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ABSTRACT

The invention relates to a welded Al -Zn-Mg-Cu alloy product characterized in that it
contains in per cent by mass: Mg 4.8 55.35, Mn 0.20 0.50, Zn 0.20 0.45, Si < 0.20 Fe
< 0.30, Cu < 0.25, Cr<0.15, Ti < Q.15, Zr < 0.15, the remainder being aluminium
with inevitable impurities. Preferably , the inventive product has a stretch at break A
(TL) of at least 24 %, and a Rm¢ry > Ay parameter of at least 8500. It has a good
intergranular resistance to corrosion characteristic under constraint and can be used

for the welded construction of tank deavices, car bodies and industrial vehicles.
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Field of the invention

The present invention rela tes to high mechanical
resistance Al-Mg type alloys, and more particularly
alloys intended for welded constructions such as motor
car bodywork, industrial vehicl es and fixed or mobile

tanks.

State of the related art

To increase the mechanica_l resistanée of welded
constructions while decreasing their weight, it is of
interest to have, with respect t=o the 5083, 5086, 5182,
5186 or 5383 alloys currently ussed, enhanced mechanical
characteristics without losing any of the properties
for use such as weldability, «orrosion resistance or
formability, particularly in Jow cold-worked states
such as the O state and H111 st ate. The designation of
these alloys follows the riiles of The Aluminum
Association and that of the metallurgical tempers 1is
defined in the European standard EN 515.

To design a structure, tlme parameters governing
the user's choice are cssentiall y the static mechanical
characteristics : the ultimate tzensile strength Ry, the
tensile yield strength Rpo.2 =nd  the elongation  at
fracture A. Other parameters which are 1involved,
according to the specific requ irements of the target
application, are the mechanical characteristics of the
welded seam, the corrosion resisstance of the sheet and
the welded seam, the fatigue stzrength of the sheet and

the welded seam, the crack propagation rate, the
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fracture toughness, the beradability, the weldability,
the propensity for residual stress formation under
determined sheet manufacturing and usage conditions,
and the possibility to produce sheets of regular
quality with the lowest poss ible production cost.

The state of the art offers several processes to
enhance the mechanical chaxacteristics to Al-Mg type
alloys.

The European patent application EP 769 564 Al
(Pechiney Rhenalu) discloses an alloy of the following
composition (percentage by weight)

Mg 4.2-4.8 Mn < 0.5 2n < 0.4 Fe < 0.45

Si < 0.30 where Mn + Zn < 0.7 and Fe > 0.5 Mn

which may also contain other elements, making 1t
possible to manufacture sheets having in a low cold
worked state a value of Rn > 275 MPa, a value of A >
17.5% and an Ry, x A product > 6500 ; a Dbetter-
controlled composition makes it possible to increase
said R, x A product to a value greater than 7000 and
even greater than 7500.

Alloys of this type are used under the
reference 5186 in welded road tanker construction. For
this application, the Ry = A product is used as a
parameter to estimate the Ibehaviour of the structures
under deep plastic deformation, for example in the
event of an accident. Those skilled in the art know how
to increase, in any of the known Al-Mg type alloys, one
of the two parameters Ry, and A to the detriment of the
other ; said patent application discloses that sheets
with an improved compromise between said two parameters

may be obtained if the sheet has a very particular
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microstructure. The 5186 alloy sheets are characterised
not only by a high R, x A product, but also by a high
value of A, which favours the bending of said sheets
and facilitates their use in mechanical construction.

Another approach is proposed by the patent
application JP 62 207850 (Sky) which discloses alloys
of the following composition (percentage by weight)

Mg 2-6 Mn 0.05-1.0 Cr 0.03-0.3

Zr 0.03-0.3 vV 0.03-0.3

also liable to contain Cu 0.05-2.0 and/or Zn 0.1-

produced by continuous casting and wherein the
intermetallic particle size is less than or egqual to
5 um. Said alloys would to able to manufacture sheets
for motor car bodyworks, since they would make it
possible to produce, by means of the very particular
thermo-mechanical treatment procedures, sheets of a
thickness of 1 mm which do not show Luders lines.

Another approcah is proposed by the patent
EP 0 892 858 Bl (Hoogovens Aluminium Walzprodukte GmbH)
which discloses alloys of the composition

Mg 5-6 Mn 0.6-1.2 Zn 0.4-1.5 Zr 0.05-
0.25

also liable to contain other elements, which make
it possible to manufacture very hard alloys,
particularly with a zinc content of the order of 0.8%.
These products show an elongation at fracture not
exceeding a value of the order of 10% in the H321
temper and 20% in the O temper.

