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ABSTRACT

Novel aluminum alloys are provided for use in an impact extrusion manufacturing process to
create shaped containers and other articles of manufacture. In one embodiment blends of recycled
scrap aluminum are used in conjunction with relatively pure aluminum to create novel compositions
which may be formed and shaped in an environmentally friendly process. Other embodiments
include methods for manufacturing a slug material comprising recycled aluminum for use in the

Impact extraction process.
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IMPACT EXTRUDED CONTAINERS FROM RECYCLED ALUMINUM SCRAP

FIELD OF THE INVENTION
The present invention relates generally to alloys, including those made trom recycled
materials and used 1n the manufacturing of aluminum containcrs by a process known as impact
extrusion. More specifically, the present invention relates to methods, apparatus and alloy

compositions used in the manutacturing of slugs used to make containers and other articles from
impact extrusion.
BACKGROUND
Impact extrusion is a process utilized to make metallic containers and other articles with
unique shapes. The products are typically made from a softened metal slug comprised of steel,
magnesium, copper, aluminum, tin or lead. The container 1s formed inside the confining die from a
cold slug which 1s contacted by a punch. The force from the punch deforms the metal slug around

the punch on the inside, and the dic along the outside surface. After the imitial shape 1s formed, the

container or other apparatus 1s removed from the punch with a counter-punch ejector, and other
necking and shaping tools are used to form the device to a preferred shape. Traditional impact
extruded containers include aerosol containers and other pressure vessels which require high
strength, and thus use thicker gage and heavier materials than traditional aluminum beverage
containers. Because of the thickness and strength requirements of these containers, the cost to
manufacture the containers may be significant when compared to conventional metal beverage
containers which generally utilize 3104 aluminum. In a conventional impact extrusion process,
almost pure or “virgin” aluminum 1s used due to its unique physical characteristics, and 1is
commonly referred to as “1070” or 1050 aluminum which 1s comprised of at least about 99.5% of
pure aluminum.

Due to the complexity ot creating complex shapes with soft mctals such as aluminum,
critical metallurgical characteristics must be present for the impact extrusion process to work. This
includes but 1s not limited to the use of very pure, soft aluminum alloys, which typically contain at
least about 99% pure virgin aluminum. Because of this requirement, the use of recycled materials,

for example aluminum alloys 3104, 3103, or 3004 scrap aluminum, have not been feasible for use in

the impact extrusion process for acrosol and beverage containers.
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Thus there is a significant need to find a lightweight yet strong aluminum alloy to form
impact extruded containers and other useful articles, and to utilize scrap aluminum from other
manufacturing processes to benefit the environment and save valuable natural resources.

SUMMARY OF THE INVENTION

Accordingly, the present invention contemplates a novel system, device, and methods for
using scrap aluminum materials, such as 3104, 3004, 3003, 3013, 3103 and 3105 aluminum 1in
combination with other metal materials to create a unique and novel aluminum alloy which may be
used during an impact extrusion proccss to form various shaped containers and other articles.
Although generally referred to herein as “containers” it should be appreciated that the current
process and alloy compositions may be used in the impact extrusion process to form any variety of
shaped containers or other articles of manutacture.

Thus, in one embodiment of the present invention, a novel alloy is provided in the 1mtial
form of a metal slug to form a metallic container in an impact extrusion process. The alloy in one
embodiment has a composition comprising a recycled 3105 or 3104 aluminum, and a relatively pure
1070 aluminum to form a novel recycled alloy. In one embodiment, a recycled aluminum alloy
which utilizes 40% of 3104 alloy 1s blended with a 1070 alloy, and which comprises the following
composition:

approximately 98.47% aluminum

approximately 0.15% Si;

approximately 0.31% Fe;

approximately 0.09% Cu;

approximately 0.41% Mn;

approximately 0.49% Mg;

approximately 0.05% Zn;

approximately 0.02% Cr; and

approximately 0.01% Ti.

As provided in the tables, claims, and detailed description below, various compositions of
aluminum alloys are provided and contemplatcd hcrein. For each alloy, the amount of each
component, 1.e., S1, Fe, Cu, etc. may be varied approximately 15% to achieve satisfactory results.
Furthermore, as appreciated by one skilled in the art, 1l 1s not necessary that the novel alloy

compositions described herein and used in the impact extrusion process be comprised entirely or in

2
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part with recycled components and alloys. Rather, the alloys may be obtained and blended from
stock materials which have not previously been used or implemented in previous products or
Processes.

In another aspect of the present invention, a novel manufacturing process may be provided to
form the unique alloys, and includes but 1s not limited to the blending of various scrap materials
with other virgin metals to create a unique alloy specifically adapted for use in an impact extrusion
Process.

In another aspect of the present mnvention, specific tools such as neckers and other devices
commonly known 1n the container manufacturing business are contemplated for use with the novel
alloys and which are used in conjunction with the impact extrusion process. Further novel
manufacturing techniques associated with using the novel alloy compositions are also contemplated
with the present invention.

In yet another aspect ot the present invention, a distinctly shaped container or other article is
provided which 1s comprised of one or more of the novel recycled alloys provided and described
herein. Although these containers are most suitable for aerosol containers and other types of
pressure vessels, the compositions and processes described herein may be used to make any type of
shaped metallic container.

In various embodiments of the present invention, lightweight containers comprising recvcled
contents are provided. At least one of the following advantages may be realized: strength to weight
ratio; burst pressures; deformation pressures; dent resistance; resistance to scratching or galling;

and/or reduction in weight and metal content. Other advantages arc also contemplated.
Furthermore, aspects and features of the present invention provide for containers with increased
resistance to back annealing allowing higher cure tcmpcrature lining materials. In various

embodiments, an alloy for producing impact cxtruded containers with higher back annealing

resistance 1s contemplated, resulting in improved container performance, and utilizing coatings
requiring higher curing temperatures. Container designs and tooling designs for producing such
containers are also contemplated.

In various embodiments of the present invention, an aluminum slug and corresponding
impact extruded container comprising recycled material is provided. The recycled content may be

post-industrial or post-consumer content, the use of which enhances overall product and process

efficiency. A significant portion of known scrap, such as offal from cup making processes, contains

~
J
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a higher concentration of alloying elements than the base 1070 alloy currently used. These alloying

elements, while providing various cost and environmental advantages, modify the metallurgical
characteristics of the aluminum. For example, inclusion of these elements increases the
solidification temperature range. Casting challenges are thus present. As yield strength increases
and the ductility decreases, issues are created with respect to rolling the strip, for example.
Recrystallization characteristics are known to change, necessitating potential changes to the
thermomechanical treatment(s), including but not limited to: rolling temperatures, rolling reductions,
annealing temperatures, anncaling process, and/or annealing times. The increased ultimate tensile
strength and yield strength increases the tonnage loads when punching slugs.

Additionally, surface roughness and lubrication of the slugs of the present mvention is
critical due to the modified metallurgical characteristics. Tonnage loads on the extrusion presses are
typically higher in connection with slugs of the present invention. In various embodiments, the
increased material strength of the present invention enables attainment of standard container
performance specifications at significant lower container weights and/or wall thicknesses.

Thus, in one aspect of the present invention a method of manufacturing a slug used in an
impact extrusion process from recycled scrap material is provided, and comprising:

providing a scrap metal comprising at least onc of a 3104, a 3004, 3003, 3013, 3103 and a
3105 aluminum alloy;

blending said at least one of said 3104, said 3004, 3003, 3013, 3103 and said 3104 aluminum
alloy with a relatively pure aluminum alloy to create a recycled aluminum alloy;

adding a titanium boride material to said recycled aluminum alloy;

forming a slug with said recycled aluminum alloy after heating;
deforming said slug comprised of said recycled aluminum alloy into a preferred
shape in an impact extrusion process to form a shaped container.In accordance with another aspect,
an aluminum alloy used in a slug for an impact extrusion process 1s provided to form a metallic

container which 1s configured to receive an end closure. The aluminum alloy comprises:

at least 96.7 wt. % Al;

at least 0.10 wt. % Si;
at least 0.18 wt. % Fe;

at least 0.01 wt. % Mn;
at least 0.01 wt. % Mg; and
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the balance in impurities.

In accordance with another aspect, an aluminum alloy slug used in an impact extrusion
process 1s provided to form a metallic container which is configured to receive an end closure. The
aluminum slug comprises:

between about 20 and 60 wt. % of a recycled aluminum; and

the balance being a prime 1070 aluminum alloy.

In accordance with another aspect, an aluminum alloy used in an impact extrusion process
i1s provided to form a metallic container, the aluminum alloy comprising:

at least about 97 wt. % Al;

at least about 0.10 wt. % Si;

at least about 0.25 wt. % Fe;

at least about 0.05 wt. % Cu;

at least about 0.07 wt. % Mn; and
at least about 0.05 wt. % Mg.

