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(57) Abrégé/Abstract:

Provided herein is a high-speed blow forming process for shaping aluminum containers using 3xxx can body stock alloys with high
recycled content, as well as articles made by that process. A process for shaping aluminum containers as described herein
includes the sequential steps of blanking out a disk from a sheet of a 3xxx series aluminum alloy; forming a bottle preform by
drawing, redrawing, ironing, and doming the disk; placing the preform into a mold cavity; applying an axial load to the preform; and
injecting an inert gas into the interior of the preform with sufficient pressure until the preform expands to fill the mold cavity.
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(57) Abstract: Provided herein is a high-speed blow forming process for shaping aluminum containers using 3xxx can body stock
alloys with high recycled content, as well as articles made by that process. A process for shaping aluminum containers as described
herein includes the sequential steps of blanking out a disk from a sheet of a 3xxx series aluminum alloy; forming a bottle preform by
drawing, redrawing, ironing, and doming the disk; placing the preform into a mold cavity; applying an axial load to the preform; and
injecting an inert gas into the interior of the preform with sutficient pressure until the preform expands to fill the mold cavity.



WO 2016/191513 PCT/US2016/034214

HIGH-SPEED BLOW FORMING PROCESS TO SHAPE ALUMINUM CONTAINERS
USING 3XXX ALLOY S WITH HIGH RECYCLED CONTENT

CROSS-REFERENCE TO RELATED APPLICATION
5 Thix application claims the beselit of 1 5. Provisional Paient Application No

627166212, filed May 26, 2013,

FIELD
This disclosure provides a high-speed blow forming process for shaping aluminum

containess using 3xxx can body stock allovs with high reevcled content,

10 BACKGROUND
Metal cans are well known and widely used for beverages. Conventional beyeiage
can bodivs gencrally have simple upright cylindrical side walls. It is sometinies desired,
bowever, for reasons of aesthetics, consumer appeal and/or product identification, to umpart a
different and more complex shape to the side wall andfor bottom of a meial beverage
15 container, and n parhicular, to provide a metal containes with the shape of a bottie rther than

an ordinary cylindrical can shape.

Methads of pressure formmg metal contatness from prefonms are known i the adt as
deseribed, for example, in 1S, Patent No. 8,683,837, There is a demand, however, for rapid

production of aluminum containers using motat with ahigh reoveled contont,

20 SUMMARY
The methods described herem provide an efficient. high-speed blow-forming process
for shaping alumimum containers using conventional 3xxx can body steck alloys with high
weycled content. For example, the methods may be carried out on allovs having recycled

content as high as 50 wi. %o to 100 wt. %

25 The terms “lavention,” “the invention,” “this invention” and “the present invention.”
as used in tus document, are mtended (o refer broadly to all of the subject matter of this
patent application and the claims below.,  Swdements containing these terms should be
undersiood not to limit the subject matter described hereln or to limit the meaning or scope of
the patent claims below. Covered embediments of the invention are defined by the claims,

30 not this summary. This summary is a high-level overview of various aspects of the invention

§
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and mntrodaces some of the concepts that are further described m the Betatled Deseription
section below. This summary 15 not intended to 1dentify key or essential features of the
claimed subject matter, nor is it intended to be used in isolation to determine the scope of the
claimed subject matter. The subject matter should be understood by reference o appropriate

portions of the entire specification, any or all drawings and cach claim.

This disclosure provides methods for high-temperatore and low-temperature 3xox
series aluminum blow forming of fully or partially anngaled alumimum alloy draw-and-iron
(D& preforms. A preform is a hollow workpiece typically having an open end opposiic a
closed end and a gencrally cvlindncal wall, A D& preform 15 a preform made by a D&l

process.

Preforms used in the methods deseribed herein typically have a diameter of about 2.5
mehes (in) to about 3.0 in, a height of about 10.0 in to about 12.5 in, a wall thickaess of about

0.006 in to about 0.020 in, and a dome depth of about 0.400 1n to about 1.00 1.

Preforms used in the methods described herein can be cither coated or uncoated
depending on the application. For example. a conventional can coating svstem: can be applied
on the preforms. A conventional can coating system comprises side spray, ink and over-

varnish.

This disclosure provides methods for aluminam forming at temperatures ranging from
ambient temperature (¢, between about 18 °C ~ about 25 °C) up o about 300 °C and
provides methods for preform expansion to a diameter up to 49% larger than the onginal
preform diameter. This disclosure provides methods for a low-pressure forming operation

that operates up to 420 pst (=30 bars), with the ase of a single segment split mold.

