OFHC copper : After air-heating only.
(x20x1%)

b) Same as the a). (X 100X 14)

c) Commercial OFHC copper : After air-heating and
hydrogen treatment. (X 20% 14)

d) Center region of the c). (X400x}4)

e) low purity OFHC copper (99.95% Cu) ; after
air-heating only. (X 20x}4)

f) low purity OFHC copper (99.959 Cu) ; after
air-heating and hydrogen treatment. (X 20 }8)
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g) Phosphorus deoxidized Copper (0.020%P) ; after
air-heating only. (X 20 14)

h) Phosphorus deoxidized copper (0.02095P) ; after
air-heating and hydrogen treatment. (100 % }%)

Fig. 4 Result of preliminary test——Micro-structures of several copper bars and plate heated for 2 hours
at 900°C in air and then hydogen-treated for 30 miuntes at 850°C.
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Table 1 Analysis of used alloys

Mark of Chemical composition (wt%)
Note
alloy Cu P Fe | Pb | Cu:0*
. OFHC
A 99.986 | (0.00009)] <<0.01 <0.01 Nit copper
B 99.97 0.0025 7 7 7 —
C 99.97 0.005 7 7 7 —
D 99.96 0.010 Vs 7 7 —
E 99.96 0.014 v 2 7 —
F 99.95 0.021 7 7 7 —
G 99.92 0.052 7 7 7 —
H 99.80 0.145 7 7 » —
1 99.35 0.560 7 7 7 —_

* By microscopic examination
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Fig. 5 Method of melting and casting of the alloys
for experiment.
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DEE, LEEEEULH TERTMEL ABMORER S %,
S BIIKFFDOHRIH LT 850°CX 1 hr stk U714,
Wi S 7 2 A A L OKER W EOER 2= Ui,

DWT, IKEPMEDRE R L URMOEE 4 L 570
<, AEF(0.021%P) oBBRAEZHWT, FHEShT
700°C X 10hr 7 500z 900°CX 4 hr om#i g & % 7-1%,
IKEFF T 600°C, 800°C ¥ Lo 1000°C o&EET
FhEN 10min, 20min, 40min, 2hr ¥ L0 4hr OJn
AT, KEENEDB AR AW RS S
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Table 2 Penetration depth of the internal oxidation by heating in air at various temperatures

and times,

and that of the hydrogen embrittlement by

subsequent heating in

hydrogen atmosphere for 1 hour at 850°C.

Penetratxz)rrxlu%fi;lna%rpntz;ll)omdatxon Pf?gﬁgggﬁ’%;gé‘é?fg&‘éi‘;t
;Frfc;np' Sample (%P} (mm in depth)
time, A B C D E ¥ | G H 1
in air COFHC) | (0.0025) | (0.009 | (0.010) | 0014 | (002 | ¢0.052 | (0.145) | (0.560) A B~1
600°C« 1hr 0 0.023 0.009 0 0 0 0 0 0 0.080 s.i®
7 4hr 0 0.063 0.041 0.017 0.015 0.009 0.008 0.007 0 0.20 s.i
” 30hr 0 0.16 0.120 0.057 0.051 0.039 0.019 0.012 0 0.50 s.i
7 100hr 0 0.28 0.19 0.109 0.098 0.077 0.041 0.021 0 1.05 s.i
700°C % 0.5hr 0 0.112 0.081 0.048 0.043 0.035 0.021 0.010 0.004 0.45 s.i
7 2hr 0 0.20 0.142 0.097 0.080 0.067 0.044 0.018 0.007 0.70 s.i
v 15hr 0 0.62 0.49 0.28 0.24 0.17 0.103 0.061 0.022 2.04 s.i
7 50hr 0 1.19 0.78 0.54 0.44 0.33 0.20 0.17 0.041 >2.5 s.i
800°C % 0.5hr 0 0.37 0.28 0.17 0.14 0.107 0.0€3 0.033 0.003 1.45 s.i
7 1hr 0 0.52 0.43 0.24 0.20 0.15 0.091 0.045 0.013 2.05 s.i
7 2hr 0 0.72 0.64 0.33 0.29 0.22 0.125 0.075 0.023 >2.5 s.i
7 4hr 0 1.12 0.76 0.50 0.41 0.31 0.18 0.100 0.041 K s.i
7 30hr 0 >2.5 2.25 1.34 1.14 0.84 0.48 0.30 0.120 K s.i
850°C < 0.5hr 0 0.71 0.46 0.32 0.25 0.19 0.120 0.065 0.028 >2.5 s.i
z 1hr 0 1.00 0.67 0.44 0.36 0.28 0.17 0.084 0.037 K4 s.i
7 2hr 0 1.44 1.08 0.62 0.51 0.40 0.25 0.13 0.053 7 s.i
7 4hr 0 2.05 1.81 0.90 0.73 0.57 0.34 0.18 0.080 7 s.i
7 15hr 0 >2.5 >2.5 1.78 1.40 1.11 0.63 0.32 0.15 4 s.i
900°C % 0.5hr 0 1.04 0.67 0.47 0.40 0.30 0.17 0.093 0.037 >2.5 s.i
7 lhr 0 1.50 1.00 0.65 0.56 0.40 0.25 0.14 0.065 7 s.i
7 2hr 0 2.10 1.43 0.95 0.81 0.60 0.36 0.20 0.080 7 s.i
7 4hr 0 >2.5 2.03 1.43 1.15 0.86 0.52 0.27 0.12 2 s.d
2 8hr 0 7 >2.5 2.01 1.64 1.23 0.74 0.39 0.18 7 s.i
*) s.i: Same as the depth of internal oxidation.
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Alloy F(0.02194P), 700°C3< 1hr in air only. g) Alloy F (0.02195P), 850°C X Thr in air only.

