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Abstract

The previous work has shown that impurity hydrogen causes high temperature
embrittlement of an Al-5massMg alloy. The embrittlement disappears in an
Al-5mass¥Mg-0. 04mass%Y alloy, since yttrium-bearing compounds trap impurity
ydrogen not to enhance cavity formation at grain boundaries. In the present
work, the ductility of Al-5mass¥Mg-0.04mass%Y alloys to which trace amounts
of sodiun were added was examined at elevated temperatures. It was found
that the embrittlement appeared in an Al-Mg-Y alloy containing 0. 60massppn
sodium and that did not in an Al-Mg-Y alloy containing 0. 06massppm sodium.
On the other hand, an Al-Mg alloy containing (. (06massppm sodium showed the
emgrlttlement and hot ductility further decreased with a slight increase of
ﬁot‘ﬁm' It was concluded that the effect of both impurities had to be elimi-
ated to suppress the embrittlement of the Al-Mg alloy.

Introduction

if gs known that Al-Mg alloys containing magnesium of more than Smass¥ show
prgvi emperature embrittlement based on intergranular fracture (1,2). The
causegug work has shown that the embrittlement of an Al-5Smass¥Mg alloy is
embrittl?’lmpurlty hydrogen, and that the addition of 0.04mass%Y inhibits the
CDmpounm:ﬁﬁst because of the hydrogen trapping caused by yttrium-bearing

g?fﬁ"f?- 1t has been recently reported that the embrittlement does appear in
laboiat alloy (4), and a similar phenomenon was found also in the authors’
0. 03%y oFy. Figure 1 shows two kinds of fracture surfaces of Al-4.7%Mg-
These ta loy Specimens: one is transgranular and the other is intergranular.
mogenjzyo Specimens were prepared from different ingots after the same ho-
aluminulng’ cold-swaging and annealing. Exactly speaking, the sources of
from eathf 99.99% purity used in the melting of the ingots were different
amountsc fOther._ This fact implies that these two alloys contain different
caused bo Impurities and that the embrittlement in the Al-Mg-Y (Fig. lc) is
(GD-HS - %Ga certain kind of impurity. The glow discharge mass spectrometry
the bulk Mlcqurace. VG3000), which had the detection limit of lmassppb for
ties, a dan31Y81s, was carried out to obtain further information on impuri-
showed Eh Fevealed that sodium content was higher in the Al-Mg-Y alloy which
€ embrittlement, although the content was lower than lmassppm.
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Figure 1. SEM fractographs of the Al-4. T%Mg-0. 03%Y specimens tested at 300°C
and at a strain rate of 8.3x10-4s-1. Gage length and diameter are 10 and
4nm, respectively. Grain size is 0.3mm. Reduction in area: 67%(a) and

33%(c). Sodium content: 0.14massppm(a) and 0.35massppm(c). (b,d): magnified
images of (a, c), respectively.

As for the effect of sodium, Ransley and Talbot has reported that the hot-
working properties of Al-Mg alloys are severely impaired by sodium of the
order of 0.00lmass¥ (1). However, no information on the effect of sodium of
lower than lmassppm has been obtained. In the present work, ductility of Al-
bmass¥Mg and Al-5mass¥Mg-0. 04mass¥%Y alloys to which trace amounts of sodium
were added was closely examined at temperatures ranging from 200°C to 400°C.

Experimental

Six kinds of Al-5.Omass¥Mg ("mass%” will be simply represented as "%" below)
and Al-5.0%Mg-0.04%Y alloys with and without trace amounts of sodium were
melted and cast in air. Here, aluminum of 99.999% purity and magnesium of
99.9% purity were used. Yttrium and sodium were added using Al-3%Y and Al-
0.01%Na master alloys, which were prepared in the authors' laboratory. All
the molten metals were covered with MgCl2 during melting and were degassed by
CoClg before casting. Table I shows contents of impurities analyzed by GD-MS
(VG MicroTrace, VG9000), demonstrating that sodium of 0.06ppm is present even
in the alloys to which sodium is not added. The six ingots were homogenized
at 430°C for 18h in a vacuum of 10~2Pa and cold-swaged by 70%. Round tensile
test pieces of 10mm in gage length and 4mm in diameter were machined from the
swaged rods and annealed at 510°C for 0.5-16h in a vacuum of 10-2Pa so that
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Table I. Contents of impurities analyzed by GD-MS (massppm)

element
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Be
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Na
Si
Ca
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0.015
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0. 065
<0.01
<0.01