The patent EP 823 489 Bl (Pechiney Rhenalu)

discloses products of the following composition
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3.0 <« Mg < 6.50.2 < Mn < 1.0 Fe < 0.8

0.05 < S5i < 0.6 Zn < 1.3

also iable to <contain other elements, and
characterised by a very particular microstructure ;
said products were not devised to be used for tanker
constructiora but for welded constructions used in

contact witlh seawater or in a maritime environmert.

Problem stat—ement

The problem which the present invention at-tempts
to resolve s to enhance the mechanical characteristic
of Al-Mg al loy products, particularly with a v iew to
their use to produce welded constructions, such as road
or rail ha=zardous substance transport tankers, while
retaining the other characteristics of the mater-ial at
a level at. least comparable to that of existing

materials.

subject of t he invention

The inw<ention relates to an Al-Mg alloy worked

product, characterised in that contains (percent age by

welght)
Mg 4.85 -5.35 Mn 0.20-0.50 Zn 0.20-0.45
Si < 0. 20 Fe < 0.30 Cu < 0.25 Cr < 0.15
Ti < 0. 15 Zr < 0.15

the remainder being aluminium with its inev-itable
impurities.

The inwvention also relates to a road o rail
tanker produced at least partially with sheets of the
following coTnposition (percentage by weight)

Mg 4.90-5.35 Mn 0.20-0.50 Zn 0.25-0.45
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Si 0.05-0.20 Fe 0.10—0.30 Cu < 0.25 Cr < 0.15

Ti < 0.15 zr < 0.0

the remainder being aluminium with its inevitable
impurities,

said sheets having an Rypury % Ann product of at

least 8500, and preferentia lly of at least 9000.

Detailed description of the invention

The reference of the alloys follows the rules of
The Aluminum Association. Unless indicated otherwise,
the chemical compositions are given as percentages by
weight. The metallurgical tempers are defined in the
European standard EN515. Unless indicated otherwise,
the static mechanical characteristics, i.e. the
ultimate tensile strength Ry, the tensile yield
strength Rgo.2 and the elo ngation at fracture A, are
determined by a tensile test according to the standard
EN 10002-1 on proporti onal test pleces (and
characterised by an initial length between references
L. - 5.65 VS, where S, Iepresents the area of the
initial <cross-section) sampled in the LT (long
transverse) direction.

The applicant surprisingly found that, to resolve
the problem involved, it 1s necessary to select a very
narrow Al-Mg-Mn-Zn composi tion range which is clearly
distinguished from that of the 5186 alloy. Particularly,
it is necessary to increasse the magnesium content, to
add a small amount of zinc, and to reduce the content
of the minor additions elements, Fe, Si and Mn,

contents, while keeping thesm above a minimum level.
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Indeed, magnesium is we ll-known to increase the
mechanical characteristics CRy.» and Ry of certain
aluminium alloy types : the applicant observed that a
magnesium content of at least 4.85%, preferentially
greater than 4.90% and more pxeferentially greater than
4.95% or even 5.00% makes 1t possible to obtain the
required level of mechanical characteristics. However,
above 5.35% magnesium, the corrosion resistance starts
to deteriorate ; a maximum value of 5.30% is preferred.

The addition of =zinc in sufficient quantity
(minimum 0.20%, preferentially at least 0.25% and more
preferentially at least 0. 30%) proves to have a
beneficial effect on the mechianical characteristics of
sheets and on the yield strermgth at the welded seams.
In addition, it improves the corrosion resistance.
Within the scope of the p resent invention, it is
preferred not to exceed a comtent of 0.45%. A content
between 0.25% and 0.40% is preferred.

The applicant observed t-hat a minimal content of
0.20% manganese must be ma intained to control the
granular structure, but it mu st remain less than 0.50%
and preferentially 0.40% in order to prevent coarse
intermetallic phase formation and facilitate
recrystallisation in the final temper. The preferred
range is 0.25 to 0.35%. The presence of manganese in
sufficient quantity also contributes to obtaining the
mechanical characteristics.

In the 5xxx alloys, copper is known to degrade the
general corrosion resistance. The applicant found that

it is preferable to maintain the copper content less
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than 0.25% ; a content less than 0.20%, less than 0.15%
orr even less than 0.10% is preferred.

Iron and silicon are usual impuritiess in aluminium.
WR thin the scope of the present invent-don, the iron
content must not exceed 0.30% and the si licon content
0-20%. However, the applicant observed surprisingly
that the presence of a certain quantity- of iron and
si_ licon helps achieve the aim of the presesnt invention
for example, a content of at least 0.05% of silicon
favours a finely recrystallised granular mnicrostructure.
For iron, a content of at least 0.10% is preferred.