3

% ! 800°C 7 7 h) ” , 7 4hr 7

7 , 900°C  # o ) Alloy B (0.0025%P), 800°C X Thr in air and 850°C % thr in Hj.
Alloy B (0.00259%4P), 850°C 3 0.5hr in air only. i) Alloy E (0.014%P), 7 Vi Vi Vi Vi V4
Alloy F (0.021%P), # Vs V3 k) Alloy F (0.021%P), 7 ohe 4 Vi 7 Vi
Alloy H (0.146%P), 7 V3 o D 3 . 30hr 7 V ” u

Fig. 6 Typical microstructures of specimens after oxidation and reduction treatments in the experiment

(% 100X 2%)
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Table 3 Effect of time and temperature of hydrogen
treatment on the penetration depth of
embrittlement in 0.021% phosphorus-copper
to which have been given the internal
oxidation to the definite depth.

Temp. and bt lomenEmmy T O Togn
time, in H, Intenal oxidation - Internal oxidation
depth : about0.15mm* |depth : about 0.85mm**

600°C x 20min 0.14 #¥* NT

7 40min 0.15 NT

% Zhr 0.14 *** 0.86 #**

4 4hr 0.15 #** 0.85 **x
800°C x 10min 0.14 #** NT

7 20min 0.15 *** 0.86 ***

7 40min 0.13 #xx 0.86 #*

v 2hr 0.14 #x* NT

7 4¢hr 0.14 *+* 0.84
1000°C x< 10min 0.14 #** 0.86 ***

” 20min 0.15 #+* NT

7 40min NT 0.84 ¥+

7 2hr 0.15 *** NT

7 4hr 0.14 *x= 0.85 ***

*) By heating in air for 10 hr at 700°C

**) By heating in air for 4 hr at 900°C
*#¥) Same as the depth of intenal oxidation
NT Not tested
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Fig. 7 Relation between heating time in air and depth of oxygen penetration.
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The Effect of Work Roll Bender on Roll Gap Shape
Control on an Aluminium 4 High Cold Mill

by Takeaki Baba, Masao Ando and Atsushi Ogawa

A study was made on the effect of work roll bender installed on a 4 high cold mill,

aiming at roll gap shape control.

Experiments were carried out on the work roll bending shape regarded as a function of the
work roll bending force, rolled material’s width, and roll separating force.
The results obtained were summed up as follows:
(1) The work roll bender can change the roll gap shape so much as can control the rolled

strip shape.

(2) The work roll gap shape centrol are affected by the contour of back up roll.