0. 062

0.72
<0. 005

0. 009

0. 006

* Yttrium contents in Al-Mg alloy
sodium are 0.025, 0.020

Al-Mg-Y

Al-Mg
0.20Na  0.61Na  0.06Na
<0.003 <0.003 <0.003
<0.003 0. 003 0.013
0. 025 0. 024 0.019
0.20 0.61 0.06
10.9 10. 2 13.3
<0.05 <0.05 <0.05
<0.05 <0.05  <0.05
0.030 0. 028 0.059
0.024 0. 020 0.020
0.06 0. 05 0.16
2. 62 2. 43 5.90
1.73 1.72 5.14
0. 080 0. 043 0.021
0.03 0.03 0.28
0. 86 0.78 1.03
5.7 5.3 5.9
0.07 0. 06 0.09
<0.1 <0.1 0.39
0.017 0.014 0.027
<0.001 <0.001 <0.001
0. 062 0.016 0.130
0.01 0.01 0.27
<0.01 <0.01 <0.01
<0.01 <0.01 <0.01
<0.05 <0.05  <0.05
<0.01 <0.01 <0.01
0.19 0 <0.05 0. 064
<0.01 <0.01 <0.01
<0.01 <0.01 <0.01
0. 051 0. 057 0.072
0.68 0.67 0.79
<0.005 <0.005 <0.005
0.009 0. 009 0.008
0. 007 0. 006 0.006

0.50Na  0.60Na

<0.003
<0. 003
0. 017

0.50

9.9
<0.05
<0.05

0. 032

0. 020

0.10
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<0.05
<0.01
<0.05
<0.01
<0.01
0. 080
0.70
<0. 005
0. 009
0. 007

<0.003
<0. 003
0.023

0. 60

10.9
<0.05
<0.05

0. 029
0.019
0.07
2.43
1.59
0.014
0. 04

<0.05
<0.01
<0.05
<0.01
<0.01
0. 084
0.78
<0.005
0.009
0.007
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s containing 0.06, 0.20 and 0. 61massppm
and 0. 020massppm, respectively.




the grain size of the test pieces was about 0.3mm.

Tensile tests were made

at temperatures ranging from 200°C to 400°C and at a strain rate of

8.3x10-4s-1 in a vacuum of 10-2Pa.

Results and Discussion

Figure 2 shows hot ductility of the Al-Mg and Al-Mg-Y alloys without sodium

addition.

High temperature embrittlement appears in the Al-Mg alloy at

275°C, and does not in the Al—H%—Y one, as has been reported by Itoh et al.

(5) and the present authors (3).

(Fig. 3), the embrittlement of the
Al-Mg alloy is attributed to inter-
granular fracture with microdimples

resulting from formation, growth and
coalescence of cavities at grain
boundaries. In the previous work
(3), it is concluded that impurity
hydrogen causes the embrittlement of
the Al-Mg alloy enhancing formation
and growth of the cavities at grain
boundaries, and that yttrium-bearing
compounds trap hydrogen to inhibit
t?? embrittlement in the Al-Mg-Y
alloy.

Effect of sodium on hot ductility of
the Al-Mg-Y alloy is shown in Fig. 4.
The result of the Al-Mg-Y alloy with
low sodium of 0.06ppm is again pre-
sented in this figure. It is noted
that ductility of the Al-Mg-Y alloy
decreases as sodium content in-
creases, and that high temperature

embrittlement appears in the Al-Mg-Y
alloy containing 0.60ppm sodium at
Since the effect of impurity
these

275°C.

hydrogen is eliminated in

From fractographs obtained at 275°C
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Figure 2. Reduction in area vs.
testing temperature curves of Al-
5%Mg and Al-5%Mg-0. 04%Y alloys con-
taining 0. 06ppm sodium

b

Figure 3. SEM fractographs of Al-Mg (a) and Al-Mg-Y (b) specimens tested at

275°C.  Sodium content is 0. 06ppm
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alloys due to yttrium addition, this
embrittlement is caused by sodium 100

alone.  Moreover, the embrittlement it ‘////°/’
caused by sodium is based on inter- 80____JEE\QQQ§ﬂ9i2/{;—
A

granular fracture (Fig.5) as well as 0-0/‘

O —r]—

that caused by hydrogen (Fig. 3a).

o
o] S, . VIR S o
Fracture surfaces of the low-sodium ﬂ\9§gNQ
Al-Mg alloy and the high-sodium Al- L= %
Mg-Y are magnified to examine why - /
\ s L.60Na
U/

the intergranular fracture occurs in

RA(%)

the Al-Mg-Y alloy containing high 20—
sodiun (Fig.6). The previous work J S
has shown that impurity hydrogen ol . .
enhances formation and growth of =00 300 700
Cavities at grain boundaries, re- .