[n a specific implementation, the aluminum alloy may be blended from at least one of a
recycled scrap and a 1070 or 1050 alloy wherein the at 'least one of the recycled scrap alloy 1is

selected from the group consisting of a 3104 alloy, a 3004 alloy, 3003 alloy, 3013 alloy, 3103 alloy
and a 3105 alloy.

In another specific implementation, the aluminum alloy may be blended from

approximately 10-60% of a 3105, 3004, 3003, 3103, 3013 or a 3104 aluminum alloy and 0-90% of
a 1070 or 1050 alloy.

In yet another specific implementation, the alloy may consist of about 98.5 wt. %
aluminum; about 0.15 wt. % Si; about 0.31 wt. % Fe; about 0.09 wt. % Cu; about 0.41 wt. % Mn:
about 0.49 wt. % Mg; about 0.05 wt. % Zn; about 0.02 wt. % Cr: and about 0.01 wt. % Ti.

In yet another specific implementation, the alloy may comprise no more than about 99.2 wt.

70 Al; no more than about 0.40 wt. % Si; no more than about 0.50 wt. % Fe: no more than about
0.20 wt. % Cu; no more than about 0.65 wt. % Mn: and n-oimore than about 0.75 wt. % Mg.

“In yet another specific implementation, the aluminum alloy slug may be formed by melting
a combination of recycled and non-recycled aluminum materials in an indirect heating process to

reduce surface oxidation of said aluminum alloy.

4a
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In yet another specific implementation, the aluminum alloy may further comprise a titanium

boride. -
In accordance with another aspect, a process is provided for manufacturing a container from
> aslug in an impact extrusion manufacturing process using recycled scrap materials, comprising:
providing a scrap metal comprised of at least one of a 3104, a 3004, a 3003, a 3103, 3013

and a 3105 aluminum alloy; :

blending said at least one of said 3104, said 3004, said 3003, said 3013, said 3103, and said

3105 aluminum alloy with a relatively pure aluminum alloy to create a recycled aluminum
10 alloy;

adding a titanium boride material to said recycled aluminum alloy;

forming a slug with said recycled aluminum alloy after blending; and

detorming said slug comprised of said recycled aluminum alloy into a preferred shape in an

impact extrusion process to form a shaped container.

15 In a specific implementation, the blending may comprise heating said 3104, said 3004, said
3003, said 3013, said 3103, said 3105, and said relatively pure aluminum alloy in an indirect
heating process.

In another specific implementation, the process of forming the slug may further comprise
forming individual slugs from a slab formed from a casting apparatus, annealing said individual

20 slugs in a continuous annealing process, and finishing said slugs by shot blasting to increase the
surface area. |

In accordance with another aspect, a method is provided for forming a metallic aluminum
slug tor use in an impact extrusion process using recycled aluminum scrap material, comprising:
providing aluminum scrap material comprised of an alloy with at least about 98.5 wt. %

25 aluminum;

adding a relatively pure aluminum alloy with said aluminum scrap material;

melting said relatively pure aluminum alloy with said aluminum scrap material in an

indirect furnace to form a new recycled alloy;

casting said new recycled alloy in a casting machine to form an aluminum alloy slab with a
30 pre-determined thickness; '

hot rolling said aluminum alloy slab to reduce the thickness and create a hot rolled strip;

4b
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quenching said hot rolled strip in an aqueous solution to reduce the temperature at said hot

rolled strip and form an alloy strip;

cold rolling said alloy strip to further reduce the p'rei-determined thickness;

punching said alloy strip to form recycled aluminum alloy slugs;

annealing said recycled aluminum alloy slugs by heating said recycled aluminum alloy

slugs to a predetermined temperature and subsequently cooling; and

finishing said recycled aluminum alloy slugs by roUghening an outer surface to form a high

surface area.

In a specific implementation, the method may comprise adding a predetermined amount of
titantum boride to said new recycled alloy.

In another specific implementation, the titanium boride may be added to said new recycled
alloy after said melting and prior to said casting.

In yet another specific implementation, the melting may be conducted in at least one of a
side wall furnace and a rotary furnace to avoid direct flame impingement on said new recycled
alloy.

In yet another specific implementation, the casting may be performed in at least one of a
wheel belt caster and a twin-belt caster.

In yet another specific implementation, the hot rolling and said cold rolling of said
aluminum alloy slab may be performed between two counter-rotating rolls with a gap between said
rolls which is less than the thickness of the aluminum alloy slab.

In yet another specific implementation, the punching may comprise feeding said alloy strip

into a die set mounted in a press.

In yet another specific implementation, the finishing may be comprised of at least one of
impinging said recycled aluminum alloy slugs with aluminum shot and tumbling said recycled

aluminum alloy slugs in a rotating drum.

In yet another specific implementation, the method may further comprise lubricating said
recycled aluminum alloy slugs after finishing. :

In yet another specific implementation, the method may further comprise forming a metal
container from said recycled aluminum alloy slugs.

In accordance with another aspect, an aluminum alloy is provided from a combination of:

4c
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- between 40 to 90 wt. % of one of a 107C aluminum alloy and a 1050 aluminum
alloy, and .:

- between 10 to 60 wt. % of one of a 3105, a"3004, a 3003, a3103,a 3013 and a 3104
aluminum alloy, '

wherein the aluminum alloy is used to form 2 slug used in an impact extrusion process

to form a metallic container having an upper énd with an opening configured to receive

an aerosol valve or crown closure, the aluminum alloy comprising:

- at least 97.84wt. % Al and no more than 99.'2 wt. % Al

- atleast 0.10 wt. % Si and no more than 0.38 wt. % Si;

- at least 0.25 wt. % Fe and no more than 0.5 wt. % Fe;

- at least 0.07 wt. % Cu and no more than 0.19 wt. % Cu;

- at least 0.07 wt. % Mn and no more than 0.61 wt. % Mn;

- at least 0.05 wt. % Mg and no more than 0.73 wt. % Mg;

- at least 0.03 wt. % Zn and no more than 0.25 wt. % Zn;

- at least 0.02 wt. % Cr and no more than 0.1 ; wt. % Cr;

- about 0.01 wt. % Ti; and '

- the balance 1n impurities.

In accordance with another aspect, an aluminum a:loy slug is provided, wherein the slug is
used in an impact extrusion process to form a metallic container having an upper end with an
opening configured to receive an aerosol valve or crown closure, the aluminum alloy slug
comprising: '

- between 20 and 60 wt. % of a recycled aluminum comprising one of a 3105, a 3004,
a 3003,a 3103, a3013 and a 3104 aluminum alloy; and
- the balance being one of a 1070 aluminum alloy and a 1050 aluminum alloy.

The Summary of the Invention is neither intended nor should it be construed as being
representative of the full extent and scope of the present disclosure. The present disclosure is set
forth in various levels of detail in the Summary of the In;vention as well as 1n the attached drawings
and the Detailed Description of the Invention. Additional aspects of the present disclosure will
become more readily apparent from the Detailed Descripti{t)n,, particularly when taken together with

the drawings.

4d
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These and other advantages will be apparent from the disclosure contained herein. The

above-described embodiments, objectives, and configurations are neither complete nor exhaustive.
As will be appreciated, other embodiments are possible using, alone or in combination, one or more
of the features set forth above or described in detail below. The present invention is set forth in
various levels of detail in the summary of the invention, as well as, in the attached drawings and the
detailed description of the invention. Additional embodiments will become more readily apparent
from the detailed description, particularly when taken together with the drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 illustrates a method for manufacturing an alloy slug from a recycled aluminum
material;

Figure 2 1llustrates an impact extrusion method for use with the recycled aluminum material;

Figure 3 1llustrates a continuous anneal process;

Figure 4 illustrates a composition comparison of Material 1 and Material 2;

Figure S illustrates a punch head and press die;

I'igure 6 1llustrates deformation pressure resistance for containers made with Material 1 and
Material 2;

Figure 7 illustrates burst pressure resistances for Material 1 and Material 2; and

Figure 8 1llustrates container masses for sample Material 1 and sample Material 2.

DETAILED DESCRIPTION
The present invention has significant benefits across a broad spectrum of endeavors. To

acquaint persons skilled in the pertinent arts most closely related to the present invention, a
preferred embodiment of the method that illustrates the best mode now contemplated for putting the

invention into practice is described herein by, and with reference to, the annexed drawings that form

a part of the specification. The exemplary method is described in detail without attempting to

describe all of the various forms and modifications in which the invention might be embodied. As
such, the embodiments described herein are illustrative, and as will become apparent to those skilled
in the arts, may be modified in numerous ways.

Although the following text sets forth a detailed description of numerous different
embodiments, the detailed description 1s to be construed as exemplary only and does not describe
every possible embodiment since describing every possible embodiment would be impractical, if not

impossible.