(3) The theoretical roll gap shape doesn’t always meet the experimental results; but this
discrepancy may refer to the contour change of back up roll.

(4) The narrower the width of the rolled strip, the greater the effect of the work roll

bender.

(5) The higher the roll separating ferce, in the more negative roll gap shape range the roll

gap shape is controlled.
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Effects of Fe and Si on Notch Toughness and
Tear Resistance of Al-Zn-Mg Alloys and their Welds

by Toshiyasu Fukui

Experiments were carried out on the effect of Fe and Si contents on notch toughness
and tear resistance of Al-Zn-Mg alloy plates and welds. The notch toughness was
evaluated by notch-tensile and yield ratios and Charpy impact value and the tear
resistance was evaluated by crack propagation energy in a modified Navy tear test.

The notch toughness and tear resistance of T4-and T6-treated Al-Zn-Mg alloy plates
were reduced markedly with increasing amounts of Fe and Si as impurities, while they
were considerably influenced by tempering conditions of plates, notch directions, testing
temperatures and so on. The notch toughness and tear resistance of TIG-welds were also
reduced with increasing amounts of Fe and Si, while they were generally poorer than
those of base plates. Fe, Si and Fe+Si, if these contents were equal, had almost the same
influence on notch toughness, but strictly speaking, the influence of Si was most remarkable.

With increasing contents of Fe and Si, the dimple pattern associated with ductile
fracture tended to turn into a quasi-cleavage pattern associated with a comparatively
brittle fracture, showing the intergranular rupture. It was considered that the crack
propagation in Al-Zn-Mg alloy plates and welds was closely related to the distribution of
second phases containing Fe and Si.

1. #&
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Table 1 Chemical compositions of test materials.
Chemical compositions (%)
Materials Remarks
Zn Mg Mn Zr Cr Ti Cu Fe Si

Al 4.53 1:50 0.30 0.18 <0.01 <0.01 <<0.01 0.01 <0.01 99.99% Al

Test A A2 4.57 1.50 0.30 0.19 <0.01 0.01 <0.01 0.10 0.04 99.85% Al
A3 4.53 1.50 0.30 0.19 <<0.01 0.02 0.01 0.26 0.08 99.5%Al1
B1 4.61 1.61 0.27 0.21 <0.01 <0.01 <0.01 0.01 <0.01 e
B 2 4.42> 1.49 0.27 0.21 <0.01 <0.01 <0.01 0.15 <0.01
B3 4.61 1.60 0.27 0.20 <0.01 <0.01 <0.01 0.20 <0.01 Fe
B4 4.62 1.56 0.28 0.21 <0.01 <0.01 <0.01 0.39 <0.01

Test B B5 4.56 1.53 0.28 0.20 <0.01 <0.01 <0.01 0.01 0.09
B 6 4.43 1.51 0.28 0.21 <0.01 <0.01 <<0.01 0.01 0.18 Si
B7 4.61 1.60 0.28 0.21 <0.01 <0.01 <0.01 0.01 0.38
B8 4.61 1.51 0.27 0.21 <0.01 <0.01 <0.01 0.06 0.04
B9 4.60 1.54 0.28 0.20 <0.01 <0.01 <0.01 0.11 0.08 Fe-+Si
B10 4.63 1.56 0.28 0.20 <0.01 <0.01 <0.01 0.20 0.17

(A) Notched and unnotched tensile tests

»

(C) Tear test

O T O 1
O BRI @
O 1 1 \L O l
- A
| - T _J 45° l[
O A N
O I ¥ o
O i Al 4 0.25R _JL
_n_____f-k——w—_4\L——————'
190
(B) Charpy impact test 45°
™7 L
L Pl
55 > 6 ke I"O,25R

