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(57) Abstract: The invention relates to a method for continuously solution heat-treating aluminium alloy sheet by continuously
moving heat-treatable 7000-series aluminium alloy sheet through a continuous heat-treatment furnace arranged to heat the moving
aluminium sheet to a set soaking temperature (Tser) in the temperature range of 370°C to 560°C, the continuous heat-treatment fur-
nace has an entry section and an exit section, the moving aluminium sheet moves substantially horizontally through the continuous
heat-treatment furnace, and wherein the moving aluminium sheet is rapidly cooled on leaving the exit section, and wherein before or
near the entry section of the continuous heat-treatment furnace the moving aluminium sheet is pre-heated to a temperature of 5°C to
100°C below the Tser using an average heat-up rate as function of the sheet thickness of at least Y = -31.In(X) + 50, wherein Y is the
heat-up rate in °C/sec and X is the sheet thickness in mm.
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METHOD OF CONTINUOUSLY HEAT-TREATING 7000-SERIES ALUMINIUM ALLOY
SHEET MATERIAL

FIELD OF THE INVENTION

Method for continuously solution heat-treating aluminium AA7000-series
alloy sheet by continuously moving uncoiled aluminium alloy sheet in the direction
of its length through a continuous heat-treatment furnace arranged to heat the
moving aluminium sheet to a solution heat treatment temperature or solutionizing

temperature in a range of 370°C to 560°C.

BACKGROUND TO THE INVENTION

As will be appreciated herein below, except as otherwise indicated, alumini-
um alloy designations and temper designations refer to the Aluminium Association
designations in Aluminium Standards and Data and the Teal Sheets Registration
Record Series as published by the Aluminium Association in 2014 and frequently
updated, and well known to the persons skilled in the art. For any description of
alloy compositions or preferred alloy compositions, all references to percentages
are by weight percent unless otherwise indicated.

7000-series aluminium alloys are aluminium alloys containing zinc as the
predominate alloying ingredient other than aluminium. For purposes of the present
application, 7000-series aluminium alloys are aluminium alloys having at least
2.0% Zn, and up to 10% Zn, with the zinc being the predominate alloying element
other than aluminium.

In the production of motor vehicles in particular aluminium alloys the AA5000-
and AA6000-series alloys like 5051, 5182, 5454, 5754, 6009, 6016, 6022, and
6111, and various others, have been used to produce automotive structural parts
and body-in-white (“BIW”) parts.
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There is a demand for the use of aluminium alloys which are formable and
having in particular increased strength after being subjected to a paint-bake cycle.
In addition, the properties normally required for such parts include a high formabil-
ity for the forming operation (typically by means of stamping, deep drawing, or roll
forming), high mechanical strength after paint baking so as to enabling down
gauging thus minimising the weight of the part, good behaviour in the various as-
sembly methods used in motor vehicle manufacturing such as spot welding, laser
welding, laser brazing, clinching or riveting, and an acceptable cost for mass pro-
duction.

There is an increasing interest for the use of 7000-series aluminium alloy
products in automotive applications or other applications (e.g. railway vehicles and
boats) taking benefit of the relative light weight of the aluminium alloy in combina-
tion with its high strength. For example international patent application WO-
2010/049445-A1 (Aleris) discloses a structural automotive component made from
an aluminium alloy sheet product having a gauge in a range of 0.5 to 4 mm, and
having a composition consisting of, in wt.%: Zn 5.0-7.0%, Mg 1.5-2.3%, Cu max.
0.20%, Zr 0.05-0.25%, optionally Mn and/or Cr, Ti max. 0.15%, Fe max. 0.4%, Si
max. 0.3%, and balance is made by impurities and aluminium. The sheet product
has been solution heat treated (“SHT”) and cooled, artificially aged, after aging
formed in a shaping operation to obtain a structural automotive component of pre-
determined shape, and subsequently assembled with one or more other metal
parts to form an assembly forming a motor vehicle component, and subjected a
paint-bake cycle.

