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improved fuel economy by reducing vehicle weight.

Traditionally, aluminum alloy is either direct chill cast
as ingots or continuous cast in the form of a thick strip
material, and then hot rolled to a preliminary thickness.
15 In a separate operation, the strip is then 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 paint cure.
| Solution heat treatment involves heating the metal to
20 a suitably high temperature (e.g. 480-580°C) to cause
dissolution in solid solution of all of the soluble
alloying constituents that precipitated from the parent
metal dufing hot and cold rolling, and rapid quenching to
ambient temperature to create a solid supersaturated
25 solution (see, for example, “Metallurgy for the Non-
Metallurgist”, published in 1987 by the American Society
for Metals, pp 12-5, 12-6). Then the métal is
precipitation hardened by holding the metal at room
_temperéture (or sometimes at a higher température to
30 acgeléfate the effect) for a period of time to cause the
spontaneous formation of fine precipitates. The'metal may
then additionally undefgo cleaning, pretreatment and
prepriming operations before being supplied to a vehicle
manufacturer for fabrication into body panels and the
35 1like. |
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 the
required shapes without difficulty and without excessive
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relatively
paint/bake cycle (which can be simulated by a 2% stretch

and baking at 177°C for 30 minutes) is referred to as T8X
10 temper. The objective is therefore to produce alloy sheet
that has relatively'low yield;strength ih_T4 temper and |
high yield strength in T8X temper. _
A drawback of the conventional solution heat treat- ‘

ment followed by the conventional age hardenlng procedure

15 is that the so- called “paint bake response” (the change in
yield strength from a desirable T4 temper to a desirable
T8X temper caused“by paintihg and bakingf may suffer.

Another drawback of certain prior art solution heat

treatment processes is that they require the metal to be
20 treated in coiled form and, as a result (because of the

large bulk of metal that has to be treated at one time),

in a batch operation where heat treatment conditions are

less controlled, holding times are longer, precise and

uniform temperature control is difficult to obtain and
25 high heating and cooling rates cannot be achieved.

There is therefore a need for improved treatments of
aluminum alloy sheet material that can enhance the paint
bake response (the T4 to T8X strength increase) and that
préferably can be carried out eontinueusly, i.e. on a

30 section of the meving sheet as the sheet is processed in a
coil to coil treatment line. ' |

Japanese patent publlcatlon JP 5-44,000, a381gned to

- Mitsubishi Aluminum KK and published on February 23, 1993
discloses a reversion treatment for aluminum sheet
35 whereby the T4 yield strehgth is_lowe;ed'(fof better
formability) after a long period of natural age hardening.
Following, a solution heat treatment, qﬁepch and natural
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a modification to a conventional continuous anneal
solution heat treatment line to improve the paint bake

15 response of aluminum sheet material. A reheating device
is added to the end of the line to reheat the aluminum
sheet immediately following solution heat treatment and
quenching.

These references do not, however, result in the

20 desired degree of improvements.
DISCLOSURE OF THE INVENTION

An object of the present invention is to provide a
solution heat treated aluminum alloy sheet material that
has a good paint bake response when subjected to

25 conventional paint and bake cycies.

Anéther object of the invention is to provide a metal
stabilizing heat treatment procedure that can be carried
out on aluminum sheet on a continuous basis following
solution heat treatment without detrimental effect on the

30 desired T4 and T8X tempers of the material.
~ Another object of the invention is to reduce the
detrimental effects of the immediate post solution heat
treating natural age hardening of aluminum alloy sheet
material has on the “paint bake response” of the metal.
35 Yet another object of the invention is to produce an
aluminum alloy sheet material that has a low yield
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alloy sheet material to at least one subsequent heat
10 treatment involving heating the material to a peak
temperature in the range of 100 to 3005C, (preferably in
the range of 130-270°C), hoiding the material at the peak
temperature for a period of time less than about 1 minute, (
and cooling the alloy from the peak temperature to a
15 temperature of. 85°C or less.
The present lnventlon_canpbe'carried-out-on any'
pPrecipitation hardening aluminum alloy, e.g. Al-Mg-Si or
Al -Mg-8i-Cu. _ '
The subsequent heat treatment (or the first such
20 treatment when more than one is employed) should
preferably be started within 12 hours of the quenching
step terminating the solution heat treatment to avoid
reduction of the yield strength of the metal in its
eventual T8X temper. More preferably, the subsequent heat
25 treatment is carried out within one hour of the quenching
step and, in continuous processes, the time delay is
usually reduced to a matter of seconds.
The resulting heat treated material is generally
strong enough to eliminate (if desired) the need for
30 natural ageing (i.e. holding at room temperature for 48
hours or more) before being subjected to a fabrication
operation, e.g. being cut to length and/or formed into
automotive stampings. The material may be up to 10% lower
in strength in the T4 temper (after one week of natural
35 ageing) and up to 50% stronger in the’ T8X temper than
conventionally produced sheet material made from an
identical alloy. Moreover, the process can if desired be
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I nvention |s 0 produce an um num a sheet, material that has a |l ow
yield the material and used to fabrlcate either bare or

10 cleaned, pretreated and preprimed material in one
continuous operation.

In the present application, as will be apparent from
the disclosure above, reference is made to the terms T4
temper and T8X temper. For the sake of clarity, these

15 terms are described in some detail below.

The temper referred to as “T4r ig well known (see,
for éxample, “Aluminum Standards and Data”, (1984), page
11, published by the Aluminum Association). The aluminum
alloys used in this invention continue to change tensile

20 properties after the solution heat treatment procedure and
the T4 temper refers to the tensile properties of the
sheet after such changes have taken place to a reasonable
degree, but before changes brought about by conventional
painting and baking procedures.

25 The T8X temper may be less well known, and here it
refers to a T4 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 curing treatment
typically experienced by automotive panels.

30 The term “paint bake response” as used herein means
the change in tensile properties of the material as the
material is changed from the T4 temper to the T8X temper
during actual painting and baking. A good paint bake
response is one that maximizes an increase in tensile

35 yield strength during this process.

BRIEF DESCRI DRAWIN
' Fig. 1 is a schematic diagram representing a graph'
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According to the present invention, there is provided a process of
produci ng solution heat treated alumnum 5 alloy sheet material, which
conprises subjecting hot- or cold-roéled alum num al |l oy sheet to
sol ution heat treat- ment followed by quenching and, before any
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10 invention introduces at least one subsequent heat
treatment (i.e. a low temperature reheating step)
immediately or shortly following a standard solution heat
treatment and quenching of an aluminum alloy sheet. ‘

In order to obtain the desired effect of the present

15 invention, the témperature-of the sheet material after the
quenching step termlnatlng ‘the solutlon heat treatment
should most preferably be about 60°C or lower. The sheet
material is then subjected to one or a series of
subsequent heat treatments in which the metal is heated to

20 a temperature in the range of 100 to 300°C (preferably 130
to 270°C and then cooled). In the (or in each) heat
treatment, the metal is heated directly to a peak
temperature and is maintained at the peak temperature for
a very short dwell time and is then cooled directly to

25 below a certain final temperatu:e'(such'treatments being
referred to as temperature “spiking” since the profile of
a temperature versus time graph for such a process reveals
a geﬁerally triangular pointed, or slightly blunted,
“spike*). The dwell time at the maximum”temperature is

30 preferably one minute or less, more preferably 5 seconds
or less, and most preferably 1 second or less. This '
procedure has the effect of malntalnlng good ductlllty of
the metal in the T4 temper while maximizing the paint bake
response. ' ' -

35 In the (or in each) subsequent heat treatment, the
sheet material is preferably heated directly to the peak
temperature falling within the stated range at a rate of
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primer cure operations eani ng, pretreatnent and
preprine op&H@tNing & aged maidity bake cesngnse) 9 Rk @regveelai nt ed
sheet 5 progdiiin, Adteritatis/ theortied s £dE JhB%F Mechanism is
involved. During the solution heat treatment, the second
10 phase particles formed during hot and cold rolling are
redissolved above the equilibrium solvus temperature (480
to 580°C) and rapid cooling of the material after this
during the quenching step suppresses re-precipitation
of the solutes. At this stage, the material is
15 supersaturated with solutes and excess vacancies. The
supersaturated solid solution is hlghly unstable and, if
conventional natural ageing is carrled out, it decomposes
to form zones and clusters which increase the strength of
the material but significantly decreases the strength in
20 T8X temper. The use of the low temperature subsequent '
heat treatment(s) of the present invention is believed to
create stable clusters and zones which promote
precipitation of the hardening particles throughout the
parent metal matrix and improve the strength of the alloy
25 in T8X temper. The degree of improvement actually
obtained depends on the alloy composition and the peak
temperature (s)  employed.
It has been found that, in some cases, natural ageing
following the subsequent heat treatment(s) results in some
30 loss of strength in the T8X temper. This can be reduced
or eliminated by carrying ocut a preageing step following
the subsequent heat treatments mentioned above. This
- preageing is preferably carried out by cooling the
material from a temperature in the range of 55 to 85°C at
35 a rate of less than 2°C per hour following the (or the
final) subsequent heat treatment. In such a case,
therefore, the (or the final) subsequent heat treatment



invention can be applied to bare sheet. In either case, t he heat

treat nent ﬁ,@ﬁ resent invention can be I ntegrated w 3}1117 %spunsns
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pai nting anﬁo%@k BﬁveﬁlgﬂegypaEﬁErgagge three such treatments that
are incorporated into the cleaning/ drying, pre-treat/cure ‘
and preprime/cure procedures conVentiOnaIly'carried out
15 during the fabrication of prepainted coil product. These
'procedures'involve continubusly cleaningyend pretreating
the material prior to painting and curing. In the present
invention, instead of using the conveéntional temperatures
‘and heating and cooling rates emploYed'ihethese known
20 steps, the temperatures and rates described above are
substituted. This can be done without any detrimental
" effect on the cleaning/drying, pre-treat/cure and
preprime/cure procedures, since the temperatures and rates
employed in the present invention are compatlble with
25 these known steps '

The required heat treatments can be carried out by
passing the cold rolled material through an integrated
Continuous Anneal Solution Heat (CASH) line (also known as
a Continuous Anneal Line jCAL))”incorporating the surface

30 pretreatment stages mentioned above thatsprovide the
required stabilization reheat step'or steps. Thus the
procedure, in a preferred embodiment may consist of the
following stages:- '

35 | (1) Solution heat treatment/rapld coollng
(2) Levelling '
(3) Clean/dry



fesponse is one that maxinizes an increase in tensile 35 yield strength
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materi al aftef steps is shown in Figure 1 of the accompanying drawings

as an example. The first temperature peak from the left
in this'drawing shows a solution heat treatment (SHT) and

10 rapid queneh to room temperature (a temperature below
about 60°C). The metal sheet is then subjected to an
optional stretch of no more than 2% and usually about
0.2%, which takes a few seconds, as a routine leﬁelling
operation. This is carried out by stretching the strip

15 - over speeially situated rolls to remove waviness. Three
subsequent heat treatments.according to the present
invention are then carried out in succession during which
the metal is heated at the peak temperatures (105°C, 130°C
and 240°C) for less than one second. 1In a final stage

20 shown in Fig. 1, the sheet is subjected to a controlled
preaging step preferably carried out by controlled cooling
from a temperature of about 85°C at a rate less than
2°C/hour. 1In a commercial operation, this step would not
in fact be part of the continuous process and would take

25 place off the line after the strip had been recoiled.