The methods disclosed herein are commercially valuable because they use blow-
forming o expand preforms made by a D&I process. The D&I process is more efficiont than
the altemnative tmpact extrusion ({E) process. The D&I process is capable of mnning at a
considerably higher production speed than the TE process, which makes the D&I process an
economical option for a high-speed, large-volume production plant. Moreover, the D&l
process can be carried out on alloys having a high recveled coment. Because of the large
amount of deformation required, the IE process requires the use of high-purity 1xsx seres

o

abluminum alloys, which are not recycle friendly.  Thus, the disclosed methods are
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advantageous over conventional methods, at least because in those conventional methods

aluminum botties are mamnufactored by the mmpact extrusion (1E) process.

The blow-forming methods described hereinn use high pressure gas to expand an
alummum preform to fit a negative mold. The disclosed methods also could be applicd to a
product line emploving hydroforming, which uses a liquid in place of the gas used in blow

forming.

In some examples, a process for shaping aluminum containers inchides the sequential
steps of blanking out 2 disk from a sheet of a 3xxx series aluminum alloy; fonmmg a bottle
preform by drawing, redrawing, roning, and doming the cup; placing the preform tnto a mold
cavity; applving an axial load to the preform; and injecting an nert gas o the interior of the
preform with sufficient pressare until the preform expands to fill the mold cavity. Optionally
the sheet has a thickness in the range of about 0.0150 in to about 0.0250 m. Uptionally, the

disk has a diameter in the range of about 6.0 in to about 9.5 in.

In some examples, the preform is heated to a forming temperature prior to injecting
the mert gas. In some cases, the forming temperature is about 200 °C to about 300 °C. In
some cases, the forming temperature 1s about 250 °C to about 255 °C, or nommally 250 °C.
When the process includes heating the preform to a forming temperature, the heating may be
carried out while the preform is under the axial load. That is, the heating may be carried out
while the axial load 1s applied. The axial load prevents the preform from expanding i the

axial direction, but the axial load does not compress (i.e., reduce the length of) the preform.

The nert gas is ijected afler a preset avdal toad 1s reached. In some cxamples, the
preset axial load is in the range of about 100 to 250 I/f°. As the preform expands, the axial

load decreases, so the injected gas applics pressure to the preform at a controlied rate.

In some examples, the preform may be annealed before it is placed in a mold cavity.
In some cases, the anncalimg temperature 1s from about 100 °C to about 400 °C. In some

cases, the annealing temperature 1s from about 300 °C to about 400 °C,

Also included within the scope of this disclosure are aluminum bottles made by any

method disclosed herein.

(W8]
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The flexability of the methods disclosed herein allows for production of elaborate
designs m the alummum bottle market, which would be difficalt with other alvminam

forming methods, for example mechanical shaping.

BRIEF DESCRIPTION OF THE FIGURES

Figure 1 is an illustration of a mold cavity according to the methods described herein.

Figure 2 15 a schematic of a blow fornung process according to the methods described

herein.

Figure 3 1s a graph of the forming parameters of a D&I preform upon expansion to fill

a mold during a high-speed blow-forming process.

DETAILED DESCRIPTION

The methods described herein provide shaped aluminum bottles from conventional
3xxx can body stock alloys with up to 100% recyeled content. In some cases, the methods
melude manufactunng a preform baving a wall, a closed end, and an open end by a D&I

process and expanding the preform into a shaped container by high-speed blow forming.

By way of cxample. but not imitation, a disk is blanked out of an aluminum sheet.
The blank may be formed by any method known in the art, such as by punching or cutting,.
In onc cmbodiment an outer cutting tool cuts a 3xxx serics aluminum sheet baving a
thickness ranging from about 0.0150 i to about 0.0250 m (e.g., 0.0150 m to 0.0200 1,
0.0180 m to 0.0200 m, 0.0180 i to 0.0250 in, or 0.0200 to 0.0250 n}, mto a disk, and the
disk s immediately drawn mto a cup. The disk may be drawn into a cup with an wner cup
forming tool. The cuthing and drawing is carried out by a double action press, where the first
action performs disk cutting and the second action performs cup fomming in a continuous
motton.  To provide sufficient matenial for aluminum bottles, includmg large format
aluminum bottles, the cut-out disk may have a diameter ranging from about 6.0 in to about
W00mdeg, 600,621, 635m, 671,700, 72w, 75m,77m,80in,821n, 85m, 87

m, 90w, 921, 95w, 9.7 m, or 100 m.}

The formed cup has a fairly large diameter that requires further operation to reduce s
size {o a smaller diameter to facilitate subseguent operations. This 15 accomplished by a

redraw process. A suitable redraw process for the methods described herein includes. for