The product according to the inventicn may contain
a low guantity of chromium, titanium and =irconium. The
content of each of these elements must nott exceed 0.15%
armd more preferentially 0.10%, since arh excessively
hi gh content of these elements limits recr-ystallisation
and leads to a fall in the value of A.

The products according to the inventi on are always
pr oduced by semi-continuous casting, followed by
pr ocessing steps corresponding to the de sired product
sh ape : extrusion for extruded or drawn pr-oducts (bars,
tu bes, profiles, wires) ; rolling for ro lled products
(s heets, strips, thick sheets). In the case of rolled
pr oducts, the rolling ingots produce d by semi-
comtinuous casting are hot rolled, and fthen possibly
cold rolled. The strips are planed and c-onverted into
shesets. In this manufacturing method, it 1s necessary
to adjust the hot rolling mill output tepuperature and
thee coiling temperature and the cold working rate,
wh=ch influence the mechanical characteri_stics of the

product, must be adjusted carefully. T he preferred
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final thickness 1s between 3 and 12 mm. In a preferred
embodiment of the invention, the sheet 1is obtained
directzly at the final thickness by hot rolling. In this
case, a hot rolling mill output temper-ature 1is
advant-ageously selected between 260°C and 330°C and
preferentially between 290°C and 330°C. Bel ow 260°C,
the microstructure obtained is not well-suit ed toc the
target- application, and above 330°C, a coar-sening of
the grain which degrades the desired rmechanical
characteristics 1s observed. This particular embodiment
of the invention, i.e. the direct production of sheets
at the final thickness by hot rolling, also fa&cilitates
the ranufacture of very wide sheets, fomx example
greater than 3000 mm, and preferentially greater than
3300 rnm and more preferentially greater than =500 mm.

In a preferred embodiment, the product according
to the invention is characterised by an eloragation at
fractwure A of at least 24% and preferentiaZlly of at
least 27%. This characteristic facilitates t he use of
the product. For example, it gives rolled sheets an
excellent bendability and formability.

In another preferred embodiment, it is attempted
to optimise the three parameters Rpo.z(tmy, Rmr) and Aprn.
The "LT" index indicates that these rmechanical
charaecteristics are measured on tensile te st pieces
sampled in the long transverse direction (perpoendicular
to the direction of rolling) of the shkheets. By
adjusting the chemical composition 1in the indicated
zones in an appropriate manner, a produc t with a
tensilde vyield strength Rp.zwr ©f at least 145 MPa,

prefexentially at least 150 MPa and more preferentially
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at least 170 MPa, a ultimate tensile strength Rpum of
at least 290 MPa and preferentieally at least 300 MPa,
and an elongation at fracture A of least 24% and
preferentially at least 27% is obtained.

For example, it is possible to choose
advantageously Mn 0.20-0.40, Zn > 0.25 and
preferentially > 0.30, an irom content of at least
0.10% iron and a silicon content of at least 0.10%.

In another preferred embodiment, it is essentially
attempted to optimise the Rprrm X Awr product. By
adjusting the chemical composition in the indicated
ranges in an appropriate manner, a product with an Reamn
x Ar product, wherein Rpur 1S expressed in MPa and
A as a percentage, measured on test pieces sampled
in the LT direction, is greater than 8200,
preferentially greater than 8500 and more
preferentially greater than 9000, is obtained, while
retaining a sufficient level of Rpo.2aum. This product,
particularly in sheet form, is particularly suitable
for the manufacture of tankers, particularly for the
road and rail transport of hazardous substances.

The products according to the invention show a
corrosion resistance at least as good as the known
comparable Al-Mg, despite a notably higher magnesium
content. Within the scope of the present invention,
this corrosion resistance is preferentially

characterised either by the loss of mass and by the

maximum metal depth showimng defects due to
intergranular corrosion after an intergranular
corrosion test (Official Journal of the European

Communities, 19/11/1984, No. L300-35 to 43) or by a
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stress corrosion test conducted according to the
standard ASTM G 30, G39, G 44 and G49. The stress
corrosion test may be conducted advantageously with
reference to the standard &ASTM G 129, the applicant
having previously established the good <correlation
between said standards and th e standard ASTM G 129 (see
R. Dif et al., Proceedings of the 6" Internaticnal
Conference on Aluminium Alloy s, 1998, Toyohashi, Japan,
pp. 1615-1620, and R. Dif et al., Proceedings of the
Eurocorr Conference 1997, Tr ondheil, Norway, pp. 259-
264) .

The intergranular corrosion test selected is
considered to be representative of natural exposure 1in
a marine atmosphere (R. Dif et al., Proceedings of the
Eurocorr Conference, 1999, Aa chen, Germany).