As can be seen from the notations used on Fig. 1, the
stabzllzatlon heat treatments are incorporated into the
conventional clean/dry, pre-heat/cure and preprlme/cure

'steps. The final heat treatment is represented as a final
30 preageing step. .

The invention is illustrated in more detail by the
following Examples which are not intended to limit the
SCope of the invention.

EXAMPLE 1

35 The alloys shown in Table 1 below were used in this
Example. These alloys were in the form of sheet having a
thickness of 0.1 cm (0.039 inches).
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treatments being he profile

of a tenperatu a
general ly triangu] ar p0| The dwel
time at the nmaxingn rat ur 3 anqry_ one | , nore
preferably 5 seco ' . ‘abt losé@or ¢ss.

Thi s pr ocedur ef~has—i+ et ginfui1i §—goet-teaettt-tHi-y—of t he
netal insthe T4 tﬂﬂpeﬂlllﬂl |03.783.ﬁ| m ttheslpcl 0. U6alde 0.60r gsPo@de| 35

In the (or in each)_subseguent Rheat tr tnent | the sheet lnaterial is

preferably heated gH resddly ¢ 34 u(e)dg?/'ga_'?é,gt,;m eratzyr q faldo 9 Wi thifn the

stated range at g rate of|
PCT/ CA95/ 00508 : -
' AA 6016] 0.10 0.29 | 0.40 0.08 1.22 0.01

AA 2036| 2.2 0.15 | 0.18 | 0.10 0.18

ksE* | 1.10 | 0.15 | 1.22 | 0.08 | 0.26 (

10 KSG* 1.52 | 0.15 | 1.22 | 0.08 | 0.33

* Experimental Alloys

These alloys were initiaily in the solution heat
15 treated and naturally aged condition and tens;le samples
were prepared from the alloys. The samples were re-
solution heat treated at 560°C for 30 seconds and were
then rapidly cooled. The tensile properties of the
solution heat treated material were determihed in T4 and
20 T8X tempers after one week of natural agelng For
comparison purposes, the propertles were also determlned
- immediately after the solution heat treatment and
quenchlng ' '
To study the effects of low temperature heat
25 treatments according to the present invention, the re-
solution heat treated samples were 1mmed1ate1y exposed to
a temperature spike between 100 and 270°C in a conveyor
belt furnace and rapidly cooled to below 100°C. Fig. 2
- shows the heating profiles, (a) to (g), which were
30 typically used in the treatment. These proflles were
obtained by heating the sheet in a conveyor belt furnace
set.at 320°C. The profiles (a) to (g) were obtained by



10[erYJ(J|n nute or nore (preferably at arate falling within t he
range of 5 WOMTHEr| C/ second), and-is then cool ed di r ect PFETIGAIAPEN9R

peak tenperature to a tenperature in the range of 55 to 85[err]C at a
rate of 4[err]C second or nore (nmore 5 prgferably-25[err]C second or
nore) . The reason why the present |nvent|on Is effective in

mei ntaining achiang:Agl BhebBLE.' BpRAARCabS1AOLNE E6LIBkIng (ERPYBSSRU! [t s

t heori zed that t oW n ani s % vol ve Durin g§he sql ution
heat treat nenth ﬁ%tZE&BHHEgG ﬁﬁés@zpértlbpegofévnéﬁ d&7i Ag ﬂ dhd>¢ol d
rolggg? arfca(elemnsselwcu sbayea?ae(gﬂusstrlFnesdémay be&weeatune (4ﬁ0
to err co of t eria te ng the
guenchi ng steﬁxggﬁ §558 ?g-p?ESFBP?aFPbkeS waf %ﬁBEsg u?eg}nﬁﬁhbh?s

st age, the Smalsr oaderstQScempareatheasedbMﬁ.bysoEuths wmatieriedsafeeranci es.
The SUperSGREEéEFﬂgsﬁEbg EQEHEhQHtéS Eéﬂgkie“EéEEQ'@e?gdcoPguFted in

conventional natura ern carr| ecoggoses or m zones
and clusters RAi 8pdj {8 eﬁ?@Pﬁﬁé bpEBnWikhoand wikboukt eRppaMeslt of

SIgnlflcantlyndeﬁfaasageihﬁ stsemataamﬁlaﬁ W@%etﬁﬂveh ahhadaseiehathe | ow
terrperat ure subse e pL ntion is

ue t ment nt _1nv
bel i eved to r@?&ﬁtgrgﬁﬁﬂFﬂchBs?gﬁsraﬁ ng mﬁPcﬁggﬁoﬁﬁtg Turnace
preci pi t atliconfof thobasdéolmgwadrbycbeslﬁhgoughamblehe temperacureet al

macriX and | TREgNeuhle 8t beAd: eg" 1hNEnd! ) Bhofebly e hOTRBE: TiBofsOr oo

of |nprovene act
the practlcal situation of coiling strip at a temperature

of 55-85°C and then allowing the coils to cool naturally
at a rate of less than 2°C/hour.

15 Tensile tests were performed on duplicate samples in
various tempers using a robot operated INSTRON® testing
machine. - The strength values were found to be accurate
within + 1%, while the total elongation (EL%) could vary
by +5%. ,

20 SOLUTION HEAT TREATED AND NATURALLY AGED MATERIALS

The tensile properties of the materials in as-is, one
week naturally aged (T4) and T8X (2% stretch, followed by
30 minutes at 177°C) are listed in Table 2.

25
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obt ai ned depends on the alloy conposition and the peak tenperature(s)
enpl oyed It has been found that, in sonme cases, Wi ng
fol |l ow nav?ﬁgwgfﬁ)sequent heat treat ment(s) results in so f
strength in the T8X tenper. This can be reduced or elimnated by
carrying out a preageing step follow nggz the subsequent heat treatnents

menti oned above. This preageing is preferably carried out by cooling the
material froma tenperature in the rmgg_o_g 55’ to 85[err]C at 35 a rate of
| ess than 2[err]C pefm;g%g EIRQL %Q%EI t}ﬁz JL ﬁ ubsequent heat
treatnment. In such a’'cas &Egéezpr f| nal’)” subsequent heat

treat nent WO 96/ 07768
PCT/ CA95/ 0p=6&- . .
cool i ng & hf Aueol t(l’hﬁl‘terrperhiommm. ABHNG rn.g_@NafWEKIﬁmJBE{-e\tGEM aj the
stated ratp of 4¢/ sd¥nd [o . - '
nore), fol{owed Ry codl i ng\StIﬁe
2[err]C/ hopr. 5 Thg=ose
usual ly sufficierft to acHi é(/%
preferabl efto hedt the ngt€st

N
T seconct

e | e¥8Xt han

10

240 12.2 26 29.8 20 15.9 26 | 29.2 21

NoTeE: 1IN THE ABOVE TarLE, PMT MEANS PEAK METAL TEMPERATURE, YS
15 MEANS YIELD STRENGTH, KSI MEANS KILOPOUNDS/SQUARE INCH, AND
$EL MEANS PERCENT ELONGATION

In all cases, the properties of the control samples
20 (see Table 2) are typical of the material when convention-
ally fabricated. The as-is AA6111 material showed 8.9 ksi
YS and this,inéreased by about 375% to 42.4 ksi in T8X
temper. After one week natural ageing, the YS values in
T4 and T8X tempers were 20.3 and 29.9 ksi, respectively.
25 It should be noted that natural ageing for one week
increased the yield strength in T4 temper by about 130%
and decreased T8X response by about 25%.
The AA6016 material showed 11.2 and 28.1 ksi in yield
strength in the as-is and T8X tempers, respectively.
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‘falling in the upper part of the stated range, i.e. to a tenperature in
t he range W 96/8J36% o 300[err]C. 10 _More preferably, nnrmag?@m
Ssubsequent | ow tenperature heat treatnment step is enployed, e.g. 2 to 4.
Most conveniently, there are three such {yeatnents that are incorporated
into the cleaning/ drying, pre-treat/cure and preprine/cure procedures

conventi Onah@ée‘iabhlee@egkt oFongdurad e indhr Naxe msqfnpr R H&Qﬂd?m |

product. Thes pr.ocedur.es i nvQl ve contlnuousl ean| qa reating
t he naterlaPtﬁFFSth&npgﬂnFﬁwgean&nSE ¥<ﬁtle @ﬁvgﬁﬁ

i nstead of walde deereasedntioonsl, it meratutr %‘loulchmé Im:aiemg Imvdavcaml i ng

Goscr i bod abBVE GRS Sxtenbopt Pea 190 4 55 BUGRI AU SN RAT
detri mentsl ageieff eas amchhdesisedn niidr pase compameshttioc hhataref the

preprime/ cupg HHhqcgdegS51Si NCe the tenperatures and rates enployed I n
the present Invention are conpatlble with 25 these known step

The
requi red heat tr&Rentensiden pyepeatiiesd ofuithsy other adilqys t?el%lﬁi“?"bl | ed

materi al t hiQeaidsABimil8e dce¢hat SHdWwn kU 2W01¥0laHd AAedaal ( CASH)
line (al so knomn ﬁ a Continuous Anneal Line (CAL)) incorporating the
surface 30 nt stages nment i oned above that prOV|de the required
StabI|IZEﬂI B3 B P : LIgNef err ed

enbodi nment Eﬁﬁgﬁfﬂﬁﬁéﬂgﬁfﬁéﬁﬁidag'f0|rom”ng stages -
ONE CYCLE :
Table 2 above also lists the results of tensile tests
performed on AA6111, AA6016, AA6009 and KSE materials
15 after being exposed to a temperature spike (PMT) at 130 or
240°C in a conveyor belt furnace. As expected, the yleld
strength value in the as-is condition and T8X tempers
- increased due to exposure to the thermal spike at 130 or
240°C. 1In all cases, except for AA6111 spiked at 240°C,
20 the yield strength values of the one week naturally aged
material were about 10% lower in T4 and slightly better in
T8X compared to the control material.