4
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example, the direct redraw process wherein the cup s drawn from ingide of the cup base by
using sumtlar cop forming tools to reduce its diameter and displace the material to form a
taller cup wall. Ancther suitable redraw process for use in the methods described herein is
the reverse redraw process wherein the cup is drawn from the bottom of the cup and metal is
folded ip an opposite direction to form the taller cup wall. The methods disclosed herem may
mclude either of these preform redraw processes, but are not limited {o these redraw
processes. Depending on machine requirernents, limitations, and process requirements, there

may be multiple redraw proceases or combinations of redraw processes.

Onee the cup s drawn to a final bottle preform diameter, an ironing tool will stretch
and thin the cup wall to achieve the final preform wall thickness and length. At the end of the
D&Y process, a doming operation is performed wherein the bottom of the preform, 1¢, the
dome profile, 1s formed. For use in the blow forming process described hercin, the final
preform may have a diameter ranging from about 2.0 into about 3.5 (e.g., 2.0 into 3.0 in,
or 2.5 in o 3.5 in} and meay be as tall as about 0.0 into abouwt 125 m{e.g., 10.0in, 1051,
110m, 1150, 12010, or 125 m). The preform wall has a thickness ranging from about
$.006 m to about 0.020 m {(e.g., 0.006 in, 0.007 in, 0.008 n, 0.009 m, 0010 m, 0012 1n,
0.014 i, 0.016 1, 0.018 1n, or 0.020 m}. In some cases, the preform may have a constant
wall thickness of about 0.010 m to about 0.020 in (¢.g., 0.012 in, 0.014 in, 0.016 in, or 0.018
m}. o other cases, the bottle preform mav have a variable wall thickness with a thicker
portion at the top of about 8.810 1n to about 0.620 in (e.g, 0.010 i, 8.012 in, $.014 in, 0.016
m, 0.018 m, or 0.020 in} and a thinner portion in the middle of about 0.006 in to about 0.012
in {e.g., 0.006 in, 0.007 in, 0.008 in, 0.009 1n, 0.010 10, or 0.012 in). The preforio dome has a
depth from about 6.400 m to about .00 i (c.g., 0.400 1, 0.5300 n, 0.600 1, 0.700 in, 0.800
11, 9.900 i, or 1.00 ).

Duning the preform forming process, the preform may be subjected to an optional
annealing operation with a temperature ranging from about 100 °C to about 400 °C e g, 100
SC - 300 °C, 100 °C — 200 °C, 200 °C — 400 °C, 200 °C — 300 °C, or 300 °C - 400 °C for a
duration ranging from about 1 minute to about 3 hours {¢.g., | sunuie — 1 hour, 1 munute — 30
minutes, 5 minutes — 20 minutes, 1 hour —~ 3 hours, 2 hours —~ 3 hours, or 1 hour ~ 2 hours).
The annecaling process may be performed to improve metal formability. In certain cases, the
annealing process may have a duration ranging from about 1 hour to about 3 hours. In other
cases, the annealing process may range from about | minute up to about 30 minutes. The

5
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annealing operation may be added during ahunimum sheet production or during one or more
preform production steps. The anncaling process may be applied locally to a specific portion
of the preform. For example, the anncaling process may be applied to the neck portion of the
botile, to the body portion of the bottle, to the base portion of the bottle, or any combmation
thereof. The anncaling process may also be applied to selective portions of the aluminum
sheet before it is processed into a preform. Consequently, a gradient of mechanical properties
is induced along the height of the sidewall of the preforms. Altematively, the annealing step

may be applied as an ntermediate step m the necking and shaping progression operations.

In some examples, the methods provide high-speed blow forming processes for
shaping D&IE preforms of conventional 3xxx can body stock alloys with high recveled
content. The recycled content may be present in an amount of up to 100 wi. % of the alloy.
In some casces, the recycled content may be present from 30 wt. % to 100 wt. % of the alloy
{e.g., 50 wt. %, 55 wt. %, 60 wi. %, 65 wt. %, 70 wt. %, 75 wt. %, 80 wt. %, 85 wt. %, 90 wt.

Y, 95 wt. %, or 100 wi. %).

