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(57) ABSTRACT 
The present invention provides an improved process for 
continuously casting aluminum alloys and improved alumi 
num alloy compositions. The process includes the steps of 
continuously annealing the cold rolled strip in an interme 
diate anneal using an induction heater and/or continuously 
annealing the hot rolled strip in an induction heater. The 
alloy composition has mechanical properties that can be 
varied selectively by varying the time and temperature of a 
stabilizing anneal. 
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CONTINUOUS CASTING PROCESS FOR 
PRODUCING ALUMINUM ALLOYS HAVING LOW 

EARING 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] The present application is a continuation of US. 
patent application Ser. No. 09/445,477, ?led Dec. 6, 1999, 
entitled “CONTINUOUS CASTING PROCESS FOR PRO 
DUCING ALUMINUM ALLOYS HAVING LOW EAR 
ING,” Which claims priority from a) PCT Patent Applica 
tion, Serial No. PCT/US98/11235; b) US. Provisional 
Application Serial No. 60/052,326, ?led Jul. 11, 1997; and 
c) US. patent application Ser. No. 08/864,883, ?led Jun. 4, 
1997; Ser. No. 08/869,817, ?led Jun. 4, 1997; and Ser. No. 
08/869,245, ?led Jun. 4, 1997. 

FIELD OF THE INVENTION 

[0002] The present invention relates generally to alumi 
num alloy sheet and methods for making aluminum alloy 
sheet and speci?cally to aluminum alloy sheet and methods 
for making aluminum alloy sheet for use in forming draWn 
and ironed container bodies. 

BACKGROUND OF THE INVENTION 

[0003] Aluminum beverage containers are generally made 
in tWo pieces, one piece forming the container sideWalls and 
bottom (referred to herein as a “container body”) and a 
second piece forming a container top. Container bodies are 
formed by methods Well knoWn in the art. Generally, the 
container body is fabricated by forming a cup from a circular 
blank aluminum sheet (i.e., body stock) and then extending 
and thinning the sideWalls by passing the cup through a 
series of dies having progressively smaller bore siZes. This 
process is referred to as “draWing and ironing” the container 
body. The ends of the container are formed from end stock 
and attached to the container body. The tab on the upper 
container end that is used to provide an opening to dispense 
the contents of the container is formed from tab stock. 

[0004] Aluminum alloy sheet is most commonly produced 
by an ingot casting process. In the process, the aluminum 
alloy material is initially cast into an ingot, for eXample, 
having a thickness ranging from about 20 to about 30 inches. 
The ingot is then homogeniZed by heating to an elevated 
temperature, Which is typically 1075° F. to 1150° F., for an 
eXtended period of time, such as from about 6 to about 24 
hours. “HomogeniZation” refers to a process Whereby ingots 
are raised to temperatures near the solidus temperature and 
held at that temperature for varying lengths of time. The 
process reduces microsegregation by promoting diffusion of 
solute atoms Within the grains of alumina and improves 
Workability. HomogeniZation does not alter the crystal struc 
ture of the ingot. The homogeniZed ingot is then hot rolled 
in a series of passes to reduce the thickness of the ingot. The 
hot rolled sheet is then cold rolled to the desired ?nal gauge. 

[0005] Although ingot casting is a common technique for 
producing aluminum alloy sheet, a highly advantageous 
method for producing aluminum alloy sheet is by continu 
ously casting molten metal. In a continuous casting process, 
molten metal is continuously cast directly into a relatively 
long, thin slab and the cast slab is then hot rolled and cold 
rolled to produce a ?nished product. 
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[0006] Some alloys are not readily cast using a continuous 
casting process into an aluminum sheet having mechanical 
properties suitable for forming operations, especially for 
making draWn and ironed container bodies. By Way of 
eXample, some alloys have loW yield and tensile strengths, 
a loW degree of formability and/or a high earing Which lead 
to a number of problems. 

[0007] It Would be desirable to have a continuous alumi 
num casting process in Which the aluminum alloy sheet can 
be readily fabricated into desired objects. It Would be 
advantageous to have a continuous casting process in Which 
the aluminum alloy sheet has a high degree of formability, 
loW earing and high strength. 

SUMMARY OF THE INVENTION 

[0008] These and other needs are addressed by the process 
and alloy compositions of the present invention. In a ?rst 
embodiment, the method can include the steps of: 

[0009] (a) continuously casting an aluminum alloy 
melt to form a cast strip; 

[0010] (b) hot rolling the cast strip to form a hot 
rolled strip; 

[0011] (c) cold rolling the hot rolled strip to form an 
intermediate cold rolled strip; 

[0012] (d) continuously annealing the intermediate 
cold rolled strip at a temperature ranging from about 
371 to about 565° C. to form an intermediate 
annealed strip; and 

[0013] (e) cold rolling the intermediate cold rolled 
strip to form aluminum alloy sheet. 

[0014] The use of a continuous anneal can provide sig 
ni?cant savings in operating and alloy costs and improve 
ments in production capacity. As Will be appreciated, batch 
anneals require a signi?cantly increased amount of labor to 
perform, and batch anneal ovens have a limited capacity. 

[0015] The continuous annealing step (d) is preferably 
conducted in an induction heater With a trans?uX induction 
furnace being most preferred. The annealing step (d) sur 
prisingly yields an intermediate annealed strip having 
mechanical properties (i.e., yield tensile strength and ulti 
mate tensile strength) that can be selectively controlled by 
varying the temperature and duration of a later stabiliZing or 
back annealing step (collectively referred to as a “stabiliZing 
anneal”). For the induction furnace, the residence time of 
any portion of the cold rolled strip in the continuously 
annealing step (d) ranges from about 2 to about 30 seconds. 

[0016] It has been discovered that induction heaters can 
provide aluminum alloy sheet having not only a ?ner grain 
siZe but also a substantially uniform distribution of the ?ner 
grain siZe throughout the coil formed by the intermediate 
annealed strip. The relatively ?ne grain siZe can provide not 
only more uniform mechanical properties throughout the 
coil but also mechanical properties that are controllable by 
varying the temperature and duration of a later stabiliZing or 
back annealing step. 

[0017] The induction furnace can be superior to radiant 
furnaces in annealing aluminum alloys because the induc 
tion furnace more uniformly heats the strip. Radiant fur 
naces place the strip in a heated atmosphere and rely on 
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thermal transfer to anneal the entire cross-section of the 
strip, Which can lead to more exposure of the exterior 
portions of the strip/coil to heat and less exposure of the 
middle of the strip/coil to heat. In contrast, induction fur 
naces use electromagnetic energy to heat the strip substan 
tially uniformly throughout the strip’s cross-section. 
Accordingly, induction heaters can provide for greater gains 
in mechanical properties through annealing than radiant 
heaters and, therefore, permit the use of loWer amounts of 
expensive alloying elements to realiZe selected mechanical 
properties. 
[0018] Aluminum alloy sheet produced by this process is 
especially useful as body stock in canmaking applications. 
To provide the desired loW earing for container manufacture, 
cold rolling step (c) can be used to produce a relatively large 
reduction in the gauge of the strip While cold rolling step (e) 
is used to produce a relatively loW reduction in the gauge of 
the intermediate cold rolled strip (i.e., a loW amount of Work 
hardening). The loW amount of Work hardening can produce 
a concomitant relatively loW increase in yield and ultimate 
tensile strengths. The yield and ultimate tensile strengths can 
then be increased to desired levels in a later stabiliZing 
annealing step by selecting the appropriate annealing or 
back temperature and time, Without a signi?cant increase in 
earing. 
[0019] Other embodiments of the method employ the 
induction furnace in annealing steps performed after hot 
rolling, such as in a stabiliZing anneal. The unique perfor 
mance advantages of the induction furnace can provide 
highly desirable mechanical properties in the aluminum 
alloy sheet Which can be controlled in later annealing steps 
as noted above. 

[0020] In a particularly preferred process for producing 
aluminum sheet useful as body stock, a number of additional 
steps. The complete process includes the folloWing steps: 

[0021] (a) continuously casting an aluminum alloy 
melt to form a cast strip having a cast output tem 
perature; 

[0022] (b) heating the cast strip, either before hot 
rolling or after partial hot rolling, to a heated tem 
perature that is from about 6 to about 52° C. more 
than the cast output temperature to cause later recrys 
talliZation of the cast strip after step (c) beloW; 

[0023] (c) hot rolling the cast strip to form a hot 
rolled strip; 

[0024] (d) cold rolling the hot rolled strip to form an 
intermediate cold rolled strip; 

[0025] (e) intermediate annealing of the intermediate 
cold rolled strip in an induction furnace at a tem 
perature ranging from about 371 to about 565° C. to 
form an intermediate annealed strip; and 

[0026] cold rolling the intermediate cold rolled 
strip to form aluminum alloy sheet. 

