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54) ALLIAGE A BASE D ALUMINIUM ET PROCEDE
PERMETTANT DE LE SOUMETTRE A UN TRAITEMENT

THERMIQUE

54) ALUMINIUM BASED ALLOY AND METHOD FOR
SUBJECTING IT TO HEAT TREATMENT

(57) L 1mvention concerne un alliage a base d”aluminium,
notamment un alliage du systeme Al-Li1-Mg dont la
composition chimique exprimee en pourcentage en
masse est la swvante: lithium, entre 1.5 et 1.9
magnesium, entre 4,1 et 6,0; zinc, entre 0,1 et 1,5;
zirconium, entre 0,05 et 0,3, manganese, entre 0,01 et

0,8; hydrogene, entre 0,9 x lO'5 et 4.5 10'5. Cet alliage
contient au moins un €lement se¢lectionne dans le groupe
survant: béryllium, entre 0,001 et 0,2; yttrium, entre 0,01
et 0.5; scandium, entre 001 et 0,3: aluminium
constituant le reste. L.’ invention concerne en outre un
procede permettant de traiter cet alliage, qui comprend

I*I Industrie Canada  Industry Canada

(57) The invention concerns an aluminium based alloy, 1n
particular an Al-Li-Mg system alloy whereof the
chemical composition expressed 1n percentage by mass
1s as follows: lithium, between 1.5 and 1.9; magnesium,
between 4.1 and 6.0; zinc, between 0.1 and 1.5
zirconium, between 0.05 and 0.3; manganese, between

0.01 and 0.8; hydrogen between 0.9 x 10'5

15 X 10_5. Said alloy contains at least an element
selected 1n the following group: beryllium, between
0.001 and O. 2; yttrium, between 0.01 and 0.5; scandium,
between 0.01 and 0.3; the rest being constituted by
aluminium. The invention further concerns a method for

and
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les ¢tapes suivantes: trempe a une temperature de 400 a
500 °C dans de 1’eau froide ou a 1’air; dressage avec un
degré de deformation constant de O a 2 %; traitement
thermique progressif, la premicre €tape intervenant a une
temperature comprise entre 80 et 90 °C, sur une durce de
3 a 12 heures, la deuxicme ¢tape intervenant a une
tempéerature comprise entre 110 et 185 °C, sur une durc€e
de 10 a 48 heures. Une fo1s terminé¢ le temps de s€jour de
la deuxieme ¢tape, la troisieme €tape, dite de maturation,
intervient. Elle comprend un chauffage a une
temperature comprise entre 90 et 110 °C sur 14 heures ou
un refroidissement lent avec une vitesse de
refroidissement de ['ordre de 2 a 8 °C/h.

I*I Industrie Canada  Industry Canada

(CANADIAN INTELLECTUAL

21 (A1) 2,303,595
(86) 1998/09/21
87y 1999/04/01

treating said alloy, comprising the following steps:
hardening at a temperature from 400 to 500 °C 1n cold
water or 1n open air; straightening with a constant degree
of deformation of O to 2 %; gradual heat treatment, the
first step being carned out at a temperature ranging
between 80 and 90 °C, for 3 to 12 hours, the second step
bemng carried out at a temperature ranging between 110
and 185 °C, for 10 to 48 hours. Once the second step
retention time 1s completed, the third step, called age-
hardening, 1s carried out. It consists in heating at a
temperature ranging between 90 and 110 °C for 14 hours

or slow cooling with a cooling speed of the order of 2 to
8 °C/h.
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ABSTRACT

The invention relates to an aluminum-based alloy, 1in
particular an alloy from the Al-Li-Mg system, with the

following chemical composition, %w/w:

Lithium 1.5 - 1.9
Magnesium 4.1 - 6.0

Zinc 0.1 - 1.5
Zirconium 0.05 - 0.3
Manganese 0.01 - 0.8
Hydrogen 0.9x107> - 4.5x107°

and at least one element selected from the following

group:

Beryllium 0.001 - 0.2
Yttrium 0.01 - 0.5
Scandium 0.01 - 0.3
Aluminum Remainder

In addition the invention relates to a procedure for

treating the alloy, with the following steps:

- Quenching from a temperature of 400 - 500 °C in cold

water or air,
- Adjusting with a remaining ductility of 0 - 2 %,
- Stage-by-stage heat treatment,
-~ Stage 1 at 80 - 90 °C over the course of 3 - 12 h,