TWO CYCLES ,

25 The effect of two cycle exposure on freshiy solution
heat treated material was studied on AA6111 and AR6016
materials. Table 3 below summarizes the results of the
tenéile tests performed on these materials under different
aged conditions. |

30
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(1) Solutlon heat treatnent/rapid cooling (2) Levelling

(3) Cl ean WD 96/ 07768 PCT/ CA95/ 00508 00508

wo ﬂ; ﬁre treatment/cure (5) Pre- prlme/Pcur {CAS
(6) Coi | coollng Any one or nore of steps (3)-(5) above may incorporate
a 5 stabilization heat treatnent accordi4ng to the invention.
typical tenperature profile show ng such a series of steps is shown in
Figure 1 of the acconpanying drawnngs as an exanple. The first
tenperature peak fromthe left iﬂhﬁEd awi ng shows a sol ution heat

treatnment (SHT) and 10 rapid. quench to roomtenperature (a tenperature

bel ow  about 60[ ergkfor oFhEnEBHEk BBASion Sud MeRs S ipREbMETESD an

optional sstretch of no nwen@hsa;ﬁ%mamusmﬁﬂmmem 0.2% which takes
a few seconds, as a routine |'eyeldsi BgasILIggYeMArERYALS This is carried out by
stretching the strip 15 over speC|aIIy si tuat ed roIIs t o renove wavi ness.
Thr ee

ALroy |- PMT .. No NATURAL AGEING ONE WEEK NATURAL AGEING
(eC) ' —

 qa | rTex | re | Tex

10

150/150-1'2';._2'-:'28 33.0| 17 14.4| 31| 32.8{ 23

6111 - ——rt e —
130/240} 15.3 29 | 44.4) 17 ] 20.2] 26 38.7 )] 20
150/150( 11.1{ 28 {41.1{ 16 [ 19.0 27 | 33.71.22
15 Once agaln, 'as in the case of the one cycle

exposures, this treatment partlally stablllzes the Aa611l1
strength, and the final values in the T8X temper are
generally better than those of the control and equal or
better than the one cycle exposed material. It should be

20 noted that the choice of the spike temperature is quite
significant in terms of the T8X respohse.for'the AA6111
‘material. Generally, the choice of’ hlgher temperature
appears to be more important than the number of thermal

spikes.

25 The AA6016 material behaved slightly differently
compared to AA6111. The alloy, depending on the
temperature of the thermal spikes, éave different
combinations of strength in T4 and T8X tempers. For
example, when the material was spiked at 130 and 240°C,

30 respectively, then the yield strength in the T4 condition
was close to that in the as-is condition, but about 7%
higher in the T8X condition when compared to the control

I
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subsequent heat treatnents according to the present. I nvention are then
carri ed ouWQ9/03Fcessi on during which =~ the netal is heat RCTACAISNOS08cak
tienperatures (105[err]C, 130[err]C and 240[err]C) for |less than one

second. In a final stage 20 shown in Fig.,.l, the sheet is subjected to a
controlled preagi ng step preferably carried out by controlled cooling

froma tempehatuEsall AReUeriShE! (bEicbeahlleaicabef che? bl houT.

In a comercl al operation B rt of the
cont i nuous pFB€§§StBn&nﬂ§§P§eﬁak§ phep[f4c EeBpPeYy hbuti fecxeased he strip had

been recoil eglightly (aBsueaB Reijees Ehgnm@ketggbgglons used on Fig. 1,

t he stabilization heat treatnents are incorporated into the
conventional clean/dry, pre-heat/cure and preprine/cure steps. The final
heat treat5reWHREE C¥QLBSented as a final 30 preageing step. The

invention is "IU§55;E6Q be%garsuﬂﬁaéakepythgeresu&%"8@ @aeg§§gghga whi ch

are not intended to ntion 1 35
The al | oys sh8&fsi Re¥iprmed QEImﬂﬁﬂﬁiélsséﬁlkﬁdtﬁhgee tEmespl e. These

?Ltﬁgg)mere hﬁm&ﬁ@aﬁeig‘aﬁtébegblhﬁlbﬁghéat thBhekaeesS OGeRetadMy( 0tH39

PCT/ CA95/ 00588 o% an itional cycle does not change the mechanical
10 properties of the materials to any significant extent

(compare data in Tables 3 and 4).

TABLFE 4

EFFECT OF ONE WEEK HOLD ON THE TENSILE PROPERTIES
15 OF THE SOLUTION HEAT TREATED PLUS THREE
CYCLES STABILIZED MATERIALS

ALLOY PMT No NATURAL AGEING ONE WEEK NATURAL AGEING
(°C)

T4 T8X T4 T8X

¥Ys $EI| YS $EI ¥YS %$EI YS %EI

| (xs1) (xs1) | - (xs1) (xs1)
M
AA CONTROL 11.2 29 28.1 18 17.0 32 26.1 24

20 6016
130/130/240 11.2 | 35 | 35.2 | 16 | 16.2 | 30 | 31.2 | 22

150/150/150 12.6 | 31 | 32.7| 20 | 14.7 | 33 | 32.4 | 21
. . M °

AA CoNTROL . 8.9 29 | 42.4 | 14 | 20.3 | 27 | 29.9 ] 23

6111

130/130/24q9 16.1 ] 29 | 44.4 14 | 20.8 | -- | 39.9 | 19

150/150/15¢ 11.3 | 31 42.4 | 17 | 18.8 | 26 | 34.0 | 22

25
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10 | TABLE 1 NOM NAL COVPOSI TI ONS OF
D FFERENTW6 EMPLOYED (I N WT. % ALLOYS NG
""““?5’ X 611%* <0.01 0.15 0.77 <36b. Hﬁ‘diu."s'gs -

0 06 . AA 6111 0.78 0.11 0.81 0.16 0.60 0.08

AA 6009 0.33 0.23 0.49 0.31 0.8¢ AA 6016 0.10 0.29
0.40 0.08 1.22 0.01 _ AA 2036 2.2 0.15 0.18 0.10
0.18 THREE CY(ES AND IRREAGEING 1.22 0.08 0.26 10 KSG*
1.52  0.15  l.gge yde @ trhbrAhl spikes in combinatzdiewi@ntal Alloys
These alloys were initially 1n the. sol ution heat 15 treated and Paturally

aged condi tRTRAIRINT AlsiteNRErAUKes in the range of 55 to 85°

hours or more provided material with an excellent
5 combination of T4 and T8X propertles, as shown in Table 5
below. ' '

TABLE 5
10 EFFECT OF PREAGE PROCESS ON YIELD STRENGTH OF THREE
CYCLE STABILIZED (130/130/240°C) AA6010 AND AA6111 MATERIALS

ArvLoy PREAGE No NATURAL AGEING ONE WEEK NATURAL AGEING
°C - H

T4 T8X 74 T8X

YS | %EI ¥YS %EI| YS %¥EI{ YS %EI
(xs1) (xs1) | | (xs1) (xs1)

15

70 - 8] 20.6 | 24 | 43.8 | 16 | 21.3 | 21 | 42.7 16

85 - 8| 22.3| 16 | 44.5| 18 | 22.0 | -- | 44.7 17

These results show that the use of one or more
20 thermal cycles in the temperature range of 100 to 240°C
after solution heat treatment improves the T8X temper
properties of heat treatable aluminum alloys. The exact
impact of the treatment depends on the type of alloy, the
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“were prepared fromthe alloys. The sanples were re- sol ution heat
"treated aWa9g¥H68 ] C for 30 seconds and were t hen rapi dl BCT/GAYS9S08The
tensile properties of the solution heat treated material were detern1ned
‘in T4 and 20 T8X tenpers after one week 92 natural. ageing. For

conpari son purposes, the prigperties were Iso detern1ned |nnediately

after the sq nﬁﬁ§!gpg t he
ef fects of IJE.)I\%V&’[&é1 erg%aur%ﬁﬂ'&ea atne s accor |ng o pées

i nvention, t¢99¢¥;1°nssolut|on heat treated sanples were |nned|ately
exposed to a tEPeidtedde SPF kend Paveeicd Dl i /[ eestéd i inacgoaveyor

belt furnace_ and apl o] ed, to bel ow 100[err] C.. Fi shows t he
heating prof FFe® ?'a)&?% {%io‘%ﬂ%l{‘% USRS 7 b, ’(gﬁ%é"?‘ﬁu t he
treatments These profiles were obt ai ned by heating the sheet in a

conveyorlxﬂiAgdqgace set at 320[err]C The profiles (a) to (g) were
obt ai ned by ' .
(a) a single low temperature spike (130-240°C) gives

improved T8X response, although there is some loss of
strength with natural ageing; the strength stabilizes
10 at about 31 ksi. : '

(b) If the material is spiked at 240°C followed by a
preage ranging from 55 to 85°C for 8 hours or more,
the T8X strength increases to 35 ksi and stability
agalnst natural ageing is 1mproved

15 (c) The 1ntegrated treatments do not cause any loss of
elongation and typical elongation values obtained are
25 to 30%.

AA6111
20 (a) Spiking at 240°C is desired for the best effect but
: there is a loss of strength with natural ageing of
aboﬁt 5 ksi. Even so, the T8X strength after the
loss caused by natural ageing, is higher than that of
the control material. o
25 (d) Preageing at temperatures within the range of 55 to
85°C for 8 hours reduces the loss caused by natural
ageing. The T8X strength in this case is much
improved (close to 45 ksi).

30 EXaMPLE2 . o
Table 6 below shows the average tensile properties of
AA6111 and AAA6016 materials that were exposed to wvarious
thermal spikes and preageing treatments.

This Sheet Has Been Replaced

(R II

1 THIS SHEET HAS BEEN
REPLACED




changing the belt speeds as in the foll owi ng (expressed

nmetres/m B?@# t/ninute))
5.33 (17. §¥6 4.42 (14.5);

1.68 (5.5). The delay 5

kept to

material after

(a) 6.8 (22.3);
(e) 3.5

(b)
(11.5);

g’ C)
(f) 2. éﬁfée and (Q)

bet ween the exposures to the thermnal spikes was

a mnimum In order to commre the stability of the

different heat treatnents,

conducted in T4 and T8X tenpers both TABLEagd

nat ural agei ng. Sone sanples were 10

treatnment in

t he range of 55

to 85 err

fol | owed by cool i rEF 0TS OF BHEERTE
t he IaboratoryowlFﬁEtggyséé
coiling strip at a tenperat
naturally at a rate of Iess

coils to coo
Tensil e tes
using a r obfhi
val ues e

hin

tensile tests wer e

W t hout one week of

given.an additional preage

Cin.a furnace for 8 hours

LEZATION STREATMENT
EIEBRQPF xlgsa%ﬁ%ﬁmwon of

t han 2[err]C7hour

AA6l¥lt estl nfy rrahl

imulate in

15 al l owi.ng the

ry bmS% X S

el ongat i | JLUThpN EATTﬁaEA D AND
NATURALLY A{3 D MATERI ALS FHreH-eRsi-e—pr-apeti at eri al s
in as-is, one week naturall |'Ys abe’d (¥8) |aad| T8 2»% st¥set
fol | oned by]30 minutes at 177[ greds))| Br ¢ (ksptjesl | SIRDPEE [2KST)
_Sht Plus Quenched Plus One 203 |27 | 299 |23 | 17.0. |1 32 ] 26.1 24
‘Week @ Room Temperature
(RT) (Control)
Sht Plus Quenched* Plus
10 Stabilization (105°C) Plus
Stabilization II (130°C) Plus
Stabilization 1II (240°C) Plus:-
a) One Week @ RT
b)SH@85°C And NoHold | 22.7 |23 | 449 15 | 140 | 27 | 313 19
15 @RT 244 | 24 | 464 17 - - - -
¢) 5 H @ 85°C And One
Week Hold @ RT -~ - ] - - 149 |24 | 329 17

levelling operation.