A conventional process for producing 7000-series aluminium alloy products
in rolled form includes the processing steps wherein a 7000-series aluminium alloy
body is cast, after which it is homogenized and then hot rolled to an intermediate
gauge. Next, the 7000-series aluminium alloy body is cold rolled after which it is
solution heat treated and quenched, for example by means of water such as water
quenching or water spray quenching. "Solution heat treating and quenching" and
the like, generally referred to herein as "solutionizing”, means heating an alumini-
um alloy body to a suitable temperature, generally above the solvus temperature,
holding at that temperature long enough to allow soluble elements to enter into
solid solution, and cooling rapidly enough to hold the elements in solid solution.
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The suitable temperature is alloy dependent and is commonly in a range of about
430°C to 560°C. The solid solution formed at high temperature may be retained in
a supersaturated state by cooling with sufficient rapidity to restrict the precipitation
of the solute atoms as coarse, incoherent particles. After solutionizing, the 7000-
series aluminium alloy body may be optionally stretched a small amount (e.g.,
about 1-5%) for flatness, thermally treated (e.g. by natural ageing or artificial age-
ing) and optionally subjected to final treatment practices (e.g. a forming operation,
paint-bake cycle in case of an automotive application).

The solution heat treatment can be carried out as a batch process or a con-
tinuous process. In order to produce 7000-series aluminium alloy sheet material
on an industrial scale in an economical attractive manner it is required that suffi-
ciently high line speeds can be maintained while the sheet material is moving
through the continuous heat-treatment furnace. However, too high line speeds
may impact on the soaking time of the strip material at the required solution heat-
treatment temperature and thereby affecting amongst others the mechanical prop-
erties of the aluminium strip. Whereas too low line speeds may result in deteriorate
features such as HTOD (High Temperature Oxidation Deterioration).

There is consequently a need for an improved process of producing 7000-
series alloy sheet products that exhibit fine equiaxed grains and are substantially
free from second phase particles.

DESCRIPTION OF THE INVENTION

It is an object of the invention to provide a method for continuously heat
treating 7000-series aluminium alloy sheet having a fine equiaxed grains in combi-
nation with good mechanical properties.

This and other objects and further advantages are met or exceeded by the
present invention providing a method for continuously moving uncoiled heat-
treatable 7000-series aluminium alloy sheet in the direction of its length through a
continuous heat-treatment furnace arranged to heat the moving aluminium sheet
to a set solution heat-treatment temperature (Tser) in the temperature range of
370°C to 560°C, the continuous heat-treatment furnace has an entry section and

an exit section, the moving aluminium sheet moves substantially horizontally
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through the continuous heat-treatment furnace, the continuous heat-treatment fur-
nace is heated by means of convective heating means, and wherein the moving
aluminium sheet is rapidly cooled from Tser to below about 100°C on leaving the
exit section, and wherein before or near the entry section of the continuous heat-
treatment furnace the moving aluminium sheet is pre-heated to a temperature of
5°C to 100°C below the Tset using an average heat-up rate as function of the
sheet thickness of at least Y =-31.In(X) + 50, wherein “Y” is the heat-up rate in

°C/sec and “X” is the sheet thickness in mm.

The method according to the invention provides a more economical pro-
cessing route due to potentially higher line speeds in the continuous heat-
treatment furnace. Another advantage is that the resultant sheet product is provid-
ed with a more favourable microstructure enhancing amongst others formability,
bending and ductility, for certain alloys also an improved crash performance has
been found. The resultant sheet product has also an improved resistance against
SCC. A high heat-up rate avoids the effect that sometimes can be found with slow
heating to the solution heat treatment temperature, viz. slow heating may coarsen
particles, hence requiring increased soaking times to dissolve these again to
achieve the desired set of properties in the sheet product.

In an embodiment the 7000-series aluminium alloy sheet products after the
solution heat-treatment step and rapid cooling in accordance with the invention
have a fine equiaxed recrystallized microstructure. With recrystallized microstruc-
ture is meant that that 70% or more, and preferably about 85% or more of the
grains in this condition are recrystallised. In one embodiment the fine equiaxed
grains have an average grain size of 35 micron or less. In a preferred embodiment
the fine equiaxed grains have an average of 30 micron or less, and more prefera-
bly of 25 micron or less. The grain size is determined via a linear intercept method
known to the person skilled in the art and determined at samples taken from the
sheet product at the core (T/2 position) in the L-ST direction. Although a small
grain size is preferred, in practical terms this means that the average grain size is

more than 2 micron, and typically more than 5 micron.
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In a preferred embodiment the moving aluminium sheet is very rapidly pre-
heated from ambient temperature to a temperature in a range of up to 75°C below
the Tset, and more preferably to a temperature in a range of up to 60°C below the
Tser. In an embodiment the moving aluminium sheet is very rapidly pre-heated
from ambient temperature to a temperature up to about 10°C below the TseT, and

more preferably up to about 5°C below the Tser.