CA 2979863 2017-09-19
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As provided in the attached tables and text, various aluminum alloys are identified by
numerical indications such as 1070 or 3104. As appreciated by one skilled in the art, aluminum is
designated by its major corresponding alloying elements, typically in four-digit arrangement. The
first of these four numbers corresponds to a group of aluminum alloys sharing a major alloying
element, such as 2XXX for copper, 3XXX for manganese, 4XXX for silicon, etc. Thus, any
references to the various aluminum alloys arc consistent with the designations uscd throughout the
aluminum and container manufacturing industry.

Referring now to the following tables, figures and photographs, a novel recycled aluminum
alloy 1s provided for use in a metallic slug used 1in an impact extrusion process to manufacture
shaped metal containers and other apparatus. In certain instances, details that are not necessary for
an understanding of the invention or that render other details difficult to perceive may have been
omitted from these drawings, photographs and charts. It should be understood, of course, that the
invention 1s not limited to the particular embodiments illustrated in the drawings.

In many of the charts and examples provided below, the term “ReAl”,
or “RE”, etc. may be used to identify a particular alloy. Thus, the term “ReAl” or “RIL™ 1s merely an
identifier for a metal containing recycled aluminum. In some instances, 3104 aluminum alloy
commonly known 1in the art is recycled with another material, typically 1070 aluminum alloy. The
number and percentage used after “ReAl” identifies the percent of that 3104 recycled alloy which is
combined with a 1070 aluminum alloy to form the new alloy used in an impact extrusion process.

For example, ReAl 3104 30% or RE 3104-30 identifies that 30% of a 3104 alloy has been combined

with 70% of a relatively pure 1070 aluminum alloy to form a new alloy having the metallurgical

composition of SI, Fe, Cn, etc. provided in the charts. Other charts refer to the number “3105” and a
percentage of that alloy provided in a given alloy, such as 20% or 40%. Similar to the 3104 alloy,
the term *“3105” is an aluminum alloy well known by those skilled in the art, and the 20% or 40%

reflects the amount of that alloy which 1s mixed with a relatively pure 1070 aluminum alloy to form
thc new alloy which i1s uscd in the mctal slug and the impact extrusion process to manufacture a
container such as an aerosol can. Although not provided 1n the chart below, it 1s also feasible to use
3004 scrap material or non scrap 3004 aluminum 1ngots in the process to create new alloys. Table 1
below identifies one example of the various compositions of the alloys discussed herein. All values

listed 1n the table are approximate values.

CA 2979863 2017-09-19
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Table 2 illustrates compositions of recycled slug materials, wherein the pure aluminum 1s

aluminum alloy 1070 and the recycled scrap material is 3104 at different percentages. All values

TABLE 1

Element AA3104 AA3004 AA3105 AA1070
S1 0.3 0.3 0.6 0.05

ke 0.5 0.6 0.7 0.18
Cu 0.2 0.3 0.3 0.01
Mn 1.0 0.3 0.3 0.01
Mg 1.2 0.4 0.2 .01

/N 0.1 0.2 0.4 0.01

Cr 0.03 ) 0.1 0.2 (.01

T1 0.01 0.01 0.01 0.01
Al 96.7 97.8 97.3 99.7

5  listed in the table are approximate values.
TABLE 2
Element | 3104 | 3104 [ 3104 | 3104 | 3104
20% | 30% | 30% | S0% | 60%
S1 0.1 0.13 {0.15 [0.18 |0.2
Fe 0.25 1028 |031 |0.34 |0.38
Cu 0.05 10.07 |10.09 |0.11 |0.13
Mn 021 (031 ;041 051 |0.61
Mg 0.25 [0.37 [049 |0.61 |0.73
/n 1003 [0.04 1005 [0.06 |0.07
Cr 0.02 [0.02 [0.02 |0.02 |0.03
Ti 0.01 [0.01 (001 {001 0.0l
Al 08.08 | 98.77 | 98.47 { 98.16 | 97.84

Table 3 illustrates compositions of recycled slug materials, wherein the pure aluminum 1s

aluminum alloy 1070 and the recycled scrap material is 3105 at different percentages. All values

10  listed in the table are approximate values.
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TABLE 3

Element | 3105 | 3105 | 3105 | 3105 | 3105

20% | 30% | 40% | 50% | 60%
Si 0.16 | 022 1027 033 |0.38
Fe 029 | 034 |039 044 |0.5
Cu 0.07 |0.10 |0.13 |0.16 |0.19
Mn 0.07 | 010 |0.13 |0.16 |0.19
Mg 0.05 10.07 [0.09 [0.11 | 0.13
7n 0.09 [ 0.13 [0.17 [0.21 |0.25
Cr 0.05 | 0.07 [0.09 |0.11 |0.13
Ti 0.01 [0.01 [0.01 |0.01 |0.01
Al 99.21 | 98.96 | 98.72 | 98.47 | 98.22

Table 4 illustrates compositions of recycled slug materials, wherein the pure aluminum 1s
aluminum alloy 1070 and the recycled scrap material is 3004 at different percentages. All values

5  listed in the table are approximate values.

TABLE 4

Element | 3004 | 3004 | 3004 | 3004 | 3004

20% | 30% | 40% | 50% | 60%
S1 0.10 [0.13 | 0.15 |0.18 |0.2
Fe 027 1031 1035 039 044
Cu 0.07 | 0.10 | 0.13 |0.16 | O0.19
Mn 0.07 |0.10 |0.13 |0.16 | 0.19
Mg 0.09 [0.13 | 0.17 | 0.21 | 0.25
/n 0.05 1007 009 ]0.11 |O.13
Cr 0.03 [0.04 |0.05 |[006 |0.07
T1 0.01 |0.01 |0.01 |0.01 |0.0l
Al 09.31 1 99.11 { 98.92 | 98.72 | 98.52

Figure 1 illustrates a method to fabricate an alloy from recycled aluminum 100. The

recycled aluminum is processed to make slugs, which may be used in an 1mpact extrusion process.

10  Following the formation of the slugs, the slugs are processed in order to manufacture a container as
provided in Figure 2, which is discussed in greater detail below.

One aspect of the present invention is a method to fabricate a recycled aluminum material.

The recycled aluminum slug material may comprise a recycled scrap aluminum and a pure

aluminum, which are melted and cast together to form a novel recycled aluminum slug. Suitable

15 recycled aluminum material may include many 3XXX alloys, especially 3005, 3104, 3105, 3103,
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3013, and 3003. In smaller quantities, other alloys may be used to achieve the target chemistry.
Alloy 3104 scrap is commonly sourced from beverage can plants. Alloy 3005 1s commonly sourced
for the automotive industry. The pure aluminum may include aluminum alloy 1070 or 1050. A
variety of scrap aluminum sources may be used as a source for the alloying element of the ReAl. .

Pure aluminum alloys such as 1050 or 1070 may be used with elemental additions to achieve
the target RecAl chemical composition.

Melting

Scraps bricks comprising recycled scrap aluminum is mclted 102 to facilitate mixing with
the molten pure aluminum. The recycled scrap aluminum may comprise aluminum alloy 3005,
3104, 3105, 3003, 3013 or 3103. When the furnace flame directly contacts the recycled aluminum,
a small amount of the surface aluminum oxidizes. If the surface area 1s large, such as compacted
scrap bricks, the amount of the material oxidized and the melt loss is higher than 1if the scrap bricks
comprise a small surface area. Therefore, melting furnaces that utilize indirect methods to heat the
materials are preferred to those that utilize direct flame impingement.

More spccifically, mclting may occur in several types of furnaces. For example, a
reverbatory furnace 112 may be used which 1s typical to produce conventional impact extrusion
slugs. The aluminum is subject to direct flame impingment. When melting compacted bricks of

thin aluminum, the melt loss may likely be high. Therefore, a reverbatory furnace 112 1s not a
preferred method to produce ReAl slugs because of the high melt loss.

In general, a furnace that utilizes an indirect method to heat the materials 1s preferred.
Furnaces that utilize an indirect method to heat materials include, but are not limited to, side well
furnaces and rotary furnaces. Thus, a side well furnace 110 may be used as the furnace. Side well
furnaces contain the aluminum and gas burners transfer heat to the molten metal. The molten metal
is then used to melt the scrap. Side well furnaces also have an impeller that circulates the molten
bath through a side well. Scrap aluminum is fed into the side well at a rate such that the material
largely melts before it circulates into the portion of the side well furnace where direct flame
impingement i1s possible. The use of a side well turnace 110 1s a preferred method for melting scrap
metal tor ReAl production.

Alternatively, a rotary furnace 104 may be used. A rotary furnace 104 is similar to a
concrete mixer. The aluminum scrap tumbles in one corner of the rotating cylinder. The flame is

directed away from this area and heats the refractory lining. The hot lining rotates and contacts the

9
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aluminum and transfers energy to the aluminum. A rotary furnace 104 is a preferred method for

melting scrap for ReAl production. If a rotary furnace 104 or side well furnace 110 is used, the
scrap exiting the rotary furnace 104 or side well furnace 110 may be melted and cast into ingots,
sows or pigs 106 in an operation separated from the slug production. These ingots, sows or pigs
may be meltcd 1n a second reverbatory furnace 108 with minimal melt loss because the surface area
1s relatively small.