* COLD WATER FOR AA6111 AND FORCED AIR FOR AA6016

The Table also includes the data of the
20 conventionally-broduced counterparts as well. As
expected, it can be seen that both the materials show
~ considerable improvement in yield strength in the T8X
temper after one week at room temperature (RT). Preageihg
~ of the materials at 85°C for 5 hours 1mproves the yleld
25 strength even further in the T8X temper
In commercial Solution Heat Treatment (SHT) practice,
the solution heat treated material is subjected to a
This operation is highly desirable

to provide in an integrated line as well.
30 study the effect of such an operation, alloys AA6111 and
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112 o TABLE 2

"TENSI LE PrWPB68T788 OF THE SOLUTI O\J HEAT REATED ' PCT/CA95/00508
-AND ONE CYCLE EXPOSED MATERI AL : ALLOY  PMT NO
NATURAL AGEl NG ONE V\EEK NATU{%@L AGEl NG

([err] O AS-1S T8X

;I;g %EL6016 w@ subjec d to dlvserent ar%%ints of s‘%:etch:m@'—

kg/ sg. cm :meed:.q@lgq q,ﬁﬁer the SHTyq/Tablen7 below smw{qﬁ the
(KSI) resultd 6t )tens:.le tests 29(858| ) ( KSI) 5

9?02. 0 R% Tl?e2 5data s%sts that stretckpgxg\»below 12% &oes 9210;2 4)

(20.3) 5 have any 2ff8ct on the yield strength il the TH=hB TSX 31 -

temperd?: Howeved, abow?emj?e gsvﬁset@r} the T4 shrefgth

(9.3)
240 l03nqreasepand fogmalpility capp be afifmgtel adverpely. 2727.6
18 This data suggests that the thermal sp;kes required

to improve strength in T8X temper can be accomplished

10 'through the drying and curing steps that are used after
the drying, pre-treatment, preprime and high temperature
coiling at the end of all operations.

TABLE 7

EFFECTS OF % STRETCH (PRIOR TO STABILIZATION TREATMENTS)
15 OF THE TENSILE PROPERTIES OF THE
SOLUTION HEAT TREATED AA6111 AND 6016 ALLOYS

J{ THERMAL HISTORY
l
‘

Sht Plus Quenched Plus One
’ Week @ RT (Control)

20 || st-Plus Quenched Pius Forced
| Air Giieached Plus Stabilization
{ (105°C) Plus Stabilization II -
| (130°C) Plus Stabilization I
(240°C) Plus One Week @ RT
25 |l A)o2%
© Ieyosx
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(14.7) - (45.7) ~ (20.8) | (38. 8)

AA CONTROL . 787. 4 29 1975. 4 18 1195, 1. %@
1834.8  WO907768 6016 (11. 2). C”S"!“ 1)
(17.0) (26.1) 130 _878.8 - 29
2256. 6 17. 1068. 6 29 215342 - This Sheet Has Been Replaced
(12.5) (32,1 C(15.2) qmnsml",

AA CONTR{MAT WE CLAIM IS: . '

1806. 7 21 10 6009 |

(17.9) (25.7) . 240 604. 6 26
2720.6 14 A pisSeds of producimp3olution Héat treated aluminum

(8. 6) ) Jhot -
KSE CO\ITF%'}OY dréet/ material, whléI}GcéHprJ.ses subjeéf?:ﬁm:g o or
1841. 9 S xpld- -rolled aluminum alloy sheet to solutlon heat

(2 (1)19- 0) 1117(1‘.2:5e£ﬁment followed by quenchlr?g’ro chara@@grl?zed in Athat, 2095
(12.2) before Q\gb ar?tlaz.l. age ha:f%@:g}g has taken Rlﬁfez) the

Note: In theablmvesﬁeaéli enaﬁﬁaﬂeais ﬁ&ajed\thédaltd’eameleast ene’'S neans Yield

St rengt h, nmeans
per cent el Ongu.t%?&ﬂfent heat treatment I&A&W ﬁéﬁﬁ properﬁ% 45# t he

control 18 to gmripgals qegmen%tmzee 2n dthe twgembflqmetcrm&@‘i%,l when
“conventi on- %&Nd{@rﬁ@tﬂtefm%'&w ﬂ%ﬁéréﬂure for a(féw 625. 7

kg/sq.cm (8.9 ksj)™ YS and this increas by about 375%.to 2980.7
kg/ sg. cm (423@1 tkzsqle lepgrphan about 1 minute, and cool:.ng the alloy

from the peak temperature to a temperature of 85°C or ‘
less.

15 _
2. A'process according to claim 1, characterized in that
said material is heated in said at least one subsequent
heat treatment to a peak temperature within the range'of
130 - 270°C. -

20 ' _
3. A process according to claim 1 characterized in that
the material is heated to said peak temperature in said at
least one subsequent heat treatment at a rate of
10°C/minute or more.

25
4. a process according to claiu 1 characterized in that
the material is heated to said peak temperature in said at

 least one subsequéht heat treatment at a rate of 5 to

10°C/second.

30 -
5. A process according to claim 1 characterized in that
the material is cooled from said peak temperature in said
at least one subsequent heat treatment at a rate of .
4°C/second or more, at least to a temperature in the range

35 of 55 to 85°C.

e
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Idasahen S val ues
AI\/ENDED SHﬁgpmwsa le II | PEA/PﬂTIwms

13 in
and 29.9 ksi
for one week
and decrease
mat eri al sho
yi el d streng

T4 and T e 1427.1 and 2102.0 kg/sg.cm
), respectively. It should beypoted t hat natural age
I ncreased the yield strength in T4 tenper by about

&.T8XA @Azf:'ocdds@ W&Qﬁ'ﬁg}? ﬁtc/l@% 1 cffrac;::drl-%@i A.ffglc\:]tﬁat
a Sd, CM
it Wheekizlie seqied Fop¥a temmaRtE i daid

(20.3
i ng
130%

one

week of naturad laﬁtng:gnd |dubsbm&h1; Helat wx@atnasrfbemﬁfa kate ofh T4 tenper

i ncreased to
to 1834.8 kg
extent of h

10

15

20

25

30

35

Jﬂd’% 17 kSI) whil e the T8X val ue decr
f% si). It should be noted, however, that
@q d@atntgraemem;m Adt (hhel zepgen@f 55 to 85°C.

7. A process according to claim 5 characterized in that

eased
t he

the metal is cooled to a temperature in the range of 55 to

85°C at said rate of 4°C/second or more, and is then
further cooled to ambient temperature at a rate of less
than 2°C/hour.

8. A process according to claim 1 characterized in that
the material is held at the peak temperature for a period
of 5 seconds or less.

9. A process according to claim 1 characterized in that
the material is held at the peak temperature for a period
of 1 second or less.

10. A process according to claim 1 characterized in that
said material has a temperature of 60°C or less following
said quenching and prior to said at least one subsequent
heating step.

1l. A process according to claim 1 characterized in that

said at least one subsequent heat treatment is carried out

within 12 hours of said quenching step.-

12. A process according to claim 1 characterized in that

said at least one subsequent heat treatment is carried out

within one hour of said quenching step.
13. A process according to claim 1 characterized in that

said sheet material is an alloy of Al-Mg-Si or Al-Mg-Si-
Cu.

_—_—
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was nmuch less in this case conpared to that of the 15 AA6111 materi al

m | ar

The tensghgﬁﬁh%aprties of the other alloys also ShOWkﬁ%ﬁEE@E%#

to that

y the AA6016 and AA6111 material s. OF

THERVAL EXPOSURE ON THE PROPERTI ES OF 20 SOLUTI ON HEAT TREATED MATERI AL
ONE CYCLE
tests perfornmed on AA6111, AA6016, AA6009 and KSE ~materials after

bei ng expoddd t & progess aceordimk sslaim RVEhayacteriged 40 &HdC in a

conveyor
as-i s

the ther maboyFsfrom £83dsoiufion

bel igj

Tabl e 2 above als®2ists the results of tensile

12 GRibsedtient hea®iRRF Rdp ke cerd!idS RNt 3l 4e in the

condition and T8X tenpers increased due to exposure.to

heat) freatmentes involving, @ Reaky,

AAG111 spi kethpriradee WiltBin Rhe) reindiesorendich -3@00oal ues of the one week

nat ur al
better i

aged
T8X

material were. about 10% | ower in T4 and slightly
conpared to the control material. TWO CYCLES

The ef f ect 15f. t Vo pepcesseaeeondd ngn tir edlaliyn 35 charswiteriizedda thagat ed

mat eri al

Weg- ot

summari zes t he

10

out.

l6.

498 400 £ABRLHE! subseciRhe R nER bRk Srel drgiddel ow

A process according to claim 1 characterized in that

3 of said subsequent heating steps are carried out.

17. A process according to claim 1 chéractérized in that
- said material is stretched by an amount less than 2%
15 following said solution heat treatment but before said at
least one subsequent heat treatment.

THIS SHEET HAS B
E
REPLACED =N

- This Sheet Has Been Reﬂlaced ;

[
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‘14 results of the tensile tests perforned on these
material s WRAPTI® f f er ent aged conditions. PCT/CA9S00508
TABLE 3 Ef fect of One Week Hol d on the
‘Tensile Properties 5 . of the Sol ution Heat
Treated Plus Two . _ i Cycles Stabilized
Materi al s ALLOY PMI NO NATURAL AGEI NG ONE
WEEK NATURAL A§B0I-NS 4 T8X
T4 Tok = YS UER, YS UEl
YS o TgHTYS = YE @ ® kgfSq. cm
kg/ sg.cm 500 %9 .o’ §/sq.cm S = (KSI)
(KSI) K £ = Sl) = AL SIONE | 787.4
29 1975 4 s 01195 Iy 32 £ 1834.8 824
6016 < 401 p S = (281 = (17.0) = (k6. 1)
1301 7@ 2 30 | &5 3468. 5 é 16 a 1138.9 @ 2291. 8
21 B Ma‘:(l.a)n. | G35. 0) | § |(16. D)
(32.6) & 300"
S
—
200 7
130°C
100 ~<
28°C T~
0 :
Time
360
3007

Temperature (¢ )

0 [ 10 15 20
Time (min.)
FIG. 2

SUBSTITUTE SHEET (RULE 28)



150/ 857.7 28 2320 17 1012. 3 31 2305. 8 23

150  (12.2) (33.0) (14. 4) (32.8) 10

AA NONE 625. 7 29 2980. 7 14 1427. 1 27 2102 23
6111 (8. 9) (42. 4) (20. 3) (29. 9)

130/ 1075. 6 29 3121. 3 17 1420. 1 26 2720. 6 20

240  (15.3) (44. 4) (2012) (38.7)