Although various convective heating means can be applied, e.g. resistance
heating, the continuous annealing furnace is preferably heated by convection heat-
ing using a gas firing devices with multiple air circulation devices and the state-of-
the-art furnaces have temperature control means to control the set solution heat

treatment temperature with a control accuracy of +/- 3°C or better.

In an embodiment the aluminium alloy sheet is being pre-heated inductively
by means of induction heating, and more by means of a transverse flux induction
heating device. This enables a very rapid pre-heating before the moving alumini-
um sheet is further heated by means of convective heating in the continuous heat-

treatment furnace to Tsoak.

In an embodiment the pre-heating is with an average heat-up rate as function
of the sheet thickness of at least Y = -50.In(X) + 80, wherein Y is the average cool-
ing rate in °C/sec and X is the sheet thickness in mm. A preferred average heat-up
rate as function of the sheet thickness of at least Y = -62.In(X) + 100. A more pre-
ferred average heat-up rate as function of the sheet thickness of atleast Y = -
93.In(X) + 150. A higher heat-up rate is beneficial for various properties of the re-
sultant aluminium sheet and is favourable also for the balance in sheet properties

and allowable increased line speeds.

In an embodiment the aluminium alloy sheet at final gauge has a thickness
in the range of 0.3 to 4.5 mm, more preferably of 0.7 to 4.5 mm. The sheet width is

typically in the range of about 700 to 2700 mm.

In an embodiment the moving aluminium sheet moves substantially hori-
zontally through the continuous heat-treatment furnace over a length of at least
about 20 meters, preferably at least 40 meters, and more preferably of at least
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about 55 meters. A practical maximum length is about 125 meters, but the inven-

tion is not limited to this maximum length.

In an embodiment the soaking time of the moving aluminium sheet at Tser
is at least 1 second, and preferably at least 5 seconds. In a further embodiment
the soaking time of the moving aluminium sheet at Tser is at least 20 seconds, and
more preferably at least 25 seconds. The soaking time (tsoax) is defined at the
time spent at the set solution heat treatment temperature or set soaking tempera-
ture (Tsoak) £ 5°C; for example when the Tsoak is 510°C it concerns the time the

moving aluminium sheet is at the temperature of 510+5°C.

In a further embodiment of the method the quenched and moving aluminium
sheet is stretched up to about 2%, typically in a range of about 0.1% to 0.5%, by

means of tension levelling.

Following SHT and quenching the aluminium sheet product can be formed
into a component having a predetermined shape as in known in the art, e.g.
shaped BIW part of a motor vehicle. Prior to the shaping operation, the sheet may
be coated with a lubricant, oil or dry lubricant, suitable for the forming operation,
the assembly and the surface treatment of the structural part to be produced. The
aluminium sheet may also be treated to apply a surface passivation layer to en-
hance adhesive bonding performance.

The method according to the invention can be applied for a brought range of
7000-series alloys having Zn in a range of about 2.0% to 10% as the predominate

alloying element other than aluminium.

In one embodiment, the 7000 aluminium alloy includes at least 3.0% Zn. In
another embodiment, the 7000 aluminium alloy includes at least 4.0% Zn. In yet
another embodiment, the 7000 aluminium alloy body includes at least 5.0% Zn. In
one embodiment, the 7000 aluminium alloy includes not greater than 9.0% Zn.

The 7000 aluminium alloy may include secondary elements. The secondary
elements are selected from the group consisting of magnesium, copper and com-
binations thereof. In one embodiment, the 7000 aluminium alloy includes magne-

sium. In another embodiment, the 7000 aluminium alloy includes copper. In yet
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another embodiment, the 7000 aluminium alloy includes both magnesium and

copper.

When magnesium is used, the 7000 aluminium alloy generally includes at
least 0.5% Mg. In one embodiment, the 7000 aluminium alloy includes at least
1.0% Mg. The 7000 aluminium alloy generally includes not greater than 5.0% Mg.
In one embodiment, the 7000 aluminium alloy includes not greater than 4.0% Mg.
In another embodiment, the 7000 aluminium alloy includes not greater than 3.0%
Mg. In other embodiments, magnesium may be present as an impurity, and in

these embodiments is present at levels of 0.25% or less.