[f elevated melt loss does occur during the melting process, dross must be removed from the
bath.

In one embodiment, Titanium boride (Ti1Bor) 114 i1s added to the melted blend of aluminum
alloys just prior to the caster normally by a continuous feed of aluminum with a titanium boride
dispersion. The TiBor can be added with degassing. Alternatively, the TiBor could possibly be
added to the aluminum scrap alloy while it is in the furnace. = The TiBor may refine the grain
structure of thec ReAl during processing. The TiBor concentration 1s between about 0.5 kg/metric
tonne to about 1.3 kg/metric tonne. In some embodiments, the TiBor concentration 1s about 0.6
kg/metric tonne.

Casling

Following the melting process, the molten alloy is cast. In the casting process, molten alloy
1s solidified into a continuous slab of any suitable dimension using one of several casting
techniques. In some embodiments of the present invention, the cast slabs are about 8-14 inches in
width and about 0.75-1. 5 inches thick. The casting speed should be in the range of between about

0.5 to about 0.8 metric tonnes/hour/inch of width. In some ecmbodiments, the casting speed may be
about 0.62 metric tonnes/hour/inch of width.

Difterent casting methods may be used and may be chosen from a wheel belt caster 118, a

[Hazelett® caster 116, a twin roll caster 120 and/or a block caster 122. When a wheel belt caster 118

15 used, the molten aluminum 1s held between a flanged wheel and a thick metal belt during

solidification. The belt wraps around the wheel at about 180°. Both the wheel and the belt are
chilled with water on the back side to optimize and control heat extraction. This wheel belt caster
process 1s commonly used to make 1070 and 1050 slugs. However, the thick steel belt is inflexible
and unable to deflect and maintain contact with the slab that is shrinking due to solidification. The

effcet 1s magnified by the ReAl alloys because it solidifies over a larger temperature range than the

more pure alloys, 1050 and 1070.
10
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Alternatively, a Hazelett® caster 116 may be used. When a Hazelett® caster 116 is used, the
molten aluminum is held between two flexible steel belts during solidification. Steel dam block are
chain mounted and form the sides of the mold. The parallel belts slope slightly downward to allow
gravity to feed molten aluminum into the system. High pressure water is sprayed on the back side of
both belts to optimize and control heat extraction. This high pressure water also deflects the belt to
keep 1t 1n contact with the solidifying, contracting slab. This belt deflection enables the Hazelett®
caster 116 to produce a wide range of aluminum (and other) alloys. The Hazelett® caster process 1S
commonly used to produce architectural aluminum strip and may bc used to produce impact
extrusion slugs.

Alternatively, a twin roll caster 120 may be used. When a twin roll caster 120 is used, the
molten aluminum is held between two counter rotating, water cooled rolls during solidification. The
process provides a very small solidification zone and is therefore limited to relatively thin “slabs™.
At this thickness, the term strip is probably more accurate than slab. This process is commonly used
in the manufacture of aluminum foil.

Alternatively, a block caster 122 may be used. When a block caster 122 is uscd, the molten
aluminum 1s held between a series of chain mounted steel blocks during solidification and form the
sides of the mold. The blocks are water cooled to optimize and control heat extraction.

A lubricating powder may be applied to the caster components that contact the slab. More
specitically, a graphite or silica powder may be applied as necessary. Temperature control is
important during and following the casting process. During casting, regardless of the casting
process used, the cooling rate and temperature profile of the slab must be carefully controlled during
solidification. The wheel belt caster 118 reduces the cooling water flow rate to achieve this. If the
Hazelett® caster 116 is used, the water flow for general control and gas flow over the slab may be
used to closely modify the temperature. Ambient conditions, especially air flow must be controlled
near the caster. This air flow control 1s especially critical when gas flow is used to modify the slab
femperature.

The temperature of the slab at the exit of the caster must also be carefully controlled. The
exit temperature of thc slab through the caster 116 must be above about 520°C, however the

maximum temperature of any part of the slab exiting the caster must be less than about 582°C.

Rolling

11
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Following casting, the thickness of the slab is reduced from about 28-35 mm to a specified
thickness of between about 3 mm to about 14 mm with a hot mill 124/126 and a cold mill 130/132.
The relative thickness reduction taken in the hot mill 124/126 and the cold mill 130/132
significantly affects the metallurgical grain structure of the finished product. The thickness of the
slab at the hot mill exit may vary. In some embodiments, the thickness of the slab tollowing hot
milling 124/126 1s between about 6 mm to about 18 mm. In order to reach the specified thickness,
the slab passes between two counter rotating rolls with a gap less than the incoming thickness while
the slab 1s still at a high temperature of between about 450 to about 550 "C. Rolling mills have two
commonly used configurations. The most common 1s a two-high mill that contains only two
counter-rotating rolls that contact the slab/strip. Two rolling mills are used to obtain the desired
thickness. However, a different number of rolling mills may be used: 1,3, etc. Optionally, an
advanced design is a four-high mill in which the two-counter rotating rolls, the work rolls, are
backed up by larger rolls. Optionally, an additional hot mill 126 may be used. Alternatively,
multiple hot mills may be used and the slabs may be recirculated to a hot mill 124/126 in order to
achieve the specified thickness.

During hot rolling 124/126, the alloy material may dynamically recrystallize and/or recover.
This recrystallization and/or recovery 1s a self annealing process enabled by the heat in the
slab/strip. The temperatures at which dynamic recrystallization and/or recovery may occur varies
with alloy content and may therefore differ for 1050/1070 and ReAl alloys. In most instances, the
temperature for dynamic recrystallization and/or recovery is between about 350°C to about 550°C

for ReAl matenial.

Following hot mill 124/126, the hot rolled strip is immersed in a quench tank 128. The
quench tank 128 contains water that reduces the strip temperature to near ambient. Following
quenching, the strip 1s subjected to a cold mill 130/132. The strip may be at ambient tempcrature
and passes between two counter rotating rolls with a gap less than thc¢ incoming thickncss.
Normally two rolling mills may be uscd to obtain the desired thickness. Iowever, a different
number of rolling mills may be used: 1,3, etc. At ambient temperature, the cold rolled strip does not
recrystallize. This cold working causes the yield strength of the material to increase and the
ductility decreases. Cold mills 130/132 may have two-high and four-high configurations. The four-
high configuration may have better thickness control and is therefore strongly preferred during cold

rolling when the final thickness 1s made. Optionally, an additional cold mill 132 may be used.
12
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Allernatively, multiple cold mills may be used and the slabs may be recirculated to a cold muill
130/132 1n order to achieve the specified thickness.

The relative amounts of thickness reduction taken during the hot mill 124/126 and cold mill
130/132 have a large effect on the recovery and recrystallization kinetics during annealing. The
optimal ratio varies with alloy content, rolling mill capability and final strip thickness.

The internal friction in the strip causes the temperature to rise during cold milling 130/132
making the strip warm. Therefore, strips may be subjccted to ambient cooling 134 at between about
15 to about 50°C, preferably about 25°C, for between about 4 hours to about 8 hours following cold
milling 130/132. Alternatively, the cooled strip 1s typically held in storage to allow 1t to return to
ambient temperature.

The cooled strips are punched 136. The cooled strip i1s uncoiled and fed mto a die set
mounted in a press. The die set cuts circular slugs from the strip, though it is understood that any
shape of slug such as triangle, oval, circle, square, diamond, rectangle, pentagon, or the like may be
used depending upon the shape of the die and/or the desired end product. The punching tool may be
modified 1 order to control burrs. By way of example, the tool may be modified so that the dic
button chamfer 1s between about 0.039 inches by about 25° to about 0.050 inches by 29°.

Annealing

Optionally, the punched slugs are heated to recrystallize the grains and 1ideally form a
homogeneous, equiaxed grain structure. The process decreases the strength of the material and
increases ductility. Annealing may occur by batch annealing 138 and/or continuous annealing 140.

When the punched slugs are batch annealed 138, the punched slugs may be loosely loaded
into a holding device such as a wire mesh baskets. Several holding devices may be stacked together

inside a furnace. The door to the furnace is closed and the slugs may be heated to a target

temperature and held for a specitied time. The target temperature of the furnace is preferably

between about 470°C to about 600°C for between about 5 to about 9 hours, though the annealing
time and temperature have a strong interaction and are influenced by the alloy content of the slugs.
The furnace may be turncd off and the slugs allowed to slowly cool 1n the furnace. Because of the
large mass of punched slugs in the furnace, there may be considerable inconsistencv in the
temperature of the slugs. The packed slugs on the outside of the pack reach a higher temperature
faster. The central slugs heat more slowly and never reach the maximum temperature achieved by

the peripheral slugs. Furthermore, air drying the slugs may allow for the formation of oxides. In
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order to prevent or decrease the formation of oxides, an inert gas may be circulated in the furnace
while the furnace is at temperature and/or while it is cooled. Alternatively, the batch annealing 138
may occur in an inert atmosphere or under vacuum.

