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Description

TECHNICAL FIELD

[0001] This invention relates to a heat treatment process for shaped articles, particularly those suitable for use in
the fabrication of automotive body panels. More particularly, the invention relates to such articles made from aluminum
alloy sheet material that exhibits an improvement of hardness after painting and baking operations have been carried
out.

BACKGROUND ART

[0002] Aluminum alloy sheet is being used more extensively nowadays as a structural and closure sheet material
for vehicle bodies as automobile manufacturers strive for improved fuel economy by reducing vehicle weight. Tradi-
tionally, aluminum alloy is either direct chill cast to form ingots or continuous cast in the form of a thick strip material,
and then hot rolled to a preliminary thickness. In a separate operation, the strip is cold rolled to the final thickness and
wound into coil. The coil must then undergo solution heat treatment to allow strengthening of the formed panel during
painting and baking (steps usually carried out on shaped automotive parts by vehicle manufacturers or others - also
referred to as the paint bake or paint cure).
[0003] Several aluminum alloys of the AA (Aluminum Association) 2000 and 6000 series are usually considered for
automotive panel applications. The AA6000 series alloys contain magnesium and silicon, both with and without copper
but, depending upon the Cu content, may be classified as AA2000 series alloys. These alloys are formable in the T4
or T4P temper conditions and become stronger after painting and baking. Good increases in strength after painting
and baking are highly desirable so that thinner and therefore lighter panels may be employed.
[0004] It is highly desirable that the alloy sheet, when delivered to the manufacturer, be relatively easily deformable
so that it can be stamped or formed into products of the required shapes without difficulty and without excessive spring-
back. However, it is also desirable that the products, once formed and subjected to the normal painting and baking
procedure, be relatively hard so that thin sheet can be employed and still provide good dent resistance.
[0005] To facilitate understanding, a brief explanation of the terminology used to describe alloy tempers may be in
order at this stage. The temper referred to as T4 is well known (see, for example, Aluminum Standards and Data
(1984), page 11, published by The Aluminum Association) and refers to alloy produced in the conventional manner, i.
e. without intermediate batch annealing and pre-aging. This is the temper in which automotive sheet panels are normally
delivered to parts manufacturers for forming into skin panels and the like. Material that has undergone an intermediate
batch annealing, but no pre-aging, is said to have a T4A temper. An alloy that has only been solution heat-treated and
artificially aged to peak strength is said to be in the T6 temper. Material that has undergone pre-aging but not interme-
diate batch annealing is said to have a T4P temper, and material that has undergone both intermediate annealing and
pre-aging is said to have a T4PA temper. T8 temper designates an alloy that has been solution heat-treated, cold
worked and then artificially aged. Artificial aging involves holding the alloy at elevated temperature(s) over a period of
time. T8X temper refers to a T8 temper material that has been deformed in tension by 2% followed by a 30 minute
treatment at 177°C to represent the forming plus paint baking treatment typically experienced by formed automotive
panels.
[0006] An objective has been to provide a good "paint bake response", i.e. a significant difference in hardness be-
tween the T4/T4P temper and the final T8X temper.
[0007] In the past, attention has been directed to steps carried out on the alloy sheets before the step of shaping the
alloy sheets into products. For example, in US patent 5,728,241 issued on March 17, 1998 to Gupta et al., assigned
to Alcan International Limited, a process of producing aluminum sheet of the 6000 series is described having T4 and
T8X tempers that are desirable for the production of automotive parts. The aluminum alloy sheet material is subjected
before shaping to solution heat treatment and quenching and then, before substantial age hardening has taken place,
the sheet material is subjected to one or more heat treatments involving heating the material to a peak temperature in
the range of 100 to 300°C, holding the peak temperature for a period of time of less than one minute and then cooling
the sheet material.
[0008] Similarly, in US patent 5,616,189 issued on April 1, 1997 to Jin et al., assigned to Alcan International Limited,
a process is disclosed that involves subjecting a sheet product, after cold rolling, to a solutionizing treatment (heating
to 500 to 570°C) followed by a quenching or cooling process involving carefully controlled cooling steps to bring about
a degree of "pre-aging". This procedure results in the formation of fine stable precipitate clusters that promote a fine,
well dispersed precipitate structure during the paint/bake procedure to which automotive panels are subjected, and
consequently a relatively high T8X temper.
[0009] While such approaches have met with success, they require modification of the traditional process for forming
aluminum alloy sheet in strip form. This is inconvenient and may require expensive modification of existing fabrication
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equipment. Moreover, the disclosed processes involve rather careful temperature control that can be difficult or ex-
pensive to achieve.
[0010] It would be more convenient to be able to treat products made of aluminum alloy sheet in some way after
they have been formed into desired shapes. This is convenient because such products must anyway be handled and
prepared for painting and baking, so additional steps at this point are easily arranged.