48

Fig. 1 Form and

size of test specimens.
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Table 2 Notched and unnotched tensile properties and their ratios of T4-and T6-treated
Al-Zn-Mg alloy sheets.
Contents Tensile properties Ratios
Temper (%) Unnotched Notched
. [ Ty ) ’ B ’
- Fe Si (kg/mm?) | (icg/mm?) @ (keg/omm®) &/ /T on
0.01 <0.01 39.9 25.7 11 34.9 0.87 1.36
T 4 0.10 0.04 40.3 26.4 13 34.1 0.85 1.29
0.25 0.08 40.2 27.0 12 33.7 0.84 1.25
0.01 <0.01 43.2 30.6 14 38.6 0.89 1.26
T 6 0.10 0.04 42.2 31.1 13 38.5 0.91 1.24
0.26 0.08 42.6 31.8 16 38.4 0.90 1.21

Table 2 L v e, Tdx Lo ToH & LFIE
HoO3iE#RXL Fe 5L Si& LTIz LA EEL
L Cnin WAIR B OF R X 1L UVIETF LT\ 5B, L7
MoT Fe LU S BEOHNE & T HREEN o8'/os
HETL, UREBEDBAZRLTWD, WolTH, g
oM Fe L0 Si &EoMins L b LEL Ay,
MR OBERBEIMET LT B0, KB KKk
o8’ [o0.2 LIETLTW5,

D OYRG IRARH OR TR O — A T 4 $hic
2% Fig. 2 @i, BRI Amcds U Tn52, £
< O EFMEE N RENCIR - C lamellar $kOZII 238
Wwhid, Fe LU Si BEDLHWEE T2 DEAMNEE
THDHN, BEDETIH-TH Fe 31U S E2odn
HECHLRABOEIIUEIRD BN D,

Fe : 0.01% Fo : 0.10% Fo : 0.26%
Si . <0.01% Si : 0.04% Si : 0.08%
Fig. 2 Cross-sections of fractures in notched tensile

test specimens of T4-treated Al-Zn-Mg alloy
sheets. (x400x2/3)
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BRLTRD, FEE (—196°C) B3R L D =REHBR
M oFNERER T T b, LaLbWTnoEas
W%, Fe BJIUSi @i Lriziiny v v 1l
BETELETLTWAZ EMNbhD, finds, T6# X
D TAMOFREWITT Y v v e ~HREEZRL T
B

[WS]

W

l

Notch : Trans. to R.D.

——00—T4 treated

- =——AA--=Tg treated.

Charpy impact value (kg-m/cm?2)

Fe:0.0 1%
Si 1 <0.01%

Fe:0.10%
Si £ 0.04%

Fe :10.26%

Si 1 0.08%-
Effects of Fe and Si contents on Charpy impact
value of T4-and T6-treated Al-Zn-Mg alloy
plates.

Fig. 3
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Hiukdb E V@D B olz, Fe XU Si &E2%E(k
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(201)

E KR E & B B B

Fe : 0.01% Fe : 0.10%
Si : 0.04%

Si :+ <0.01%

Fe : 0.26%
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Yig. 4 Cross-sections of fractures in Charpy impact test specimens tested at—1¢6°C in T4-treated

Al-Zn-Mg alloy plates. (x8)

Fe : 0.01%5, Si :

<0.01%

Fe : 0.26%, Si: 0.08%

Fig. 5 Electron fractographs of Charpy impact test specimens tested at -196°C in T6-treated Al-Zn-Mg

alloy plates. (x4,000%x2/3)
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Fig. 6 Effects of Fe and Si contents on tear properties of T4-treated Al-Zn-Mg alloy sheets.

e : 0.01%, Si : <0.01% Fe : 0.10%, Si : 0.04% Fe : 0.26%, Si : 0.08%

Fig. 7 Electron fractographs of tear test specimens tested at—196°C in T6-treated Al-Zn-Mg alloy
sheets, (x4,000x2/3)
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Notch : Trans.to R.D. —_—]

Fe : 0.01% Fe : 0.10% Fe : 0.26%
Si + <{0.01% Si : 0.04% Si @ 0.08%

Fig. 9 Cross-sections of fractures in notched tensile
test specimens tested at room temperature in

Charpy impact value (kg-m/cm2)
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° I Al-Zn-Mg alloy welds. (x400x2/3)
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WA R LT 525 Fe 10 Si moBEmnE & bk Fig. 10 Effects of Fe and Si contents on Charpy
. . . impact value of Al-Zn-Mg alloy welds.
FRE MR DR AR 7 5 T B Fofarcid den-
drite cell 25 CORM LD BN 5, BT, Fe s 108 Si &o#Eine & gy o v — g
Fig. 10 w5, —75°C 10 —196°C kx5 TIG  fEEEL AT LTS, 7ok, BTED Fig. 3 & Mg
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Table 3 Notched and unnotched tensile properties and their ratios of Al-Zn-Mg alloy welds.