Alternatively, the punched slugs may be continuously annealed 140. When the punched
slugs are continuous annealed 140, the slugs are loosely distributed on a metal mesh belt on
conveyed through a multi-zonc furnace. The punched slugs are quickly hcated to a peak metal
temperature and then quickly cooled. The operation may be performed in air. The pcak metal
temperature is between about 450°C to about 570°C. The peak metal temperature influences the
final metallurgical characteristics. The peak temperature for optimal metallurgical characteristics is
influenced by alloy content. Continuous annealing 140 1s the preferred process for producing ReAl
slugs. Continuous annealing 140 provides two benefits over batch annealing. First, the shorter time
at elevated temperature reduces oxide formation on the surface of the slug. Aluminum oxides are a
concern, however, magnesium oxides are a major concern due to its extreme abrasive nature.

Increascd magnesium oxide on the surfacc of the punched slugs may cause excessive scratching

during the impact extrusion process. On extended runs these scratches are an unacceptable quality
defect. Second, the precisely controlled and homogeneous thermal cycle including rapid heating,
limited time at elevated temperature and rapid cooling of the continuous anneal 140 results in
improved and more uniform metallurgical grain structure. This 1 turn produces 1mpact extruded
containers of higher strength. Higher strength enables additional lightweight potential in the impact
extruded containers. Figure 3 illustrates temperature curves of a continuous annealing process.

Finishing

Optionally, the surface of the punched slugs may be finished by roughening the surface of
the punched slugs. Different methods may be used to finish the punched slugs. In an embodiment,

a tumbler process 142 may be used. A large quantity of the punched slugs are placed in a drum or
other container and the drum i1s rotated and or vibrated. As slugs fall onto other slugs, denting may

occur to one or both slugs. The purpose of roughening the surface is to increase the high surface
area of the punched slug and create recesses to hold lubricant. The large faces of the punched slugs
may also be finished along with the sheared surfaces.

In another embodiment, a shot blast finishing process 144 may be used. In the shot blast

finishing process 144, a large number of slugs are placed in an enclosed drum and subjected to
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impingement by aluminum shot or other materials. The shot forms small depression on the surfaces
of the slugs. The slugs are tumbled slightly so the aluminum shot contacts all surfaces of the slug.

Shot blasting 144 is the preferred process lor producing ReAl slugs, and aggressive shot
blasting has been shown to be the most effective at removing surface oxides from slugs. This
removal of the surface oxides are especially critical for removing adherent magnesium oxides,
which cause scratches in impact extruded containers if they are not removed from the slug.

Slug Processing

Figure 2 1llustrates a method to manufacture a metallic container 200 using a slug
manufactured from recycled scrap material as illustrated 1n Figure 1.

A slug lubrication process 202 may be used wherein the slugs are tumbled with a powdered
lubricant. Any suitable lubricant may be used, such as Sapilub GRS8. Typically about 100g of
lubricant is used per about 100kg of slugs. Tumbling the lubricant with the slugs forces Iubricant
onto the slugs. If the slugs have been roughened, then tumbling the slugs with the lubricants force
the lubricant into the depressions created during the finishing operation.

Following the slug lubrication process 202, the lubricated slugs are subjected to an impact
cxtrusion process 204. Morc specifically, the lubricated slugs arc placed in a cemented carbide die
of precise shape. The lubricated slug 1s impacted by a steel punch, also of precise shape, and the
aluminum 1s extruded backwards away from the die. The tooling shapes dictate the wall thickness
of the extruded tube portion of the container. Although this process is generally known as back
extrusion, a forward extrusion process or combinations of back and forward extrusion could also be
used as appreciated by one skilled in the art.

Optionally, wall ironing 206 may be performed. The container may be passed between a
punch and an roning die with negative clearance. Wall ironing 206 thins the wall of the tube. The
higher strength of ReAl alloy increases die deflection. Therefore a smaller die is required to achieve
the desired wall thickness. This optional process optimizes material distribution and keeps longer
tubes straight.

Optionally, following the impact extrusion 204 or the wall ironing 206, the dome forming
208 on the bottom of the container may be pertormed. The full dome or a portion of the dome may
be formed either at the end of the ironing stroke or in the trimmer.

After dome forming, the container is brushed 210 to remove surface imperfections. The

rotating container is brushed by an oscillating metal or plastic, typically nylon, brush. Furthermore,
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brushing 210 may be perlormed if the container has been subjected to wall 1roning 206 and/or
doming 208.

Following brushing 210, the container 1s washed 212 1n a caustic solution to remove
lubricants and other debris. The caustic wash 212 may comprise sodium hydroxide or alternatively
potassium hydroxide or other similar chemicals known by those skilled in the art.

Coatings

The interior of the container is typically lance coated 214a. In one embodiment, the coating
may be epoxy based. The coating may be applied using any suitable method including, but not
limited to, spraying, painting, brushing, dipping, or the like. The coating in thermally cured 214b at
a temperature of between about 200 to about 250°C for between about 5 to about 15 minutes.

Base coating 216a 1s generally applied to the exterior of the container. The base coating may
be a white or clear base coat. The coating may be applied using any suitable method including, but
not limited to, spraying, painting, brushing, dipping, or the like. The coating is thermally cured 216b
at a temperature of between about 110 to about 180°C for between about 5 to about 15 minutes.

Decorative inks 218a may also be applied to the base coated container. The decorative ink
may be applied using any suitable method including, but not limited to, spraying, painting, brushing,
dipping, printing or the like. The decorative inks are thermally cured 218b at a temperature of
between about 120 to about 180°C for between about 5 to about 15 minutes.

Clear over varnish 220a 1s applied to the tube. The varnish may be applied using any
suitable method including, but not limited to, spraying, painting, brushing, dipping, or the like. The
varnish 1s thermally cured 220b at a temperature of between about 150 to about 200°C for between
about 5 to about 15 minutes.

Dome Forming

Optionally, dome forming 222 may be formed or completed on the bottom of the container.
Dome torming 222 may be completed at this stage to ensure that the dccoration extends to the
standing surface of the container. An advantage of a two stage doming operation (before trimming
230 and before necking 224) 1s that the base coat extends to the standing surface of the finished can.
However, this method may result in a higher rate of cracking of the internal coating. By decreasing

the final dome depth before necking, this issue may be resolved.

Necking and Shaping
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In a number of successive operations, the opening diameter of the container may be reduced

by a process called necking 224. The number of reducing steps depends on the diameter reduction
of the container and the shape of the neck. For ReAl alloy material, more necking steps are
generally anticipated. Further, as the alloy content 1s altered, some modifications may be expected.

For example, one modification requires that the necking center guides be changed in some instances.

Larger center guides must be installed when running lightweight ReAl containers that are thinner
near the top.

Optionally, the body of the container may be shaped 226. Shaping 226 may occur 1n various
stages. The ReAl alloy may require additional shaping stages as compared to a traditional impact
extrusion process. Similar to necking, smaller steps must be used when shaping ReAl containers.

Embossing

Optionally, tooling may move perpendicular to the container axis and emboss shapes 1n the
container. The force applied during embossing 228 may be higher when using ReAl material than
when traditional impact extrusion material 1s used as a result of higher as formed strength relative to

1070 or 1050 alloys.

Trimming and Curling

Metal flow 1n necking 224 may create an uneven, work hardened edge. Therefore, the edge
1s trimmed 230 prior to curling. Due to anisotropy differences, ReAl thickens in a different profile
during necking 224. Therefore, 1t is possible at high necking reductions and high alloy content that
additional trimming operations may be required.

The open edge of the container 1s curled 232 over 1tself to create a mounting surface for an
aerosol valve. For beverage bottles, the curl may accept a crown closure.

Optionally, a small amount of material may be machined off of the top of the curl, which is
known as the mouth mill 234. The mouth mill 234 may be required for mounting certain aerosol
valves.

Inspections and Packaging

Inspections 236 may optionally be performed on the containers. Inspection steps may
include camera testing, pressure testing, or other suitable testing.
The containers may be packaged. Optionally, the containcrs may be bundled 238. When

bundling 238, the containers may be arranged in groups. The group size may vary and in some

embodiments, the group size 1s about 100 containers. The size of the group may depend upon the
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diameter of the containers. The groups may be bundled using plastic strapping or other similar
known processes. A special consideration for ReAl containers is that the strap tension must be
controlled in order to prevent heel denting in high contact pressure areas of the bundle.