DISCLOSURE OF THE INVENTION

[0011] An object of the invention is to provide a process of producing a shaped article of enhanced hardness response
without modification of a conventional procedure for produced aluminum sheet material in T4 or T4P temper.
[0012] Another object of the present invention is to provide a solution heat treated aluminum alloy product that exhibits
a good hardness response during shaped article formation and finishing.
[0013] Yet another object of the invention is to produce a formed product from an aluminum alloy sheet material that
has a low yield strength in T4 temper and a high yield strength in T8X temper.
[0014] According to one aspect of the invention, there is provided a process of producing a painted shaped article,
involving obtaining a sheet article made of an aluminum alloy of the 2000 or 6000 series in a T4 or T4P temper; shaping
the article by bending or stamping the article to form a non-planar shaped article; applying paint to the shaped article
to form a painted shaped article; and if necessary to further enhance hardness of the painted shaped article and/or to
cure the applied paint, baking the article at a temperature of at least 177°C; characterized in that the shaped article is
subjected to a thermal spiking treatment before painting involving heating the shaped article temporarily to a peak
temperature in the range of 150°C to 300°C.
[0015] The term "thermal spike treatment" means a step in which the article is quickly raised in temperature from
ambient (or other temperature at which the sheet material may be heated on the part treatment line) to a predetermined
maximum temperature and is then quickly cooled or allowed to cool with or without providing a holding period at the
peak temperature.
[0016] The term "shaped article" includes any article obtained from sheet material for use in fabricating an article or
component. The term refers to a non-planar article produced by a bending or stamping step, e.g. for the production of
an automobile fender or door. The term does not include unformed or uncut sheet material of indefinite length, e.g.
coiled sheet produced directly from ingots or cast strip.
[0017] The present invention may be carried out with any precipitation hardening aluminum alloy of the AA2000 or
AA6000 series, i.e. alloys containing Al-Mg-Si or Al-Mg-Si-Cu that are capable of exhibiting an age hardening response.
[0018] The invention also relates to a painted and shaped sheet article produced by the above process.
[0019] While it has been usual in the past to refer to the desired increase in hardness as the "paint bake response",
this term is becoming somewhat less appropriate as fabrication procedures advance. What is important is that this
increase in hardness (the hardness response) occur between the shaping step (cutting/forming/stamping) initially car-
ried out on the sheet form of the shaped product, and the finishing of the shaped product for delivery to the automobile
manufacturer or the like. In modem processes, there may not be a traditional paint bake step as paints of lower setting
temperature may be employed. In the present application, the term "hardness response" will consequently be used
instead of the more conventional term "paint bake response". This term refers to the change in tensile properties of
the material at the end of a finishing process involving painting and optionally baking, compared to the properties prior
to shaping. In the present invention, this increase may occur partially or fully during painting and baking, or partially or
fully before such painting and baking, i.e. during the heat spike treatment itself, as will be explained more fully below.
[0020] The advantages of the invention, at least in preferred forms, include the following:

(1) The thermally spiked sheet material parts (e.g. automotive panels) acquire higher strength than those panels
which have not been thermally spiked.
(2) In some forms of the invention, the maximum hardness response in the formed part can be obtained through
a thermal spiking alone without relying on the paint cure process (or without providing a paint cure at all).
(3) The thermal spiking process, at least in some forms of the invention, can be performed on a continuous basis
in ovens typically used for paint cure processes. The process therefore may be integrated seamlessly into the
conventional shaping and finishing processes of parts formation, thus leading to convenience, efficiency and econ-
omy.
(4) The process provides an alternative possibility to acquire strengths higher than those obtained from the T4P
material.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0021]

Figure 1 is graph illustrating a typical thermal spike treatment in accordance with the invention;
Fig. 2 is a graph as explained in the Examples below, showing the variation in yield strength (YS) of conventional
AA6111-T4 with (a) prestrain; and (b) prestrain plus υ hour at 177°C; and
Fig. 3 is a graph as explained in the Examples below, showing the variation in yield strength (YS) of conventional
AA6111, heat treated according to one form of the present invention, with (a) prestrain; and (b) prestrain plus υ
hour at 177°C.

BEST MODES FOR CARRYING OUT THE INVENTION

[0022] According to the present invention. at least in its preferred forms, in order to improve the hardness response
of AA2000 or AA6000 series automotive alloy sheet in the T4/T4P temper, an article created from the sheet is subjected
to a thermal spike treatment at a temperature in the range of 150-300°C after shaping (e.g. cutting/forming/stamping).
The treatment may either involve a thermal spike confined to the lower part of the temperature range (e.g. 154-225°C),
which then relies on hardening from a subsequent paint bake step, or may involve a thermal spike into the upper part
of the temperature range (e.g. 225-300°C), which does not require additional hardening from a paint bake step (baking
to the conventional temperature range may then be avoided, if desired, although conventional painting and baking is
not harmful). This latter form of the invention is of special interest because, in the future as new paints are developed,
paint bake temperatures are expected to fall below 160°C, a temperature at which hardening effects occur too slowly
to fully strengthen the shaped product during normal curing times.
[0023] Conventional 6XXX materials in T4 or T4P tempers contain large number of fine metastable clusters and
zones uniformly distributed throughout a metal matrix. In the conventional process, during the paint cure, some fine
unstable clusters/zones re-dissolve in the metal matrix, while other improve the material strength due to age hardening.
The process of the present invention allows the alloy material to exhibit an enhanced aging response (hardness re-
sponse), although the exact mechanism is not clear. Without wishing to be bound to a particular theory, it is believed
that thermal spiking between 150 and 225°C dissolves some of the clusters and zones and increases the solute su-
persaturation of the matrix of the formed part. Consequently, the formed part softens slightly, but the hardness response
during subsequent painting and baking is improved in comparison with the conventional material. It should be noted
that the formed part does not soften when the thermal spiking treatment is carried out at higher spiking temperatures.
This is largely due to the fact that the enhanced aging process masks the softening caused by the cluster dissolution.
Surprisingly, the dislocations produced during part forming do not interfere with the precipitation process as normally
expected. This observation allows the thermally spiked panels to acquire the desired enhanced strength during the
paint cure.
[0024] To achieve the desired hardness response, thermal spiking to temperatures in the lower part of the range (e.
g. 150 to 225°C) may be carried out at relatively slow heating rates (e.g. about 1 to 70°C/minute), especially if the
article is not held at the peak temperature for any time and is merely allowed to cool (or is forcefully cooled) as soon
as the peak temperature is achieved. The relatively slow heating rate is often found to be necessary to improve the
subsequent paint bake response; i.e. the desired improvement in hardness will often not materialize if the heating rate
is any higher. As a consequence, the heating to the peak temperature in this form of the invention may take too long
for the step to be incorporated into a continuous stamping and painting line. A batch treatment is therefore required.
[0025] If the thermal spiking extends into the upper temperature region (e.g. above 225°C), the heating rate may be
quite rapid (e.g. 10 to 280°C/minute), even if there is essentially no holding time at the peak temperature. It is found
that the desired increase in hardness will occur whether the heating rate is in the lower part or the higher part of the
range indicated above, but for the process to be incorporated into a continuous stamping and painting/baking line, the
peak metal temperature (PMT) must generally be reached within about one minute. If the lowest ambient temperature
likely to be encountered is 15°C, the effective range for a continuous operation would likely be 210 to 285°C/minute,
which is the preferred heating rate for the high temperature thermal spiking treatment.
[0026] The period of time for which the temperature is maintained at the peak thermal spike temperature may range
from zero to any time that is practical in the circumstances. From the metallurgical point of view, the longer the time at
which the temperature is maintained, the better it is for achieving a desirable hardness response. In practice the period
is usually from zero up to about 5 minutes.
[0027] Fig. 1 is a graphic representation of a preferred thermal spiking step showing the preferred PMT range, the
overall heating rate range and the preferred time range at PMT.
[0028] The invention is illustrated by the following Examples, which are not intended to be limiting.



EP 1 190 109 B1

5

10

15

20

25

30

35

40

45

50

55

5

EXAMPLE 1

[0029] The invention was tested using a commercially produced AA6111 material.
[0030] DC ingot 600 x 1600 mm double length of the AA6111 alloy containing 0.72% Cu, 0.7% Mg, 0.6% Si, 0.25%
Fe, 0.20% Mn and 0.06% Cr was cast on a commercial scale. The ingots were scalped 12.5 mm per rolling face, fully
homogenized, hot rolled and cold rolled to the final 0.93mm gauge, fully solutionized, rapidly cooled, naturally aged
for ≥ 48 hours and sampled for laboratory evaluation.
[0031] The paint bake response of the material was evaluated after subjecting it to a heat treatment according to the
invention. Tensile samples were pre-strained by different amounts to simulate a typical forming operation, thermally
spiked in a sand bed furnace at 240°C and aged for 30 minutes at 177°C. The results are summarized in Table 1 below.

[0032] The variation in yield strength (YS) of the pre-strained and artificially aged (1/2 hour at 177°C) material for
both conventional and the inventive process are plotted in Figures 2 and 3, respectively, of the accompanying drawings.
[0033] Figure 2 shows that the paint bake response of the AA6111 -T4 material increased about 30 MPa due to aging
for 30 minutes at 177°C (simulated paint cure). A similar response is observed in pre-strained material, although the
net yield strength (YS) in the 5 and 10% pre-strained product is slightly lower due to recovery. The yield strength (YS)
of the thermally spiked material decreases about 40 MPa for all levels of pre-strain, although the paint bake response
is about 90 MPa, which is greater than their conventional counterparts (compare Figures 2 and 3). The 10% pre-
strained material shows slightly less paint bake response, which is related to the loss of strength due to recovery. In
general, it is clear from Figures 2 and 3 that the inventive process improves the paint bake response of the material,
with and without prior pre-strain, quite considerably. This means that the process can be used to heat-treat the formed
part according to the invention and enhanced paint cure strength could be achieved.

EXAMPLE 2

[0034] The tensile properties of the samples sheared from three different locations of a hood, formed from a T4P
temper material, were determined in the as-received and artificially aged conditions. Table 2 lists the results of the
tests carried out in variety of conditions.
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[0035] It can be seen that the aging response of the hood material is about 20 MPa lower than expected from the
laboratory simulation experiments in all aging conditions. Table 3 compares the properties of the hood material with
those subjected to thermal spiking at 240°C according to the inventive process.
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[0036] It is clear that the strength of the thermally spiked material after aging 30 for minutes at 177°C is about 14
MPa higher than its conventional formed and aged counterpart.

Claims

1. A process of producing a painted shaped article, involving obtaining a sheet article made of an aluminum alloy of
the 2000 or 6000 series in a T4 or T4P temper; shaping the article by bending or stamping the article to form a
non-planar shaped article; applying paint to the shaped article to form a painted shaped article; and if necessary
to further enhance hardness of the painted shaped article and/or to cure the applied paint, baking the article at a
temperature of at least 177°C; characterized in that the shaped article is subjected to a thermal spiking treatment
before painting involving heating the shaped article temporarily to a peak temperature in the range of 150°C to
300°C.

2. A process according to claim 1, characterized in that said peak temperature is within the range of 150 to 225°C.

3. A process according to claim 2, characterized in that said heating of the shaped article is carried out at a rate in
the range of 1 to 70°C/minute.

4. A process according to claim 2 or claim 3, characterized in that said painted shaped article is subjected to said
baking at a temperature of at least 177°C to further enhance said hardness.

5. A process according to claim 1, characterized in that said peak temperature is within the range of 225 to 300°C.

6. A process according to claim 5, characterized in that said heating of said shaped article is carried out at a rate
in the range of 10 to 280°C/minute.

7. A process according to claim 5, characterized in that said heating of said shaped article is carried out at a rate
in the range of 210 to 285°C/minute.

8. A process according to any preceding claim, characterized in that said shaped article is allowed to cool imme-
diately after it reaches said peak temperature during said thermal spiking treatment.

9. A process according to any one of claims 1 to 7, characterized in that said shaped article is maintained at said
peak temperature for a period of time during said thermal spiking treatment before being allowed to cool.

10. A process according to claim 9, characterized in that said period of time is up to about 5 minutes.

11. A process according to any preceding claim, characterized in that said thermal spiking treatment is carried out
in a continuous beat treatment furnace.

12. A process according to claim 11, characterized in that said thermal spiking treatment is carried out as a part of
a continuous shaping and painting process.

13. A shaped article suitable for use as an automotive part, characterized in that said article has been produced by
a process according to any preceding claim.

Patentansprüche

1. Verfahren zum Herstellen eines angestrichenen geformten Artikels, umfassend das Erhalten eines aus einer Alu-
miniumlegierung der 2000er oder 6000er Serie mit T4-oder T4P-Temperung geformten bogenförmigen Artikels;
Formen des Artikels durch Biegen oder Prägen des Artikels unter Bildung eines nicht-planaren geformten Artikels;
Auftragen von Farbe auf den geformten Artikel unter Bildung eines angestrichenen geformten Artikels; und, falls
erforderlich zur weiteren Erhöhung der Härte des angestrichenen geformten Artikels und/oder zur Aushärtung der
aufgetragenen Farbe, Brennen des Artikels bei einer Temperatur von zumindest 177°C; gekennzeichnet da-
durch, daß der geformte Artikel einer thermischen Spiking-Behandlung vor dem Farbauftrag unterworfen wird,
beinhaltend das temporäre Erhitzen des geformten Artikels auf eine Spitzentemperatur im Bereich von 150 bis
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300°C.

2. Verfahren gemäß Anspruch 1, dadurch gekennzeichnet, daß die Spitzentemperatur im Bereich von 150 bis
225°C liegt.

3. Verfahren gemäß Anspruch 2, dadurch gekennzeichnet, daß das Erhitzen des geformten Artikels bei einer Ge-
schwindigkeit im Bereich von 1 bis 70°C/min durchgeführt wird.

4. Verfahren gemäß Anspruch 2 oder 3, dadurch gekennzeichnet, daß der angestrichene geformte Artikel dem
Brennen bei einer Temperatur von zumindest 177°C unterworfen wird, um dessen Härte weiter zu erhöhen.

5. Verfahren gemäß Anspruch 1, dadurch gekennzeichnet, daß die Spitzentemperatur im Bereich von 225 bis
300°C liegt.

6. Verfahren gemäß Anspruch 5, dadurch gekennzeichnet, daß das Erhitzen des geformten Artikels durchgeführt
wird mit einer Geschwindigkeit im Bereich von 10 bis 280°C/min.

7. Verfahren gemäß Anspruch 5, dadurch gekennzeichnet, daß das Erhitzen des geformten Artikels durchgeführt
wird bei einer Geschwindigkeit im Bereich von 210 bis 285°C/min.

8. Verfahren gemäß irgendeinem der vorstehenden Ansprüche, dadurch gekennzeichnet, daß dem geformten Ar-
tikel das Abkühlen gestattet wird sofort nachdem er die Spitzentemperatur während der thermischen Spiking-
Behandlung erreicht.

9. Verfahren gemäß irgendeinem der Ansprüche 1 bis 7, dadurch gekennzeichnet, daß der geformte Artikel bei
der Spitzentemperatur über eine Zeitdauer gehalten wird während der thermischen Spiking-Behandlung, bevor
ihm gestattet wird, sich abzukühlen.

10. Verfahren gemäß Anspruch 9, dadurch gekennzeichnet, daß besagte Zeitdauer bis etwa 5 Minuten beträgt.

11. Verfahren gemäß irgendeinem der vorstehenden Ansprüche, dadurch gekennzeichnet, daß die thermische
Spiking-Behandlung durchgeführt wird in einem kontinuierlichen Hitzebehandlungsofen.

12. Verfahren gemäß Anspruch 11, dadurch gekennzeichnet, daß die thermische Spiking-Behandlung durchgeführt
wird als Teil eines kontinuierlichen Form- und Anstreichverfahrens.

13. Geformter Artikel, der zur Verwendung als Automobilteil geeignet ist, dadurch gekennzeichnet, daß der Artikel
durch ein Verfahren gemäß irgendeinem der vorstehenden Ansprüche hergestellt wurde.

Revendications

1. Procédé de production d'un article profilé peint, impliquant les étapes consistant à obtenir un article en feuille fait
d'un alliage d'aluminium de séries 2000 ou 6000 dans une trempe T4 ou T4P ; à profiler l'article par pliage ou par
estampage de l'article pour former un article mis en forme non plan ; à appliquer de la peinture sur l'article profilé
pour former un article profilé peint ; et si nécessaire à renforcer davantage la dureté de l'article profilé peint et/ou
à faire durcir la peinture appliquée, à cuire l'article à une température d'au moins 177°C ; caractérisé en ce que
l'article profilé est soumis à un traitement de blocage thermique avant peinture impliquant le chauffage de l'article
profilé de façon temporaire à un pic de température dans l'intervalle de 150°C à 300°C.

2. Procédé selon la revendication 1, caractérisé en ce que ledit pic de température est dans l'intervalle de 150 à
225°C.

3. Procédé selon la revendication 2, caractérisé en ce que le chauffage de l'article profilé est effectué à une vitesse
dans l'intervalle de 1 à 70°C/min.

4. Procédé selon la revendication 2 ou la revendication 3, caractérisé en ce que ledit article profilé peint est soumis
à ladite cuisson à une température d'au moins 177°C pour améliorer davantage ladite dureté.
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5. Procédé selon la revendication 1, caractérisé en ce que ledit pic de température est dans l'intervalle de 225 à
300°C.

6. Procédé selon la revendication 5, caractérisé en ce que ladite cuisson dudit article profilé est effectuée à une
vitesse dans l'intervalle de 10 à 280°C/minute.

7. Procédé selon la revendication 5, caractérisé en ce que ladite cuisson dudit article profilé est effectuée à une
vitesse dans l'intervalle de 210 à 285°C/minute.

8. Procédé selon l'une quelconque des revendications précédentes, caractérisé en ce que ledit article profilé est
laissé refroidir immédiatement après qu'il a atteint ledit pic de température durant ledit traitement de blocage
thermique.

9. Procédé selon l'une quelconque des revendications 1 à 7, caractérisé en ce que ledit article profilé est maintenu
audit pic de température pendant une période de temps durant ledit traitement de blocage thermique avant d'être
laissé refroidir.

10. Procédé selon la revendication 9, caractérisé en ce que ladite période de temps va jusqu'à environ 5 minutes.

11. Procédé selon l'une quelconque des revendications précédentes, caractérisé en ce que ledit traitement de blo-
cage thermique est effectué dans un four de traitement thermique continu.

12. Procédé selon la revendication 11, caractérisé en ce que ledit traitement de blocage thermique est effectué
comme faisant partie d'un procédé de profilage et de peinture continu.

13. Article profilé adapté pour l'utilisation comme pièce automobile, caractérisé en ce que ledit article a été produit
par un procédé selon l'une quelconque des revendications précédentes.
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