The corrosion behaviour 1is evaluated not only in
the 1initial state but also after artificial ageing
treatments wherein the conddtions may vary. A 7-day
treatment at 100°C has been c onventionally used on 5xxx
series alloys in order to reproduce natural ageing at
ampient temperature for aroun d twenty years (E.H.Dix et

4" =@nnual Conference of NACE,

al., Proceedings of the
San Francisco, USA, 1958).

In very particular cases of use, the structures
may be subjected to relativel y high temperatures (above
60°C). Those skilled in the art know that under these
conditions, some 5xxx series alloys may develop beyond
a certaln exposure time, a certaln susceptibility to
corrosion. In order to study this so-called

sensitisation phenomenon, it 1is advisable to conduct

more extensive heat treatmen ts than 7 days at 100°C.
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The eguivalent time concept is generally used to limit
the number and duration of the treatments to be
conducted. More specifically, a treatment of duration
t; performed at a temperature T; will be equivalent to
a treatment of duration t, performed at temperature T»,
given by the equation (R. Dif et al., Proceedings of
the 6™ International Conference on Aluminium Alloys,

1998, Toyohashi, Japan, pp . 1489-1494)

where the temperature s are expressed in Kelvin. Q
represents the thermal activation energy of magnesium

diffusion (in J/mol). R is the gas constant. The wvalue

of the ratio 9 from the 1 iterature is of the order of
R

10,000 K to 13,500 K.

In a particular empbodiment of the present
invention, the products according to the invention show
in the intergranular test an intergranular corrosion
resistance which is charactterised at least by a loss of
mass of less than 20 mg/cm? after ageing for 7 days at
100°C, and by a maximum etching depth of less than
130 um, and preferentially less than 70 um.

Preferentially, said ©products also show, after
ageing for 20 days at 100°C, a loss of mass of less
than 50 mg/cm® and preferemtially less than 30 mg/cm?,
and a maximum etching depth of less than 250 um, and
preferentially less than 100 uym. The most preferred

products within the scope of the present invention show
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after ageing for 20 days at 120°C, a loss of mass of
less than 95 mg/cm? and preferentially less than
80 mg/cmz, and more preferentially lexss than 60 mg/cma
and a maximum etching depth of lesss than 450 um, and
preferentially less than 400 pm, it. being understood
that this characteristic is added t o at least one of
the characteristics mentioned above, 1i.e. after ageing
for 20 days at 100°C or 20 days at 120°C. These
products, while they also have excellent mechanical
characteristics (for example an R, = A product of at
least 8500 or 9000) are particularly well-suited to the
manufacture of welded constructions, such as road or
rail tankers, as explained below.

With respect to the study of the corrosion
resistance under stress, the applican.t prefers the slow
strain rate testing method, describ ed for example in
the standard ASTM G129. This test is more rapid and has
proved to be more discriminating than conventional
methods consisting of determining the non-fracture
threshold stress in stress corrosion, provided that the
experimental conditions are well-cont rolled.

The principle of the slow sstrain rate test
consists of comparing the tensile pr-operties in inert
media (laboratory air) and in corwosive media. The
decrease 1in the static mechanical properties in
corrosive media corresponds to the susceptibility to
stress corrosion. The most sensit ive tensile test
characteristics are the elongation &t fracture A and
the maximum stress (contraction) R,. The applicant
observed that the elongation at fractture is a markedly

more discriminating parameter than tlhe maximum stress.
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It is necessary to ensure that the decrease in the
static mechanical characterist dcs indeed corresponds to
stress corrosion, defined as the synergic and
simultaneous action of mechanical stress and the
environment. Therefore, the applicant also performed
tensile tests in inert media (laboratory air), after
preliminary pre-exposure of ~the test piece, without
stress, in a corrosive medium, for the same time as the
tensile test performed in sai«d medium. If the tensile
characteristics obtained are not different to those
obtained in inert media, the susceptibility to stress
corrosion may then be Aefined using an "SC
susceptibility” index defined as

— A%

o
©corrosivemedium % 100

A%

I= inertmecium

A%

inertmedium

The critical aspects of tthe slow strain rate test
relate to the choice of the tensile test piece, the
deformation rate and the <<orrosive solution. The
applicant used a test piece (sampled in the long
transverse direction) having & scalloped shape with a
radius of curvature of 100 mm, which makes it possible
to locate the deformation and _render the test even more
severe.