Contents Tensile properties Rati
(%) atios
Unnotched Notched
. O To.2 3 G’ ’

Fe St (kg/mm?) (kg/mm?) (%) (kg/mm?) &'/ %[00
0.01 <0.01 29.9 19.7 9 28.7 0.96 1.46
0.10 0.04 31.6 18.9 10 27.3 0.86 1.44
0.26 0.08 31.8 18.4 10 25.5 0.80 1.39
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Fig. 11 Cross-sections of fractures in Charpy impact test specimens tested at room temperature
and—-196°C in Al-Zn-Mg alloy welds. (x400%x2/3)
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Fig. 12 Electron fractographs of Charpy impact

test specimens tested at room temperature in
Al-Zn-Mg alloy welds. (4,000<2/3)
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Fig. 13 Effects of Fe and Si contents on tear properties of Al-Zn-Mg alloy welds.
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Fig. 14 Electron fractographs of tear test specimens tested at room temperature and-—-196°C in

Al-Zn-Mg alloy welds. (x4,000x2/3)

— 8



Vol. 13 No. 4

Al-Zn-Mg &4 L 02 O BHIO WM X 03I X129 Fe w8 Si O (206)

BT+ ERMEEN Lo, LALLM Fe s LU
Si d5h, Wwhsite s U k) XER S EE S & b
DINE DT B TRNDT, DXiZ Fe LU Si
& ENENEME LORER M Fe & S MzIFEE
EHHETRR L7, ZORO—#% Fig. 15 © TIG
BHEMZOWORT, ZhE hDEBMRZEL, Fe, Si
B IO Fe+Si onwFhiehTh, FOL4FEN 01~
0.2wt% OHIF Ty v+ M~ HREOETIERLELL,
02wt %A %5 & ZOETHRIZNE L b, T, Fe,
Si B LU FetSi T bR UBEDIEM & &
ZEDRbB, LALWTH2IE, SI OFEA0E iR
WX IELR B,

4. % 3

AFGEL T THEYAR RIS, v 4 v & — B
F LU Navy tear HIRCOENOHL HLURER T *
VE ~ UK SO 2P 2 ML, Al-Zn-Mg
OIS JIFT Fe kLU0 S 0BT

7o, Fe X0 Si Eodne & LicilMEr s DIETF
THZEBIALM Lo, Lot Fig. 8 5 XU Fig.15
DR LY, Fe kLU ST SRS 0OEEA L DL 0
LB b5,

E A THETFROMEHER X DB AL,
WL R OBREAE L T 58, BT ERE
HAEAARICIR - € lamellar 3RO 2 KEYREINSFTD B
b, FITIZOWMHIRIE Fe 3 X8 Si 048 OB#F
%# EPMA Ti#{~7-, Fig.16 I lamellar }k OE| e
O RMEEMEE, FBERG, Fe X0 SI oftE X
G R As, lamellar Tk osHsRiE Fe s L0t Si,
L& Fe OAHEEHE—HL THBHDRb 5, LIz
T Fe 88X Si, &< Fe OF2MOHSHTH-T
HEINAHET LT B O THARWSA EBbILD, Fe B
THEET B THLRESCE 2 AWM 505, St EH
BRAEND O T Fe rEBEAFBECRET DL XELD
WA

ULasLiesn, Fig. 17 wid o8 < Fe Lot Sin

Micro-structure

Sample current image

Fe Ka X-ray image

Si Ka X-ray image

Fig. 16 Micro-structure and electron beam scanning image at the edge of fracture
of a Charpy impact test specimen tested at—196°C in T6-treated Al-Zn-Mg
alloy plate containing 0.26%Fe and 0.084;Si simultaneously. (x500)
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Fig. 17 Micro-structure and electron beam scanning image at the edge of fracture of a Charpy
impact test specimen tested at room temperature in T4-treated Al-Zn-Mg alloy plates
containing <C0.20%Fe> and <(0.18%Si>> respectively. (x500)
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Fig. 19 Micro-structure and electron beam scanning image at the edge of fracture of a Charpy
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Al-9at Mg BEORHRHEITES LT T HEBRITCE O B8