- Stage 2 at 110 - 185 °C over the course of 10 - 48

h, after the Stage 2 retention time 1s over,

- Stage 3 1s executed, which involves heating at 90 -

110 °C in 14 h, or a slow cooling at a cooling rate
of 2 - 8 °C/h.
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Aluminum-Based Alloy and Procedure for its Heat
Treatment

The invention relates to an aluminum-based alloy,
preferably from the Al-Li-Mg system, which contains
lithium, magnesium, zinc, zirconium and manganese, and
relates to the metallurgy of alloys wused as a
construction material 1in aeronautlics and aerospace
engineering, in shipbuilding and mechanical engineering
of earthbound means of transportation, 1including

welding structures.

Known in the art are alloys of the system Al-Li-Mg that
exhibit a reduced density and relatively high strength,
but have a low ductility and diminished fracture
toughness. The alloy according to US Patent
Specification NO. 4,584,173 dated 4/22/86 has the

following chemical composition, 3%w/w:

Aluminum Base
Lithium 2.1-2.9
Magnesium 3.0-5.5
Copper 0.2-0.7

and one or more elements from the group containing

zirconium, hafnium and niobium:

Zlrconium 0.05 - 0.25
Hafnium 0.10 - 0.50
Niobium 0.05 - 0.30
and

Z21NC 0 - 2.0
Titanium 0 -
Manganese 0 -

Nickel 0 -
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Chromium 0 - 0.5

Germanium 0 - 0.2

If this alloy 1s quenched at a temperature of 530 °C
and then stretch-adjusted with a ductility of 2 % and
artificially aged at 190 °C for 4 - 16 h, the
disadvantage 1is that the alloy exhibits low ductility
in the heat-treated state (relative elongation 3.1 -

4.5 %) and low corrosion resistance.

The alloy according to International Patent Application
WO No. 92/03583 has the following chemical composition

in $w/w:
Aluminum Base
Lithium 0.5 - 3.0
Magnesium 0.5 - 10.0
Zinc 0.1 - 5.0
Silver 0.1 - 2.0

At a max. 12 % total content of these elements and,
when they measure 7.0 - 10.0 % 1n sum, lithium cannot
exceed 2.5 %, and zinc 2.0 %; 1in addition, the alloy

can contain up to 1.0 % zirconium.

This alloy exhibits a strength of 476 - 497 MPa, an

apparent vyield point of 368 - 455 MPa, a relative
elongation of 7 - 9 % and a density of 2.46 - 2.63
g/cm®. The alloy is recommended as a structural

material for products 1n aeronautics and aerospace. The

disadvantages to this alloy are as follows:
The high strength can be ensured:
- by a high 1lithium content, but this reduces the

ductility and fracture toughness of the alloy,

diminishes 1ts cold formability, and difficulties
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are encountered during the manufacture of thin

sheets required for flying devices;

- by a high =zinc content; this 1ncreases the alloy
density to values of 2.60 - 2.63 g/cm’, which
significantly diminishes the savings 1in welght for

the product;

- by stretching the quenched material prior to an
artificial ageing with a ductility of 5 - 6 3%, which

diminishes the fracture toughness parameters.

The alloy is alloyed with silver, which 1increases the

product costs, from semi-finished to finished products.

Alloys with a high zinc content and added copper
exhibit a diminished corrosion resistance; during
fusion welding, they show an increased tendency to form

defects and a distinct loss of cohesion.

A comparable alloy for the entire area of application
is known from US Patent No. 4,636,357. This alloy has

the following composition, %w/w:
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The alloy i1s hardened via heat treatment:
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Quenching at a temperature of 460 °C, stretching with a

stretching degree of 0 - 3 % and a two-stage heat

treatment:

Stage 1 at 90 °C, 16 h and stage 2 at 150 °C, 24 h.

This alloy exhibits a sufficiently high level of
strength of 440 - 550 MPa and an apparent yield point
of 350 - 410 MPa.

The disadvantages to this alloy include the low level
of relative elongation of the alloy (1.0 - 7.0 %) and
the low fracture toughness, inadequate <corrosion
resistance and limited strength of welds in comparison

to the strength of the base material.

Therefore, the object of the present invention is to
achieve an 1ncreased ductility for the alldy in a heat-
treated state while retaining a high strength and
ensuring a high corrosion resistance and weldability,
at the same time ensuring sufficiently high parameters
for fracture toughness and thermal stability after
warming at 85 °C over the course of 1000 h.