Sulting in the intergranular frac-
ture with microdimples (3). Figures

6a and 6b represent this type of _
fracture surface. In the high-sodi- Figure 4. Effect of sodium on reduc-

um Al-Mg-Y alloy, facets with no tion in area of an Al-Mg-Y alloy.
bicrodimples are seen (Fig.6d) as

¥ell as that with microdimples .
(Fig. 6c). éznsrgy and Talbot have suggested that sodium lower the surface

energy of cavities so that cavities are easily to form (1). However, their
idea does not explain the origin of the intergranular fracture without micro-
dimples. Tt is, therefore, not clear how sodium is related to formation of

the intergranular fracture with and without microdimples.

Although the solid solubility of sodium in aluminum is not clear around
300°C, “there is a possibility that sodium segregates to grain boundaries. To
confirm whether sodium segregates to grain boundaries or not, auger electron
microscopy (AES, ULVAC-PHI-610), where specimens can be fractured in ultra
high vacyum of 10-8Pa, was carried out for the high-sodium Al-Mg-Y alloy pre-
Stretched about 25% at 275°C. However, sodium was not detected on the inter-
8ranular fracture surface. There may be two possibilities as the reason: the
amounts of segregating sodium are not so high or the detection limit of sodi-

Figure 5 SEM fracto f Al-Mg-Y specimens c;ntainin sodium of 0.50 (a)
: graphs of Al-Mg-Y sp g
and 0. 60ppp (b) tested at 275°C.
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Figure 6. Magnified images of Fig.3a (a,b) and Fig.5b (c,d).

um by AES is not so low. At
present, it is not certain which one
is truly operative and therefore
another analytical method should be
applied. Although secondary ion
mass spectrometry (SIMS) has higher
sensitivity than AES, SIMS was not
used for the following reasons: SIMS
was not equipped with the device for
fracture operated in ultra high
vacuum and fracture surfaces ob-
tained in air would be immediately
contaminated with carbon, oxygen,
sodium and so on existing in air.

Effect of trace amounts of sodium on
hot ductility of an Al-Mg alloy was
also investigated, and the result is
shown in Fig. 7, where the hot-duc-
tility of the Al-Mg alloy with low
sodium of 0.06% is again presented.
It 1is noted that ductility of the
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Figure 7. Effect of sodium on reduc-
tion in area of an Al-Mg alloy.
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Figure 8. SEM fractographs of an Al-Mg specimen containing 0.61ppm sodiunm.

Al-Mg alloy decreases as sodium content increases as in the Al-Mg-Y alloy
and that high temperature embrittlement caused by both sodium and hydrogen jg
severer than that by sodium or hydrogen alone. Figure 8 indicates that tj,
embrittlement of the Al-Mg alloy containing 0.6lppm sodium is based on intep_
granular fracture with shallow microdimples compared with that of the loy-
sodium Al-Mg alloy (compare with Fig.6b). It is concluded that impurit
sodium causes high temperature embrittlement of Al-Mg alloys as well as impy,-
rity hydrogen, and that effect of both elements has to be eliminated to sup-

press the embrittlement.
Summary

Effect of trace amounts of impurity sodium on hot ductility of an Al-SXHg
alloy and an Al-5%Mg-0. 04%Y alloy has been examined at temperatures ranging
from 200°C to 400°C. High temperature embrittlement appears in the Al-Mg-y
alloy containing 0.60ppm sodium and does not in the Al-Mg-Y alloy containing
0.06ppm sodium.  The embrittlement in the ternary alloy is caused only by
sodium. On the other hand, the embrittlement appears in an Al-Mg alloy con-
taining 0.61ppm sodium as well as in the Al-Mg alloy containing 0.06ppm sodj-
um.  The former embrittlement is caused by both sodium and hydrogen, and the
latter one by hydrogen alone. It is concluded that effect of both impurity
elements has to be eliminated to inhibit the embrittlement.
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