[0027] After step (f), the aluminum alloy sheet can be 
subjected to a stabiliZing anneal, as desired, to provide 
desired mechanical properties. “Recrystallization” refers to 
a change in grain structure Without a phase change as a result 
of heating of the strip above the strip’s recrystalliZation 
temperature. 
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[0028] An alloy useful in this process for producing body 
stock has the folloWing composition: 

[0029] from about 0.9 to about 1.5% by Weight 
magnesium, 

[0030] (ii) from about 0.8 to about 1.2% by Weight 
manganese, 

[0031] (iii) from about 0.05 to about 0.5% by Weight 
copper, 

[0032] (iv) from about 0.05 to about 0.5% by Weight 
iron, and 

[0033] (v) from about 0.05 to about 0.5% by Weight 
silicon. 

[0034] Body stock produced using this alloy and process 
can have particularly attractive properties. By Way of 
example, the aluminum alloy sheet can have an as-rolled 
yield strength of at least about 38 ksi, an as-rolled tensile 
strength of at least about 42.5 ksi, an earing of. less than 
about 1.8%, and/or an elongation of at least about 3%. As 
Will be appreciated, “earing” is typically measured by the 45 
degree earing or 45 degree rolling texture. Forty-?ve degrees 
refers to the position of the aluminum alloy sheet Which is 
45 degrees relative to the rolling direction. The value for the 
45 degree earing is determined by measuring the height of 
the ears Which stick up in a cup, minus the height of valleys 
betWeen the ears. The difference is divided by the height of 
the valleys and multiplied by 100 to convert to a percentage. 
Surprisingly, strip that is intermediate annealed using an 
induction heater generally has as-rolled yield and tensile 
strengths that are about 3 to about 5 ksi more than that of a 
strip that is intermediate annealed using a batch heater. 

[0035] Container bodies produced from the body stock can 
also have superior properties. Container bodies produced 
from aluminum alloy sheet can have a buckle strength of at 
least about 90 psi and a column strength of at least about 180 
psi. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0036] FIG. 1 is a diagram of the equiaxed grain structure 
of aluminum alloy stock produced according to the present 
invention; 
[0037] FIG. 2 is a diagram of the striated grain structure 
of aluminum alloy stock produced according to a conven 
tional process; 

[0038] FIGS. 3-6 are block diagrams illustrating various 
embodiments of processes according to the present inven 
tion; 
[0039] FIG. 7 is a block diagram illustrating yet another 
embodiment of a process according to the present invention; 

[0040] FIG. 8 is a block diagram depicting a further 
embodiment of a process according to the present invention; 

[0041] FIG. 9 is a block diagram depicting a further 
embodiment of a process according to the present invention; 

[0042] FIG. 10 is a block diagram depicting a further 
embodiment of a process according to the present invention; 
and 

[0043] 
samples. 

FIGS. 11 and 12 depict test results for various 
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DETAILED DESCRIPTION 

[0044] Introduction 

[0045] The various continuous casting processes of the 
present invention have a number of novel process steps for 
producing aluminum alloy sheet having high strength, loW 
earing, highly desirable forming properties, and/or an equi 
aXed/?ner grain structure. As used herein, “continuous cast 
ing” refers to a casting process that produces a continuous 
strip as opposed to a process producing a rod or ingot. By 
Way of eXample, the continuous casting processes can 
include heating the cast strip in front of the last hot mill stand 
(i.e., betWeen the caster and ?rst hot mill stand or betWeen 
hot mill stands). The heater can reduce the load on the hot 
mill stands, thereby permitting greater reductions of the cast 
strip in the hot mill, provide a hot milled strip having an 
equiaXed grain structure, and/or facilitate self-annealing 
(i.e., recrystallization) of the unheated strip When the 
unheated strip is cooled, thereby obviating, in many cases, 
the need for a hot mill anneal. The increased hot mill 
reductions can eliminate one or more cold mill passes. The 

processes can further include continuous intermediate 
annealing of the cold rolled strip in an induction heater. The 
continuous anneal can provide more uniform mechanical 
properties for the aluminum alloy sheet, a ?ner grain siZe, 
controllable mechanical properties using a stabiliZing 
anneal, and signi?cant savings in operating and alloy costs 
and improvements in production capacity. It is a surprising 
and unexpected discovery that an induction heater in the 
continuous intermediate anneal can produce aluminum alloy 
sheet, that is useful for body stock, having yield and ultimate 
tensile strengths and percent elongation at break that are 
closely related to the temperature and duration of the stabi 
liZing anneal. Commonly, the yield and ultimate tensile 
strengths of body stock decrease With increasing anneal time 
and temperature. These superior properties of the aluminum 
sheet of the present invention result from the relatively ?ne 
grain siZe and alloying of the sheet. The intermediate anneal 
is particularly useful for body stock. Finally, the continuous 
casting processes can include stabiliZation or back annealing 
of the cold rolled strip in an induction heater. The induction 
heater can provide aluminum alloy sheet having highly 
desirable properties, particularly useful for the production of 
body stock used for containers. 

[0046] An important aspect of the present invention is that 
the aluminum alloy sheet that is produced in accordance 
With the various embodiments of the present invention can 
maintain suf?cient strength and formability properties While 
having a relatively thin gauge. This is especially important 
When the aluminum alloy sheet is utiliZed in tab, end, and 
body stock for making draWn and ironed containers. The 
trend in the can making industry is to use thinner aluminum 
alloy sheet for the production of draWn and ironed contain 
ers, thereby producing a container containing less aluminum 
and having a reduced cost. HoWever, to use thinner gauge 
aluminum sheet, the aluminum alloy sheet must still have 
the required physical characteristics. Surprisingly, continu 
ous casting processes have been discovered Which produce 
an aluminum alloy sheet that meets the industry’s standards 
for tab, end, and/or body stock, particularly When utiliZed 
With the alloys of the present invention. 
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[0047] Heating the Cast Strip BetWeen the Caster and First 
Hot Mill or BetWeen Hot Mill Stands 

[0048] In the ?rst novel process step discussed above, the 
cast and/or partially hot rolled strip (hereinafter collectively 
referred to as “unheated strip”) is heated to an elevated 
temperature to provide an aluminum alloy sheet having a 
more equiaXed grain structure relative to other aluminum 
alloy sheet and to permit greater thickness reductions in hot 
milling. While not Wishing to be bound by any theory, it is 
believed that the heater causes the strip to self-anneal, or 
recrystalliZe, after hot milling is completed, to form the 
equiaXed grain structure. 

[0049] Referring to FIGS. 1 and 2, the substantial differ 
ences in grain structure betWeen the aluminum alloy sheet of 
the present invention and a comparative aluminum alloy 
sheet are illustrated. As shoWn in FIG. 2, the grains 10 of 
continuously cast comparative aluminum alloy sheet are 
shaped as a series of striations (i.e., long lenticular grains) 
oriented longitudinally throughout the aluminum alloy 
sheet. As Will be appreciated, the striations cause the alu 
minum alloy sheet to have a high strength in the direction 
“X” parallel to the orientation of the striation and loW 
strength in the direction “Y” that is normal to the direction 
of the striation (i.e., loW shear strength). As a result, during 
fabrication, the comparative aluminum alloy sheet experi 
ences edge cracking and excessive ?nes generation. Refer 
ring to FIG. 1, the aluminum alloy sheet of the present 
invention has a substantially equiaXed grain structure pro 
viding a relatively high strength substantially uniformly in 
all directions. An equiaXed grain structure provides a high 
degree of formability of the sheet, With a loW degree of edge 
cracking, ?nes generation and earing. 

[0050] The heating step is preferably conducted on a 
continuous as opposed to a batch basis and can be conducted 
in any suitable heating device. Preferred furnaces are sole 
noidal heaters, induction heaters, such as trans?uX induction 
furnaces, infrared heaters, and gas-?red heaters With sole 
noidal heaters being most preferred. Gas-?red heaters are 
less preferred for elevating the temperature of the unheated 
strip to the desired levels due to the limited ability of 
gas-?red heaters to reach the desired annealing temperatures 
at a reasonable cost and time allotted. 