When copper is used, the 7000 aluminium alloy generally includes at least
0.25% Cu. In one embodiment, the 7000 aluminium alloy includes 0.5% Cu. In yet
another embodiment, the 7000 aluminium alloy includes at least 1.0% Cu. The
7xxx aluminium alloy generally includes not greater than 5.0% Cu. In one embod-
iment, the 7000 aluminium alloy includes not greater than 4.0% Cu, or not greater
than 3.5% Cu. In one embodiment, the 7000 aluminium alloy includes not greater
than 3.0% Cu. For 7000-series alloys have a purposive addition of Cu, the solution
heat treatment temperature should be at least 400°C. A preferred minimum tem-
perature is 450°C, and more preferably 460°C, and most preferably 470°C. The
solution heat-treatment temperature should not exceed 560°C. A preferred maxi-

mum temperature is 530°C, and preferably not more than 520°C.

In other embodiments, copper may be present as an impurity, and in these
embodiments is present at levels of less than 0.25%. In one embodiment, the
7000 aluminium alloy includes not greater than 0.10% Cu. For 7000-series alloys
have no purposive addition of Cu, the solution heat treatment temperature should
be at least 370°C. A preferred minimum temperature is 400°C, and more prefera-
bly 430°C, and most preferably 470°C. The solution heat-treatment temperature
should not exceed 560°C. A preferred maximum temperature is 545°C, and pref-

erably not more than 530°C.

The 7000-series aluminium alloy may comprise further, in wt.%:
Fe < 0.5%, preferably < 0.35%, more preferably <0.3%,
Si < 0.5%, preferably < 0.4%, more preferably <0.3%, and



10

15

20

25

30

CA 02970410 2017-06-09

WO 2016/091550 PCT/EP2015/077050

one or more elements selected from the group consisting of:
Zr at most 0.5%, preferably 0.03 to 0.40%,
Ti at most 0.3%,
Cr at most 0.4%,
Sc at most 0.5%,
Hf at most 0.3%,
Mn at most 0.4%, preferably < 0.3%,
V at most 0.4%,
Ge at most 0.4%,
Ag at most 0.5%,
and said alloy optionally containing at most:
about 0.05% Ca,
about 0.05% Sr,
about 0.004% Be,

the balance being made by aluminium and impurities. Typically such impuri-
ties are present each <0.05%, total <0.15%.

The Fe content for the alloy should be less than 0.5%, and preferably less
than 0.35%, and yet more preferably less than 0.25%. When the alloy product is
used for aerospace application preferably the lower-end of this range is preferred,
e.g. less than about 0.08%, and more preferably less than about 0.05% in order to
maintain in particular the toughness at a sufficiently high level. Where the alloy
product is used for automotive application, a somewhat higher Fe content can be
tolerated. The Si content for the alloy should be less than 0.5%, and preferably
less than 0.4%, and yet more preferably less than 0.3%. When the alloy product is
used for aerospace application preferably the lower-end of this range is preferred,
e.g. less than about 0.10%, and more preferably less than about 0.05% in order to
maintain in particular the toughness at a sufficiently high level. Where the alloy
product is used for automotive application, a somewhat higher Si content can be
tolerated.

Silver in a range of at most about 0.5% can be added to further enhance the
strength during ageing. A preferred lower limit for the Ag addition would be about
0.03% and more preferably about 0.08%. A preferred upper limit would be about
0.4%.
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Each of the dispersoid forming elements Zr, Sc, Hf, V, Cr and Mn can be
added to control the grain structure and the quench sensitivity. The optimum levels
of dispersoid formers depend on the processing, but when one single chemistry of
main elements (Zn, Cu, and Mg) is chosen within the preferred window and that
chemistry will be used for all relevant products forms, then Zr levels are less than
about 0.5%.

A preferred maximum for the Zr level is 0.40%. A suitable range of the Zr lev-
el is about 0.03 to 0.40%. A more preferred upper-limit for the Zr addition is about
0.18%. However, for certain high formability applications of the sheet product (e.g.
nacelles, nose cones for jet aircraft) the Zr-content may range to 0.40%. Zr is a
preferred alloying element in the alloy product when processed according to this
invention. Although Zr can be added in combination with Mn, for thicker gauge
products manufactured using the method of this invention it is preferred that when
Zr is added that any addition of Mn is avoided, preferably by keeping Mn at a level
of less than 0.04%. In thicker gauge product the Mn-phases coarsens more rapid
than the Zr phases, thereby adversely affecting the quench sensitivity of the alloy
product.

The addition of Sc is preferably not more than about 0.5% or more preferably
not more than 0.3%, and even more preferably not more than about 0.18%. When
combined with Sc, the sum of Sc+Zr should be less then 0.3%, preferably less
than 0.2%, in particular where the ratio of Zr and Sc is between 0.7 and 1.4%.