In ong example, standard AA3104 can body stock alloys are used. Gther non-limiting
abioys that may be used in the methods disclosed herein are AA3003, AA3004, AA3I0S, and
AA3204.

in one non-limiting example, a preform optionally is anncaled in a box famace prior
to blow-formig. After optional annealing, the preform 13 placed m a mold cavity for blow
forming. The mold cavity typically has a long axis. The preform alse has a long axis and 1s
disposed substantially comxially within the mold cavity. Optionally | the mold cavity is part of
a sphit mold, 1.¢.. 2 mold made up of two or more mating segments around the periphery of
the mold cavity, separable for removal of the formed container. With a split mold, the

defined shape may be asymmetric abowt the long axis of the cavity.

In one example, a ligh-speed blow forming process vses an ambient or heated mold
cavity  In the case of the heated mold cavity, a controlled temperature gradient may be used,
such that the temperature of the mold cavity varies about 5 “Cto 10 °C {eg.. 5°C, 6 °C, 7
°C, 8 °C, 9 °C, or 10 °C) from the top to the bottom of the perform. In practice, the top and
botiom of the mold cavity are heated to temperatores from about 200 °C to 300 °C {e.g., 200
e, 220 °C, 240 °C, 260 °C, 280 °C. or 300 °C), with the bottom bemg 5 °C to 10 °C higher

than the top. In some cxamples, a mold apparatus includes a split mold having two halves
6
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(left and right), a backing ram (bottom), and a preform scal (top). In addition to the mold
cavity being heated, the backing ram and preform scal may also be heated. When the backing
ram and seal are heated, the backing ram is generally heated to a temperature from about 215
°C to about 335 °C (215 °C, 225 °C, 235 °C, 245 °C, 255 °C, 265 °C, 275 °C, 285 °C, 295
5 °C, 305 °C, 315 °C, 325 “°C, or 335 °C), and the preform scal is gencrally heated to a
temperaturc similar to the upper portion of the mold cavity, for example, to about 180 °C to
320 °C (e.g., 180 °C, 200 °C, 220 °C, 240 °C, 260 °C, 280 °C. 300 °C, or 320 °C). Figure |

is a schematic of a mold cavity showing one half of a split mold 110 and a backing ram 120.

Figure 2 is a schematic of a blow-forming process. During a blow-forming process, a

10 mold cavity 210, a backing ram 220, and a preform seal 230 enclose a preform 240 as shown
in Fig. 2, pancl A. The backing ram 220 placcs an axial load indicated by arrow 250 on the
preform 240 while the preform 240 is heated to its forming temperature, as shown in Fig. 2,
panel B. The axial load typically is in the range of 100 Ib/ft* to 250 b/f? (e.g., 100 Ib/f?, 125
1b/ft%, 150 I/, 175 1b/R7, 200 [/, 225 Ib/R7, or 250 1b/ft)). Although the backing ram

15 220 exerts a load on the preform 240, there is no significant compression, or reduction in
length, of the preform. The displacement of the backing ram 220 1s about 0 in to about 0.050

in (c.g., 0.025 in — 0.05 in). The backing ram 220 is essentially statiopary once in place in

contact with the preform doine and during the molding process.

Once the forming temperature is reached, the preform 240 is pressurized with an inert
20 gas 260, such as nitrogen, until the preform 240 expands to completely fill the mold cavity
210, as shown in Fig. 2, panels C and D. The blowing pressure is applied to the preform at a

controlled rate. As the preform 240 expands, the axial load decreases.

In one non-limiting example, for a preform nominal temperature of 250 °C, the upper

portion of the mold cavity is heated to 250 °C and the bottom portion of the mold cavity is

25 heated to 255 °C. The seal is heated to 250 °C and the backing ram is heated to 275 °C.
During the forming process, the four parts (i.¢., the two halves of the mold, the backing ram,

and the seal) enclose the preform. An axial load of about 200 Ib/ft®  is placed on the preform
whilc the preform is heated to its forming temperature. Once the forming temperaturc is

reached, the preform is pressurized with nitrogen until the mold cavity is filled.

30 Optionally, a blow forming method may be carried out at ambient temperatures, i.¢..

without heating the mold apparatus. When forming under ambient temperature conditions,
7
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for example 23 °C, the preform s immediately pressurtzed with an inert gas once the preset
axial load is reached. The pressurization raic is approximately 1 sccoad and the prossure is

held until the blow formed preform completely fills the mold cavity.