Effect of Small Amounts of Additional Elements
on Aging Characteristics of Al-9at#Mg Alloy

by Yoshio Baba

Effects of 0.1at9;Cr, Zr, Fe, V, Ag, Be, Cd, In, Si, Ge, Sn and 0.01~0.5at2;Cu on aging
characteristics of an Al-9at9Mg alloy have been studied by measurements of electrical
resistivity and hardness and electron microscope observations.

The rate of clustering in Al-9at9;Mg alloy is remarkably decreased by the addition of

more than 0.03atg;Cu.

In the Cu-bearing alloys two kinds of cluster exist : the one is
composed of Mg and Al atoms, and the other includes Cu atoms.

The latter exists even

above 100°C, in which the former is easily dissolved.

Transition elements such as Cr, Zr, Fe and V retard slightly the clustering, but
accelerate precipitation at higher temperatures.

The effects of Ag, Be, Cd and In on aging kinetics are also similar to the case of those
transition elements, except that these elements prevent the formation of precipitate-free
zones and produce a finer dispersion of precipitates.

It seems that Si, Ge and Sn do not have the trace-element effect on the clustering and

the precipitation in Al-9at¢;Mg alloy.
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Table 1 Chemical compositions of additional
elements to Al-9 at% Mg alloys* -

Aedgit;c)ig;;ltal Chemical analysis
(at%) (Wt%) 1 (at%)
None - =
Cr 0.1 0.19 0.10
Zr 0.1 0.29 0.09
Fe 0.1 0.21 0.10
v 01 0.20 0.11
Ag 0.1 0.43 0.11
Be 0°1 0.04 0.12
Cd 0.1 . 0.51 0.12
In 0.1 0.44 0.10
Si 0.1 0.10 0.10
Ge 0.1 0.29 0.11
Sn 0.1 0.39 0.09
Cu 0.01 0.02 0.01
Cu 0.03 0.08 0.03
Cu 0.05 0.13 0.65
Cu 0.1 0.26 0.11
Cu 0.3 0.70 0.30
Cu 0.5 1.2 0.51

* Mg8.4x0.1 wt9

40 1 |
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Ap (mug cm)

Cu0.03at%
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Cu0.1at%
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100
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Fig. 1 Effect of additional elements on the isothermal
aging at —25°C for Al-9 at %Mg alloy quenched
from 400°C.
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Fig. 2 Effects of quench-interruption and typical addi-
tional elements on the isothermal aging at
—25°C for Al-9at%Mg alloy quenched from
450°C.
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Fig. 3 Effect of some additional elements on the
isothermal aging at 130°C for Al-9 at% Mg alloy
quenched from 400°C.
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Fig. 9 Effect of some additional elements on the age-
hardening at 200°C for Al-9at%Mg alloy quen-
ched from 400°C or 450°C.
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Fig. 11 Effects of some additional elements and pre-
aging at room temperature for 7 days on the
age-hardening at 200°C for Al-9at%Mg alloy
quenched from 400°C.
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Table 2 iR U 7o fl bl B AE SR L OV FE BH IR &
D, 0.3atg% WT o Cu 2% Al-9aty% Mg A&\ Tig
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WO BRI, WotE 5, Cu [FEFH Mg BFHMo

Table 2 Grain size of Al-9at%Mg alloys containing
additional elements. Wire specimens
solution-treated at 400°C

Additions Grain size Additions Grain size

(at%) (mm) (at%) (mm)
None 0.1~0.2 Si 0.1 0.1~0.2
Cr 0.1 0.02 Ge 0.1 0.1~0.2
Zr 0.1 0.03 Sn 0.1 0.1~0.2
Fe 0.1 0.05 Cu 0.01 0.1~0.2
vV 0.1 0.04 Cu 0.03 0.1~0.2
Ag 0.1 0.1~0.2 Cu 0.05 0.1~0.2
Be 0.1 0.1~0.2 Cu 0.1 0.1~0.2
Cd 0.1 0.1~0.2 Cu 0.3 0.10