With respect to the stress rate, an excessively
rapid rate does not allow the stress <corrosion
phenomena to develop, but ar excessively slow rate
masks the stress corrosion. The applicant used a
deformation rate of 5.107> ="' (corresponding to a

transverse movement speed of 4.5.10% mm/min) which
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makes 1t possible to maximi.se the effects of stress
corrosion (R. Dif et al., Proceedings of the 6°"
International Conference on Aluminium Alloys, 1998,
Toyohashi, Japan, pp. 1615-16&20).

With respect to the co rrosive environment to be
used, the same type of problem is involved given that
an excessively corrosive runedium masks the stress
corrosion, but an insufficiently severe environment
does not make it possible to demonstrate corrosion
phenomena. A 3%NaCl+0.3%H,0; solution has been used
successfully within the scope of the present invention.

The products according to the invention may be
used advantageously for welded construction, for the
construction of road or zreil tankers or for the
construction of industrial vehicles. They may also be
used for the construction of motor car bodywork,
particularly as reinforcement parts. They show a good
formability.

In a preferred use, the products according to the
invention are used in the fo rm of rolled sheets in a
low cold worked metallurgica l temper, such as the O
temoer or H11ll temper, of a t hickness between 3 mm and
12 mm, and preferentially betwrseen 4.5 mm and 10 mm, for
the construction of road or rail tankers, said sheets
being characterised by an Rpqr X A product greater
than 8200, preferentially greater than 8500 and more
preferentially greater than 9000, and by a good
corrosion resistance. For this use, 1in a preferred
manner, the loss of mass in an intergranular resistance

test is less than 30 mg/cm® aftter ageing for 20 days at
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100°C, and the SC slow strain rate testing index 1is
less than 50% after ageing for 20 days at 100°C.

The products according to the invention may be
welded by means of any welding methods that can be used
for Al-Mg type alloys, such as MIG or TIG welding,
friction welding, laser welding, electron beam welding.
More particularly, the applicant observed that MIG
welding of the products according to the invention
results in welded seams characterised by a fracture
limit at least as high as with known alloys such as
5186. These welding tests were performed in the long
transverse direction on butt-welded sheets in
H111l temper with a V-shaped chamfer by smooth stream
semi-automatic MIG welding, with a 5183 alloy filler
wire. The mechanical tests were performed on tensile
test pieces sampled i the longitudinal direction
(perpendicular to the weld seam) with a symmetrically
flush seam and with a non-flush seam, or in the LT
direction. On a test pie ce sampled in the longitudinal
direction, a value of R, of at least 275 MPa is found,
which underlines the material's excellent suitability
for use in welded constructions.

The invention will be understood more clearly

using examples, which a re however not limitative 1in

nature.

Examples
Example 1

Rolling ingots were produced from various alloys
by means of semi-continucus casting. Their composition

is given in table 1. The chemical analysis of the
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elements was performed by spark spectroscopy on &
spectrometry slug obtained from liquiid metal sampled in
the casting channel.

The rolling ingots were heated and then hot rolled.
For example, the ingot correspondin. g to example Hl was
heated in three stages : 10 hours atz 490°C, 10 hours at
510°C, 3 hrs 45 min at 490°C and then hot rolled with
an entry temperature of 490°C and a winding temperature
of 310°C. For the ingots corresponding to examples HZ,
11, I2, I3 and I4, the heating wa&as performed in two
stages (21 hrs at 510°C + 2 hrs at 490°C), the rolling
entry temperatures were 477°C, 480° C, 479°C, 474°C and
478°C, respectively, while the ce0iling temperatures
were 290°C, 300°C, 270°C, 310°C and 300°C, respectively.
After the coiling, all the sheetts were planed and

output.
Table 1

Alloy Mg Zn Mn Si Fe CCu Zr Ti Cr
A 4.28 0.06 0.31 0.11 0.26 0O .04 | <0.01 | 0.02 .08
B 4.45 0.12 0.43 0.14 0.28 0 .06 | <0.01| 0.02 0.08
C 4.68 0.02 0.26 0.09 0.25 0 .06 | <0.01}{ 0.03 0.01
D 4.54 0.03 0.27 0.10 0.23 0 .04 | <0.01 | 0.01 0.01
E 4.42 0.07 0.28 0.13 0.25 0 .07 |<0.01| 0.02 0.03
13 4.31 0.04 0.32 0.13 0.27 0 .05 | <0.01 | 0.02 0.07
G 5.05 0.38 0.29 0.12 0.22 | <02.01|<0.01]| 0.02 0.01