[0051] Preferably, the unheated strip is heated to a tem 
perature (i.e., the output temperature of the heated strip as it 
eXits the heater) that is in eXcess of the temperature of the 
unheated strip (i.e., the input temperature of the unheated 
strip as it enters the heater) and the recrystalliZation tem 
perature of the strip but less than the melting point of the cast 
strip. Preferably, the heated temperature eXceeds the heater 
input temperature of the unheated strip by at least about 20° 
F. (i.e., about 6° C.) and most preferably by at least about 50° 
F. (i.e., about 10° C.) but by no more than about 125° F. (i.e., 
about 52° C.) and most preferably by no more than about 80° 
F. (i.e., about 27° C.). 

[0052] The temperature in the heating step depends upon 
Whether the cast strip or partially hot rolled strip is heated. 
For heating of the cast strip, the minimum heated tempera 
ture preferably is about 820° F. (i.e., about 432° C.) and most 
preferably about 850° F. (i.e., about 454° C.) and the 
maXimum heated temperature is about 1,080° E. (i.e., about 
565° C.) and most preferably about 1,000° E. (i.e., about 
538° C.). For heating of the partially hot rolled strip, the 
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heated temperature preferably ranges from about 750° F. 
(i.e., about 399° C.) to about 850° F. (i.e., about 454° C.). If 
the heated temperature is too great, the aluminum alloy sheet 
produced from the cast strip can experience edge cracking 
during hot rolling. The residence time of any portion of the 
unheated strip in the continuous heater is preferably at least 
about 8 seconds and no more than about 3 minutes, more 
preferably no more than about 2 minutes and most prefer 
ably no more than about 30 seconds. Other than cooling 
experienced in hot rolling, the heated strip is preferably not 
subjected to rapid cooling, such as by quenching, before hot 
milling. 

[0053] It has been discovered that the thickness of the 
unheated strip is important to the degree of post hot mill 
self-annealing (i.e., recrystallization) realized due to the 
heating of the strip before hot milling. If the strip is too thick, 
portions of the strip can fail to be completely heated. 
Preferably, the gauge of the unheated strip is no more than 
about 24 mm, more preferably ranges from about 12 to about 
24 mm, and most preferably ranges from about 16 to about 
19 mm. 

[0054] Continuous Intermediate Annealing of the Cold 
Rolled Strip in an Induction Heater 

[0055] In the second novel process step, a partially cold 
rolled strip is subjected to a continuous high temperature 
anneal to yield an aluminum sheet having a high degree of 
formability, substantially uniform physical properties, and 
strength properties that are controllable (i.e., the strength 
properties can increase With increasing temperature and time 
of stabilization or back annealing). The continuous anneal is 
preferably performed in an induction heater, such as a 
trans?ux induction furnace. 

[0056] While not Wishing to be bound by any theory, it is 
believed that these properties result from the ability of the 
induction heater to uniformly heat the partially cold rolled 
strip throughout its volume to produce a substantially uni 
form, ?ne-grain size throughout the length and Width of the 
intermediate annealed strip. This is so because the induction 
heater magnetically induces magnetic ?uxes substantially 
uniformly throughout the thickness of the strip. In contrast, 
conventional radiant heaters, particularly batch heaters, non 
uniformly heat the partially cold rolled strip, Whether in 
coiled or uncoiled form, throughout its volume. In such 
heaters, heat is conducted from the outer surfaces of the 
strip/coil toWards the middle of the strip/coil With the outer 
surfaces experiencing greater exposure to thermal energy 
than the middle of the strip/coil. The nonuniform exposure 
to heat can cause a variation in grain size, especially in 
annealed coils, along the length of the strip. The middle of 
the strip/coil commonly has a smaller grain size and the 
exterior of the strip/coil a larger grain size. 

[0057] The minimum annealing temperature is preferably 
about 700° F. (i.e., about 371° C.), more preferably about 
800° F. (i.e., about 426° C.), and most preferably about 850° 
F. (i.e., about 454° C.), and the maximum annealing tem 
perature is preferably about 1050° F. (i.e., about 565° C.), 
more preferably about 1025° F. (i.e., about 547° C.), and 
most preferably about 1000° F. (i.e., about 537° C.). The 
minimum residence time of any portion of the annealed strip 
in the heater preferably is about 2 seconds, and the maxi 
mum residence time is preferably about 2.5 minutes, more 
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preferably about 30 seconds, and most preferably about 20 
seconds, depending on the line speed of the strip through the 
heater. 

[0058] Stabilization or Back Annealing of the Cold Rolled 
Strip in an Induction Heater 

[0059] In yet another novel process step, a cold rolled strip 
is subjected to a stabilization or back anneal (hereinafter 
collectively referred to as “stabilizing anneal”) in a continu 
ous heater to form aluminum alloy sheet having highly 
desirable properties. As in the continuous intermediate 
anneal above, the stabilization or back anneal can produce 
aluminum sheet having predetermined physical properties 
and provide increased capacity. The physical properties are 
highly controllable by varying the temperature and duration 
of the anneal (i.e., the line speed of the strip through the 
heater). 
[0060] The continuous heater is preferably an induction 
heater, With a trans?ux induction furnace being most pre 
ferred. 

[0061] The annealing temperature preferably ranges from 
about 300 to about 550° F. (i.e., about 148 to about 287° C.). 
The minimum residence time of any portion of the cold 
rolled strip in the induction heater is preferably about 2 
seconds and the maximum residence time of any portion of 
the cold rolled strip is preferably about 2.5 minutes, more 
preferably about 30 seconds, and most preferably about 20 
seconds, depending upon the line speed of the strip through 
the heater. 

[0062] Processes Incorporating the Novel Process Steps 

[0063] A ?rst embodiment of a continuous casting process 
incorporating the step of heating the unheated strip is 
depicted in FIG. 3. This process is particularly useful for 
forming tab, body, and end stock for container manufacture. 

[0064] Referring to FIG. 3, a melt of the aluminum alloy 
composition is formed and continuously cast 20 to form a 
cast strip 24. The continuous casting process can employ a 
variety of continuous casters, such as a belt caster or a roll 
caster. Preferably, the continuous casting process includes 
the use of a block caster for casting the aluminum alloy melt 
into a sheet. The block caster is preferably of the type 
disclosed in US. Pat. Nos. 3,709,281; 3,744,545; 3,747,666; 
3,759,313 and 3,774,670, all of Which are incorporated 
herein by reference in their entireties. Continuous casting is 
generally described in copending US. patent application 
Ser. Nos. 08/713,080 and 08/401,418, Which are also incor 
porated herein by reference in their entireties. 

[0065] The alloy composition according to the present 
invention can be formed in part from scrap metal material, 
such as plant scrap, container scrap and consumer scrap. 
Preferably, the alloy composition is formed With at least 
about 75% and more preferably at least about 95% total 
scrap for body stock and from about 5 to about 50% total 
scrap for tab and end stock. 

[0066] To form the melt, the metal is charged into a 
furnace and heated to a temperature of about 1385° F. (i.e., 
752° C.) (i.e., above the melting point of the feed material) 
until the metal is thoroughly melted. The alloy is treated to 
remove materials such as dissolved hydrogen and non 
metallic inclusions Which Would impair casting of the alloy 
and the quality of the ?nished sheet. The alloy can also be 
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?ltered to further remove non-metallic inclusions from the 
melt. The melt is then cast through a noZZle and discharged 
into the casting cavity. The noZZle can include a long, 
narroW tip to constrain the molten metal as it exits the 
noZZle. The noZZle tip has a preferred thickness ranging 
from about 10 to about 25 millimeters, more preferably from 
about 14 to about 24 millimeters, and most preferably from 
about 14 to about 19 millimeters and a Width ranging from 
about 254 millimeters to about 2160 millimeters. 

[0067] The melt exits the tip and is received in the casting 
cavity Which is formed by opposing pairs of rotating chill 
blocks. The metal cools and solidi?es as it travels through 
the casting cavity due to heat transfer to the chill blocks. At 
the end of the casting cavity, the chill blocks, Which are on 
a continuous Web, separate from the cast strip 24. The blocks 
travel to a cooler Where the treated chill blocks are cooled 
before being reused. 

[0068] The cast temperature of the cast strip 24 exiting the 
block caster preferably exceeds the recrystalliZation tem 
perature of the cast strip. The cast output temperature (i.e., 
the output temperature as the cast strip exits the caster) 
preferably ranges from about 800 to about 1050° F. (i.e., 
about 426 to about 565° C.) and more preferably from about 
900 to about 1050° F. (i.e., about 482 to about 565° C.). 

[0069] Upon exiting the caster, the cast strip is subjected 
to a heating (or annealing) step 28 as noted above to form a 
heated strip 32 having an equiaxed grain structure. 

[0070] Upon exiting the heating step 28, the heated strip 
32 is then subjected to hot rolling 36 in a hot mill to form 
a hot rolled strip 40. A hot mill includes one or more pairs 
of oppositely rotating rollers (i.e., one or more hot mill 
stands) having a gap separating the rollers that reduces the 
thickness of the strip as it passes through the gap betWeen 
the rollers. The heated strip 32 preferably enters the hot mill 
With a minimum input temperature of about 800° F. (i.e., 
about 426° C.) and more preferably about 900° F. (i.e., about 
482° C.) and a maximum input temperature of about 1000° 
F. (i.e., about 538° C.) and more preferably about 1000° F. 
(i.e., about 538° C.). The hot mill preferably reduces the 
thickness of the strip by at least about 80%, more preferably 
by at least about 84%, and most preferably by at least about 
88% but by no more than about 94%. The gauge of the hot 
mill strip preferably ranges from about 0.065 to about 0.105 
inches. The hot rolled strip preferably exits the hot mill With 
a minimum output temperature of about 550° F. (i.e., about 
260° C.) and more preferably about 600° F. (i.e., about 315° 
C.) and a maximum output temperature of about 800° F. 
(i.e., about 426° C.) and more preferably about 800° F. (i.e., 
about 426° C). In accordance With the present invention, it 
has been found that a relatively high reduction in gauge can 
take place With each pass of the hot rollers Which can later 
eliminate one or more cold rolling passes. 

[0071] For some alloys, the hot rolled strip 40 is com 
monly not annealed or solution heat treated directly after 
exiting the hot mill. The elimination of the additional 
annealing step and/or solution heat treating step (i.e., self 
annealing) can lead to signi?cant increases in capacity 
relative to processes using a batch anneal hot milling. 

[0072] The hot rolled strip 40 is alloWed to cool in a 
convenient manner to a temperature ranging from ambient 
temperature to about 120° F. (i.e., about 49° C.). Typically, 
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the cooling time ranges from about 48 to about 72 hours. 
Depending upon the alloy, the strip 40 can be subjected to 
rapid cooling, such as by quenching, to cool the strip 40 for 
cold milling. 

[0073] After the hot rolled sheet has cooled, it is subjected 
to further treating steps 44 to form the aluminum alloy sheet 
48. The further treating steps 44 depend, of course, upon the 
alloy and intended use for the aluminum sheet 48. 

[0074] In one embodiment, FIG. 4 depicts the further 
treating steps 44 for tab stock useful in container fabrication. 
Referring to FIG. 4, the cooled hot rolled strip 40 is 
subjected to cold rolling 52 to form a cold rolled strip 68 
having the ?nal gauge. The cold rolling can be performed in 
a number of cold mill passes through one or more pairs of 
rotating cold rollers. During cold rolling 52, the thickness of 
the strip is preferably reduced by at least about 35%/stand 
and more preferably from about 35 to about 60%/stand and, 
more preferably, by from about 45 to about 55%/stand for a 
total reduction in the cold rolling step 52 preferably of at 
least about 70% and more preferably ranging from about 85 
to about 95%. Preferably, the reduction to ?nal gauge is 
performed in 2 to 3 passes through rotating cold rollers. 

[0075] The ?nal gauge is selected based on the ?nal 
desired properties of the aluminum alloy sheet 48. Prefer 
ably, the minimum ?nal gauge of the aluminum alloy sheet 
is about 0.20 mm, more preferably about 0.22 mm, and most 
preferably, about 0.24 mm While the maximum ?nal gauge 
is about 0.61 mm, more preferably about 0.56 mm, and most 
preferably about 0.46 mm. 

[0076] The cold rolled strip 68 is subjected to a stabiliZing 
anneal 72 to form the aluminum alloy sheet 48. Although 
any heater can be employed in the stabiliZing anneal, it is 
most preferred that a continuous heater, such as an induction 
heater, be used. The temperature and duration of a stabiliZ 
ing anneal 72 utiliZing an induction heater are discussed 
above. The temperature of a batch stabiliZing 72 anneal 
preferably ranges from about 300 to about 500° F. (i.e., 
about 149 to about 260° C.). The duration of a batch 
stabiliZing anneal 72 preferably ranges from about 10 to 
about 20 hours. 

[0077] In one process con?guration, the stabiliZing anneal 
can be located in the tab cleaning line. As Will be appreci 
ated, the tab cleaning line includes the steps of contacting 
the aluminum alloy sheet With a caustic cleaning solution, 
such as a caustic cleaning solution, to remove oil and other 
residue from the sheet; (ii) contacting the sheet With a 
rinsing solution, such as Water, to remove the caustic cleaner 
from the sheet; and (iii) applying a lubricant, such as oil, to 
the rinsed sheet. The lubed sheet is later passed through a 
leveler and splitter to form tab stock. The stabiliZing anneal 
72 can be located directly before step provided that the 
caustic cleaning solution has a loWer concentration of caus 
tic cleaner than conventional processes to avoid overetching 
of the sheet. Overetching can result from the increased 
temperature of the sheet due to the stabiliZing anneal. 
Alternatively, the stabiliZing anneal 72 can be located after 
step (i), such as betWeen steps and (ii) or steps (ii) and 
(iii), or after step (iii). This process con?guration is highly 
bene?cial because the ability to use more dilute caustic 
cleaning solutions due to more ef?cient cleaning caused by 
the higher sheet temperature from the stabiliZation annealing 
can result in signi?cant cost savings. 
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[0078] Aluminum alloy sheet produced by this process is 
particularly useful as tab stock. An aluminum alloy compo 
sition that is particularly useful for tab stock includes: 

[0079] Manganese, preferably in an amount of at 
least about 0.05 Wt % and more preferably at least 
about 0.10 0.20 Wt % and no more than about 0.5 Wt 
% and more preferably no more than about 0.20 Wt 
%. 

[0080] (ii) Magnesium, preferably in an amount rang 
ing from about 3.5 to about 4.9 Wt %. 

[0081] (iii) Copper, preferably in an amount of at 
least about 0.05 Wt % and no more than about 0.15 
Wt % and most preferably no more than about 0.10 
Wt %. 

[0082] (iv) Iron, preferably in an amount of at least 
about 0.05 Wt % and more preferably at least about 
0.10 Wt % and no more than about 0.35 Wt % and 
more preferably no more than about 0.20 Wt %. 

[0083] (v) Silicon, preferably in an amount of at least 
about 0.05 Wt % and no more than about 0.20 Wt % 
and more preferably no more than about 0.10 Wt %. 

[0084] The aluminum alloy sheet 48 has properties that are 
particularly useful for tab stock. Preferably, the as-rolled 
yield strength is at least about 41 ksi and more preferably at 
least about 46 ksi and no more than about 49 ksi and more 
preferably no more than about 51 ksi. Preferably, the alu 
minum alloy sheet 48 has an elongation of at least about 3% 
and more preferably at least about 6% and no more than 
about 8%. The as-rolled tensile strength of the aluminum 
alloy sheet 48 preferably is at least about 49 ksi, more 
preferably at least about 55 ksi and most preferably at least 
about 57 ksi and no more than about 61 ksi, and most 
preferably no more than about 59 ksi. The sheet 48 prefer 
ably has a tab strength of at least about 2 kg, more preferably 
at least about 5 pounds, (i.e., about 2.3 kg), and most 
preferably at least about 6 pounds (i.e., about 2.7 kg), and 
preferably no more than about 3.6 kg and most preferably no 
more than about 8 pounds (i.e., about 3.6 kg). 

[0085] In another embodiment shoWn in FIG. 5, a stabi 
liZing anneal to produce end stock and/or tab stock (that is 
later coated) is optional. As Will be appreciated, heating of 
the end or tab stock in the coating line can performs the 
same function as the stabiliZing or back anneal. 

[0086] Referring to FIG. 5, the cooled hot rolled strip 40 
is subjected to cold rolling 80 to yield aluminum alloy sheet 
84. During cold rolling 80, the thickness of the strip is 
preferably reduced by at least about 70% and more prefer 
ably by from about 80 to about 95%. The minimum ?nal 
gauge of the aluminum alloy sheet 84 is preferably about 
0.007 inches, more preferably about 0.095 inches, and most 
preferably about 0.085 inches, and the maXimum ?nal gauge 
is preferably about 0.012 inches, more preferably about 
0.0115 inches, and most preferably about 0.0110 inches. 

[0087] If a stabiliZing anneal is used, the anneal can be 
performed in a batch or continuous heater (With an induction 
heater being more preferred) at a temperature preferably 
ranging from about 250 to about 400 F (i.e., from about 120 
to about 205 C) and more preferably from about 300 to about 
375 F (i.e., from about 145 to about 190 C) (for a batch 
heater) and from about 300 to about 500 F (i.e., from about 
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145 to about 260 C) and more preferably from about 400 to 
about 450 F (i.e., from about 200 to about 235 C) (for an 
induction heater). 

[0088] An aluminum alloy composition that is particularly 
useful in this process for tab stock includes: 

[0089] Manganese, preferably in an amount of at 
least about 0.05 Wt % and no more than about 0.23 
Wt % and more preferably no more than about 0.15 
Wt %. 

[0090] (ii) Magnesium, preferably in an amount of at 
least about 3.8 Wt % and no more than about 4.9 Wt 
%, and most preferably no more than about 4.7 Wt %. 

[0091] (iii) Copper, preferably in amount of at least 
about 0.05 Wt % and no more than about 0.15 Wt % 
and more preferably no more than about 0.10 Wt %. 

[0092] (iv) Iron, preferably in an amount of at least 
about 0.20 Wt % and no more than about 0.35 Wt % 
and more preferably no more than about 0.30 Wt %. 

[0093] (v) Silicon, preferably in an amount of at least 
about 0.05 Wt % and no more than about 0.20 Wt % 
and more preferably no more than about 0.10 Wt %. 

[0094] A most preferred aluminum alloy composition for 
tab stock includes the folloWing constituents: 

[0095] Manganese in an amount of at least about 
0.05 Wt % and no more than about 0.15 Wt %. 

[0096] (ii) Magnesium in an amount of at least about 
4.0 Wt % and no more than about 4.7 Wt %. 

[0097] (iii) Copper in an amount of at least about 0.05 
Wt % and no more than about 0.10 Wt %. 

[0098] (iv) Iron in an amount of at least about 0.20 Wt 
% and no more than about 0.30 Wt %. 

[0099] (v) Silicon in an amount of at least about 0.05 
Wt % and no more than about 0.10 Wt %. 

[0100] An aluminum alloy composition that is particularly 
useful in this process for the production of end stock 
includes: 

[0101] Manganese, preferably in an amount of at 
least about 0.05 Wt % and no more than about 0.20 
Wt % and more preferably no more than about 0.15 
Wt %. 

[0102] (ii) Magnesium, preferably in an amount of at 
least about 3.8 Wt % and more preferably at least 
about 4.0 Wt %, and no more than about 5.2 Wt %, 
and more preferably no more than about 4.7 Wt %. 

[0103] (iii) Copper, preferably in amount of at least 
about 0.05 Wt % and no more than about 0.15 Wt % 
and more preferably no more than about 0.10 Wt %. 

[0104] (iv) Iron, preferably in an amount of at least 
about 0.20 Wt % and no more than about 0.35 Wt % 
and more preferably no more than about 0.30 Wt %. 

[0105] (v) Silicon, preferably in an amount of at least 
about 0.05 Wt % and no more than about 0.20 Wt % 
and more preferably no more than about 0.15 Wt %. 



US 2003/0173003 A1 

[0106] A most preferred aluminum alloy composition for 
end stock includes the following constituents: 

[0107] Manganese in an amount of at least about 
0.05 Wt % and no more than about 0.15 Wt %. 

[0108] (ii) Magnesium in an amount of at least 3.8 Wt 
% and no more than about 5.0 Wt %. 

[0109] (iii) Copper in an amount of at least about 0.05 
Wt % and no more than about 0.10 Wt %. 

[0110] (iv) Iron in an amount of at least about 0.20 Wt 
% and no more than about 0.30 Wt %. 

[0111] (v) Silicon in an amount of at least about 0.05 
Wt % and no more than about 0.15 Wt %. 

[0112] The aluminum alloy sheet 84 has properties that are 
particularly useful for end stock. The aluminum alloy sheet 
84 preferably has an after-coated yield strength of at least 
about 41 ksi, more preferably at least about 47 ksi, and most 
preferably at least about 47.5 ksi. The aluminum alloy sheet 
84 preferably has an after-coated ultimate tensile strength of 
at least about 49 ksi and more preferably at least about 51 ksi 
and most preferably at least about 53 ksi and of no more than 
about 55 ksi and most preferably no more than about 60 ksi. 
The aluminum alloy sheet 84 preferably has an elongation of 
at least about 3% and most preferably at least about 6% and 
of no more than about 8%. 

[0113] In yet another embodiment shoWn in FIG. 6, the 
further treating steps 44 include both an intermediate anneal 
100 and a stabilizing anneal 104 to produce body stock. The 
time and temperature of the stabiliZing or back anneal 
determine the properties of the body stock. 

[0114] Referring again to FIG. 6, the cooled hot rolled 
strip 40 is subjected to cold rolling 108 to form a partially 
cold rolled strip 112. During cold rolling 108, the thickness 
of the strip is preferably reduced by at least about 40% and 
more preferably by at least about 45% and most preferably 
by at least about 50% and no more than about 70% and most 
preferably no more than about 65%. The minimum gauge of 
the partially cold rolled strip 112 is preferably at least about 
0.012 inches and more preferably at least about 0.015 
inches, and the maXimum gauge is preferably no more than 
about 0.035 and more preferably no more than about 0.030 
inches. The reductions are performed in 1 pass through 
rotating cold rollers. 

[0115] The partially cold rolled strip 112 is subjected to an 
intermediate annealing step 100 to form an intermediate 
annealed strip 116 having reduced residual cold Work and 
less earing. In the intermediate annealing step 100, a con 
tinuous or batch heater can be employed, With a continuous 
heater such as an induction heater being most preferred. 

[0116] The temperature of the intermediate anneal 
depends upon the type of furnace employed. The tempera 
ture and duration of the anneal using a continuous heater are 
discussed above. For a batch heater, the strip 112 is prefer 
ably intermediate annealed at a minimum temperature of at 
least about 650° F. (i.e., about 343° C.), and preferably at a 
maXimum temperature of no more than about 900° F. (i.e., 
about 482° C.) for a soak time ranging from about 2 to about 
3 hrs. 

[0117] The intermediate annealed strip 116 is subjected to 
further cold rolling 120 to form the cold rolled strip 124. The 
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amount of reduction in the cold rolling step 120 depends on 
the ?nal gauge of the cold rolled strip 124 and the gauge of 
the partially cold rolled strip 112. Preferably, the ?nal gauge 
of the aluminum alloy sheet 128 is at least about 0.009 
inches, more preferably at least about 0.010 inches and no 
more than about 0.013 inches and more preferably no more 
than about 0.125 inches. In a preferred embodiment, the cold 
mill reduction in the cold rolling step 120 is from about 40 
to about 65%. The cold rolling step is preferably performed 
in 1 pass. 

[0118] The cold rolled strip 124 is subjected to a stabiliZ 
ing anneal 104 to form the aluminum alloy sheet 128. 
Although any heater can be employed in the stabiliZing 
anneal, it is most preferred that a continuous (e.g., induction) 
heater be used if a continuous (e.g., induction) heater Were 
employed in the intermediate annealing step 100. The tem 
perature and duration of a stabiliZing anneal 104 utiliZing an 
induction heater is discussed in detail above. For a batch 
heater, the annealing temperature ranges from about 300 to 
about 450° F. for a soak time ranging from about 2 to about 
3 hrs. 

[0119] Aluminum alloy sheet 128 is particularly useful as 
body stock. An aluminum alloy composition that is particu 
larly useful in this process for body stock includes: 

[0120] Manganese, preferably in an amount of at 
least about 0.85 Wt % and more preferably at least 
about 0.9 Wt % and of no more than about 1.2 Wt % 
and more preferably no more than about 1.1 Wt %. 

[0121] (ii) Magnesium, preferably in an amount of at 
least about 0.9 Wt % and more preferably at least 
about 1.0 Wt % and of no more than about 1.5 Wt %. 

[0122] (iii) Copper, preferably in amount of at least 
about 0.05 Wt % and more preferably at least about 
0.20 Wt % and no more than about 0.50 Wt %. 

[0123] (iv) Iron, preferably in an amount of at least 
about 0.05 Wt % and more preferably of at least 
about 0.35 Wt % and of no more than about 0.60 Wt 
%. 

[0124] (v) Silicon, preferably in an amount of at least 
about 0.05 Wt % and more preferably of at least 
about 0.3 Wt % and of no more than about 0.5 Wt % 
and more preferably no more than about 0.4 Wt %. 

[0125] A most preferred aluminum alloy composition for 
body stock includes the folloWing constituents: 

[0126] Manganese in an amount of at least about 
0.85 Wt % and no more than about 1.1 Wt %. 

[0127] (ii) Magnesium in an amount of at least about 
0.10 Wt % and no more than about 1.5 Wt %. 

[0128] (iii) Copper in an amount of at least about 0.35 
Wt % and no more than about 0.50 Wt %. 

[0129] (iv) Iron in an amount of at least about 0.35 Wt 
% and no more than about 0.60 Wt %. 

[0130] (v) Silicon in an amount of at least about 0.2 
Wt % and no more than about 0.4 Wt %. 

[0131] The various alloying elements are believed to 
account partly for the superior properties of the aluminum 
alloy sheet of the present invention. Without Wishing to be 
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bound by any theory, magnesium and manganese are 
believed to increase the ultimate and yield tensile strengths; 
copper is believed to retard after-bake drops in mechanical 
properties for body stock; iron is believed not only to 
provide increased ultimate and yield tensile strengths but 
also to provide a smaller grain siZe; and silicon is believed 
to provide a larger alpha phase transformation particle siZe 
Which helps inhibit galling/scoring in the body maker opera 
tion. 

[0132] The aluminum alloy sheet has properties that are 
particularly useful for body stock. When the aluminum alloy 
sheet is to be used as body stock, the alloy sheet preferably 
has an as rolled tensile strength of at least about 40 ksi, more 
preferably at least about 42 ksi, and most preferably at least 
about 42.5 ksi and of no more than about 47 ksi, more 
preferably no more than about 46 ksi, and most preferably 
no more than about 45 ksi. The as-rolled yield strength 
preferably is at least about 37 ksi, more preferably at least 
about 38 ksi, and most preferably at least about 39 ksi and 
no more than about 43 ksi, more preferably no more than 
about 42 ksi, and most preferably no more than about 41 ksi. 
The aluminum alloy sheet 128 preferably has an elongation 
of at least about 3% and most preferably at least about 4% 
and of no more than about 10% and most preferably no more 
than about 8%. 

[0133] To produce acceptable draWn and ironed container 
bodies, aluminum alloy sheet 128 used as body stock should 
have a loW earing percentage. The earing should be such that 
the bodies can be conveyed on the conveying equipment and 
the earing should not be so great as to prevent acceptable 
handling and trimming of the container bodies. Preferably, 
the aluminum alloy sheet 128, according to the present 
invention, has a tested earing of no more than about 2.0% 
and more preferably no more than about 1.9% and most 
preferably no more than about 1.8%. 

[0134] Container bodies fabricated from the aluminum 
alloy sheet 128 of the embodiment of the present invention 
have relatively high strengths. The container bodies have a 
minimum dome reversal strength (or minimum buckle 
strength) of about 90 psi and more preferably at least about 
93 psi and a maXimum dome reversal strength (or maXimum 
buckle strength) of no more than about 98 psi at current 
commercial thicknesses. The column strength of the con 
tainer bodies is preferably at least about 180 psi and most 
preferably at least about 210 psi and no more than about 280 
psi and most preferably no more than about 260 psi. 

[0135] The relatively loW earing and high strength prop 
erties are readily realiZed due to the ability of the properties 
of the cold rolled strip to be varied With anneal time and 
temperature. The direct relationship betWeen the strip’s 
strength properties on the one hand and the time and 
temperature of the stabiliZe anneal on the other permits the 
physical properties of the aluminum alloy sheet to be 
selectively controlled. Because earing is directly related to 
the amount of cold rolling reduction performed, the cold 
rolling step 120 can use a relatively loW amount of cold 
rolling reduction to realiZe an acceptable earing. Preferably, 
at least about 30% of the total gauge reduction attributable 
to cold rolling is performed in the cold rolling step 108. 
Because the reduced amount of cold rolling means less Work 
hardening and therefore loWer strength properties, the sta 
biliZation anneal is used to improve the strength properties 
to the desired levels. 
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[0136] FIG. 7 depicts an alternative con?guration for 
body stock to that shoWn in FIGS. 3 and 6. As shoWn in 
FIG. 7, the heating step 132 is performed during (but not 
after) hot rolling. As Will be appreciated, this con?guration 
can be combined With any of the embodiments for the 
further treating steps 44 shoWn in FIGS. 4-6. 

[0137] Referring to FIG. 7, the heating step 132 is per 
formed betWeen one or more pairs of hot rolling stands. This 
Will typically be betWeen the ?rst and second hot rolling 
stands to elevate the temperature of the strip, during hot 
milling, to a level above the heater input temperature of the 
strip. Thus, the cast strip 24 is hot rolled 36a to form a 
partially hot rolled strip 136, heated 132 to form a heated 
strip 140, and hot rolled 36b to form a hot rolled strip 144. 
The preferred temperature in the heating step ranges from 
about 750 to about 850° F. (i.e., about 399 to about 454° C.). 
In this con?guration, the cast strip 24 is preferably not 
annealed or otherWise heated prior to the ?rst hot rolling 
stand. 

[0138] The above-noted processes employed for end and 
body stock can be employed With some modi?cation to 
produce sheet for other applications. By Way of eXample, the 
sheet can be used to fabricate foil products such as cooler 
?ns. The preferred alloy composition. for such sheet is as 
folloWs: 

[0139] Manganese in an amount of no more than 
about 0.05 Wt %. 

[0140] (ii) Magnesium in an amount ranging from 
about 0.05 to about 0.10 Wt %. 

[0141] (iii) Copper in an amount ranging from about 
0.05 to about 0.10 Wt %. 

[0142] (iv) Iron in an amount ranging from about 0.4 
to about 1.0 Wt %. 

[0143] (v) Silicon in an amount ranging from about 
0.3 to about 1.1 Wt %. 

[0144] FIG. 8 depicts yet another embodiment of a pro 
cess according to the subject invention. In this embodiment, 
the process includes an optional heating step 28 before or 
during hot rolling, an optional hot mill annealing step 148, 
and an intermediate annealing step 152. Best results are 
realiZed for a batch intermediate anneal if both a batch hot 
mill anneal and continuous heating, before the last hot 
rolling stand, are employed, and for an intermediate anneal 
using an induction heater if no hot mill anneal and only 
continuous heating before the last hot rolling stand is 
employed. This process produces aluminum sheet 156 hav 
ing superior physical properties that is particularly useful for 
body stock. 

[0145] Referring to FIG. 8, a melt of the aluminum alloy 
composition is formed and continuously cast 20 to provide 
a cast strip 24. The noZZle tip siZe preferably ranges from 
about 10 to about 25 mm and more preferably from about 10 
to about 18.0 mm, With a maXimum tip siZe of 17.5 mm 
being most preferred, and the cast strip 24 is hot rolled 160 
to form a hot rolled strip 164. The cast strip 24 can 
optionally be subjected to a heating step 28 as noted above 
to provide a more equiaXed grain structure in the strip. In the 
hot rolling step 160, the cast strip 24 is preferably reduced 
in thickness by an amount of at least about 80%, more 
preferably at least about 84%, and most preferably at least 
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about 88% but no more than about 94%, more preferably no 
more than about 94%, and most preferably no more than 
about 94% to a gauge preferably ranging from about 0.065 
to about 0.105 inches. 

[0146] The hot rolled strip 164 is hot mill annealed 148 in 
a batch or continuous heater. The continuous heater can be 
a gas-?red, infrared, or an induction heater. 

[0147] The temperature and duration of the anneal depend 
upon the type of furnace employed. The strip is preferably 
intermediate annealed at a minimum temperature of at least 
about 650° F. (i.e., about 343° C.), and preferably at a 
maXimum temperature of no more than about 900° F. (i.e., 
about 482° C.). For continuous heaters, the annealing time 
for any portion of the strip is preferably a maXimum of about 
2.5 minutes, more preferably about 30 seconds, and most 
preferably about 20 seconds and a minimum of about 2 
seconds. For batch heaters, the annealing time is preferably 
a minimum of about 2 hours and is preferably a maXimum 
of about 3 hours. 

[0148] Referring again to FIG. 8, the hot mill anneal strip 
170 is alloWed to cool and then subjected to cold rolling 174 
to form a partially cold rolled strip 178. During cold rolling 
174, the thickness of the strip 170 is reduced by at least 
about 40% and more preferably at least about 50% but no 
more than about 70% and more preferably no more than 
about 65%. Preferably, the reduction to intermediate gauge 
is performed in 1 to 2 passes. The minimum gauge of the 
partially cold rolled strip 178 is preferably about 0.012 
inches and more preferably about 0.0115 inches, and the 
maXimum gauge is preferably about 0.035 inches and more 
preferably about 0.030 inches. 

[0149] The partially cold rolled strip 178 is intermediate 
annealed 152 to form an annealed strip 182. The interme 
diate annealing step 152 can be performed in a continuous 
or batch heater. The preferred continuous heater is an 
induction heater, With a trans?uX induction heater being 
most preferred. The duration and temperature of the anneal 
152 using an induction heater preferably are set forth above. 
For a batch heater, the strip 178 is preferably intermediate 
annealed 152 at a minimum temperature of at least about 
650° F. (i.e., about 343° C.), and preferably at a maXimum 
temperature of no more than about 900° F. (i.e., about 482° 
C.). The annealing time for a batch heater preferably ranges 
from about 2 to about 3 hours. 

[0150] The annealed strip 182 is preferably not rapidly 
cooled, such as by quenching, after the annealing step or 
solution heat treated. 

[0151] The annealed strip 182 is alloWed to cool and 
subjected to cold rolling 186 to form aluminum alloy sheet 
156. Preferably, the partially cold rolled strip 178 is reduced 
in thickness by an amount of at least about 40% and more 
preferably at least about 50% but no more than about 70% 
and more preferably no more than about 65% to a gauge 
ranging from about 0.009 to about 0.013 inches in one pass. 

[0152] An aluminum alloy composition that is particularly 
useful for body stock in this embodiment includes: 

[0153] Manganese, preferably in an amount of at 
least about 0.85 Wt % and more preferably at least 
about 0.9 Wt % but no more than about 1.2 Wt % and 
more preferably no more than about 1.1 Wt %. 
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[0154] (ii) Magnesium, preferably in an amount of at 
least about 0.9 Wt % and more preferably at least 
about 1.0 Wt % but no more than about 1.5 Wt %. 

[0155] (iii) Copper, preferably in amount of at least 
about 0.20 Wt % but no more than about 0.50 Wt %. 

[0156] (iv) Iron, preferably in an amount of at least 
about 0.35 Wt % but no more than about 0.50 Wt % 
and more preferably no more than about 0.60 Wt %. 

[0157] (v) Silicon, preferably in an amount of at least 
about 0.3 Wt % but no more than about 0.5 Wt % and 
more preferably no more than about 0.4 Wt %. 

[0158] A particularly useful aluminum alloy composition 
for body stock using this process includes the folloWing 
constituents: 

[0159] Manganese in an amount of at least about 
0.85 but no more than about 1.1 Wt %. 

[0160] (ii) Magnesium in an amount of at least about 
0.10 but no more than about 1.5 Wt %. 

[0161] (iii) Copper in an amount of at least about 0.35 
but no more than about 0.50 Wt %. 

[0162] (iv) Iron in an amount of at least about 0.35 
but no more than about 0.60 Wt %. 

[0163] (v) Silicon in an amount of at least about 0.2 
but no more than about 0.4 Wt %. 

[0164] The aluminum alloy sheet has properties that are 
particularly useful for body stock. When the aluminum alloy 
sheet is to be used as body stock, the alloy sheet preferably 
has an as-rolled yield strength of at least about 37 ksi and 
more preferably at least about 38 ksi, and most preferably at 
least about 39 ksi but no more than about 43 ksi and more 
preferably no more than about 42 ksi, and most preferably 
no more than about 41 ksi. The as-rolled tensile strength 
preferably is at least about 40 ksi, more preferably at least 
about 42 ksi, and most preferably at least about 42.5 ksi but 
no more than about 47 ksi, more preferably no more than 
about 46 ksi, and most preferably no more than about 45 ksi. 
The aluminum alloy sheet 128 should have an elongation of 
at least about 3% and more preferably at least about 4%. 

[0165] To produce acceptable draWn and ironed container 
bodies, aluminum alloy sheet 128 used as body stock should 
have a loW earing percentage. Preferably, the aluminum 
alloy sheet 128, according to the present invention, has a 
tested earing of no more than about 2.0% and more prefer 
ably no more than about 1.9% and most preferably no more 
than about 1.8%. 

[0166] Container bodies fabricated from the aluminum 
alloy sheet 128 of the embodiment of the present invention 
have relatively high strengths. The container bodies have a 
minimum dome reversal strength of at least about 90 psi and 
more preferably at least about 93 psi at current commercial 
thicknesses. The column strength of the container bodies 
preferably is at least about 200 psi and more preferably at 
least about 230 psi. 

[0167] FIG. 9 depicts yet another embodiment of a pro 
cess that is particularly useful for producing body stock. In 
this embodiment, the process includes no heating step before 
or during hot rolling, a hot mill annealing step 300, an 
intermediate annealing step 304, and a stabiliZe annealing 
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step 308. This process produces aluminum sheet 312 having 
superior physical properties that is particularly useful for 
body stock. It has been discovered that this process can 
produce aluminum alloy sheet 312 having a relatively loW 
earing; can avoid Work hardening during fabrication of the 
sheet (by a bodymaker) into container bodies and thereby 
inhibit split ?anges and incomplete trim off bodymakers and 
increase physical properties (i.e., the as-rolled yield and 
tensile strengths) by varying the soak time and temperature 
of the stabiliZe anneal 308. 

[0168] The relationship betWeen stabiliZe anneal soak 
time and temperature and the physical properties of the sheet 
312 is believed to be the result of the chemistry and the 
relatively ?ne grain siZe of the sheet 312. The grain siZe is 
particularly ?ne for an induction heater in the intermediate 
annealing step. The relationship is surprising and uneX 
pected for a sheet having the above-described chemistry. 
The process permits sheet to be produced according to a 
variety of differing speci?cations simply by altering the soak 
time and/or temperature of the stabiliZe anneal. 

[0169] Referring to FIG. 9, a melt of the aluminum alloy 
composition is formed and continuously cast 20 to provide 
a cast strip 24. The noZZle tip siZe preferably ranges from 
about 10 to about 25 mm and more preferably from about 10 
to about 20 mm, With a maXimum tip siZe of 17.5 mm being 
most preferred. The reduction in tip siZe to 17.5 mm or less 
can provide an reduction in the tested earing for the sheet 
312 of 0.2% or more and obtain an increase of 1 Ksi in 
tensile and yield strength relative to aluminum alloy sheet 
produced by other processes. 
[0170] The cast strip 24 is hot rolled 160 to form a hot 
rolled strip 164. In the hot rolling step 160, the cast strip 24 
is preferably reduced in thickness by an amount of at least 
about 50%, more preferably at least about 55%, and most 
preferably at least about 68% but no more than about 45%, 
more preferably no more than about 90%, and most prefer 
ably no more than about 95% to a gauge preferably ranging 
from about 0.065 to about 0.120 inches and more preferably 
from about 0.085 to about 0.110 inches. The loWering of the 
gauge of the hot rolled strip from 0.105 inches to the range 
of about 0.065 to about 0.090 can provide further reductions 
in the tested earing of the sheet 312, improved surface grain 
siZe, and increased strength properties. 
[0171] The hot rolled strip 164 is hot mill annealed 300 in 
a batch or continuous heater to form a hot mill annealed strip 
316. The continuous heater can be a gas-?red, infrared, or an 
induction heater. 

[0172] The temperature and duration of the anneal depend 
upon the type of furnace employed. The strip is preferably 
intermediate annealed at a minimum temperature of about 
650° F. (i.e., about 343° C.) and more preferably about 700° 
F. (i.e., about 371° C.), and preferably at a maXimum 
temperature of about 900° F. (i.e., about 482° C.) and more 
preferably of no more than about 850° F. (i.e., about 454° 
C.). For an induction heater, the minimum temperature is 
preferably about 900° F., and the maXimum temperature is 
preferably about 1,000° F. For continuous heaters, the 
annealing time for any portion of the strip is preferably a 
maXimum of about 1 minute, more preferably about 30 
seconds, and most preferably about 20 seconds and a mini 
mum of about 2 seconds. For batch heaters, the annealing 
time is preferably a minimum of about 2 hours and is 
preferably a maXimum of about 3 hours. 
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[0173] Referring again to FIG. 9, the hot mill annealed 
strip 316 is alloWed to cool and then subjected to cold rolling 
320 to form a partially cold rolled strip 324. In the cold 
rolling step 320, the thickness of the strip 316 is preferably 
reduced by at least about 50% and more preferably at least 
about 60% but no more than about 70% and more preferably 
no more than about 65%. Preferably, the reduction to inter 
mediate gauge is performed in 1 to 2 passes. The minimum 
gauge of the partially cold rolled strip 324 is preferably 
about 0.013 inches, and the maXimum gauge is preferably 
about 0.030 inches. 