Another dispersoid former that can be added, alone or with other dispersoid
formers is Cr. Cr levels should preferably be below about 0.4%, and more prefera-
bly a maximum of about 0.3%, and even more preferably about 0.2%. A preferred
lower limit for the Cr would be about 0.04%. Although Cr alone may not be as ef-
fective as solely Zr, at least for use in tooling plate of the alloy wrought product,
similar hardness results may be obtained. When combined with Zr, the sum of
Zr+Cr should not be above about 0.23%.

The preferred sum of Sc+Zr+Cr should not be above about 0.4%, and more
preferably not more than 0.27%.

In another embodiment of the aluminium alloy wrought product according to
the invention the alloy product is free of Cr, in practical terms this would mean that
the Cr content is at regular impurity levels of <0.05%, and preferably <0.02%, and
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more preferably the alloy is essentially free or substantially free from Cr. With
“substantially free” and “essentially free” we mean that no purposeful addition of
this alloying element was made to the composition, but that due to impurities
and/or leaching from contact with manufacturing equipment, trace quantities of this
element may, nevertheless, find their way into the final alloy product.

Mn can be added as a single dispersoid former or in combination with one of
the other dispersoid formers. A maximum for the Mn addition is about 0.4%. A
suitable range for the Mn addition is in the range of about 0.05% to 0.4%, and
preferably in the range of about 0.05% to 0.3%. A preferred lower limit for the Mn
addition is about 0.12%. When combined with Zr, the sum of Mn+Zr should be less
then about 0.4%, preferably less than about 0.32%.

In another embodiment of the aluminium alloy wrought product according to
the invention the alloy is free of Mn, in practical terms this would mean that the
Mn-content is <0.03%, and preferably <0.02%, and more preferably the alloy is
essentially free or substantially free from Mn. With “substantially free” and “essen-
tially free” we mean that no purposeful addition of this alloying element was made
to the composition, but that due to impurities and/or leaching from contact with
manufacturing equipment, trace quantities of this element may, nevertheless, find
their way into the final alloy product.

In another preferred embodiment of the aluminium alloy wrought product ac-
cording to this invention the alloy has no deliberate addition of V such that it is only
present, if present, at regular impurity levels of less than 0.05%, preferably less
than 0.02%.

Another element to reduce quench sensitivity of the alloy sheet product would
be to add up to 0.4% of Ge. A preferred addition would be in the range of 0.03% to
0.4%.

Ti can be added to the alloy product amongst others for grain refiner purpos-
es during casting of the alloy stock, e.g. ingots or billets. The addition of Ti should
not exceed 0.3%. A preferred lower limit for the Ti addition is about 0.01%. Ti can
be added as a sole element or with either boron or carbon serving as a casting
aid, for grain size control.

As known in the art 7000-series alloy products may optionally further com-
prise at most about 0.05% Ca, at most about 0.05% Sr, and/or at most about

10
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0.004% Be. Traditionally, beryllium additions have served as a deoxidizer/ingot
cracking deterrent and may be used in the alloy product according to this inven-
tion. Though for environmental, health and safety reasons, more preferred embod-
iments of this invention are substantially Be-free. Minor amounts of Ca and Sr
alone or in combination can be added to the alloy product for the same purposes
as Be. Preferred addition of Ca is in a range of about 10 to 100 ppm.

In one embodiment, the 7000-series aluminium alloy has a Cu-content of
less than 0.25% and is one of the following 7000-series aluminium alloys, as de-
fined by the Aluminium Association: 7003, 7004, 7204, 7005, 7108, 7108A, 7015,
7017, 7018, 7019, 7019A, 7020, 7021, 7024, 7025, 7028, 7030, 7031, 7033,
7035, 7035A, 7039, 7046, and 7046A. For 7000-series alloys have no purposive
addition of Cu, the solution heat treatment temperature should be at least 370°C.
A preferred minimum temperature is 400°C, more preferably 430°C, and more
preferably 450°C, and most preferably 470°C. The solution heat-treatment tem-
perature should not exceed 560°C. A preferred maximum temperature is 545°C,

and preferably not more than 530°C.