This object is achieved according to the invention by

an alloy from the Al-Li-Mg system with the following
chemical composition, %$w/w:

Lithium 1.5 - 1.9
Magnesium 4.1 - 6.0
21ncC 0.1 - 1.5
Zlrconium 0.05 - 0.3
Manganese 0.01 - 0.8
Hydrogen 0.9x107° - 4.5x107°

and at least one element selected from the following

group:
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.....5..
Beryllium 0.001 - 0.2
Yttrium 0.01 - 0.5
Scandium 0.01 - 0.3
Aluminum Remainder

As solid, finely distributed lithium'hydride particles
form, the hydrogen content reduces the contraction
during solidification, and prevents the formation of

porosity in the material.

The magnesium content ensures the necessary level of
strength characteristics and weldability. If the
magnesium content drops below 4.1 %, strength will
decrease, and the tendency of the alloy to form hot
cracks both during casting and welding will rise.
Increasing the magnesium content 1in the alloy to over
6.0 % diminishes processability during casting, hot and
cold rolling, and the plasticity parameters of

completed semi-finished products and articles made from
them.

Maintaining the lithium content 1s important to ensure
the required processability, 1in particular during them
manufacture of thin sheets, the necessary level of
mechanical and cCorrosion characteristics, and
sufficient fracture toughness and weldability. A drop
in lithium content to below 1.5 % 1ncreased the alloy
density, diminished the level of strength
characteristics and the modulus of elasticity. A

lithium content exceeding 1.9 % was assoclated with

diminished processability via cold forming,
weldability, plasticity parameters and fracture
toughness.

0.05 - 0.3 % zirconium 1s a modifier during the casting

of ingots, and together with manganese (0.01 - 0.8 %)
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ensures a structural solidification 1in the semi-
finished products due to the formation of a polygonized

or fine-grained structure.

In particular adding one or more of the elements
beryllium, yttrium and scandium yields the formation of
a homogeneous, fine-grained structure in semi-finished
products comprised out of the alloy according to the
invention, and an increased ductility during cold-

rolling.

The invention also relates to a procedure for heat-
treating aluminum-based alloys, preferably from the Al-

Li-Mg system.

The object of such a heat-treatment procedure 1is to
increase the ductility of the alloy while retaining 1its
high  strength, and simultaneously achieve high
parameters for <corrosion resistance and fracture
toughness, but 1in particular to preserve these
characteristics when exposing the material to an

elevated temperature over a prolonged time.

Known from US Patent Specification 4,861,391 1is a
procedure for heat treatment, which 1involves quenching
with rapid cooling; adjustment and two-stage ageing as
follows:

Stage 1 at a temperature not to exceed 93 °C, from
several hours to several months; preferably 66 - 85 °C,
at least 24 h.

Stage 2 at a max. temperature of 219 °C, from 30

minutes to several hours, 154 - 199 °C, max. 8 h.

While the strength parameters and fracture toughness

are increased, this procedure does not ensure stability
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with respect to the characteristics of lithium-
containing aluminum alloys after low-temperature
warming at 85 °C over the course of 1000 h, which
simulates heating by the sun during the prolongéd
operation of flying devices. After warming to 85 °C
over 1000 h, the relative elongation and fracture
toughness of the 1lithium-containing alloys treated

according to this method drop by 25 - 30 %.

According to the invention, a procedure for achieving

the set task encompasses the following steps:

- heating the material to a temperature of 400 to
500 °C

- quenching 1in water or air, adjusting with a

ductility of up to 2 %, and

- artificial ageing, wherein artificial ageing takes

place in 3 stages, of which the third ageing stage

takes place at 90 to 110 °C over the course of 8 to
14 h.

As an alternative to executing the third ageing stage
at a constant temperature, the latter can also be
executed 1n such a way that cooling takes place for 10

to 30 h at a cooling rate of 2 to 8 °C per hour.

It has been found that alloys according to the
invention with the feature of claim 1 exhibit
particularly advantageous characteristics 1in terms of
the problem definition 1f they are treated according to

the aforementioned procedure.

Because a third ageing stage 1s used, these heat
treatment procedures ensure the thermal stability of

the alloys after prolonged storage at low temperatures
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due to the additional separation of the disperse phase
0’ -(Al3Li), which 1is uniformly distributed in the
matrix volume. The large volume of the finely
distributed 06’ phase reduces the Li saturation of the
mixing crystal, and prevents o’ separation during
storage at 85 °C for 1000 h.