In 0.1 0.1~0.2 Cu 0.5 0.05
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Fig. 12 Effect of Cu and some additional elements on the
isochronal annealing for Al-9at7%Mg alloy que-
nched from 450°C.
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Fig. 13 Microstructures of wire specimens for Al-9 at% Mg and the alloys containing 0.1at% Cu, Be, Si, Fe, or
Cr water-quenched from 400°C and aged at 130°C for 30 days. (x400)
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Fig. 14 Thin foil electron microstructures of Al-9 atZ;
Mg and the alloys containing 0.1 at% Cu or
Be aged at 130°C for 30 days after the water-
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Table 1 Chemical compositions of test materials

Material Mg Mn Fe Cu Zn Cr Ti Al

JIS  H4000 4.0~4.9 0.3~1.0 <0.40 <0.40 <0.10 <0.25 0.05~0.25 <0.15 Bal.

1 4.39 0.68 0.18 <0.01 <0.01 0.18 <0.01 Bal.

i 4.36 0.66 0.18 <0.01 <0.01 0.18 <0.01 Bal.

] 4.15 0.73 0.20 0.03 <0.01 0.12 0.02 Bal.
R B F &

Table 2 Mechanical properties of test materials

Yield strength  Tensile Elongation Hardness
Material 0.2% offset strength in 50 mm
(kg/mm?) (kg/mm?*) %) HgF

JIS 4000 13~20 28~-36 >16 —

I 15.1 32.7 26 74.3

I 16.1 32.2 25 78.6

X 16.8 32.1 24 75.5
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Table 3 MIG welding conditions !
y (@)
Transverse weld Longitudinal weld T
0
Filler wire 5183 2.4mmé 5183 1.6mm¢ °
Welding current 280~320A 200~250A Fig. 1 Joint design, weld schedule and bead
Arc voltage 23~2TV 23~26V dressing.
Welding speed 400~600 mm/min 300~500 mm/min
Argon flow 25~30 I/min 25~30 I/min
500
le— 120 j 260 ! 120 o]

(«

Transverse weld

R s
ﬁ_u_m/”1_§P4‘E? L

r"SO'

-—-_-\ /
! .
)))))))))W"))‘)‘S)))))‘))“&jl 2 Longitudinal weld
T ‘_‘ 7@%\_—_— b
650
—— 125 + 400 : 125
=3 ) _
I A
—“—"—/—T_T__— 150 ——] 7§\ 4
250 < Miss alignment weld
3.2 }
C Y S = ) p— . o

Fig. 2 Fatigue test specimens of butt welds.
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Fig. 3 S-N curves for A5083P-O plate. Fig. 4 S-N curves for A5083P-0 plate.
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Table 4 Fatigue strengths for parent metal and butt welds, and joint efficiencies*

o =10kg/mm? R=0 -
Specimen
10® cycles 2x10¢ cycles 108 cycles 2x10% cycles
Parent metal 6.5 6.4 7.2 7.0
Bead on Transverse weld 3.5 (0.59) 3.2 (0.50) - —
Blowhole 4.0 (0.62) 3.5 (0.55) 4.5 (0.63) 4.0 (0.57)
Transverse
Butt Uudercut 2.8 (0.43) 2.5 (0.39) 4.2 (0.58) 3.9 (0.56)
Bead weld Miss
weld dressed alignment 1.9 (0.29) 1.7 (0.27) 2.5 (0.35) 2.3 (0.33)
Longitudinal weld 4.4 (0.68) 3.8 (0.59) 5.3 (0.7 5.0 (0.71
Bead off Transverse weld 5.5 (0.85) 4.9 .77 — —

* Unit of fatigue strength is kg/mm?®. The figures in parentheses indicate the joint efficiency values.

— f —
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(a) Transverse weld

(b) longitudinal weld

Fig. 17 Typical fatigue fracture surfaces of butt welds of A5083P-O plate. (x1)

Fig. 18 Typical fatigue fractures of miss alignment
welds, (x1)
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