1501 780. 3 29 2889. 3 16 1335.7 27 2369.1

22 changing5®he belt Bpeeds as ir 4hd)following (¢fpogssed

(33.7) . ai Sy s casg of . the c

exposures, thi &y ngfﬁg??“%g‘gr%% a(lq:wlef%!tdalgﬁé%?e?s' tﬁaé) 6.@ (%%Agglgs)st rength,
aﬂd t hef fi Eal .\%al2|5e|s(2i0n SHhe (X 5.@Bell75) ; tle geter 614 3yShet {fel Bhan

t hose of the ¢ r .a ual tter-gd h e C d
mat eri al . W ) 'SH?)[?H & e (naci?’ce)d t%rg e ]gh%él cgglb%hi hgﬂg%i ﬁgigyexpose

t enper at ube i sbetiveensitie ExpeauLes (4@ fhofthemmalspikes wag kpBRsECS or

the AAG6111 mat gr i@hinGaner ad brddie 29 compdid cendfstuBie t espetneur e
appears to be nore | nportant than the nunber of thernal spikes.
material after different heat treatments, tensile Eests

were conducted in T4 and T8X tempers both with and
without one week of natural ageing. Some samples were
10 given an additional preage treatment in the range of 55
to 85°C in a furnace for 8 hours followed by cooling to
ambiént temperature. This was to simulate in the
laboratory with test coupons the practical situation of
coiling strip at a temperature of 55-85°C and then
15 allowing the coils to cool naturally at a rate of less
than 2°C/houf.
| Tensile tests were performed on duplicate samples
in various tempers using a robot operated INSTRON®
testing machine. The strength values were found to be

20 accurate within + 1%, while the total elongation (EL%)

could vary by +5%.
SOLUTION HEAT TREATED AND NATURALLY AGED MATERIALS

The tensile properties of the materials in as-is,
one week naturally aged (T4) and T8X (2% stretch,

25 followed by 30 minutes at 177°C) are listed in Table 2.

AMENDED SHEET
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The AA6016 materi al

The al | oy, dependi ng on the

di fferent
exanpl e, when the materi al
respectively,

to that

in the as-is condition,

behaved slightly differently
tenperature of the thernal
conbi nati ons of strength in T4 and T8X tenpers.
was spi ked at 130 and 240[err]C,

then the yield strength in the T4

condi'tion when conpared to
10 agei ng,

nat ur a
but decreased slightly 211 kg/sqg.cm (about 3 ksi)

THREE CYCLES
tensile tests perfornmed on naterimpoNSOiclesSpdsty RerediAles

after solution heat treat nent.

cycl e does notj

any

si gni

15

Tabl erefisiiePhopenties BF el SERF 10k REATRESER t S Of the 15

but

1&bout

t he control
the yield strengt hIABbEe3sed in the T4 tenper,
t he T8X tenper.

conpared to AA6111

spi kes,

For

gave
5

condition was cl ose

7% hi gher
mat eri al .

in

in the T8X

After one week of

i medi ately

GEneraIIy, the use of an additi onal
trargp—tie l TTECITanT Cat F’l opeTtI '
iRt %}g’f ent (conYANTURMARENG, Tab| ¢sONE VEREINATYIRAL AGEING
ASIS T8X T4 T8X
Ys %EL YS %EL Y$ %EL s %EL
kg/sg.cm kgisg.cm kgisg.cm kglsg.cm
{KSI) {KSI) (KSH {KSh)
AA CONTROL 625.7 29 2980.7 14 14270 | 27 21020 23
6111 (8.9 : 42.4) {20.3) (29.9)
130 653.8 31 12654 27 2165.2 21
{9.3) (18.0) {30.8)
_ 1
240 1033.4 24 3212.7 13 1462.3 25 27216 18 -
(14.7) 45.7) (20.8) {38.8)
AA CONTROL | = 7874 28 1975.4 18 1195.1 32 1834.8 24
6016 11.2) {28.1) (17.0) (26.1)
130 878.8 29 2256.6 17 1068.6 29 2151.2 24
{12.5) (32.1) (15.2) {30.8)
AA CONTROL 1258.4 27 1806.7 21
6009 {17.9) (25.7)
240 604.6 26 27206 14 ‘1153.0 27 2031.7 19
{8.6) {38.7) 1 (164) (28.9)
KSE CONTROL 1335.7 25 18418 25
{19.0) ' (26.2)
240 857.7 26 2095 20 | 11178 28 2052.7 i
{29.8) (15.9) (29.2)

Note: In the above Table, PMT means Peak Metal Temperature, YS means Yield Strength, KSI means

Kilopounds/Square inch, and %EL means percent elongation

In all cases,
samples (see Table 2) are typical of the material when

convention-ally fabricated. The as-is AA6111 material

the properties of the control

showed 625.7 kg/sq.cm (8.9 ksi) YS and this increased
by about 375% to 2980.7 kg/sqg.cm (42.4 ksi) in T8X
After one week natural ageing, the YS values

temper.

AMENDED SHEET

IPEA/EP



16

TABLE 4

Ef fect of One Wek Fbld on the Tensile Properties
©of the Solution Heat Treated Plus Three

Cycles Stabilized Materials 5 ALLOY  PMI NO
NATURAL AGElI NG ONE VEEK NAIyRAL ACElI NG

T4
YS

(KSI)
CONTROL
24
(17.0)
2474. 6
(11.2)

kg/ sg. cm

5

10

15

20

25

30

35

T8X T4 T8X

/el in 'f(fg?rsla'g%%( %anergfgfgal 8.%27.1%%';@ 2@/28(]0 é:rﬁ/sq.o/éEm

16

(20(XKShpd 29.9 ksi), fKSppctively. It (@@hyld be noted

AA

1_712%1'1 naturafgagelnég%éf‘l?nf) welk 1ncjrje%%(e}58 tfieS%’ield 1834.8

strepgshlln T4 temper by about mmmmére'ﬁfﬁﬁda T8X 35

resg&ﬂé@ ﬁy abdft 25% 2193 4 22 (3

The AA6016 materlal s%owed 787.4 and
1975.4 kg/sg.cm (11.2 and 28.1 ksi) in yleld strength
in the as-is and T8X tempers, respectively. After one

1.2)

week of natural ageing, like AA6111, the yield strength

in T4 temper increased to 1195.1 kg/sq.cm (17 ksi),
while the T8X value decreased to 1834.8 kg/sg.cm
(26.1 ksi). It should be noted, however, that the
extent of the loss in strength due to natural ageing
was much less in this case compared to that of the
AA6111 material.

The tensile properties of the other alloys also
show trends similar to that shown by the AA6016 and
AA6111 materials.

EFFECT OF THERMAL EXPOSURE ON THE PROPERTIES OF

SOLUTION HEAT TREATED MATERIAL
ONE CYCLE

Table 2 above also lists the results of tensile
tests performed on AA6111, AA601l6, AR6009 and KSE
materials after being exposed to a temperature spike
(PMT) at 130 or 240°C in a conveyor belt furnace. As
expected, the yield strength value in the as-is
condition and T8X tempers increased due to exposure to

the thermal spike at 130 or 240°C. 1In all cases,

except for AA6111 spiked at 240°C, the yield strength
values of the one week naturally aged material were
about 10% lower in T4 and slightly better in T8X
compared to the control material.

. TWO CYCLES

The effect of two cycle exposure on freshly
solution heat treated material was studied on AA6111
and AA6016 materials. Table 3 below summarizes the

AMENDED SHEET
IPEA/EP



150/ 150/ 150 885. 8 31 2298. 8 20 1033. 4 33 2277.7

21 (12.6) (32.7)

(14.7) (32.4) AA CONTROL 625. 7 29
2980. 7 14 1427.1 27 2102 23 6111

(8.9 (42. 4) (20.3) (29.9)

130/ 130/ 240 1131.8 29 3121.3 1% 1462. 2 . 2805

19 : (44.

(20. 8) - results, of the tensild ‘fedls peytormeg| o8 thesey, , 31
2980. 7 17 materikdyd wnder @iBfferent 2896d2condit@ns.

(11.3) (42. 4) 18 (34.0) 10 THREE
CYCLES AND PREAGEI NG SHBLES | herma spi kes in |
conbi nation with pr eagkii 3000 Wesk REP G 1Rl TdlsiR Probertied N€ range of 55 to
850C 5 for 8 hours or rmreofp,gga(,}:igqga,mﬁﬁ:bh::e&&tah an excel | ent

conbi nation of T4 and T8X properti esgyrgSsiabifkeWaehisks 1abl € 15 5 bel ow.

ALLOY | PMT NO NATURAL AGEING : ONE WEEK NATURAL AGEING
{°C) _
T4 T8X T4 T8X “
YsS %El | YS %El | YS %El | YS %El
kg/sg.cm kg/sq.cm kgisq.cm | kefsq.cm
{KSI) (KSH) (KSH) (KSI)
AA NONE 787.4 29 19754 18 | 11951 32 1834.8 24
6016 (1.2 (28.1) {17.0) {28.1)
130/ 745.2 30 2460.5 16 | 11388 29 22918 21
. 240 {10.6) (35.0) (16.2) (32.8)
150/ 857.7 28 2320 17 1012.3 31 2305.8 23
150 (12.2) (33.0) (14.4) (32.8)
10 625.7 29 2080.7 14 14271 27 2102 23
(8.9) 42.4) (20.3) (29.9)
1075.6 29 31213 17 1420.1 26 2720.6 20
(15.3) {44.4) | 20.2) {38.7)
780.3 29 2889.3 16 1335.7 27 2369.1 22
(11.1) (41.1) (18.0) (33.7)
— —

Once again, as in the case of tﬁe one cycle
exposures, this treatment partially stabilizes the
AA6111 strength, and the final values in the T8X temper

15 are generally better than those of the control and
equal or better than the one cycle exposed material.
It should be noted that the choice of the spike
temperature is quite significant in terms of the T8X
response for the AA6111 material. Generally, the

20 choice of higher temperature appears to be more

important than the number of thermal spikes.

AMENDED SHEET
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17 ' . TABLE 5
Ef fect of Preage Process on Yield Strength of Three
Cycle Stabilized (13011301240[err] C) AA6010 and AA6111 Materials

ALLOY Pr eage NO NATURAL AGEl NG ONE WEEK
NATURAL AGEI NG | ([err] g T4

T8X T4.

:S/ sd. - VEl | k’ﬁ;xe ARE016 /ﬁgterz%. behaved éﬁllghtﬁ }d:Lfferentl§EI

(Ksl) compéKQﬂ)tO AAGlll '@‘KSI )ﬂloy, dependln(gKSln) thes - AA

g?\rrRo_ 71,8%16%%ratur§50f tﬁé7éhé3(*11rill %p@kes, %%%% %&gff)x%%t 2193. 4

(16.2) combu@agt;lglys of strength in T4 and5§8X gempersggy For 26
(211?110§5 5 20 exam%ilé”l when tRé matefiﬁﬁowas splﬁéd at ?:1.20 and 240°C,
70 - 8 101@@60&22%1% thgp7the yiejd strepggh 4n thezé“* 2411. 3

2% . condl%zl.lon was close to(#BRa#)in the as- -is( %@n%])é.é:fon, but26
(2 42823 21 aboué ﬂ%gl)xigherz'én the '§§}f4§:@ndit§.g{1 w%en compar'eSd to
(15. 1) the (&ndol material. (Afté)y one week of (aTuzphl

AA

1 1gaa‘gez.ng, Eq‘r}e yleldzgtrengglji }ngreasegi in th]e4% %emper, '
but decreased slightly 211 kg/sq cm (about 3 ksi) in
the T8X temper.

2755. 8

THREE CYCLES
Table 4 below summarizes the results of the
15 tensile tests performed on materials spiked three times
immediately after solution heat treatment. Generally,
the use of an additional cycle does not change the
mechanical properties of the materials to any
significant extent (compare data in Tables 3 and 4).

AMENDED SHEET
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6111 (16. 1) (44. 4) (20. 8)

(39.2) 55 - 8 1342. 7 23 3044 17
1511.5 22 2945. 6 17 ' (19.1)
(43.3) (21.5) (41.9) 70 8
1448.2 = 24 3079.1 16 1497. 21 3001.8 16

(20. 6) - (43.8) | (21. 3} o (42.7)

85 . 8  1567.7 . 16 3128.4 B o4 1546. 6 3142. 4

17 ( (44.5)

(22.0) (44.7) Effect of One Waek Hold on it Seaslle Prapertidst S show t hat  t he use
of one or nore 10 t her mal cycbfethe Soimiod Heet TrampBlusTbreer € r ange of 100 to
240[err] C after sol uti on hdgdes Swbiized Materialsi Npr oves t he T8X tenper

properties of heat treatable aluninumalloys. The exact i act of

t he treat pgent YPE O Y, XT mu
(spi king)~te (%MEnd 1 tWé“AﬁqP@hﬁ‘i“Ewa condift i on®E WEEK NATURAL AGE'NG I n
the case of t par €Ul ar [T oy Test ¢d 1 n_jhrs ‘Exappl e, e
fol |l ow ng conc) usi ops can b reai‘h &x T4 Té;ﬁ
Ys %EI | YS %El | YS %El | YS %El
kalsg.cm kglsgem | . kg/sg.cm kgisg.cm
{KS1) (KSl) {KS {KSt) L
AA CONTROL 7874 29 1975.4 18 1195.1 32 1834.8 24
6016 1.2 (28.1) (17.0) (26.1)
1301130240 7874 35 2474.6 16 1138.9 30 21834 22
m.2 {35.2) _ {16.2) {31.2)

15011501150 885.8 3 2298.8 20 10334 33 2271.7 21 ll

(12.6) (32.7) (14.7) | @z
AA | contRoL 825.7 20 | 20807 | 14| w21 | 27 2102 23
6111 (89) (42.4) (20.3} (20.9)
wonsoee | 11318 | 28 | 31213 | 14| 1ae22 | - 2805 19 H
(16.1) 44.4) (20.8) (39.9) :

150/1501150 7844 3 2980.7 17 1321.6 26 2380.2
{11.3) 424) (18.8) {34.0)

22

10 THREE CYCLES AND PREAGEING
| . The use of thermal spikes in ‘combination with
preageing at temperatures in the range of 55 to 85°C
for 8 hours or more provided material with an excellent
‘combination of T4 and T8X properties, as shown in Table
15 5 below.
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18" AA6016 (a) a single low tenperature spike (130-240[err] Q)

gi ves | mproved T8X response, although there is sone |oss

of strength with natural ageing; the strength 5 stabilizes at
about 2179.3 kg/sq.cm (31 ksi). (b) If the material is spiked at
240[err]C fol l oned by a preagé7ranging from55 to 85[err]C for 8
hours or nore, the T8X strength increases to 2460.5

kg/ sq.cm (35 ksi) and stability agai n<EABLE 1B al 10 ageing is

i nproved. (c) The int egﬁ&q,pp;laa&srpﬁ,@,gsrm@,g@&% tdeduse any | oss of

el ongation and typi cal e'@&&ﬁ&bﬁ.ﬁ@umhm@c B BMd Ang111 Materlals are 25 to 30%
AA6111 15 (a) Splklng at 240[err] is desired for the best effect

but there is

351.5 kg/ sq. cfm DS S
caused by natjural 0
mat eri al . (d Breag
to 85[err]C fjpr 8 hours rgodoces—tiretyss—tauped et
agei ng. The TBX stfength Fkﬂ&hls Fd§b iY§ L %El | ¥S %El
kg/sq.cm kglsg.cm kgisg.cm kg/sg.cm
It (KSh {KSh . {KSl {Ksh
5 AA CONTROL 7874 35 24748 16 11389 30 21934 21
6016 {11.2) (35.2) (16.2) 31.2) J
55-8 984.2 26 2481.6 20 1131.8 27 2330.2 22 1
140 3. (16.1 w0 ||
70 -8 1012.3 28 24675 21 1082.6 26 24113 22 P
{(14.4) {35.1) {15.4] - (343
B5-8 1061.5 26 2488.6 21 1153 28 24746 21
{15.1) {35.4) (16.4) {35.2) h
AA CONTROL 11318 28 N3 14 1462.2 - 2755.8 19
6111 181 wa | (20.8) (38.2) |

55-8 1342.7 23 3044 17 15115 2 2945.6 17
{18.1) {43.3) {21.5) 419

70-8 1448.2 24 3079.1 16 14974 21 3001.8 16
{20.6) (43.8) 21.3) 42.7)

‘1
85-8 1567.7 16 31284 18 1546.6 - 31424 17
(22.3) {44.5) {22.0) . {44.7)
- —

These results show that the use of one or more

10 thermal cycles in the temperature range of 100 to 240°C
~after solution heat treatment improves the T8X temper
properties of heat treatable aluminum alloys. The
exact impact of the treatment depends on the type of
alloy, the choice of maximum (spiking) temperature and
15 the préaging conditions. '
In the case of the particular alloys tested in this
Example, the following conclusions can be reached:

AMENDED SHEET
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much i nproved 3163.5 kg/sg.cm (close to 45 ksi). 25 EXAMPLE 2
Tabl e 6 bel ow shows the average tensile properties of AA6111 and
AAA6016 materials that were exposed to various thermal spikes and
preagei ng treatnents.

g TABLE 6
EFFECTS OF THREE STEP STABI LI ZATI ON TREATMENT
ON THE TENSI L 3F¥RTI ES OF THE FRESHLY
SCLUTI ON HEAT TREATED AA6111
6111 (a) & singlonleyrgemperature ?PiEhFVALlﬁPS%Q\?C) gives

T4 T8X improved TH¥ response, alt8ugh there is some loss
of strength with natural ageing; the strength
5 stabilizes at about 2179.3 kg/sqg.cm (31 ksi).
(b) If the material is spiked at 240°C followed by a
preage ranging from S5 to 85°C for 8 hours or
more, the T8X strength increases to 2460.5
kg/sq.cm (35 ksi) and stability against natural
10 ageing is improved.
(c) The integrated treatments'do not cause any loss of
elongation and typical elongation values obtained
are 25 to 30%.

AR6111
15 (a) Spiking at 240°C is desired for the best effect
but there is a loss of strength with natural
ageing of about 351.5 kg/sqg.cm (5 ksi). Even so,
the T8X strength after the loss caused by natural
ageing, is higher than that of the control
20 material.

(d) Preageing at temperatures within the range of 55
to 85°C for 8 hours reduces the loss caused by
natural ageing. The T8X strength in this case is
much improved 3163.5 kg/sq.ch (close to 45 ksi).

25 EXAMPLE .
" Table 6 below shows the average tensile properties of
AA6111 and AAA6016 materials that were exposed to
various thermal spikes and preageing treatments.
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YS ol YS ol YS oEl  YS | oEl

kg/ sq.cm kg/ sq.cm kg/ sq.cm kg/ sq.cm

(KSI) (KSI) (KSI) ' (KSI) Sht Pl us
Quenched Plus One 1427.1 27 2102 23 1195.1 32 1834.8

24 Week @ Room Tenperature (20. g% (29.9) (17.0)
é26b1|) . (1( RTg (|Cont rol) t Plus Quenched* Plus 10

t abi |l i zation 05C) Pl us St abiddrzatd on 11 (130[err] C) Plus
Stabilization [l (240[err] %%!%ﬁﬁ ( : O]1e)Week @RT 15

C : a
b) 5 H@85C And No Hol d 15ﬁ)§f§.CT§ JDREE STEP SEABILIZATHN TRE M&N.TZ;) 15 984.2
(14.0) 27 2200.4 (31.3) 1@N THE TENSILE PROPERT}RY OF THE FRESHLY 1715.3 (24.4) 24
3262 (46.4) 17 .. . . SOLUTION HEAT TREATED AA6111@) g5[ err ] C And One
Week Hold @ RT y . 1047.5 (14.9) 24  2312.9

(32.9) 17 16
20 Thgl Tabl e al so includes t Ya of the MEP8nt i onal
produced ZTountler PHRINA; HEIORYe| [T expected| it gan be|seenphat
both the materfj als show considerable I nprovenent in yileld strength
in the T8X tenper afitygr one| weekysat roqgmet enger at yrom (RS) . 25| %@
Preagei ng of tlhe materials JtiyRa@ erf] C [ @b hQur S| kgiges OvVds kgisg.cm
Ksh XSH {KSh st
Sht Plus Quenched Plus One | 1427.1 27 2102 23 | nesa 32 | 18348 %
Week @ Room Temperature {20.3) . (20.9) {17.0) {26.1)
{RT) (Control)
Sht Pius Quenched*® Plus
10 Stabilization (105°C} Plus
Stabilization I (130°C} Plus
Stabilization Il (240°C)
Plus:-
2) One Week @ RT
15 b} 5 H @ 85°C And No Hold | 15858 (227) | 23 | 31565 (449 | 15 | 88421400 | 27 | 22004 B1.3) | 18
@RT 17153 (244) | 24 | 3262 @64 | 17 - - - -
¢) 5 H @ 85°C And One
Week Hold @ RT - - - - 10475 (14.9) | 26 | 23129 (329) | 17

* COLD WATER FOR AA6111 AND FORCED AIR FOR AAGO16

20 The Table also includes the data of the
conventionally produced counterparts as well. As
expected, it can be seen that both the materials show
considerable improvement in yield strength in the T8X
temper after one week at room temperature (RT).

25 Preageing of the materials at 85°C for 5 hours improves
‘the yield strength even further in the T8X temper.

In commercial Solution Heat Treatment (SHT) practice,
the solution heat treated material is subjected to a
levelling operation. This operation is highly

30 desirable to provide in an integrated line as well. 1In
order to study the effect of such an operation, alloys
AA6111 and 6016 were subjected to different amounts of
stretching immediately after the SHT. Table 7 below
summarizes the results of tensile tests.
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the yield strength even further in the T8X tenper. In commercia
Sol ution Heat Treatment (SHT) practice, the solution heat treated
material is subjected to a | evel ling operation. This operation is
hi ghly 30 desirable to provide in an integrated line as well. In

order to study the effect of such an oper§%ion, al | oys ‘AA6111 and
6016 were subjected to different anpunts ' stretching i nmedi ately

after the SHT. Taple Jabf! Qbgests tnit BRELEER:hBCHETRW 1% CodelRR ©

t ests.
The data suggehavet hay sfifecthiony thsl grield deength in the ThagedaR§X

effect on the yi ﬁb@ﬁ%treﬁ%hgﬁé}t'ﬁ%é@%éﬁgjé%?étch thetﬁﬁp§ffen§@HBVer

above 1% stret ch T4 st increases and_formabillty can be

af f ect ed adver ¢ocyeases and fOrmﬁh%ikﬁﬁef%ﬂuﬁﬁnﬂ@i%¢&ﬁdtﬂ@v?ﬁéﬁkﬁr spi kes
.reqU|red 5 This data suggests that the thermal spikes required

to improve strength in T8X temper can be accomplished
through the drying and curing steps that are used after
the drying, pre-treatment, preprime and high
temperature coiling at the end of all operations.

10 TABLE 7

EFFECTS OF % STRETCH (PRIOR TO STABILIZATION TREATMENTS)
OF THE. TENSILE PROPERTIES OF THE
SOLUTION HEAT TREATED AA6111 AND 6016 ALLOYS

AA 6111 . AA 6016
MAL HISTORY
 THER T4 T8X T4 T8X
¥s %El | YS %l | ¥S %E! Ys %EI
kofsq.cm kgisg.cm kg/sg.cm kgisg.cm
{KSh (KS) (KS! {KSD
15 Sht Plus Quenched Plus Gne | 1427.1 27 2102 23 1195.1 32 1834.8 24
Week @ RT {Control} {20.3) (29.8} _ (12.0) {26.1)
Sht Plus Quenched Plus
Farced Air Quenched
Plus Stabilization
20 {106°C) Plus Stabilization 1l
{130°C) Plus Stabilization il
(240°C) Plus One Week
@RT
Al 0.2% 14904 212 | 4 3086.2 {43.9) | 16 10475 (14.8) | 23 2341 (33.3) 16
25 Bl 0.5% 15185 (216 | 21 30721 43.n | 15 1167 {1661 | 24 2378.1 (33.8) 17
C) 1.0% 1609.9 (229) | 23 31213 (444} | 16 12513 (12.8) | 20 24535 (34.9) 15
D} 2.0% 1694.2 (24.1) | 20 31776 45.2) | 15 13216 (18.8) | 16 24535 (34.9) 16
AMENDED SHEET

IPEA/EP



to inprove strength Tn—TSX’terrpmbe acconpl i shed througi—tte—

drying and curing st egg tkatHaaBen Resbdedaf t er t he dryi ng THIS SHEET HAS BEEN
pre-treatnent, prepr| tenperature coiling gt t hEFRAFEBs
all operations. mm TABLE 7
EFFECTS OF %)STRETCH ( | ZATI ON TREATMENTS)

OF THE TENSI LE PROPERTI ES OF THE 21 SOLUTI ON HEAT
TREATED AA61 11 AND 6016 ALLOYS

AA 6111 CLAIMS: AA 6016 THERVAL HI STORY

T4 T8X T4 T8X

YS %l YS %l | YS ., Y&l YS el ,

kg/ sg. cm lkg/sa.pﬁpcess ofk@mggqgﬁng palntqgﬂsﬁgqgﬁd, solution
(KSI) heb&KStYeated alumlhlﬁﬁ Blloy sheet (n@érlalﬁ sultableQ'hfoPI us

Quenched Plus One 1427

54 Végﬁe@?ﬁTaPéSWPZ&Wf p@ﬂﬁ%% Whlé% qgﬂpgﬁses subject%q

(26. 1) 5

1834 8
hot ShborPeoidreddeed ARl-My-Si or Al- M@{S:ectxAlatlmwmhedt

Pl us Stablllzatko solution heat treatment followed by quenching,

10

15

20

25

30

forming, painting and paint baking, characterized in
that, before substantial age hardening has taken place
after said quenching but before said forming, the alloy
sheet material is subjected to at least one subsequent
heat treatment involving heating the material to a peak
temperature in the range of 100 to 300°C, holding the
material at the peak temperature for a period of time
less than 1 minute, and cooling the alloy from the peak
temperature to a temperature of 85°C or less.

2. A process according to claim 1 characterized in
that said material is heated in said at least one
subsequent heat treatment to a peék temperature within
the range of 130 to 270°C.

3. A process according to claim 1 characterized in
that the material is heated to said peak temperature in
said at least one subsequent heat treatment at a rate
of 10°C/minute or more.

4. A process according to claim 1 characterized in

that the material is heated to said peak temperature in
said at least one subsequent heat treatment at a rate
of 5 to 10°C/second.

5. A process according to claim 1 characterized in
that the material is cocled from said peak temperature
in said at least one subsequent heat treatment at a

I

avenoeosteer IO

IPEA/EP



20 (105[ errTCy Plus Stabilization Il (113[ err]C) Plug—1
rectr] C Plus One Week U Tiis SHEET HASFBEEN

Stabilization |1l ThisSheet Has.Be

A) 0.2% ; KRRk 24  3086.2 (43.9) 16 1047. REPUALED)
23 2341 (33.3) ﬂ IB) 0.5% 1518.5 (&1

3072.1 (43.7) 15 : 24 ~ 2378.1 (33.8) 17 © 1.0%
1609.9 (22.9) 23 3121.3 (44.4) '16 2251.3 (17.8) 20 2453.5 134.9)
15 D 2.0% ~1694.2 (24.1) _ 20 . 3177.6 (45.2) 15
1321.6(18.8) I8te 9f54°S/gggopf orgmore,ppt least to a tempeXRliERs of
produci ng sol u{hopnBeshngkeakedsalyrigawm. alloy sheet material suitable
for use in the fabrication of autonotive panels by the steps of formng
and pai nt baking, 5 which conprises subjecting hot- or cold-rolled Al -M-So
or Al- My- Sk- Cu Al beycebeehctorddngt iten dledm tIr efareitdl 2edveth by

quenchi ng and Qﬁ;grghea%gtggggin&ggbc%ﬂ%kﬁ§£§§ﬂ%§§£'rbégﬁﬁtemperature

5 in said at least one subsequent heat treatment at a

rate of 25°C/second or more, at least to a temperature
in the range of 55 to 85°C.

7. A process according to claim 5 characterized in
that the metal is cooled to a temperature in the range
10 of 55 to 85°C at said rate of 4°C/second or more, and

is then further cooled to ambient temperature at a rate
of less than 2°C/hour.

8. A process according to claim 1 characterized in
that the material is held at the peak temperature for a
15 period of 5 seconds or less.

9. A process according to claim 1 characterized in
that the material is held at the peak temperature for a
period of 1 second or less.

10. A process according to claim 1 characterized in

20 that said material has a temperature of 60°C or less
following said quenching and prior to said at least one
subsequent heating step. |

11. A process according to claim 1 characterized in
that said at least one subsequent heat treatment is
25 carried out within 12 hours of said quenching step.

12. A process according to claim 1 characterized in
that said at least one subsequent heat treatment is
carried out within one hour of said quenching step.

e
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bef ore substantial natural age hardening has taken place aft

guenchi ng, the afhi Hmﬁeemqual is subjected to at 10 | ea Tf"so?h%p Aqgég BEEN
subsequent heat. t |ng heating the material tjp_a pea
tenperature in th to 300[err]C . holding the material at

he peak tenperature a perlod of tibge less than 1 mnute, and
cooling the aIon fronlthe peak 'tenperafure to a tenperature of 85[err]C
or |ess. 15 2 Is [ t hat
said materi al | s “heat ggeggs gegg'-glllﬁgstt%o(r\léel%'llqEl :sllucbés?gc{]%géntfé%eat t reat ment

to a peak tenp@hétuﬁesﬁpgﬁﬁnSUbSﬁﬁﬁepén@Ga@ﬂnHM¥QQP:EHHQﬁ#H¥§ out 3. A

process accor difgnif ibahﬂh%scB%bﬁpkﬂﬁﬁﬂ%%ﬂdiigﬁ‘HEﬁttﬂﬁédﬁﬁéﬁﬁ3| E
heated to said peak tenperature in sai d | east one subsequent heat

treatment at alR¥pévingop PGF&rFFGPﬁFﬁGF&eoW¥ﬁ9ﬂ§ the rapge of kPR ek
accordingsto cigpprl characterized in that the materialis heated to said
peak tenperature in 25 said at | east one subsequent heat treatnent at a
rate of 5 to 10[err]C second. 5. A process according to claim1
characterized i4. A process according to claim 1 characterized in

that from 2 to 4 of said subsequent heating steps are

carried out.

15. A process according to claim 1 characterized in
10 that 3 of said subsequent heating steps are carried

out.

l6. A process according to claim 1 characterized in
- that said material is stretched by an amount of less
' than 2% following said solution heat treatment but
15 before said at least one subsequent heat treatment.

17. A process according to claim 6 characterized in

that the metal is coocled to a temperature'in the range

of 55 to 85°C at said rate of 4°C/second or more, and

is then further cooled to ambient temperature at a rate
20 of less than 2°C/hour.

18. A process according to claim 1 characterized in
that a plurality of said subsequent heat treatments is
carried out, and in that a final one of said plurality
of subsequent heat treatments involves cooling said

25 material from said peak temperature at a rate of
25°C/second or more, at least to a temperature in the
range of 55 to 85°C, and then further cooling the
material to ambient temperature at a rate 6f less than
2°C/hour.
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A process of producing solution heat treated aluminum alloy sheet material comprises subjecting hot- or cold-rolled aluminum alloy
sheet to solution heat treatment followed by quenching and, before substantial age hardening has taken place, subjecting the alloy sheet
material to one or more subsequent heat treatments involving heating the material to a peak temperature in the range of 100 to 300 °C |-
(preferably 130-270 °C), holding the material at the peak temperature for a period of time less than about 1 minute, and cooling the alloy
ﬁomthepeakuemperamremauempemmreof%‘Corbss The sheet material treated in this way can be used for automotive panels and’
has a good 'pa.intbakeresponse" ie. mmeasemyiehmengﬂlﬁomtheuwmpermﬂwmxwmperupmpammmdbakmgofﬂm
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8. A process according to claim1 characterized in t hat the rrat“é‘?‘i‘”éﬂ'ﬂ
hel d at the peak tenperature for a period™ ‘fpgi g gqg.
A process according to claim 1l characterize ‘ F Per|§€ |s1

hel d at the peak tenperature for a peri ogx Q#ﬂ?oﬁﬁg §%§““‘ = 1o.
A process according to claim1 charactﬁrizp L ““ h&aﬁ“& #hﬂ%ﬁﬂhfghas a
tenperature of 60[err]C or |ess f ol j § Fﬂl n PR -a kel pagddor..t o

said at |east 20 subsequent heating stie ."bﬁwxll pAg oc€B$ﬁ5EE0fdlng
toclaim1l gké&g§¥erlzed in that said %t | east one subseg Eﬂwpﬁﬁh
treatnent is carried out within 12 hourls IDATEz0H EE@E@F“S’Q ___________
12. A process according to claim 1l characterized n 25 tThat—sard—at 1cuot
one Slﬁbsequ%'nt hsasracre%t Eﬁnﬁrééucing %%rmg@én%aefviéﬂya@eanﬁlmtm@f Sgl d
quenching s oce rdin cl.ai aracterjzed in
that a S|ng?§ﬁ§ﬁﬁ§¥ﬁﬁéﬁ?tﬁ€§gi iﬁ EéPg?égl ¥ Pabridatis G _
automotiive panels by the steps of forming and paint baking,
5 which comprises subjecting hot- or cold-rolled Al-Mg-Si ‘or Al-
Mg-8i-Cu alloy sheet to solution heat treatment followed by .

quenching and natural age hardening, characterizéd in that,
before substantial natural age hardening has taken place after
said quenching, the alloy sheet material is subjected to at

10 least one subsequent heat treatment involving heating the
material to a peak temperature in the range of 100 to 300°C,
hoiding the material at the peak temperature for a peridod of
time less than 1 minute, and cooling the alloy from the peak
temperature to a temperature of 85°C or less.

15 2. A process according to claim 1 characterized in
that said material is heated in said at least one
subsequent heat treatwment to a peak temperature within
the range of 130 to 270°C.

3. A process according to c¢laim 1 characterized in

20 that the material is heated to said peak temperature in
said at least one subsequent heat treatment at a rate
of 10°C/minute or more.

4. A process according to claim 1 characterized in
that the material is heated to said peak temperature in

25 said at least one subsequent heat treatment at a rate
of 5 to 10°C/second.

5. A process according to claim 1 characterized in
that the material is cooled from.said peak temperature

in said at least one subsequent heat treatment at a

30 rate of 4°C/second or more, at least to a temperature
in the range of 55 to 85°C.
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Wi thin 12 hours fromsaid solution heat treatnment, 30 involving a peak
tenperature within the range of 190 to 300[err] C

23 *14." A process ‘of producing solution heat treated al um num al | oy
sheet material suitable for use in the fabrication of aut onoti ve panel s
by the steps of form ng and pai nt baki n?g2 whi ch conpri ses subjecting
hot- or cold-rolled Al-MJ-Si or Al- 5 MJ-Si-Cu alloy sheet to solution heat
treat ment fel | ovmecbbgcessqaeoohdmgg tbaraatiar ilzetharaddeati zdikfior e

subst anti aI h e af.t t he
al | oy she rral?%r'?}%Egl $%5u ] ec%’ggg?o%ﬁ% s% de a?u%sgﬁﬁéﬁu%%at
t reat ment s,ireasdid nabl keagthenei sgbshquesite healt ttr@lmfmdi B tenperature in
the range of é@%f%%@b%&%h&i Bel fofg, | B RN Ao a @émrg dhea ipak
ki d cooling the

terrper ature eriod | ess m nut
alloy frém xmetlp%akapgﬁp@ﬁaﬁér Eot §5§C

7. A process according to claim 5 characterized in

that the metal is cooled to a temperature in the range

of 55 to 85°C at said rate of 4°C/second or more, and

is then further cooled to ambient temperature at a rate
10 of less than 2°C/hour.

- 8. A process according to claim 1 characterized in
that the material is held at the peak temperature for a
period of 5 setonds or less.

9. A process accordigg to claim 1 characterized in
15 that the material is held at the peak temperature for a
period of 1 second or less.

10. A process according to claim 1 characterized in
that said material has a temperature of 60°C or less
 following said quenchihg and prior to said at least one
20 subsequent heating step.

11. A process according to claim 1 characterized in
that said at least one subsequent heat treatment is
carried out within 12 hours of said quenching step.

12. A process according to claim 1 characterized in
25 that said at least one subsequent heat treatment is

carried out within one hour of said quenching step.

13. A process according to claim 1 characterized in
that a single subsequent heating step is carried out
within 12 hours from said solution heat treatment,

30 involving a peak temperature within the range of 190 to

TR O ) O
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t enmperat ure of 8b[efr]p or tess: - 15. A process of roducing_agLuLLon
heat treated al ufsQum 3 ndlirQYsgi1ect material sui talfe [OF Hseyh8 gEbR |
fabrication of anel s by the steps of fo'ﬁh@%}ﬁﬁ pbai nt ::
baki ng, mhichJ lEm}ﬂE jecting hot- or col d-tolled Al_My—Si—-ariAl -
My-Si-Cu al |l oy sh n heat tggatnent followed by guenchi ng,
characterized in that, before substantial age 20 hardeni ng has taken pl ace
after said guenching, the allo . Sheet pmterial is subjected to 3
Subsequent Heat % EEIGRSR SF PrOAuLing’ SRIBEIPR P RELFRECERA A (o a
peak tenperalley sheet matheialngeltwble0forousdOinethpClabol chtipn g mat er i al
at the peakautomdtaRREPALKLS b tie RRebadof! séiilind 823 AR hdRiRy.e, and
25 cooling thg allgé .romthe, peak tgﬁgeratur 03 tgqgfratﬁgs of
85[err] C orvity comprisegssubjerting bo 5C8¥0?$‘?§f{-1r8 Lrdi A MEteh % 8lized in
that sai @ rMg-e3i-u iadloyr ehebeddscdmtionuneanitieasment folkowabyol | owi ng
ﬁal ? tsol u: I@ilet:mngt.r %Tf%e&imed 3 kake! eﬁéﬁ% %hblgeaﬁé%ﬁleagwbtsequené _
eat treatnen R : ocess. according to.claim6 characterized in
that the mﬁﬁdﬁ?%&a@dlﬁeﬁ ﬁ%ﬁﬁfef“%ﬁ:&?‘es?"n& cﬁﬁ@c;nﬁnge the a%S to -
85[ err] C atsheatl nattexriafll 15[ ewb]etes sndfvomd iy dasdbsequents hdedn furt her
cooled to %%n%%rrpggghuiﬂvﬁvi%gr 'ﬁggting the material to a peak

10 temperat:ﬁre in the range of 100 to 300°C, holding the material
at the peak temperature for a pexriod of time less than 1
minute, and cooling the alloy from the peak temperature to a
temperature of 85°C or less.

15. A process of producing .solution heat treated aluminum

15 alloy sheet material suitable for use in the fabrication of
automotive panels by the steps of forming and paint baking,
which comprises subjecting hot- or cold-xrolled Al-Mg-Si or Al-
Mg-Si-Cu alloy sheet to solution heat treatment followed by
quenching, characterized in that, before substantial age

20 hardening has taken place after said quenching, the alloy
sheet material is subjected to 3 subsequent heat treatments,
each involving heating the material to a peak temperature in
the range of 100 to 300°C, holding the material at the peak
temperature for a peribd of time less than 1 minute, and

25 cooling the alloy from the peak temperature to a temperature
of 85°C oxr less. '

16. A process according to claim 1 characterized in

that said material is stretched by an amount of less

than 2% following said solution heat treatment but
30 before said at least one subsequent heat treatment.

17. A process according to claim 6 characterized in

that the metal is cooled to a temperature in the range

of 55 to 85°C at said rate of 4°C/second or more, and

is then further cooled to ambient temperature at a rate
35 of less than 2°C/hour.
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35 of less than 3[err]C hour. L 24
18. A process of produci ng-solution heat treated al um num al | oy sheet
material 'suitable for use in the fabrication of aut onoti ve panels by the
steps of form ng and pai nt baking, whi ch conprises subjecting hot- or
cold-rolled Al-My-Si or Al- 5 MJ-Si-Cu alloy sheet to solution heat
treatnent foll owed by quenching, char@&t erized in-that, before
substanti al age har deni ng has taken pl ace after said quenching, the

freatments, chh IRREERS REPTOGIRS ARLEHISR hert breab 3ot GHRsE ure i n
t he range of 4Ly sheed| mat]af;tahcﬁmﬁm@lltahéomselm the fabriteticmlof
21y 11 om ( he RV baents BF, LR Srepdliol fornifid)dhid pRie WL, hd in
thatya final %:ge‘bfc%“ﬁ? ses SBPII?%V‘?’{%/I’(S’F s%s@%ﬁfg g? @%fﬁg AY-
i nvol ves cHol HgresHetul aldoyasbeetl té ramhugdiod. heak mmqmeat:uﬁelh@wed rhxe of
25[ err] G secogfenchitig,Mharadtel L2684 fiP chat§NBEEGES [SubstahBeal 238G Of 55 tO
85[err]C hardening has taken place after said quenching, the alloy
sheet material is subjected to a plurality of subsequent heat
treatments, each involving heating the material to a peak

10 temperathre in the range of 100 to 300°C, holding the matekial
at the peak temperature for a period of time less than 1 _
minute, and cooling the alloy from the peak temperature to a-
temperature of B85°C or less, and in that a final one of said
plurality of subsequent heat treatments involves cooling said

15 material from said peak temperature at a rate of 25°C/second
or more, at least to a temperature in the range of 55 to 85°C,
and then further cocoling the material to ambient temperature
at a rate of less than 2°C/hour.
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and then further cooling the material
of Iess than 2[err] C hour.

10

15

20

25

30

35

to anbi ent tenpera

23
14. A process of producing solution heat treated aluminum
alloy sheet material suitable for use in the fabrication of
automotive panels by the steps of forming and paint baking,
which comprises. subjecting hot- or cold-rolled Al-Mg~S8i or Al-
Mg-s:.-Cu alloy sheet to solution heat treatment followed by
quenching, characterized in that, before. substantial age
hardening has taken place aftex said quenching, the alloy
sheet material is subjected to from 2 to 4 subsequent heat
treatments, each involving heating the wmaterial to a peak
temperature in the range of 100 to 300°C, holding the material
at the peak temperature for a period of time less than 1

minute, and cooling the alloy from the peak temperature to a
temperature of 85°C or less.

15. A process of  producing -solution heat treated aluminum

alloy sheet material suitable for use in the fabrication of
automotive panels by the steps of forming and paint baking,
which comprises subjecting hot- or cold-rolled Al-Mg-Si .or Al-
Mg-Si-Cu alloy sheet to solution heat treatment followed by
quenching, characterized in that, before substantial age
hardening has taken place after said quenching, the alloy
sheet material is subjected to 3 subsequent heat treatments,
each involving heating the material to a peak temperature in
the range of 100 to 300°C, holding the material at the peak
temperature for a period of time less than 1 winute, and

coolxng the alloy from the peak temperature to a temperature
of 85°C or less.

16. A process according to claim 1 characterized in

that said material is stretched by an amount of less
than 2% following said solution heat treatment but
before said at least one subsequent heat treatment.
17. A process according to claim 6 characterized in
that the wmetal is cooled to a'temperatufe in the range
of 55 to 85°C at said rate of25°C/second or more, and
is then further cooled to ambient température at a rate

of less than 2°C/hour.
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