In a preferred embodiment of the procedures according
to claim 2 or claim 3, the first stage of artificial
ageing takes place at a temperature of 80 - 90 °C over
the course of 3 - 12 h, and a second stage at 110 -
185 °C over the course of 10 - 48 h.

Staying within these 1limits creates particularly
favorable preconditions for artificial ageing, and very
reliably vyields results 1n terms of the problem

definition.

Finally, a second stage of artificial ageing can
alternatively take place at a temperature of 110 to
125 °C and a duration of 5 to 12 h, wherein these
procedural parameters are preferably to be applied when

performing the third ageing stage according to claim 3.

Embodiments:

Ingots with a diameter of 70 mm were cast from the
alloys whose chemical composition 1s presented in Table
1. The metal was melted in a resistance furnace. After
homogenization (500 °C, 10 h), the ingots were pressed
into strips with a cross-section of 15x65 mm. The
ingots were heated to a temperature of 380 - 450 °C
before pressing. Billlets made out of the strips were
heated to 360 - 420 °C and hot-rolled to 4 mm thick
sheets, which were then cold-rolled to a thickness of
2.2 mm. The cold-rolled sheets were qgquenched in water

or air from a temperature of 400 - 500 °C, adjusted
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with a ductility of up to 2 %, and subjected to the
heat treatments specified in Table 2. The properties of

the base material and welds were determined for samples

cut out of these sheets (compare Table 3).
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AMENDED PAGE

CLAIMS

Aluminum-based alloy, preferably from the Al-Li-Mg
system, which contains 1lithium, magnesium, 2zinc,
zirconium and manganese, characterized by the fact
that the alloy additionally contains hydrogen and
at least one element from the group comprising
beryllium, yttrium and scandium, at a following

component ratio, %w/w:

Lithium 1.5 - 1.9
Magnesium 4.1 - 6.0
21nc 0.1 - 1.5
Zirconlium 0.05 - 0.3
Manganese 0.01 - 0.8
Hydrogen 0.9x107° - 4.5x107°

and at least one element selected from the

followlng group:

Beryllium 0.001 - 0.2
Yttrium 0.01 - 0.5
Scandium 0.01 - 0.3
Aluminum Remainder

Procedure for the heat treatment of aluminum-based
alloys with 1lithium components, preferably from

the Al-Li-Mg system, with the following steps:

- heating the material to a temperature of 400 to
500 °C

- quenching 1n water or alr, adjusting with a

ductility of up to 2 %, and

- artificial ageing,
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characterized by the fact that artificial ageing
takes place 1in 3 stages, wherein the second stage
ensues at a higher temperature than the first, of

which the third ageing stage takes place at 90 to
110 °C over the course of 8 to 14 h.

Procedure for the heat treatment of aluminum-based

alloys, preferably from the Al-Li-Mg system, with
the following steps:

- heating the material to a temperature of 400 to
500 °C

- quenching 1n water or air, adjusting with a

ductility of up to 2 %, and
- artificial ageing,

characterized by the fact that artificial ageing
takes place 1in 3 stages, of which the third ageing
stage involves cooling for 10 to 30 h at a cooling

rate of 2 to 8 °C per hour.

Procedure according to claim 2 or claim 3,
characterized by the fact that the first stage of
artificial ageing takes place at a temperature of
80 - 90 °C over the course of 3 - 12 h, and a

second stage takes place at 110 - 185 °C over the
course of 10 - 48 h.

Procedure according to claim 2 or claim 3,
characterized by the fact that the first stage of

~artificial ageing takes place at a temperature of
80 - 90 °C over the course of 3 - 12 h, and a
second stage takes place at 110 - 125 °C over the

course of 5 - 12 h.
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Procedure for the heat treatment of aluminum-based
alloys with 1lithium components, which involves
hardening, stretching and artificial ageing,
characterized by the fact that artificial ageing
occurs in three stages, of which the third stage
takes place at a temperature of 90 to 110 °C for a
duration of 8 to 14 h.

Procedure for the heat treatment of aluminum-based
alloys with 1lithium components, which 1nvolves
hardening, stretching and artificial ageing,
characterized by the fact that a second agelng
stage is followed by cooling for 10 to 30 h at a

cooling rate of 2 to 8 °"C per hour.
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