H1,H2 | 5.19 0.38 0.31 0.08 0.15 0 .01 {<0.01) C.02 0.C1

il to| 5.30 0.26 0.33 0.10 0.16 0 .05 | <0.02 | 0.02 0.02
I4

Alloys A, B, C, D, E, and F are alloys according
to the state of the art. Alloys G, H and I are alloys

according to the invention.
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The properties of the sheests produced from these
alloys are given in Table 2. The sheets bear the same

reference letter as the alloy wherein they were

produced.
Table 2
Sheet proper-ties
sheet State | Thickness Rn () Rpo.2(LT) At Rm(LT)
(mm] [(MPa] [MPa] (%] X A
A H111 6.5 278 170 23 6394
B H11l1l 5.1 300 177 23 6900
C C 5.4 290 149 26.5 7685
D H111 6.2 274 138 28 7672
E 0 4.9 287 147 27 7749
F H111 5.3 294 170 23.5 6909
G H111 4.7 300 180 27.7 8310
H1l H111 5.0 308 154 28.5 8778
HZ2 H111 5.0 309 176 29 8961
Il H111 6.1 301 148 28.1 8458
I2 H11l1 8.1 321 182 26.8 9602
I3 H111 6.1 300 149 29.6 8880
I4 H111 5.1 310 164 28.3 8773
Example 2 :
Two 5.0 mm thick sheeets in H111 temper

corresponding to example Hl were butt-welded in the
long transverse direction with a V-shaped chamfer (45°
angle) by smooth stream semi-a utomatic MIG welding. A
5183 alloy (Mg 4.81%, Mn 0.651%, Ti 0.120%, Si 0.035%,
Fe 0.130%, Zn 0.001%, Cu 0.001% , Cr 0.075%) filler wire,
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1 .2 mm thick, supplied by Soudure Awutogene Francailse
wras used.

The test piece was sampled in the longitudinal
Airection through the welded seam sc ~that the seam was
in the centre. With the symmetrically flush seam, a
alue of R, of 285 MPa was found, along with a value of
=311 MPa with a non-flush seam.

The same test was conducted on two sheets
—orresponding to the H2 sheet. With the symmetrically
1lush weld seam, a value of R, of 290 MPa was found.
With a non-flush seam, a value of 318 MPa was found. As
= comparison, 283 MPa is obtained wit'h a flush seam on
Sheets of comparable thickness according to the prior
art (see L. Cottignies et al., "AA 5186 : a new
aluminium alloy for welded construct dons", Journal of
L.ight Metal Welding and Construction, 1999) .

The same test was conducted on two sheets
corresponding to the sheets I2 and I4 for this test,
t—he test pieces were sampled in the LT direction via

t—he welded seam. The following results were found:

Sheet | Direction | Direction | Flush | Rp0.2 Rm A (3]
of stress of weld seam [MIPa] [MPa]
or
not
14 LT L Flush | 153 291 | 13.0
12 LT L Flush 1.56 293 16.8
I4 LT L Non- 1.55 312 18.4
flush
12 LT L Non- 1.63 323 21.3
flush
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Example 3

On sheets produced as desscribed in example 1, LDH
(Limit Dome Height) tests were performed. The LDH is a
peripheral blocked blank dr-awing test (R. Thompson,
"The LDH test to evaluate =heet metal formability -
Final report of the LDH commi ttee of the North American
Deep Drawing Research Group", SAE Conference, Detroit,
1993, SAE Paper No. 93-0815). The 490 mm x 490 mm blank
is subjected to equiaxed bi-expansion stress. The
lubrication between the punch (diameter 250 mm) and the
sheet is provided by a plasti c film and grease. The LDH
value is the displacement of the punch at fracture, i.e.
the limit drawing depth.

A value of 101 mm is okotained for the H1 sheet,
and a value of 94.1 mm =£or the H2 sheet. As a
comparison, an LDH value of 94.3 mm had been obtained
for an alloy of the priox art with a comparable
thickness (see L. Cottignies et al., "AA 5186 : a new
aluminium alloy for welded cconstructions", Journal of

Light Metal Welding and Const_ruction, 1999).

Example 4

on a sheet of the prior art and the sheet
corresponding to example H1l, we conducted slow strain
rate testing according to the method and with the
parameters described in the section "Detailed
description of the inventiom". The elongation values
obtained for the two alloys and the different ageing

conditions are given in tables 3.
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Table 3

Slow Strain Rate Testing Resultss

Alloy Ageing A% A% A% 1%
Air NaCl+H>0; Pre- sC
Expcesure index
Prior art | None 22.8 22.8 Not 0%
test_ed
7 d 24.2 24.0 Not 1%
100°C test.ed
20 d 25.0 10.5 24. 4 58%
100°C
20 d 24.6 5.4 24 .4 78%
120°C
Invention | None 28.9 29.8 Not 0%
(e.g. H1) test.ed
7 d 30.4 30.5 Not 0%
100°C testzed
20 d 30.7 21.3 30.% 31%
100°C
20 d 30.3 7.7 30. 65 75%
120°C

It is observed that the alloy accoerding to the
invention shows an improved stress corrosi.on resistance
after ageing, particularly for interme=diate ageing
levels, despite a higher magnesium content .

Intergranular corrosion tests were conducted on
the H1, H2, I2 and I4 sheets, correspo nding to the

invention, and on a 5186 alloy sheet according to the
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state of the art, according to the recommendations of
thee O0Official Journal of the Eur opean Communities,
19 /11/84, No. L300, 35 to 43, using solution B (30 g/l
NaCL + 5 g/l HCl), on 30 mm*30 mm*5 mm samples. The
re sults obtained in these tests are given in Table 4,

with reference to the results of the prior art.

Table 4
Sh eet Loss of mass {mg/cm‘) Maximuaxm pit depth {um]
Not 7 d 20 d 20 d 40 d Not 7 d 20 d 20 d 40 d
aged | at at at at aged at at at at
100°C | 100°C | 120°C | 12D0°C 100°C | 100°C | 120°C | 120°C
S5k 86 20 47 77 101.5 | 122.5 | 100 220 400 550 650
HO 3.5 19 17.5 66 94 40 50 90 280 420
HX2 3.5 6 12 54 75.5 30 130 110 350 450
I-4 9.5 18.5 35.5 93.5 60 120 250 450
I2 7.5 9.5 11 31 50 50 50 150

The alloy according to the invention shows a
comparable level of intergranular corrosion resistance,

or improved with respect to that of the prior art.

Example 5

A rolling ingot of the following composition was
produced by semi-continuous casting

Mg 5.0%, 2Zn 0.30%, Mn 0.35%, Si 0.01%, Fe 0.15%,
Cu 0.03%, Zr 0.02%, Cr 0.03%, Ni <0.01%, Ti 0.02%.
After homogenisation for 19 hours at 505°C, the ingot
was hot rolled to a thickness of 7mm. After 1light
planing, the sheets were annealed with a temperature
rise to 378°C for 8 hours, followed by maintenance for

30 minutes at a temperature between 378°C and 390°C.
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The sheets obtained in this way have thee following
mea n mechanical characteristics (LT directiomm)

R, = 297 MPa, Ry, = 139 MPa, A = 28.9%.
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CLAIMS

1. Al-Mg alloy wrowight product, characterised in
that contains (percentage by weight)

Mg 4.85-5.35 Mn 0.2 0-0.50 Zn 0.20-0.45

Si < 0.20 Fe < 0 .30 Cu < 0.25 Cr < 0.15

Ti < 0.15 Zr < 0 .15

the remainder being aluminium with its inevitable
impurities.

2. Product according to claim 1, characterised in
that Mg 4.90-5.30%.

3. Product according to any of claims 1 or 2,
characterised in that Mn 0 .20-0.40%.

4. Product according to claim 3, characterised in
that Mn 0.25-0.35%.

5. Product according to any of claims 1 to 4,
characterised in that Zn 0.25-0.40%.

©. Product according to any of claims 1 to 5,
characterised in that Cu < 0.20%.

7. Product according to claim 6, characterised in
that Cu < 0.15%.

8. Product according to claim 7, characterised in
that Cu < 0.10%. |

9. Product according to any of <claims 1 to 8,
characterised in that it contains at least 0.10% iron.

10. Product according to any of claims 1 to 9,
characterised in that it contains at least 0.05% silicon.

11. Product according to any of claims 1 to 10,
characterised in that it contains at least 4.95%

magnesium.

Amended sheet: 23 January 2006
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12. Product according to any of claims 1 to 11,
characterised in that it contains at least 5.0%
magnesium.

13. Product according to any of claims 1 to 12,
characterised in that its elongation at fracture A is at
least 24%.

14. Product according to claim 13, characterised in
that its elongation at fracture A is at least 27%.

15. Product according to any of claims 1 to 14,
characterised in that its tensile yield strength Rgo.2(m)
is at least 145 MPa, 1ts ultimate tensile strength Ruuwn
is at least 290 MPa and its elongation at fracture A(yy 1s
at least 24%.

16. Product according to claim 15, characterised in
that its tensile yie ld strength Ry.oam 1s at least 150
MPa.

17. Product according to claim 16, characterised in
that its tensile yield strength is at least 170 MPa.

18. Product according to any of claims 15 to 17,
characterised in thatt the elongation at fracture A is
at least 27%.

19. Prqduct ac cording to any of claims 13 to 18,
characterised in that its ultimate tensile strength Rpum
is at least 300 MPa.