In one embodiment, the 7000-series aluminium alloy has a Cu-content of
0.25% or more and is one of the following 7000-series aluminium alloys, as de-
fined by the Aluminium Association: 7009, 7010, 7012, 7014, 7016, 7116, 7022,
7122, 7023, 7026, 7029, 7129, 7229, 7032, 7033, 7034, 7036, 7136, 7037, 7040,
7140, 7041, 7049, 7049A, 7149, 7249, 7349, 7449, 7050, 7050A, 7150, 7250,
7055, 7155, 7255, 7056, 7060, 7064, 7065, 7068, 7168, 7075, 7175, 7475, 7076,
7178,7278, 7278A, 7081, 7181, 7085, 7185, 7090, 7093, 7095 and 7099. For
7000-series alloys have a purposive addition of Cu, the solution heat treatment
temperature should be at least 400°C. A preferred minimum temperature is 450°C,
and more preferably 460°C, and most preferably 470°C. The solution heat-
treatment temperature should not exceed 560°C. A preferred maximum tempera-
ture is 530°C, and preferably not more than 520°C.

Examples where the sheet product manufactured according to the invention
can be used in an automotive applications, include closure panels (e.g. hoods,
fenders, doors, roofs, and trunk lids, among others), wheels, tunnels, bulkheads,

footwells, and critical strength applications, such as body-in-white (e.g., A-, B-, and
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C-pillars, reinforcements) applications, and automotive crashworthy or other ener-
gy-absorbing applications amongst others. In some of these applications the prod-
ucts may allow down-gauging of the components and weight savings.

In the building of rail vehicles the aluminium sheet can be used amongst oth-
ers to built cab interiors, door systems, enter end skins, and inter end canopies.

The sheet product can be used also to manufacture shaped three dimension-
al architectural panels.

The sheet product can be used to manufacture for example nose cones for
jet aircraft, nacelles for wind turbines, engine nacelle skins, lip skins, wing tips,

winglets, and acoustic panels.

DESCRIPTION OF THE DRAWINGS

The invention shall now be described with reference to the appended draw-
ings, in which:

Fig. 1 is a schematic representation of the method and the apparatus used;
and

Fig. 2A and Fig. 2B are a schematic representation of a temperature profile
as function of the time of aluminium sheet travelling through a continuous heat-
treatment furnace according to the state-of-the-art and according to the invention;
and

Fig. 3 is a schematic representation of the required minimum heat-up rate as

function of sheet thickness and with preferred embodiments.

Fig. 1 provides a schematic representation of the method in accordance
with the invention and the continuous heat-treatment furnace used. The continu-
ous heat-treatment furnace (1) is arranged to transport and to heat-treat uncoiled
aluminium sheet (2) moving in the direction of its length. The aluminium sheet is
being uncoiled from coil (8). It moves through the continuous heat-treatment fur-
nace (3) having an entry portion (4) and an exit portion (5). On leaving the exit por-
tion (5) the moving aluminium sheet is rapidly cooled in the cooling section (6) to
below about 100°C, e.g. to about room temperature. An industrial continuous heat-
treatment furnace represents a substantial capital investment; once commissioned

and operational significant modifications such as making it longer in length are
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often not feasible due to lay-out constraints on the shop floor.

The moving or travelling aluminium sheet moves substantially horizontally
through the continuous heat-treatment furnace over a length of at least about 20
meters, preferably over at least 55 meters. Hot-air nozzles (not shown) throughout
the furnace length heat the strip and keep it afloat on an air cushion. Thus the strip
is travelling in a floating state; such a furnace is sometimes also referred to as
convection floating furnace. The elimination of mechanical contact at elevated
temperature in the heat-treatment furnace translates into a fault-free strip surface.
The continuous heat-treatment furnace can be modular in design; as such the fur-
nace comprises several heating zones that use turbines (not shown) to generate
an air channel consisting of top and bottom airflows. The air is heated by burners
that work preferably with combustion pre-heated air. Temperature control of the
set soak temperature is with a control accuracy of +/- 3°C or better.

The moving sheet (2) enters the entry section (4) at high strip speed or line
speed at ambient temperature and is gradually heated-up while travelling through
the continuous heat-treatment furnace to a preset solution heat treatment tem-
perature (e.g. about 510°C) depending on the aluminium alloy. In a conventional
continuous heat-treatment furnace the average heat-up rate of the aluminium
sheet is typically in a range of about 10-15°C/sec for an about 1 mm sheet materi-
al. Depending on the strip speed the strip temperature may reach the actual preset
solution heat treatment temperature only far into the second-half of the furnace
length or even near the end of the continuous heat-treatment furnace and it is ac-
tually soaked at the solution heat treatment temperature for a very short period of
time, e.g. a few seconds, whereafter the moving sheet is leaving the heat-
treatment furnace at the exit section (5) and is immediately quenched in the cool-
ing section (6). This is also schematically shown in Fig. 2A where the moving alu-
minium sheet is gradually being heated up from room temperature (RT) to the so-
lution heat treatment temperature (Tset) and is soaked for a number of seconds
(tsoak) at the set solution heat treatment temperature or set soak temperature. The
soaking time (tsoak) is defined at the time spent at the set solution heat treatment
temperature or set soaking temperature (Tsoak) £ 5°C.
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Depending on the aluminium alloy composition or sheet thickness a longer
soaking time at the preset solution heat treatment temperature can be very desira-
ble in order to achieve the desired balance of mechanical properties, but for many
7000-series alloys this can only be achieved at lower strip speed due to the de-
fined dimensions of the heat treatment furnace, which makes it economically sig-
nificantly less attractive where the strip speed or line speed has to be reduced
from for example about 40 m/min to about 20 or 25 m/min.

In accordance with the invention this balance of properties and process
economy has been improved by implementing a pre-heating device immediately
before the entry section (4) or at the entry section (4) of the heat-treatment fur-
nace. The pre-heat device (7) is arranged to enable a very fast heat-up rate de-
fined by the equation of the heat-up rate as function of the sheet thickness of at
least Y = -31.In(X) + 50, wherein Y is the cooling rate in °C/sec and X is the sheet
thickness in mm, and with preferred higher heat-up rates, and which can be
achieved for example by means of a transverse flux induction heating device, for
example as disclosed in US Patent No. 5,739,506 (Ajax Magnethermic). It is de-
sirable that the pre-heating of the aluminium sheet in the pre-heating device (7)
observes a safety margin to avoid an overshoot in the temperature of the moving
strip and thereby adversely affecting relevant engineering properties due to local
melting of microstructural components in the aluminium alloy. Preferably the pre-
heat is to a temperature of about 5°C to 100°C, more preferably of about 5°C to
75°C, below the preset solution heat treatment temperature at which the heat
treatment of the aluminium alloy sheet material should be carried out. Thus for
example preheating of the moving aluminium sheet to about 480°C where the pre-
set solution heat treatment temperature is 510°C. Further heating-up of the moving
sheet occurs in the continuous heat-treatment furnace by convective heating. This
is also schematically shown in Fig. 2B where the moving aluminium sheet is rapid-
ly pre-heated from room temperature (RT) to the pre-heat temperature (Trre) and
then further heated to the set solution heat treatment temperature (Tset). The
heat-up rate from RT to Tere will in practice not be exactly linear and for that rea-
son the average heat-up rate is used being the temperature difference between
Tepre minus RT divided by the time required to reach Tpre; thus for example for 1
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mm sheet material when from a room temperature of 25°C a Tere of about 480°C
is reached in about 5 sec, the average heat-up rate is about 91°C/sec. This allows,
compared to the situation where there is no rapid pre-heating applied, a signifi-
cantly longer soaking time at the set solution heat treatment temperature while
maintaining about the same strip speed. Alternatively, it allows for a significantly
increased line speed while having an about the same soaking time (tsoak) com-
pared to the state-of-the art situation. Thus for a given continuous annealing fur-
nace, depending on the specific 7000-series alloy there is now significantly more
flexibility in optimising soaking time in combination with the line speed in order to
arrive at an improved balance of process economy and sheet properties.

By the method according to the invention and the use of the corresponding
apparatus also thicker gauge sheet material can be processed at relative high strip
speeds. Where for example a 1 mm sheet material can be processed with line
speeds of up to about 70 m/min, a 2 mm sheet material of the same alloy can be
processed only with a line speed of up to about 35 m/min due to the significantly
longer heat-up time when heated in a convection furnace. With the method and
apparatus according to the invention wherein the sheet material is preheated very
rapidly to about 480°C and the solution heat treatment temperature is about 510°C
the 2 mm sheet material can now be continuously heat treated at significantly
higher line speeds in the range about 55 to 65 m/min while having an about similar

tsoak as the 1 mm sheet material.

Fig. 3 is a schematic representation of the required minimum average heat-
up rate as function of the sheet thickness (line 1) and with preferred embodiments
(lines 2-4) for the method according to this invention and also for the apparatus
and kit-of-parts. The relationship is shown for sheet gauges in the preferred
gauge range of 0.3 to 4.5 mm. For lines 1 to 4 the following natural logarithmic
equations apply:

Line1: Y =-31.In(X)+50;
Line2: Y =-50.In(X)+ 80;
Line 3: Y =-62.In(X)+ 100 ;
Line4: Y =-93.In(X)+ 150 ;
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and wherein “Y” represents the average heat-up rate in °C/sec and “X” represents
the sheet thickness in mm.
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Claims

Method for continuously annealing aluminium alloy sheet, by continuously mov-
ing uncoiled heat-treatable 7000-series aluminium alloy sheet having Zn in a
range of 2.0% to 10.0% in the direction of its length through a continuous heat-
treatment furnace arranged to heat the moving aluminium sheet to a set solution
heat-treatment temperature (Tser) in the temperature range of 370°C to 560°C,
the continuous heat-treatment furnace has an entry section and an exit section,
the moving aluminium sheet moves substantially horizontally through the contin-
uous heat-treatment furnace, the continuous heat-treatment furnace is heated by
means of convective heating means, and wherein the moving aluminium sheet is
quenched from Tset to below about 100°C on leaving the exit section, and
wherein before the entry section of the continuous heat-treatment furnace the
moving aluminium sheet is pre-heated to a temperature of 5°C to 100°C below
the TseT using an average heat-up rate as function of the sheet thickness of at
least Y = -31.In(X) + 50, wherein “Y” is the heat-up rate in °C/sec and “X" is the
sheet thickness in mm, wherein the aluminium alloy sheet at final gauge has a
thickness in the range of 0.3 to 4.5 mm, and wherein the aluminium sheet has
following solution heat treatment and cooling an equiaxed recrystallized micro-

structure.

Method according to claim 1, wherein before or at the entry section of the contin-
uous annealing furnace the moving aluminium sheet is pre-heated to a tempera-
ture of 5°C to 100°C below the Tser using an average heat-up rate as function of
the sheet thickness of at least Y = -50.In(X) + 80, wherein Y is the heat-up rate

in °C/sec and X is the sheet thickness in mm.

Method according to claim 1, wherein before or at the entry section of the contin-
uous annealing furnace the moving aluminium sheet is pre-heated to a tempera-

ture of 5°C to 100°C below the Tser using an average heat-up rate as function of
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the sheet thickness of at least Y = -62.In(X) + 100, wherein Y is the heat-up rate

in °C/sec and X is the sheet thickness in mm.

Method according to any one of claims 1 to 3, wherein the pre-heating is per-

formed inductively by means of induction heating.

Method according to claim 4wherein the pre-heating is done inductively by

means of a transverse flux induction heating device.

Method according to any one of claims 1 to 5, wherein the moving aluminium
sheet moves substantially horizontally through the continuous heat-treatment
furnace over a length of at least 20 meters.

Method according to any one of claims 1 to 5, wherein the moving aluminium
sheet moves substantially horizontally through the continuous heat-treatment

furnace over a length of at least 40 meters.

Method according to any one of claims 1 to 7, wherein the soaking time of the

moving aluminium sheet at Tser is at least 1 seconds.

Method according to any one of claims 1 to 7, wherein the soaking time of the

moving aluminium sheet at Tset is at least 5 seconds.

Method according to any one of claims 1 to 9, wherein the moving aluminium

sheet is pre-heated to a temperature of 5°C to 75°C below the Tser.

Method according to any one of claims 1 to 10, wherein the aluminium sheet has
been pre-treated by homogenisation, hot rolling, and optionally by cold rolling.

Method according to any one of claims 1 to 11, wherein the 7000-series alumin-

ium sheet has Zn in the range of 3.0% to 9.0%.

Method according to any one of claims 1 to 12, wherein the 7000-series alumin-

ium sheet has Mg in the range of 1.0% to 3.0%.
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14, Method according to any one of claims 1 to 13, wherein the 7000-series alumin-

ium sheet has Cu is the range of <0.25%.

15. Method according to any one of claims 1 to 13, wherein the 7000-series alumin-
ium sheet has Cu in the range of 0.25% to 3.5%.

16. Method according to any one of claims 12 to 15, wherein the 7000-series alu-

minium sheet further comprises, in wt%:

Fe <0.5%,

Si <0.5%, and

one or more elements selected from the group consisting of:
Zr atmost 0.5,
Ti at most 0.3,
Cr at most 0.4,
Sc at most 0.5,
Hf at most 0.3,
Mnat most 0.4,
V atmost 0.4,
Ge at most 0.4, and
Ag at most 0.5,

balance being aluminium and impurities.

17. Method according to claim 16, wherein the 7000-series aluminium sheet com-

prises < 0.35% Fe.

18. Method according to claim 16 or 17, wherein the 7000-series aluminium sheet

comprises < 0.4% Si.
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