In an alternative packaging method, the containers are bulk palletized 240 similar to

beverage containers.
EXAMPLES

ReAl 3104 25% slugs were tested using two materials. Material 1 used remelt secondary
ingots (RSI) produced from a briquetted cupper scrap. Material 1 samples were made at the Ball
Advanced Aluminum Technology plant in Sherbrook Canada and Virginia. Material 2 melted
briquette scrap. Material 2 samples were made at Copal, S.A.S. in France. Figure 4 illustrates a
comparison of Material 1 versus Material 2. Material 1 1s much closer to 18% 3104 cupper scrap
content due to a significant loss of magnesium compared to the flood composition of Material 2. The
processing type to melt the briquetted 3104 cupper scrap may have an influence on the final
chemical composition of ReAl material.

The finish treatment for Material 1 samples was shot blasted. The finish for Material 2
samples was tumbled.

Table 5 illustrates the slug hardness for reference material 1050, Material 1 and Material 2

after finishing.
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TABLE 5
Alloy 1050 (reference) Material 1 Material 2
Hardness (HB) 21.5 29 30.7

Due to the finishing, the values given in Table 5 may be higher than those measured after
annealing process. Material 1 had a hardness that was approximately 35% greater than the reference
material 1050, while Material 2 had a hardness that was approximately 43% greater than 1050.

The lubricant used was Sapilub GR8. Table 6 illustrates the lubrication parameters and
lubrication weight for 100kg of slugs for a reference material 1050, Material 1 and Material 2. Note
that the lubrication material for the reference material 1050 (GTTX) was different from the

lubrication used for the slugs comprising Material 1 and Material 2 (GRS8).

TABLE 6
Lubrication parameters for 100kg | |55y eference) | Material | Material 2
- of slugs B
[ubricant weight (g) 100 (GTTX) 125 (GR8) 110 (GRS)
Time of tumbler rotation (min) 30 30 30

The lubrication process was performed on an offline tumbler for all slugs. The difference in
lubricant ratio 1s due to the type of surface treatment (tumbled surface requires less lubricant than

shot-blastcd surface trcatments).

The monobloc die used was a standard sintered carbide GJ15 — 1000HV. 'The punch head
was a Bohler® S600 — 680HV. The shape of the die was conical.

Tubes were brushed to highlight potential visual score marks and scratches. The internal
vamnish on the containers was PPG HOBA™ 7940-301/B (Epoxy phenolic). The setting of the

application of the internal varnish Epoxy-phenolic PPG 7940 was standard. Temperature and time of

curing was about 250°C during about 8 min 30s. There were no issues of porosity at following the

internal varnish.

White base coat with gloss was applied to the containers. A printed design was also added to

the containers.
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Example 1

Example 1 utilized Material 1 and Material 2 with slugs that had a diameter of about 44.65
mm and a height of about 5.5 mm. The mass of the slug material was about 23.25g. The final
dimension of the container following processing, but prior to trimming, was about 150 mm +/- about
10 mm 1n height by about 45.14 mm 1in diameter. The thickness of the final container was about
0.28 mm +/- 0.03 mm. The final mass of thc container was about 23.22g. A standard necking
tooling was used.

Material 1 slugs tend to perform better in general with no score mark nor scratches
emergence neither outside nor inside the tubes. Material 2 slugs are more sensitive to scratches and
are more abrasive to the punch head surface. After using Material 2 slugs, the punch head needed to
be changed because was worn. A larger punch may be required to meet the container parameters.

Example 2

Example 2 utilized Material 1 and Material 2 with slugs that had a diameter of about 44.65
mm and a height of about 5.0 mm. The mass of the slug matcrial was about 21.14g. The final
dimensions of the container following processing, but prior to trimming was about was about 150
mm +/- about 10 mm 1n height by about 45.14 mm in diameter. The thickness of the final container
was about 0.24 mm +/- 0.03 mm. The final mass of the container was about 20.65g. A larger
diameter pilot was used. The diameter of the pilot was about 0.1mm.

Almost no eccentricity in wall thicknesses (< about 0.02mm) occurred due to the use of a
brand new press die and a punch head. Once again, the slugs from Material 1 appear to perform
better than Material 2 slugs. Indeed, similar than the results from Experiment 1, almost no scratch
was visible neither inside nor outside the containers with Material 1. When Material 2 slugs werc
used, scratches appeared after 6-7ku from time to time on the exterior of the containcr and mainly
on the inside of the container. Additionally, the punch head was significantly worn. Figure 5
1llustrates a steel punch head and a sintered carbide press dic. The punch head surface after pressing
all Material 1 slugs was without any score mark on it. The press die in sintered carbide was greatly
damaged throughout the perimeter. Press speed lines for both experiments were at about 175¢cpm
and both experiments rant without major stops.

T'able 7 illustrates the extrusion force for samples made using the parameters discussed in

Experiment 1 for Materials 1 and 2 and Experiment 2 for Material 1 and 2. A refercnce material of

1050 1s also shown.
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TABLE 7
Alloy (e Eegzgce) Material 1 Material 2
Example 1 Extrusion Force (KN) 1050-1100 1090-1150 1100-1170
Example 2 Extrusion Force (kN) - 1130-1200 1150-1300

AN

There was no significant increase of extrusion power across the samples, regardless of the
material or the starting dimensions of the slugs. The values are far below the safe limit for the final
container size.

Table 8 illustrates the tube parameters for Materials 1 and 2 using the slug dimensions of
Experiment 1 and the tube parameters for Materials 1 and 2 using the slug dimensions of

Experiment 2.

10

TABLE 8
Tube Bottom Bottom Wall Top Wall I'rimmcd length
Parameters | Thickness (mm) | Thickness (mm) | Thickness (inm) (mm)
Tolerance 0.70-0.80 0.27-0.31 0.34 - 0.38 min. 2
1050 0.75 0.285 0.35 4-6
(reference)
Material | 0.77 0.285 0.35 57
Experiment 1
Matertal 2 0.73 0.29 0.35 4-6
Experiment 1
Material | 0.73 0.24 0.32 10-11
Experiment 2
Material 2 0.68 0.245 0.325 9-10
Experiment 2

As 1llustrated in Table 8. the bottom thickness was within the tolerance for cach material
except tor Material 2, Experiment 2. The bottom wall thickncss tolerance and the top wall thickness
tolerance were not achicved for either Experiment 2 material.

Table 9 illustrates the bulging depth (mm) and the porosity in (mA), which is a measure of

the mtegrity of the interior coating.
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TABLE9
Alloy (re Ee(igce) Materiz;;i Material 2
Expetiment 1 8i2.6I;1112/ Smm / 16mA. | 7'?232” 7.5mm / 2mA
Experiment 2 - 7.6mm / 0.8mA 712?:2/ 72'*3311;?/

Tubes with the dimensions of Experiment 1 and Experiment 2 parameters were necked
properly with both Material 1 and Material 2 slugs. New pilots were needed to run lightweight cans,
the necking shape and all dimensional parameters remained within specification. The chimney
thickness (about 0.45 to about 0.48mm with white basecoat) before curling was sufficiently thick.
Furthermore, the trim length at necking was satistactory at about 2.4mm.

Slugs made from both Material 1 and Material 2 created porosity after the bulging at the
necking station. After decreasing bulge depth, the porosity level came back to normal. Furthermore,
decreasing the bulging depth for a second time with Material 2 helped to resolve porosity 1ssues.

Regarding pressure resistance, results are very impressive even for the lightweight cans.
Surprisingly, Material 1 slugs have higher pressure resistance (about +2bars) even it they have lower
percentage of magnesium and percentage of iron than the Material 2 ones. Though the cause 1s
unclear, it may be a consequence of the continuous annealing performed i Material 1 versus the
batch annealing. Figure 6 illustrates first deformation pressure resistance for cans, while Figure 7
illustrates the burst pressure for cans. Figure 8 illustrates the container masses and alloy

compositions.

While various embodiments of the present invention have been described in detail, 1t 1s
apparent that modifications and alterations of those embodiments will occur to those skilled in the
art and other embodiments may be contemplated and may be carried out in various ways. In
addition, i1t 1s to be understood that 1s for the purposes of description the use of “including,”

“comprising,” or “adding” and variations thereof herein are meant to encompass the items listed

thereafter and equivalents thereoft, as well as, additional items.
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What 1s claimed is:

1. An aluminum alloy formed from a combination of: _.

- between 40 to 90 wt. % of one of a 1070 aluminum alloy and a 1050 aluminum
alloy, and '

- between 10 to 60 wt. % of one of a 3105, a 3004, a 3003, a 3103, a 3013 and a 3104
aluminum alloy,

wherein the aluminum alloy is used to form a slug used in an impact extrusion process to

form a metallic container having an upper end with an opening configured to receive an

aerosol valve or crown closure, the aluminum alloy comprising:
at least 97.84wt. % Al and no more than 99.2 wt. % Al;

- atleast 0.10 wt. % Si and no more than 0.38 wt. % Si:

- atleast 0.25 wt. % Fe and no more than 0.5 wt. % Fe;

- at least 0.07 wt. % Cu and no more than 0.19 wt. % Cu:

- at least 0.07 wt. % Mn and no more than 0.6} wt. % Mn;

- at least 0.05 wt. % Mg and no more than 0.73 wt. % Mg:

- at least 0.03 wt. % Zn and no more than 0.25 wt. % Zn;

- at least 0.02 wt. % Cr and no more than 0.13 wt. % Cr;

- about 0.01 wt. % Ti; and

- the balance 1n impurities.'