The split mold expansions increase in diameter up to 40% laer than the original

wn

diameter {e.g.. 13 %, 20%. 23%, 30%, 33%, or 40%5). The forming temperature ranges from
ambicnt temperature. for example about 23 “C. to about 300 *C {¢.g.. 23°C ~ 100 °C. 23 °C
- 200 °C, 100 °C - 300 °C, or 260 °C - 300 °C).

-~

Figure 3 is a graph showing change in forming parameiers over time as a D&I

preform was expanded to a straight wall meld i a high-speed blow forming process. The

10 fully fonmed bottle had a 40% cxpansion {to 2.933 in final diameter). This bottle was formed
at a nominal wmperature of 250 °C with a 5 °C temperature gradient from the top o the
bottom of the preform. ic., the wemperature at the top of the preform was 230 °C and the
tomperature af the bottom of the prefonn was 2533 °C. As shown w Figure 3, the entire

forming process for making the straight wall container took approximately § seconds.

15 The shaped aluninum containers described herein may be used for beverages
including, but not limited to. soft drinks, water, beer, wine, energy drinks, and other

beverages.

it should be undesstood that the foregoing relates only to
26 preferred ombodimenis of the present invention and that sumerous medifications or
atterations may be made therein without departing from the spirit and the scope of the present

invention.

CA 2985088 2019-04-10



WHAT IS CLAIMED IS:

1. A process for shaping aluminum containers comprising the sequential steps of:

blanking out a disk from a sheet of a 3xxx series aluminum alloy;

forming a bottle preform by drawing, redrawing, ironing, and doming the disk;

placing the bottle preform into a mold cavity and enclosing the bottle preform in the mold
cavity using a preform seal;

applying an axial load to the bottle preform using a backing ram, wherein application of
the axial load does not reduce a height of the bottle preform, and wherein the backing ram is held
essentially stationary while applying the axial load, undergoing a displacement of between 0
inches and 0.05 inches; and

injecting an inert gas into an interior of the bottle preform with pressure until the bottle

preform expands to fill the mold cavity.

2. The process of claim 1, wherein the sheet has a thickness ranging from about

0.0150 in to about 0.0250 in.

3. The process of claim 1, wherein the sheet has a thickness ranging from about

0.0180 in to about 0.025 in.

4. The process of claim 1, wherein the sheet has a thickness ranging from about

0.0200 in to about 0.025 in.

5. The process of any one of claims 1 to 4, wherein the disk has a diameter ranging

from about 6.0 in to about 10.00 in.

6. The process of claim 1, wherein the disk has a diameter ranging from about 6.0 in

to about 7.0 in.

7. The process of claim 1, wherein the disk has a diameter ranging from about 8.0 in

to about 9.50 in.

CA 2985088 2019-12-11



8. The process of any one of claims 1 to 7, further comprising heating the bottle

preform to a forming temperature prior to injecting the inert gas.

9. The process of claim 8, wherein the forming temperature is from about 200° C to

about 300° C.

10.  The process of claim 9, wherein the forming temperature is from about 250° C to

about 255° C.

11.  The process of claim 8, wherein the bottle preform has a top and a bottom,
wherein the forming temperature comprises a temperature gradient from the top to the bottom of
the bottle preform, and wherein the forming temperature at the bottom of the bottle preform is

from 5° C to 10° C higher than the forming temperature at the top of the bottle preform.

12.  The process of any one of claims 8 to 11, wherein the heating is carried out while

the axial load is applied.

13.  The process of any one of claims 1 to 12, wherein the inert gas is injected afier the

axial load reaches a preset axial load.

14. The process of any one of claims 1 to 13, wherein the 3xxx series aluminum alloy

is selected from the group consisting of AA3104, AA3003, AA3004, and AA3105.

15.  The process of any one of claims 1 to 14, wherein the 3xxx series aluminum alloy

includes at least 50 wt. % recycled material.

16. The process of any one of claims 1 to 15, further comprising fully or partially

annealing the bottle preform prior to placing the bottle preform in the mold cavity.

17.  The process of claim 16, wherein an annealing temperature is from about 100° C

to about 400° C.

18.  The process of claim 17, wherein the annealing temperature is from about 300° C

to about 400° C.
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19.  The process of any one of claims 1 to 18, wherein the bottle preform has:
a diameter of about 2.5 in to about 3.0 in;

the height of about 10.0 in to about 12.5 in;

a wall thickness of about 0.006 in to about 0.020 in; and

a depth of dome from about 0.400 in to about 1.00 in.
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