20. Product according to any of claims 1 to 19,
characterised 1in that the Rpury X A@pr product, wherein
Rpury is expressed ima MPa and A, as a percentage, is
greater than 8200.

21. Product according to claim 20, characterised in

that the RpumX Awr pxoduct is greater than 8500.

Amended sheet: 23 January 2006
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22. Product according to claim 21, characterised in
that the Ryur) X Aqr) product is greater than 9000.

23. Product according to any of claims 1 to 22,
characterised in that the 1loss of mass after the
intergranular corrosion test af®er ageing for 7 days at
100°C is less than 20 mg/cm®.

24. Product according to any of claims 1 to 22,
characterised in that the 1oss of mass after the
intergranular corrosion test aftter ageing for 20 days at
100°C is less than 50 mg/cm®.

25. Product according to cllaim 24, characterised in
that the loss of mass after the intergranular corrosion
test is less than 30 mg/cm®.

26. Product according to any of claims 1 to 22,
characterised in that the 1loss o0f mass after the
intergranular corrosion test aftter ageing for 20 days at
120°C is less than 95 mg/cm?.

27. Product according to claim 26, characterised in
that the loss of mass after the intergranular corrosion
test is less than 80 mg/cm?.

28. Product according to c¢laim 27, characterised in
that the loss of mass after the intergranular corrosion
test is less than 60 mg/cm?®.

29. Product according to any of claims 1 to 28,
characterised in that it consist s of a rolled sheet.

30. Product according to c laim 29, characterised in
that the sheet has a thickness o f between 3 mm and 12 mm.

31. Product according to c laim 30, characterised in
that the sheet has a thickness of between 4.5 mm and 10

mm.

Amended sheet: 23 January 2006
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32. Product according to any of claims 29 to 31,
characterised in that the sheet has been produced by hot

rolling from an ingot obtcained by means of semi-
continuous casting.

33. Product according to <laim 32, characterised in
that the hot rolling mill output temperature is between
260°C and 330°C.

34. Product according to claim 33, characterised in
that the hot rolling mill output temperature is between
290° and 330°cC.

35. Use of a product according to any of claims 1 to
34 for welded constructions.

36. Use of a product according to any of claims 1
to 34 for road or rail tankers.

37. Use of a product according to any of claims 1
to 34 for industrial vehicle construction.

38. Use of a product according to any of claims 1
to 34 for motor car bodywork comstruction.

39. Road or rail tanker pxxroduced at least partially
with sheets of the following ccomposition (percentage by
weight)

Mg 4.95-5.35 Mn 0.20-0.50s Zn 0.25-0.45

Si 0.05-0.20 Fe 0.10-0.30» Cu < 0.25 Cr < 0.15

Ti < 0.15 Zr < 0. 10

the remainder being alumi nium with its inevitable
impurities,
said sheets having an Rpuwry X A@wr product of at least
8500.

40. Road or rail tanker according to «claim 39,
characterised 1in that the she ets have an Rpur X Apmn

product of at least 9000.

Amended sheet: 23 January 2006
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41 . Tanker according to claim 3F9 or claim 40,
charact-rised 1in that said sheets s’how a corrosion
resistamce characterised by a loss of mass during the
intergr-anular corrosion test of less than 50 mg/cm® after
ageing for 20 days at 100°C.

42 . Tanker according to claim 41, characterised in
that said sheets show a corro sion resistance
charact erised by a loss of mass during the intergranular
corrosi on test of less than 30 mg/cm®.

43 . Tanker according to any of <laims 39 to 42,
charact erised in that said sheets show a stress corrosion
resistamce characterised by an SC index of less than 50%
after a geing for 20 days at 100°C.

44 . Welded construction produced atz least partially
with pr oduct according to any of claims L to 34.

45 . Welded construction accordinag to claim 44,
charact erised in that the weld seam, obtained by butt-
welding 1in the long transverse directior with a V-shaped
chamfer (45° angle) by MIG welding wi_th a 5183 alloy
filler wire, shows a value of R, of a+t least 275 MPa,
measured on a test plece sampled in the longitudinal
directi on through the welded seam and azrranged such that
salid we=lded seam 1s located at the cent-re of the length
of the test piece, after symmetric levellling of the weld
seam.

46 . Al-Mg alloy wrought product according to claim
1, subsstantially as herein described w-ith reference to
any one of the illustrative examples.

47 . Road or rail tanker accordimg to claim 39,
substantially as herein described with reference to any

one of —the illustrative examples.

Amemded sheet: 23 January 2006
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48. Welded construction according to claim 44,
substantially as herein described with reference to any

one of the illustrative examples.

Amended sheet: 23 January 2006
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