2. The aluminum alloy of Claim 1, wherein the aluminum alloy is blended from the 1070 alloy
and the 3104 alloy.

3. The aluminum alloy of Claim 1, wherein the aluminum alloy is blended from between 60 to
80 wt. % ot the 1070 alloy and the balance being the 3104 aluminum alloy.

4. The aluminum alloy of Claim 1, wherein the slug used in the impact extrusion process is
formed by melting the one of the 1070 aluminum alloy and the 1050 aluminum alloy, and
between 10 to 60 wt. % of the one of the 3103, the 3004, the 3003, the 3103, the 3013 and
the 3104 aluminum alloy in an indirect heating process to reduce surface oxidation of said

aluminum alloy.
23
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5. The aluminum alloy of Claim 1, further comprising a titanium boride.

6. The aluminum alloy of Claim 5, wherein a concentration of the titanium boride is between
0.5 to 1.3 kg per metric ton.

7. The aluminum alloy of Claim 1, wherein the alumin%um alloy comprises:

5 - between 97.84 wt. % and 98.08 wt. %Al;
- between 0.10 wt. % and 0.2 wt.% Si;
- between 0.25 wt. % and 0.38 wt.% Fe:
- between 0.07 wt. % and 0.13 wt.% Cu;
- between 0.21 wt.% and 0.61 wt. % Mn; and
10 - between 0.25 wt. % and 0.73 wt. % Mg.

8. The aluminum alloy of Claim 7, further comprising:
- between 0.03 wt. % and 0.07 wt.% Zn: .
- between 0.02 wt. % and 0.03 wt. % Cr; and
- about 0.01 wt. % Ti.

i

15 9. The aluminum alloy of Claim 1, wherein the aluminum alloy comprises:
- between 98.22 wt. % and 99.2 wt. %Al;
- between 0.16 wt. % and 0.38 wt.% Si;
- between 0.29 wt. % and 0.5 wt.% Fe:
- between 0.07 wt.% and 0.19 wt. % Mn; and
20 - between 0.05 wt. % and 0.13 wt. % Mg.

10. The aluminum alloy of Claim 9, further comprising:

- between 0.09 wt. % and 0.25 wt.% Zn:
- between 0.05 wt. % and 0.13 wt. % Cr; and
- about 0.01 wt. % Ti.
25 I'1. The aluminum alloy of Claim 1, wherein the aluminum alloy comprises:
- between 98.52 wt. % and 99.2 wt. %Al;
- between 0.10 wt. % and 0.2 wt.% Si:
- between 0.27 wt. % and 0.44 wt.% Fe;
- between 0.07 wt.% and 0.19 wt. % Mn; and

30 - between 0.09 wt. % and 0.25 wt. % Mg.
24
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12. The aluminum alloy of Claim 11, further comprising:
- between 0.05 wt. % and 0.13 wt.% Zn: '

- between 0.03 wt. % and 0.07 wt. % Cr; and
- about 0.01 wt. % Ti.

3. An aluminum alloy slug, wherein the slug is used in an impact extrusion process to form a
metallic container having an upper end with an opening configured to receive an aerosol
valve or crown closure, the aluminum alloy slug comprising:

- between 20 and 60 wt. % of a recycled aluminum comprising one of a 3105, a 3004,

a 3003, a 3103, a 3013 and a 3104 aluminum alloy; and

- the balance being one of a 1070 aluminum alloy and a 1050 aluminum alloy.
14. The aluminum alloy slug of Claim 13, wherein the recycled aluminum is AA 3104.
15. The aluminum alloy slug of Claim 14, wherein the aluminum alloy comprises:

- between 97.84 and 98.77 wt. % of aluminum;

- between (.02 and 0.3 wt.% of Cr;

- between 0.03 and 0.07 wt. % of Zn;

- between 0.25 and 0.73 wt. % of Mg;

- between 0.21 and 0.61 wt.% of Mn:

- between 0.05 and 0.13 wt. % of Cu;

- between 0.25 and 0.38 wt. % of Fe;

- between 0.1 and 0.2 wt. % of Si; and

- about 0.01 wt. % Ti.

- 16. The aluminum alloy slug of Claim 13, wherein the recycled aluminum is AA 3105.
I'7. The aluminum alloy slug of Claim 16, wherein the aluminum alloy comprises:
- between 97.84 and 99.2 wt. % of aluminum;
- between 0.05 and 0.13 wt.% of Cr;
- between 0.03 and 0.25 wt. % of Zn;
- between 0.05 and 0.13 wt. % of Mg;
- between 0.07 and 0.6 wt.% of Mn;
- Dbetween 0.05 and 0.19 wt. % of Cu;

- between 0.25 and 0.5 wt. % of Fe;
' 25
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- between 0.10 and 0.38 wt. % of Si; and
- about 0.01 wt. % Ti.

18. The aluminum alloy slug of Claim 13, wherein the recycled aluminum is AA 3004.
19. The aluminum alloy slug of Claim 18, wherein the aluminum alloy comprises:
- between 98.52 and 99.2 wt. % of aluminum;
- between 0.03 and 0.07 wt.% of Cr;
- between 0.05 and 0.13 wt. % of Zn;
- between 0.09 and 0.25 wt. % of Mg;
- between 0.07 and 0.19 wt.% of Mn;
- between 0.07 and 0.19 wt. % of Cu;
- between 0.27 and 0.44 wt. % of Fe:
- between 0.1 and 0.2 wt. % of Si; and
- about 0.01 wt. % Ti.
20. The aluminum alloy slug of Claim 13, wherein the aluminum alloy comprises 20 wt.% of
the recycled aluminum.
21. The aluminum alloy slug of Claim 13, wherein the aluminum alloy comprises 30 wt.% of
the recycled aluminum.
22. The aluminum alloy slug of Claim 13, wherein the aluminum alloy comprises 40 wt.% of
the recycled aluminum.
23. The aluminum alloy slug of Claim 13, wherein the aluminum alloy comprises 50 wt.% of

the recycled aluminum.
24. The aluminum alloy slug of Claim 13, wherein the aluminum alloy comprises 60 wt.% of

the recycled aluminum.

26

CA 2979863 2019-03-18



L Ol

Ovl

el 81 0S| 371

TVINNY 0 |
SNOANILNOD TS
2914 0L . MNVL
Q3NNIINOD ONIFONA[= QOIgad =7 ! HONZD
ONIHSIN TYANNY | “
319NN M i A
= el YETISZ (] (LNFWONIA
~ MO01d JNYT4 LOFMIC)
JOVNENA
9 jm%m w_\? 9 o_q_mm,_%o% AT (70LE)
7Ll = 3oyNun- SHOIME
NI g 1AM 3dIS ._.Z@ﬂmozwa\o
1 L1386 133HM ] _
o JOVNYNA _1S91d9SMOS |1 [ \30vNuNA\od /),
) q31SVO Ad0LYdddAd .SLO9NI LSYD AYVLOY
Il o 1137377VH
301 90} bOl

CA 2979863 2017-09-19



HSINYYA
1S DO N YYe

40¢¢

ONIHSMAE

01¢

00¢

NOILIO3dSNI

9e¢

€0¢¢

FdNO

48L¢

| ONINNOA
INOd

NOILYd093d 3dMN0

€81.¢ qoi¢

ININOd|
TIYM

ONILYOD
Sve |

¢
2917

NOISNA LXA

PO

ONIMOAN

ONINGO4
JNOQ

72t

INILYOD INIHSYM

3dND | JoN3INI DILSAV)
a9}z S AAY,

ONLLYINENTL_ L'l WO

917S Q3NNILNOD

¢

¢0¢

CA 2979863 2017-09-19



¢ Ol

L

WYE09%  WYOOREL AVOOTHIL WYOO0ZHh WYO0SCH WYOOSELL WYOO¥EL WYOOZEI WYOOOSH WYOUSZH WYOOSTH  WYOOHZ L %%_.Nué
| _ _ | W _ ﬂ * _ _ w .
e - g5 ()

a
!