[0174] The partially cold rolled strip 324 is intermediate 
annealed 304 to form an intermediate annealed strip 328. 
The intermediate annealing step 304 can be performed in a 
continuous or batch heater. The preferred continuous heater 
is an induction heater, With a trans?uX induction heater being 
most preferred. The minimum temperature of the anneal 304 
using an induction heater preferably is about 750° F., more 
preferably about 800° F., and most preferably about 950° F. 
The maXimum temperature of the anneal 304 is preferably 
about 1,050° E, more preferably about 1,000° E, and most 
preferably about 1,020° F. The duration of the anneal is as 
set forth above. For a batch heater, the strip 324 is preferably 
intermediate annealed 304 at a minimum temperature of at 
least about 650° F. (i.e., about 343° C.) and more preferably 
at least about 825° F. (i.e., about 440° C.), and preferably at 
a maXimum temperature of no more than about 900° F. (i.e., 
about 482° C.) and more preferably of no more than about 
1,000° F. (i.e., about 537° C.). The soak time at the annealing 
temperature for a batch heater preferably ranges from about 
2 to about 3 hours and for a continuous heater, particularly 
an induction heater, from about 2 to about 30 seconds. 

[0175] The annealed strip 328 can be cooled, such as by 
quenching, and/or a nitrogen purge, after annealing. 

[0176] After cooling, the annealed strip 328 is subjected to 
cold rolling 332 to form cold rolled strip 336. The amount 
of reduction in cold rolling depends upon the type of heater 
used in the intermediate anneal 304. For a continuous heater, 
particularly an induction heater, the preferred reduction in 
thickness of the annealed strip 328 is at least about 20% and 
more preferably at least about 25% but no more than about 
55% and more preferably no more than about 60% and more 
preferably no more than about 65% to a gauge ranging from 
about 0.013 to about 0.009 inches in one pass. For a batch 
heater, the preferred reduction in thickness of the strip 328 
is at least about 40% and more preferably at least about 50% 
but no more than about 70% and more preferably no more 
than about 65% to a gauge ranging from about 0.013 to 
about 0.009 inches in one pass. An annealed strip 328 that 
has been intermediate annealed in an induction heater is 
much more sensitive to increases in earing from subsequent 
cold Work than an annealed strip 328 that has been inter 
mediate annealed in a batch heater. Accordingly, cold rolling 
reductions for induction annealed strips are less than those 
for batch annealed strips. The cold rolled strip 336 is 
subjected to a stabiliZe anneal 308 to form aluminum alloy 
sheet 312. A batch or continuous heater can be employed in 
the stabiliZe anneal 308. The cold rolled strip 336 is pref 
erably stabiliZe annealed 308 at a minimum temperature of 
at least about 300° F. (i.e., about 146° C.) and more 
preferably at least about 325° F. (i.e., about 162° C.), and 
preferably at a maXimum temperature of no more than about 
500° F. (i.e., about 260° C.) and more preferably of no more 
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than about 550° F. (i.e., about 287° C.). The most preferred 
temperature is about 350° F. (i.e., about 176° C.). The 
annealing time for a batch heater preferably ranges from 
about 2 to about 3 hours and for a continuous heater, 
particularly an induction heater, from about 2 to about 30 
seconds. 

[0177] An aluminum alloy composition that is particularly 
useful for body stock in this embodiment includes: 

[0178] Manganese, preferably in an amount of at 
least about 0.85 Wt %, more preferably at least about 
0.9 Wt %, and most preferably at least about 0.95 Wt 
% but no more than about 1.2 Wt %, more preferably 
no more than about 1.1 Wt %, and most preferably no 
more than about 1.1 Wt %. 

[0179] (ii) Magnesium, preferably in an amount of at 
least about 0.9 Wt %, more preferably at least about 
1.0 Wt %, and most preferably at least about 1.0 Wt 
% but preferably no more than about 1.5 Wt %, more 
preferably no more than about 1.4 Wt %, and most 
preferably no more than about 1.35 Wt %. 

[0180] (iii) Copper, preferably in amount of at least 
about 0.20 Wt %, and more preferably at least about 
0.40 Wt % but preferably no more than about 0.60 Wt 
% and more preferably no more than about 0.55 Wt 
%. 

[0181] (iv) Iron, preferably in an amount of at least 
about 0.35 Wt % and more preferably at least about 
0.40 Wt % but preferably no more than about 0.50 Wt 
% and more preferably no more than about 0.60 Wt 
%. 

[0182] (v) Silicon, preferably in an amount of at least 
about 0.3 Wt % but no more than about 0.5 Wt % and 
more preferably no more than about 0.4 Wt %. 

[0183] A particularly useful aluminum alloy composition 
for body stock using this process includes the folloWing 
constituents: 

[0184] Manganese in an amount of at least about 
0.85 but no more than about 1.2 Wt %. 

[0185] (ii) Magnesium in an amount of at least about 
0.85 but no more than about 1.5 Wt %. 

[0186] (iii) Copper in an amount of at least about 0.20 
but no more than about 0.60 Wt %. 

[0187] (iv) Iron in an amount of at least about 0.20 
but no more than about 0.60 Wt %. 

[0188] (v) Silicon in an amount of at least about 0.30 
but no more than about 0.50 Wt %. 

[0189] The aluminum alloy sheet 312 has properties that 
are particularly useful for body stock. When the aluminum 
alloy sheet 312 is to be used as body stock, the alloy sheet 
preferably has a ?nal yield strength of at least about 37 ksi 
and more preferably at least about 37.5 ksi, and most 
preferably at least about 38.5 ksi but no more than about 45 
ksi and more preferably no more than about 43 ksi, and most 
preferably no more than about 42.5 ksi. The ?nal tensile 
strength preferably is at least about 40 ksi, more preferably 
at least about 41 ksi, and most preferably at least about 43 
ksi but no more than about 47 ksi, more preferably no more 
than about 46.5 ksi, and most preferably no more than about 
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46.0 ksi. The aluminum alloy sheet 312 should have a ?nal 
elongation of at least about 3% and more preferably at least 
about 4%. 

[0190] To produce acceptable draWn and ironed container 
bodies, aluminum alloy sheet 312 used as body stock should 
have a loW earing percentage. Preferably, the aluminum 
alloy sheet 312, according to the present invention, has a 
tested earing of no more than about 2.5% and more prefer 
ably no more than about 2.2% and most preferably no more 
than about 2%. An induction heater can provide a loWer 
earing percentage because the induction heater uses a loWer 
reduction in the cold rolling step 332. Preferably, aluminum 
alloy sheet 312 produced using an induction heater has a 
tested earing of no more than about 2.0% and more prefer 
ably no more than about 1.9%. 

[0191] Container bodies fabricated from the aluminum 
alloy sheet 312 of the embodiment of the present invention 
have relatively high strengths. The container bodies have a 
minimum dome reversal strength of at least about 90 psi and 
more preferably at least about 93 psi at current commercial 
thicknesses. The column strength of the container bodies 
preferably is at least about 210 psi and more preferably at 
least about 230 psi. 

[0192] In accordance With yet another embodiment of the 
present invention, a method is provided for fabricating an 
aluminum alloy sheet in Which the initial cold rolling step is 
performed in the absence of an annealing step after hot 
rolling and before the ?rst cold rolling step and/or in Which 
the reductions in strip thickness betWeen intermediate 
anneals and after the last intermediate anneal are maintained 
at or beloW a speci?ed level to avoid full hard conditions. 
The ?rst intermediate annealing step is performed after the 
?rst cold rolling step, and the second intermediate annealing 
step is performed after the subsequent cold rolling step. The 
method generally includes the steps of: 

[0193] forming an aluminum alloy melt; 

[0194] (ii) continuously casting the alloy melt to form 
a cast strip; 

[0195] (iii) optionally heating the cast strip before hot 
rolling; 

[0196] (iv) hot rolling the cast strip to form a hot 
rolled strip; 

[0197] (v) cooling the hot rolled strip to a tempera 
ture beloW the recrystalliZation temperature of the 
hot rolled strip; 

[0198] (vi) cold rolling the hot rolled strip to form a 
partially cold rolled strip; 

[0199] (vii) annealing, preferably in a batch anneal, 
the partially cold rolled strip to form a ?rst interme 
diate annealed strip; and 

[0200] (viii) further cold rolling the ?rst intermediate 
cold mill strip to form a further cold rolled strip; 

[0201] further annealing, either in a continuous 
or a batch anneal, the further cold rolled strip to form 
a second intermediate annealed strip; and 

[0202] forming the second intermediate annealed 
strip into the aluminum alloy sheet. As desired, after 
annealing step the second intermediate annealed 
