7= 181
7 e
66857
i
” AR B E

e - = - 11999
+mm - \ 6L
oA o LA
- -8l
= - /-~ 10008
- i s R 114

| / .
s = 7 19160

| B~ T e e e T T 157901

ToRERN ONGIHL GOV FONGIHL SO ARE OMEHL AL e

-
|
| ., /
|
-

W

3/8

i
==+

b

|

|

i

|

FaN1VdddNAL

——d

Y

CA 2979863 2017-09-19



Replacement Sheet
2,979,863
/8

v Ol

B P P T T 1 T T L T [T P ryrey A4 AR A ARt M At T s e e e s L A PR LA AR AR TR AR L AR AARAA SAAI A AR AN A AR SRS S A L A A LR A AL A AL AN R e A S R YA S8 00 A S SRR SRS RS S O s e e AN E A TS AL S AR R AR & B A A A AR B AR R A AL A AR ST E S ELARASS {448 S e mbe s maE s . RS APAAAA A AmA b r A A A LS AR ASE S AARAARALAT R AT R A v hA S v Al e S A AR OA A A b by bon .

wthAs w A e A ST T L VR 8§ A A B A bbb M e e b Sl e b A AL A b AA b d aehh e b bl

Ry

Ll

cab.

M ‘f. <<<<<< WAARriel Aaint ond Wiy hdubh A Ao b AAda b v Lo o 'V orv vy - v Vv iy i T YT Y {44 vy ry v LA AL 440 ety bl Bk dd 4 abd 44 4ot 4 YTV Naded o o e’ v CWEWV IV

: i 3 : : : e SaeE LM T EAE :
: 3 -~ o N - - m - . L " .. : - -’ : . .. m o : :
- CRINY 5070 : 3l O : A : STAN m TN, C [PHREN g
: : 3 : : : . . :
w W‘OQ('}DIG-I B RS ARSI AL AL B ARBABAN BA ALK rdvnl bavmr s inn ln{i'-l-ulj.”w{--lz AARLARAIAAS AR S AL~ AAA YA nbnsndnsnnnree -'Ij\-l{.-{\-u-a”is“ﬁ.ugi M I IR AN ERIARIARARAS AR ALAS S I AR P CPE " E-RAMAM NI, -\4-'-'--!m-'- BAAAALNAAARPARALAS LUAdAT " TR *"F W te 1 FAss v s S TRAAIrmAS SIS S ALATALAA ASE S AEARA NS -‘.M-U‘.l TARBERR AL S AdNB L Pt 4 44404 {vAdiwv st raamTm snEm SR P A SR 8 e -al-l.--n-hl-.ﬁavonzwi\'r.n- A N AR IS R N ARA R S T A AR TR A S S AR TER SRR PR A SRR R NS R R AR A e Py S Q’W INARFITAIARAAMASTIAAAARIFATAAAPIASTTI AFFIITT 1AAS (i L BTl | id e s s sl a s s s e " " S s . Sn e mEe ... - s =" " WYV Elttrv‘h"
: : m { 5 : : w :
h : g - . : -y A v : ' 3 a 3 - { ’ :
. £30 5070 ” LT | 7z | Al 010 \ Tl |
R AL ; L U : v £ L 4D : by L : —.u_ P 5 . - :
' - " - [ n R h m
f" m|1411 WA T TN T T W P T R VW VW ™ VYIRS YWY TV YW R A WA rr ” - (&:ivm.rg;c(r.:qts-: w Ve TN YTV 144.»\-141:-441.-.441 Wl Maad A s A g b Lt P A 1l|w. haa L) A b Al AL B A A Al el A e e an b it 4 T L e A W h| WOV MY YV VA WA W A Y Y = ™ iy :
: : \ K : e ) -
| 2% N3 | e | ﬂ : ” . .

; : » ; 2 r.;. L Pl 3 : . : —ﬂax 3

: : et W : s D W ~C g ; n..m,..,o : R g - i

: . by v ' u

A A ARty R N I L L AR A VY Y Y - e - 2 = : : " A SN

: : o, - e e " WL- mu £

S e -

m

: 7

.m Ll L L L L Ll A i A AL S L L e e L T P T R TR L L T LY Y LT LT Ty . - -aululunlailn-lq&q L i ELLY] :vo.loo:clila’aaaauu-.ll-.v-'..uuom.n\. W TR EAN IS EAIEARFRARRLAR SR AR ssasase Ol.rnvzc-c.-::vrvoo:svv;m "m VR ARl il it —————— hl .‘M i M:w

“ 0O X BT 070

. - - - i n

: : i nr ‘

: - ) B )

v 3 o - v

m = e s

" W I-IQHH ..-"mw

\ N AR

.m < : s LT

, I . B . - Sy B R

. B e '

B F o mxm\. — %

: 7

. -
VWYY A e v e Y N WY V' digivie p bripyte' vt T S TR YRR T R T T VTV A D P VA W i T W W WA WA o WA Ay m Q

DU Bﬁi —, [RRPRS— A5 N NA ) o  Aa Ritmm No  R eemme m

—— .

L1|ELIBJEIN

AN

IR I N T

B B e L L TR e s R A L TR ST PNV Y I YT P Y O AR VS S Sa WA e s gty Sy Ty Y A R e e PR R Y e e e 4 e e e e e e S Y e P VY Y Y WY B R WY O 8 AT R YL . P S A e A4 VPN AP VYRR S T S M Y B B AT B W B R R WA B W BN L 0408 4. G e B hS o e pp o B Prr e S v W

e rer i e e e e e i e e SO S EPPP— - : R i ST 0
“ N e , 13 \
= 38T voTE VI e o)
LT . G %
_ FEOP «- uoysodiuod
i semeesesmeccesem—————a—— e — - AN § S Y s VB S 8 reere - 11.1!41%}.}.:.".&6 S S . 3 "3 ) o
SR et . R e et S—— Yo 1 R R
: AR > 3 :
: ; 8 :
: - R - m ., i ”
m . . 3 2 G WM m o
CA T rdr il Qm >3] S 1Y L ﬁ.r_ I
u o oAa U .
m e :
-
L iy POV — S s arrrrreerre SV— " v 15 N—— st : i : M
m . % : e 8 . Ap— .
Tl - W 30766 V%
1266 1TV
“ as .:!:f..r:....ccc.o..tttoc.:.t.....».:..1..!.-.-.-I-........o.:.u.oo!:ot..:..o.o......:.:...........-.:.......:.!:;lc-i..!..3....t...-2:-?-.!-...................a..:.o..c..:...v.-t.-....!.-....a:..I.....-.....I-:...3..:..!..2...:2....!...!-l......:..-:-.-.q.-..:..-...--..21..-...:::...”.....“...“..u.-.!.-...-.:...:.c..-.l-.» .12:.223.3..3«:.:-..-.l..-...-........S.Z......2......::2::!..!:..-2-...-...-M mu m Q »e - ‘
M AZ0 | | BRI REN 3L
| 75¢ POTE TV o8
m M O peciae S sesteapiiapiiaganpriinis A0 0. e
m TR TR TR AT O T T YTy VT VY Y YN AV Y Y e WTTETTTVEY v VWY WYY WY Y A A Y v el A AT T TR TR TR YT w N VAR Ay A A Y Y Y T T P T O e YR T TNV AW NI N MY o AP Y A R Y YA, WY v ey A YT T YT e W PP —— Pp— Wi Viraay A m m m * @
eLID1BIA
jelisjep
m —— N - — — — eorss S e ——— S s e e e A e e Al ottt — VO

CA 2979863 2019-03-18



5/8

Py

FI1G.5

CA 2979863 2017-09-19



Replacement Sheet

2,979,863

6/8

C |BURlEN

................................................................................................

9 Ol

T |ela1e A

Z Jusullladx]

Tiuawiledxy B

.. . 2 |

(“424) 0SOT

Cl

91

.........

Q
o

dS1 AIDO 0S1T X S =215 Ue)
30UR]1S|SeY 91NSsSald UONBWIOR(J 15T

FILARR A+ 4 Fahd bl wm s e v ar———— A 0 SO ALY R, b s o o et

re

(1eg) 24ns5314

CA 2979863 2019-03-18



Replacement Sheet

2,979,863

718

Z [eLI21BA]

L Ol

Z Jusuwiadxy

T |euIRIeA

T JuswiLiedx3

('424) 0S0T

dCT AIDO 0STXef 27185 Uk)
23UB1SISaY 81nssald 1sing

(deg) ainssald

CA 2979863 2019-03-18



Replacement Sheet i

2,979,863

8/8

C [BlI=iRIN

3 Ol

T |eUaiep

o ee ss sme o e " . ~ ce s s * .
e R LR R - -+ =204 i i i i A e N M A O A S ettt §

SAANREL

dS1 AIDO OSTXSP -=3Z15 Ue)
IYsiapn ued

("J21) 0SOT

S WAL

STV D T O D DO e e adiarad J

0°LT

061

012

U el

(3) 1uSI8 M\

CA 2979863 2019-03-18



	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - claims
	Page 30 - claims
	Page 31 - claims
	Page 32 - claims
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings

