L

1 _ EP 0 335 602 B1 : 2

Description

BACKGROUND OF THE INVENTION

The invention relates to a method of making
whisker reinforced ceramic tools for shaping or
otherwise working materials. The invention has par-
ticular application in making metal working tools,
and specifically tools used in the manufacture of
tubular casings and similar articles, such as two-
piece beverage cans.

Tools for imparting a desired shape, form, or
finish to material, such as dies, punches, and the
like, must be characterized by extreme hardness,
compressive strength and rigidity. This is particu-
larly necessary when shaping metals or similar
materials. Commercial material working tools for
assembly line mass production must also be resis-
tant to wear, erosion and chipping from repeated

and continuous stress, and abrasion. These tools -

must also be made from materials which can be
designed and machined to ciose tolerances and
maintain dimensional stability over a wide range of
operating conditions.

It is known to make punches, dies, deep draw

‘tooling and similar material working tools from a

variety of materials, including metals, tungsten car-

, bide, and conventional ceramics. These known ma-
terials all have certain undesirable (imitations.

When making toois for shaping metal articles, par-
ticularly tubular casings such as two-piece bev-
erage cans, the problems of prior known materials
becomes particularly significant.

Beverage cans are generally made either as a
three-piece can or a two-piece can. In a conven-
tional three-piece beverage can, an appropriately
sized body blank is cut from a large metal plate
and bent into a cylindrical tube having a soldered
side seam. The ends of the tube are flanged. An
end closure member, or lid, is attached to one end
of the body. A sscond end closure member is
applied after filling the can. The body and two end
closures constitute the three-piece can. For printed
cans the metal plate is printed prior to cutting the
plate into individually sized body btanks.

A two-piece beverage can has a body having
an integrally formed closed end and a single end
closure member. A two-piece beverage can is
manufactured by a process fundamentally different
than that for making a three-piece can. Two-piece
cans have been available only since the early
1970s. The present invention provides significant
advantages particularly in the manufacture of two-
piece beverage cans. However, as will be readily
understood from the following description of the
invention, the invention has broad applicability for
use in manufacturing a variety of shaped articles,
particularly tubutar casings, such as fountain pens
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and dry cell battery casings. .

A two-piece can is made by a drawing and wall
ironing process that results in only two-pieces, a
combined body and base -and an end closure. In
general, a two-piece can is made by stamping out
metal discs from a metal plate. A metal "cup" is
formed from the disk by holding the disk in a cup-
forming die and moving a cup-forming punch
through the cup-forming die. The formed cups are
then transferred to a body making machine where
they are pushed-through a body-forming die com-
prising a plurality of annufar rings, generally known
as draw, redraw, and ironing rings, by a body-
forming punch. The clearances between the body-
forming punch and the plurality of rings become
progressively smaller, so that the cup walls are
ironed out into a thin section. A domer punch will
then press the bottom of the can body into a
concave configuration for added strength.

After the body is formed, the open end of the
can is trimmed to the exact desired length. The
can is then washed, dried, and prepared for neck-
ing, i.e., the process of forming a neck on the open
end. However, before nacking, for cans that are to
be printed with a label, the can may be transferred
to a multi-station printer. The can is placed onto a

. printer mandrel which brings the can into engage-

ment with a paint roller. After printing the can is

. moved to a drying oven.

The final step in forming a two-piece can is
necking and flanging. These operations prepare the
top of the can so that it is ready to receive a lid
after being filled. Generally, this is done in a mul-
tistage die-necking machine which includes a neck-
er die, for necking-in the open end of the can, and
a disc for forming a flange on the necked-in, open -
end of the can. This disc is generally referred to as
a "spinnecker” disc.

Throughout the process of making a two-piece
beverage can, various special tooling is required.
This tooling must be sufficiently strong, abrasion
resistant and inert to produce an acceptable can. In
1986, over 70 billion metal beverage cans were
manufactured in the United States. These cans
were made on production lines which produce cans
at a rate of 1200 to 2000 cans per minute. Ninety-
five (95%) percent of those cans were made of
aluminum, with the remainder being made of steel.
The present invention may be used in the manu-
facture of both aluminum and steel cans, as well as
other metal and nonmetal products.

Because of the tremendous volume of bev-
erage cans manufactured each year, each slight
improvement in the manufacturing process can re-
sult in tromendous savings. Over the years, for
instance, the industry has made every possible
effort to reduce the weight of the cans so as to
reduce material costs. in 1965, one thousand alu-
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minum beverage cans weighed 23.4 Kg (51.6
pounds), whereas in 1986 one thousand. aluminium
beverage cans weighed 12.5 Kg (27.5 pounds). As
technology "has advanced, there have also been
marked improvements in strength, dimensional
consistency, and quality of finish. However, further
improvements are still sought.

The most common material for the various
tools used in the process of making a two-piece
beverage can, including the cup-forming dis and
cup-forming punch, the body-forming die and
body- forming punch, the necker die and the spin-
necker disc, is tungsten carbide, usually held in a
hardened tool steel body. However, tungsten car-
bide can-making tools wear considerably and must
be .replaced or refinished often. Additionally, when
making aluminum cans, tungsten carbide tools con-
tribute to the formation of aluminum oxide on the
surface of the aluminum cans, which must be re-

~ moved prior to filling the'can with a beverage. Also,

particularly in aluminum cans, the commonly used
tungsten carbide can-making tools leave scratch

‘marks on the surface of the can body. These

scratches create points of stress concentration and
significantly reduce the sirength of the can
sidewall, which generally is only 0.imm (.004
inches thick). A more uniform wall thickness resuilts
in a greater stacking strength, less collapsing, and
less leakage from cans. The scratches also make
finishing the inside and outside surfaces of the can
more difficult. Because of the lack of a smooth,
finished surface significantly more epoxy resin
coating must be used to coat the inside of the can.
Printing on the outside of the can is also adversely
affected. i

" Tungsten carbide components also generate
considerably more heat through friction during the
can-making process. The heat resulting from the
friction causes a significant variance in the dimen-

. sions of the can, including wall thicknesses. To

roduce the friction, it is common to use synthetic
lubricants. These tubricants, however, require inten-
sive washing of the can to remove the lubricant.
This is a difficult, costly and time-consuming step.
The present invention is specifically intended
to overcome the deficiencies of tungsten carbide
components used in the manufacture of two-piece
cans. However, as will be readily understood from
the following description, the invention has broad
applicability to the manufacture of other articles.
EP-A-0208910 relates to fibre-reinforced com-
posite material for tools for high speed cutting of
steel and cast iron. In the examples describad, the
material comprises between 6 and 65 wt% SiC
whiskers in a matrix of at least 30 wi% Al O;. This
material is sintered to form the cutting tool.
EP-A-0194811 relates to reinforced ceramic
cutting tool. In the examples described, the ma-
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terial for the cutting tools comprises 18 to 35 vol%
SiC whiskers in a matrix principally of alumina. The
cutting tools are formed by moulding under pres-
sure of 200 to 4200 kg/cm? and simultaneous or
subsequent sintering at temperatures of the order
of 800 to 1750°C.

According to one aspect of the invention there
is provided a method of making a tool comprising
the steps of making a whisker reinforced composite
ceramic material consisting essentially of a ceramic
matrix having 2-40 volume percent whiskers distrib-
uted therethrough, and pressing the whisker re-
inforced ceramic composite ceramic material in a
mold to a desired shape, characterised by the
steps of grinding the pressed composite into the
shape of a cup-forming die, a cup-forming punch, a
body-forming die, a body-forming punch, a domer
element, an necker die or a spinnecker disc for use
in shaping beverage cans or other tubufar articles
or as a mandrel for hoiding a workpisce.

According to another aspect of the invention
there is provided a tool made of a material com-
prising a ceramic matrix having 2-40 volume per-
cent whiskers distributed therethrough, characteris-
od by the tool being a cup-forming die, a cup-
forming punch, a body-forming die, a body-forming
punch, a domer element, an necker die or a spin-
necker disc, being a shaping tool for use in making
beverage cans and other tubular articles.

According to a further aspect of the invention
there is provided the use, in manufacture of cas-
ings for beverage cans, fountain pens, dry cells
and other tubular articles, of a shaping tool made
of a material comprising a ceramic matrix having 2-
40 volume percent whiskers distributed thereth-
rough, the tool being a cup-forming die, a cup-
forming purich, a body-forming dis, a body-forming
punch, a domer element, an necker die or a spin-
necker disc.

The present invention relates to a method of
making whisker reinforced ceramic tools used to
shape materials. Preferably, the method comprises
using a ceramic mattix selected from the group
consisting of alumina, silicon nitride, - silicon car-
bide, zirconia, boron carbide, or titanium diboride.
The matrix is preferably reinforced with single cry-
stal "whiskers" selected from the group consisting
of silicon carbide, silicon nitride, titanium carbide,
aluminium nitride or alumina. The invention uses
single crystal whiskers, which are to be distin-
guished from polycrystalline short fibers of fila-
ments. Whiskers have been defined as a generic
class of single crystal materials having mechanical
strengths equivalent to the binding forces of adja-
cent atoms. Whiskers derive their exceptional
strangth from the fact that they are essentially
perfect crystals. Their extremely small diameters
allow litle room for defects which weaken larger
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crystals.

In a preferred embodiment of the invention, the
invention relates to a method of making tools, or
components, used in manufacturing a tubular cas-
ing, particularly a two-piece can. The invention aiso
relates to the use of such a tool to make the
tubular casing or can itself. :

In the invention tools are made from a compos-
ite ceramic matrix having distributed therethrough
2-40 volume percent silicort carbon whiskers. The
can-making components or tools made from this
material to be used in the method of the preferred
embodiment of the invention include the cup-for-
ming die, the cup-forming punch, the body-forming
die, the body-forming punch, the domer element,
the printing mandrel, the necker dies, and the spin-
necker disc. Preferably, the matrix material com-
prises alumina or silicon nitride. The matrix may,
however, contain less than 30 volume percent of
zirconia, yttria, hafnia, magnesia, lanthana or other
rare earth oxides, silicon nitride, titanium carbide,
titanium nitride or mixtures thereof.

The whisker reinforced ceramic composite
components used in the method of the present
invention generate less friction and thus less heat
than comparable tengsten carbide components.
Because little heat is generated, variance in the
dimensions of the can, including roundness and
wall thickness, is minimized. Consistency in wall

thicknesses contributes to the load strength of the .

cans, whereas roundness also facilitates effective
assembly of the end closure to the can. Since
there is less friction, the need .to use expensive
lubrication is minimized and, in some instances,
may be completely eliminated. This also simplifies
the machinery for méking cans since no lubricant
reservoir and applicator is required. Also, the need
for intensive washing of the can to remove the
lubricant is eliminated.

Unlike tungsten carbide, the whisker reinforced
ceramic composite will not contribute to the forma-
tion of aluminum oxide on the surface of aluminum
cans, even when using an alumina matrix as in the
preferred form of the invention. This is a significant
benefit in_can making, since the aluminum oxide
must be washed from the cans, and also builds up
on components, adversely affecting their perfor-
mance. It was originally believed that an alumina
matrix would not be acceptable for making alu-
minum products since it was thought that the alu-
mina would interact with the aluminum. It has been
found, however, that the silicon carbide whisker
reinforced alumina matrix in the preferred form of
the present invention does not interact with the
aluminum and, in fact, results in less aluminum
oxide formed on the surface of the cans and the
components or tools than with tungsten carbide
components.
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Because of the decreased wear rate ‘and the
smoothness of the whisker reinforced ceramic
composite material used in the present invention,
the amount of scoring on the insides and outsides
of cans is drastically reduced over that which oc-
curs with the use of traditional materials. The im-
provement in surface finish increases the strength
of the cans. Also, the surfaces of the cans obtain a
much smoother and more "polished” appearance
which is much easier and less costly to finish,
either by the application of a resin on vinyl coating
on the interior or surface decoration on the exterior
surface. Additionally, the whisker reinforced ce-
ramic composite components used in the present
invention have useful service lives generally two to
three times longer than those of comparable tung-
sten carbide components.

Another significant improvement of the whisker
reinforced ceramic composite components used in
the present invention in comparison to conventional
components is the light weight of the components
themselves. The lighter weight is particularly im-
portant for tools such .as the body-forming punch
used in making a two-piece can. The body-forming
punch, which operates at high speed with frequent
direction changes, causes great stress to the “sup-

porting machine structure. A lighter weight punch

significantly reduces the stress on the supporting
machine structure. Additionally, a lighter weight
punch reduces the amount of cantilever deflection
as the punch moves through its cycle. This deflec-
tion may cause damage to the tooling on the return
stroke resulting in uneven wear and nonuniform
wall thickness.

The whisker reinforced ceramic tools or com-
ponents of the present invention are also signifi-
cantly easier to grind or finish into a final desired
shape than the traditional tungsten carbide coun-
terpart. This is particularly important when making
precision machine tools.

it alsc has been found that trimming a can with
a whisker reinforced ceramic component results in
a cleaner, sharper, or straighter edge than with a
tungsten carbide component, which leaves a
feathered edge. :

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a cross-section of a typical bev-
erage can.

Figure 2 is a representation of a cupping op-
eration in the draw and ironing process of making a
can.

Figure 3 is a representation of a body maker
for a can, including a body-forming die having
draw, redraw, and ironing rings, and a domer ele-
ment.
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" Figure 4 is a representation of a printer man-
drel of a multi-station printer for printing on the
outside surface of a can.

Figures 5a and S5b are representations of a
multi-stage die necking station, including a
necking-in station having a necker die assembly
and a flanging station having a spinnecker disc.

Figure 6a is a 100x magnified photo of an
aluminum can manufactured with tungsten carbide
ironing rings. '

Figure 6b is a 100x magnified photo of an
aluminum can manufactured with whisker rein-
forced ceramic ironing rings according to the
present invention.

Figure 7 is a schematic illustration of the meth-
od of making whisker: reinforced ceramic compo-
nents according to the present invention.

DETAILED DESCRIPTION OF A PREFERRED EM-
BODIMENT -

The present invention will be described in the
context of its preferred embodiments of -making
tools, such as dies, punches, and other compo-
nents, for manufacturing a can. Although the inven-
tion is described in the context of particular tools or
components for making two-piece beverage cans,
the invention has general utility in making other
tools or components for shaping articles. The in-
vention has particular utility in making tubular arti-
cles, such as pen casings, battery casings, and the
like. It will be readily apparent also that the present
invention may be used for shaping or otherwise
working both metal, nonmetal, and composite ob-
jects. . )

A cross-section of the integral body of a typical
two-piece ‘can 10 manufactured according to the
method of the present invention is shown in Figure
1. Can 10 includes a neck 12, having an outwardly
turned flange 14. An end closure {not shown) will
be fitted to flange 14 after the can is filled with a
beverage or other desired filling. Typically, the wall
thickness of neck 12 is 0.18mm (.007 inches).

Can 10 includes a can body sidewall 16. The
thickness of can body sidewall 16 generally is
0.10mm (004 inches). it is important to the
strength of the can that this thickness remain con-
stant. As explained in detail below, typically can
body 16 is formed by extending a body-forming
punch through a body-forming die having a plural-
ity of rings for ironing the sidewall. A conventional
punch made from tungsten carbide weighs approxi-
mately 5.44kg (fwelve pounds). Because of the
instability of moving this much weight with preci-
sion, the punch may move slightly from its desired
course on the return stroke. This deflection may
cause slight damage or chipping of the punch,
resulting in uneven wear, which in turn causes an
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uneven wall thickness. Conversely, a body-forming
punch made according to the method of the
present invention using a composite material com-
prising an alumina ceramic matrix having distrib-
uted therethrough silicon carbide whiskers weighs:
only approximately 1.36kg (three pounds) and thus
is subject to less sag or variation in position in the
course of its travel, which results in less wear. The
sidewall thus produced has a more constant thick-
ness and is stronger.

The bottom 18 of can 10 typically has a wall
thickness of approximately 0.30mm (.012 inches)
and has a concave configuration for added
strength.

Can 10 is made by a process known as a draw
and wall ironing process, generally shown in Fig-
ures 2-5. The process usually begins with individ-
ual discs which are stamped from a large coil of .
sheet metal as it is fed into a cupping press. Most
two-piece cans are made from aluminum, aithough
the method of the present invention may be used
with other metals and nonmetal materials as well.
Generally, the metal stock has a thickness of ap-
proximately 0.30mm (.012 inches). The metal disc
is mounted in a cup-forming die 20, shown gen-
erally in Figure 2. A cup-forming punch 22 moves
through the cup-forming die to shape the disc into
a "cup” 24 having an open end 26, a closed
bottom end 28, and integral sidewalls 30 extending
substantially perpendicular to the closed bottom
end. The cup thus formed generally has a diameter
of approximately 88.9mm (3.5 inches) and a depth
of approximately 33.0mm (1.3 inches), with a wall
thickness of approximately 0.30mm (.012 inches).
Both cup-forming die 20 and cup-forming punch 22
may be formed from a whisker reinforced compos-
ite ceramic matrix, as described in detail below.

The formed cups 24 are then fransferred to a
body maker, as shown generally in Figure 3. The
body maker generally comprises a body-forming
punch 32, a body-forming die 34, and a domer
element 36. Body-forming 34 die generally com-
prises a pilurality of rings usually referred to as
draw, redraw, and ironing rings. These rings are
supported in a conventional die support as is well-
known. Body-forming punch 32 moves through the
draw, redraw, and ironing rings to thin and lengthen

“ the sidewalls 30 of cup 24. This is generally re-

ferrod to as "ironing" the sidewalls. The draw,
redraw, and ironing rings provide a progressively
decreasing clearance with the body-forming punch
32 so that cup 24 is ironed into its desired shape.
The draw, redraw, and ironing rings must be
shaped and sized precisely to provide the requisite
shape and varying thicknesses for the neck,
sidewall, and base of the can. When formed n the
body maker, the cup 24 has been shaped into a
can approximately 63.5mm (2.5 inches) in diameter
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and 127mm (5.0 inches) deep.

The body maker also includes domer element
36 which provides a concave configuration to the
can bottom. '

Body-forming punch 32, body-forming die 34,
including the draw, redraw, and/or ironing rings
which may comprise die 34, and domer element 36
may each be formed from a whisker reinforced
ceramic matrix. '

After ironing the sidewall and doming the bot-
tom, the open end of the can is trimmed to the
exact desired length. The can is then washed and
dried. '

The can may be transferred {o a multi-station
printer, if an exterior label is to be printed on the
can, as shown generally in Figure 4. The can is
placed onto a printer mandrel 33 which moves the
can body into printing engagement with a print
roller 35. Printer mandrel 33 may be formed from a
whisker reinforced ceramic matrix.

After the printing is applied, the can is trans-
ferred to a ‘multi-stage die necking station. Gen-
erally, this station performs two functions. it forms
a neck on the open end of the can and also forms
a flange on the open end of the can. The neck is
formed by pressing the can body sidewall adjacent
the open end of the can body against a necker die
38 to thereby form a neck of reduced diameter, as
shown generally in Figure SA. The multistage die
necking station also forms a flange on the open
end of the necked-in can body by pressing the can
body sidewall adjacent the open end of the can
body against a spinnacker disc 40. A spinnecker
disc is a can tool element which forms an out-
wardly flared flange on the can. The necker die and
spinnecker disc may be made according to the
method of the present invention using -a wisker
reinforced composite ceramic matrix.

After flanging, the can interior is sprayed with
an appropriate coating. The can, with an enclosure
element for the open end, then is sent for filling
and sealing. .

Because whisker reinforced ‘ceramic body-for-
ming dies, including the draw, redraw, and ironing
rings provide much less friction than the prior art
tungsten carbide counterparts, the manufactured
cans are significantly cooler in temperature, result-
ing in less sidewall deformation. As a resuit, the
cans maintain their shape, i.e., roundness, much
better. Additionally, the need to use a lubricant on
the cans during the manufacturing process is mini-
mized or sliminated. '

The whisker reinforced ceramic also gives a -

superior finish and smoothness to the can. These
smooth surfaces provide significant advantages in
finishing both the inside and outside of the can.
Figure 6A illustratos a 100x magnification of an
aluminum can sidewall manufactured with standard
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tungsten carbide ironing rings. As is evideht, there
are significant scratch marks which both weaken
the sidewall and make it difficult to apply a smooth
uniform coating. Figure 6B illustrates a 100x mag-
nification of an aluminum can sidewall manufac-
tured with silicon carbide whisker reinforced alu-
mina ironing rings according to the present inven-
tion. The smoother surface provides significantly
increased strength and facilitates the application of
printing to the outside or coating to the inside of
the can. The smoother sidewalls are also easier to
wash, since there are no crevices in which material
may be trapped.

The whisker reinforced ceramic composite ma-
terials used in making the various components
involved in manufacturing a can according to the
present invention are made from a whisker re-
inforced ceramic matrix. This ceramic composite
material is characterized by extreme hardness,
compressive strength and rigidity, combined with
greatly improved toughness. It has been found that
the material provides resistance to wear and ero-
sion from abrasion and has the ability fo withstand
thermal or chemical degradation. The material is
nearly inert.

The ceramic matrix may be selected from the
group consisting of alumina, silicon nitride, sificon
carbide, zirconia, boron carbide or titanium
diboride. The ceramic matrix may be used either
along (i.e.. containing no other materials except
recognized impurities) or it may be combined with
minor amounts (i.e., less than about 30%) of tough-
ening components or sintering aids such as zir-
conia, yttria, hafnia, magnesia, lanthana or other
rare earth-oxides, silicon nitride, titanium carbide,
titanium nitride or mixtures thereof. In the most
preferred form of the invention an alumina matrix is
used. A silicon nitride matrix is also preferred.
Since one of the problems in the production of
aluminum cans is the formation of aluminum oxide,
it was thought that an alumina matrix ceramic could
not be used for the production of aluminum cans
since it was believed that the alumina matrix would
have an affinity for the aluminum in the cans and
would increase rather than sliminate the presence
of aluminum oxide. In practice, this is not the case.

The reinforcing whiskers may be selected from
the group comprising silicon carbide, silicon nitride,
aluminum nitride, titanium nitride, titanium carbide
or alumina. The whiskers used in this invention
have a single crystal structure. In the preferred
form of the invention silicon carbide whiskers are
used. Such whiskers are produced from rice hulls
and typically have diameters in range of .35 um to
65 um and aspect rations on the order of 15-150.
Strengths are typically on the order of 1 million psi
{70,000 kg/cm?) and tensile moduli on the order of
60-100 million psi (4-7 million kgicm?). The silicon
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carbide whiskers are thermally stable to at least
3200F (1760C).

. The single crystal whiskers used in this inven-

" tion are to be distinguished from short fiber materi-

als of the polycrystalline type. The polycrystalline 5
filaments or chopped fibers are much larger in
diameter e.g., 10 microns or larger. Additionally, in
contrast to the single crystal whaskers-usad—m the . ..
method of the present invention, poly¢rystalline fi-.

bers suffer considerable degradation due- to-grain: ..-10:

growth at temperatures above about.1250C.. 'whlch}:.-'
severely limits their use in high tsmperamré fab-

rication processes such as hot procésstng Jor-pro=-

ducing ceramic composites of -nearly theorehcah
density. As disclosed in detail below,. the’ presentu.. 15
invention encompasses a method’ oft makmgdoom— b
ponents using hot processing techmques. Also
these polycrystaliine fibers provided 1nsuﬁic|eﬁt (o
sistance to cracking of the ceramiic composue .
since the fibers extending acros¥-te-crack line or”
fracture plane possess insufficient . tonsile~ strengtth

to inhibit crack growth through thé-composite; es- -+

pecially after the composite has been fabricated by
being exposed to elevated pressures and” tempera--~

clear distinction between single crystal "whiskers"
and polycrystalline fibers. '

The whiskers used in the present invention
must be bound in the matrix in a manner so as to
produce reinforcement of the matrix. Bonding is 30
satisfactory and good relnforcement is obtained
when the whisker content is in the,range of from
about 2-40% volume percent of the whisker/matrix
composite. This of course results in the percentage -

of matrix material being 60-38%. it has beén.gen- 35

erally found that above about 40% whisker content
the addition of whiskers becomes détrimental to

the toughness of the composite ceramic material. It - -
is believed that this may be due-either: to the.:

whisker contont becoming sufficiently large that ~40

zones of whisker concentration themselves-have a -
limited toughness or that the ceramic matrix devel-
ops points at which the matrix cohesiveness is
roduced. Below about 2% there is insufficient
whisker content to provide adequate reinforcement. 45
The dies, punches, and other tools or compo-
nent parts made according to the method of. the
present invention are formed by first blending the
proper proportions of the ceramic matrix in pow-
dered form with the whiskors. A wide variety of 50
systems ares known for mixing of particulate solids.
-The blending must be such that the whiskers are
thoroughly dispersed throughout the particulate ce-
ramic matrix material, but not be so severe that the
whiskers are significantly degraded. A presently ss
preferred method is described in U.S. Patent No.
4,463,058. The preferred material and ranges of
whisker content will depend on the particular com-

ponent part to be made and its end use. The
process by which the component will be made.
either cold pressing or hot pressing will, in turn,
depend on the percentage of whisker content and
the desired strength and fracture toughness.

The particular method to be used in making
the components according to the present invention

~- ."depends - primarily- on- the--percentage of whisker

content™ and the desired=-strength and fracture

-.. toughness. For. a whisker centent of between two

and twelve, voluie percent, cold. pressing, includ-

'ing, pressureiéss _sintefing tachniques, may be
. used: With respect to makmgntools for manufactur-

ing»a-two-pleoa-bevefage ‘can, cold pressing tech-
mques‘ mcludmg pressureless sm’[anng. are appro-

._,-...,pnate for makmg -thj@..can:bady punch, the domer

‘elements the- die nécket; the- -spinnecker and the

“;piintet::mandrbl;  alf--of: which geferably use a
" whigket: content of approxlmately, -8.7 volume per-
T contsUsing: the-Eold=pressing technique, including
., Ppredsyreless: sintering, as shown in Figure 7, the
“appropriate blend of whisker reinforced ceramic is

- formed .into- its desired shape using cold isostatic
" pressifig or -axial pressing. The cold pressed ma-
tures in hot pressing. Thus, there-i§-recognized a - 2.7

toriakzs: :hm sintered.. The sintefed cold pressed
material may then be subject to a hot isostatic
pressing process. The component may then be
ground into its final desired shape. The cold
pressed material may be formed in one of several
different ways. it may be cold isostatically pressed
and formed under a pressure of 720-1400 kPa (10-
20,000 psi) at ambient temperature. Alternatively,
the component may be dry pressed by mechani-
cally- pressing -the component into shape at 720-
1800 kPa (10-25,000- psi):. The component also
may-be extruded or injected molded. Following one
of these- fotir processes of cold pressing. the com-
po_nent is..sintered at 1500-1700-°C without pres-
_sure for 12-48 hours.
“. A hot pressing technique is generally appro-
priate for components using between 12-40 volume
percent whisker content. With respect to compo-
nents used in manufacturing a two-piece can. the
hot pressing process is appropriate for making the
cup-forming punch and cup-forming die and the
body-forming die including the draw, redraw and
ironing rings, which preferably have a whisker =on-
tent of approximately 28 volume percent.
in both the cold pressing and hot press:ng

processes, the formed component is ground t3 tinal
shape.

Claims

1. A method of making a tool compnsiny ‘ne
steps of making a whisker reinforced come-s-

- ite ceramic material consisting essentany ! a
ceramic matrix having 2-40 volume g1t
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whiskers distributed therethrough, and pressing
the whisker reinforced ceramic composite ce-
ramic material in a mold to a desired shape,
characterised by the steps of grinding the
pressed composite into the shape of a cup-
forming die, a cup-forming punch, a body-
forming die, a body-forming punch, a domer
element, an necker die or a spinnecker disc for

_use in shaping beverage cans or other tubular

articles or as a mandrel for holding a work-
piece. _ :

A method as claimed in claim 1, wherein the
pressing step is further characterised by the
steps of pressing the whisker reinforced ce-
ramic composite under cold conditions, sinter-
ing the cold pressed, whisker reinforced ce-
ramic composite material, and pressing the
sintered, cold pressed whisker reinforced ce-

* ramic composite material under hot isostatic

pressing conditions.

A method as recited in claim 1 or 2, wherein
said ceramic matrix is selected from alumina,
silicon nitride, silicon carbide, zirconia, boron
carbide and titanium diboride.

A method as recited in claim 3, wherein said

matrix further contains additives selected from
fess than 30 volume percent zirconia, yttria,

hafnia, magnesia, rare earth oxides, silicon

nitride, titanium carbide and mixtures thereof. -

A method as recited in any preceding ¢laim,
wherein said whiskers are selected from silicon
carbide, silicon nitride, titanium nitride, titanium
carbide, aluminium nitride and alumina.

A method as recited in any preceding claim,
wherein said composite comprises 60-87 vol-
ume percent matrix and 13-40 volume percent
whiskers.

A method as recited in any one of claims 1 to
§, wherein said composite comprises 88-98
volume percent matrix and- 2-12 volume per-
cent whiskers.

A method as recited in any one of claims 1 to
7, wherein said ceramic matrix contains alu-
mina and said whiskers are single crystals of
silicon carbide.

A method as recited in claim 8, wherein said
matrix further contains less than 30 volume
percent ytiria, magnesia, silicon nitride or mix-
tures thereof.
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10.

1.

12

13.

14.

16.

- 16.

17.

A tool made of a material comprising a ce-
ramic matrix having 2-40  volume percent’
whiskers distributed therethrough, characteris-
ed by the tool being a cup-forming die, a cup-
forming punch, a body-forming dis, a body-
forming punch, a domer element, an necker
die or a spinnecker disc, being a shaping tool
for use in making beverage cans and other
tubular articles.

A tool as recited in claim 10, wherein said
ceramic matrix is selected from alumina, sili-
con nitride, silicon carbide, zirconia, boron car-
bide and titanium diboride.

A tool as recited in claim 10 or 11, wherein
said whiskers are selected from silicon car-
bide, silicon nitride, " titanium nitride, titanium
carbide, aluminium nitride and alumina.

A 100l as recited in any one of claims 10 to 12,
wherein said ceramic material comprises 60-87
volume percent matrix and 13-40 volume per-
cent whiskers.

A method as recited in any one of claims 10 to
12, wherein said ceramic material comprises
88-98 volume percent matrix and 2-12 volume
percent whiskers.

A tool as:recited in any one of claims 10 to 14,
wherein said ceramic matrix contains alumina
and said whiskers are single crystals of silicon
carbids.

A tool as recited in claim 15, wherein said
matrix further contains less than 30 volume
percent of ytiria, magnesia, silicon nitride or
mixtures thersof. '

The use, in manufacture of casings for bev-
erage cans, fountain pens, dry cells and other
tubular articles, of a shaping tool made of a
material comprising a ceramic matrix having 2-
40 volume percent whiskers distributed there-
through, the tool being a cup-forming die. a
cup-forming punch, a body-forming die. a
body-forming punch, a domer element. an
necker die or a spinnacker disc.

Patentanspriiche

1.

Verfahren zur Herstellung eines Werkzeugs.
aufweisend die Stufen des Hersteliens enes
whiskerverstdrkten zusammengesetzten kera-
mischen Materials, das im wesentlichen aus
einer Keramikmatrix mit 2-40 Vol.-% von mn
dieser verteilten Whiskern besteht und durch



15 EP 0 335 602 Bt 16

Driicken des whiskerverstdrkten keramischen
Verbundmaterials in einer Form in die ge-
wiinschte Gestalt, gekennzéichnet durch die
Stufen des Schieifens des gedriickten Ver-
bundteiles in die Gestalt eines Schalen-Form-
teiles, eines Schalen-FormstdBels, eines kir-
performenden Formteiles, eines k&rperformen-
den StdBels, sines domformenden Elementes,
eines halsformenden Formteils oder einer
Spinneckerscheibe zur Verwendung bei der
Formgebung von Getrinkedosen oder anderen
rohrfrmigen Gegenstédnden oder als Dorn zur
Halterung eines Werkstlickes.

Verfahren nach Anspruch 1, dadurch gekenn-
zeichnet, daB die Stufe des Drlickens oder
Pressens weiterhin dadurch gekennzeichnet
ist, daB die Stufen des Pressens des whisker-
verstirkten keramischen Verbundteiles in. kal-
tem Zustand stattfinden, die Sinterung des kait
gedriickten  whiskerverstirkten keramischen
Verbundmaterials erfolgt und das Pressen des
gesinterten, KaltgepreBten whiskerverstirkten
keramischen Verbundmaterials unter heiBen
isostatischen Drlick- oder Pressbedingungen
stattfindet.

Verfahren nach Anspruch 1 oder 2, dadurch
gekennzeichnet, daB die keramische Matrix
aus folgenden Materiafien ausgewdhit ist: Alu-
miniumoxid, Siliziumnitrid, Siliziumkarbid, Zir-
konoxid, Borkarbid und Titandiborid.

Verfahren nach Anspruch 3, dadurch gekenn-
zeichnet, daB die Matrix weiterhin Additive ent-
hilt, die zu weniger. als:38 Vol.-% unter Zirkon-
oxid, Yttriumoxid, Hafniumoxid, Magnesium-
oxid, Seitenerdoxide, Siliziumnitrid, Titankarbid
und Mischungen von diesen ausgewzhlt wor-
den sind. :

Verfahren nach irgendeinem der vorangehen-
den Anspriiche, dadurch gekennzeichnet, daB
die Whisker aus folgenden Materialien ausge-
wihit werden: Siliziumkarbid, Siliziumnitrid, Tit-
annitrid, Titankarbid, Aluminiumnitrid und Alu-
miniumoxid. '

Verfahren nach irgendeinem der vorangehen-
den Anspriiche, dadurch gekennzeichnet, daB
das Verbundmaterial 60-87 Vol.-% an Matrix-
Material und 13-40 Vol.-% an Whisker-Material
aufweist.

Verfahren nach irgendeinem der Anspriiche 1
bis 5, dadurch gekennzeichnet, da8 das Ver-
bundmaterial 88-98 Vol.-% an Matrix-Material

~und 2-12 Vol.-% an Whisker-Material aufweist.

10

15

30

35

50

55

10.

11.

12.

13.

14.

16.

16.

Verfahren nach irgendeinem der Anspriiche 1
bis 7, dadurch gekennzeichnet, daB die Kera-
mikmidtiix Aluminiumoxid enthiit und die Whis-
ker Einzelkristalle aus Siliziumkarbid sind.

Verfahren nach Anspruch 8, dadurch gekenn-
zeichnet, da8 die Matrix weiterhin weniger als
30 Vol.-% an Yttriumoxid, Magnesiumoxid, Sili-
ziumnitrid oder Mischungen von diesen auf-
weist.

Aus einem Material hergestelites Werkzeug,
welches eine Keramikmatrix mit 2-40 Vol.-% in
digser verteilten Whiskern aufweist, dadurch
gekennzeichnet, da es sich bei dem Werk-
zeug um einen Schalen-Formteil, einen
Schalen-FormsttBel!, einen kirperformenden
Formteil, einen kOrperformenden $Stb8el, ein
domformendes Element, einen halsformenden
Formteil oder eine Spinneckerscheibe als
Formwerkzeug flir die Herstellung von Getréin-
kedosen und anderen rohrfrmigen Gegen-
stéinden handelt. '

Werkzeug nach Anspruch 10, dadurch gekenn-
zeichnet, daf das Keramikmatrixmaterial aus
der Gruppe aus Alumiumoxid, Siliziumnitrid,
Siliziumkarbid, Zirkonoxid, Borcarbid und Tit-
andiborid ausgewahit ist. _

Werkzeug nach Anspruch 11, dadurch gekenn-
zeichnet, daB die Whisker ausgewhit werden
unter Siliziumkarbid, Siliziumnitrid, Titannitrid,
Titankarbid, - Aluminiumnitrid und Aluminium-
oxid.

Werkzeug nach irgendeinem der Anspriiche 10
bis 11, dadurch gekennzeichnet, daB das kera-
mische Material 60-87 Vol.-% an Matrix-Materi-
al und 13-40 Vol-% an Whisker-Material um-
faBt.

Werkzeug nach irgendeinem der Anspriiche 10
bis 12, dadurch gekennzeichnet, da8 das kera-
mische Material 88-98 Vol.-% an Matrix-Materi-
al und 2-12 Vol-% an Whisker-Material um-
fait.

Werkzeug nach irgendeinem der Anspriiche 10
bis 14, dadurch gekennzeichnet, daB die Kera-
mikmatrix Aluminiumoxid aufweist und dag die
Whisker aus Einzelkristallen aus Sifiziumkarbid
gebildet sind.

Werkzeug nach Anspruch 15, dadurch gekenn-
zeichnet, da8 die Matrix weiterhin weniger als
30 Vol.-% an Yttriumoxid, Magnesiumoxid, Sili-
ziumnitrid oder Mischungen von diesen au-
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weist.

Anwendung eines Formgebungswerkzeuges
bei der Herstellung von rohrfGrmigen Teilen fUr
Getrdnkedosen, Federhalter, Trockenzellen
und fiir andere rohrfdrmige Gegenstidnde, wo-
bei das Formwerkzeug aus einem Material ge-
bildet ist, das eine Keramikmatrix mit 2-40
Val.-% in ihr verteilten Whiskern aufweist und
es sich bei dem Werkzeug um sinen Schalen-
Formteil, einen Schalen-Formst&Bel, einen kdr-
performenden Formteil, einen k&rperformen-
den StdBel, ein domformendes Elsment, sinen
halsformenden Formteil oder eine Spinnecker-
scheibe handelt.

Revendications .

1.

2.

Un procédé de fabrication d'un outil, compre-
nant les étapes de fabrication d'un ma_tériau
céramique composite renforcé par des fibres
en whiskers, consistant essentiellement en une
matrice céramique présentant 2 A 40 % en
volume de whiskers distribués en son sein et
pressage du matériau céramique composite
renforcé par des whiskers dans un moule, pour
lui conférer la forme souhaitée, caractérisé par
les étapes de meulage du composite pregsé
pour obtenir la forme d'une matrice formant
coupelle, d'un poingon formant coupelle, d'une
matrice formant corps d'un poingon formant
corps, d'un élément de déme, d'une matrice
de col ou d'un disque de goulot, & utiliser dans
lo fagonnage de boftes métalliques pour bois-
sons ou d'autres articles tubulaires ou 2 titre
de mandrin pour maintenir une pidce 2 usiner.

Un procédé selon la revendication 1, dans
lequel I'étape de pressage est en outre carac-
térisée par les étapes de pressage du matériau
composite céramique renforcé par des whis-
kers a froid, frittage du matériau composite
céramique renforcé par des whiskers, pressé &
froid et pressage du matériau composite céra-
mique renforcé par des whiskers, pressé 3
froid et fritté, dans des conditions de pressage
isostatique & chaud.

Un procédé selon la revendication 1 ou 2, dans
lequel ladite matrice céramique est sélection-

née parmi l'alumine, le nitrure de silicium, lo_

carbure de silicium, le zircone, le carbure de
bore et le diborure de titane.

Un procédé selon la revendication 3, dans
lequel ladite matrice contient en outre des ad-
ditifs présents en une quantité inférieure 3 30
% en volume et sélectionnés parmi le zircone,
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5.

I'oxyde d'yitrium,'I'oxyde d'hafnium, 'oxyde de
magnésium, des oxydes de terres rares, le
nitrure dé silicium, le carbure de titane et leurs
mélanges.

Un procédé selon l'une quelconque des reven-
dications précédentes, dans lequel lesdits
whiskers sont sélectionnés parmi le carbure de
silicium, le nitrure de silicium, le nitrure de
titane, le carbure de titane, le nitrure d'alumi-
nium et ['alumine.

Un procédé selon I'uné quelconque des reven-
dications précédentes, dans lequel ledit maté-
riau composite comprend 60 4 87 % en volu-

" me de matrice et 13 & 40 % en volume de

7

10.

1.

12.

whiskers.

Un procédé selon l'une quelconque des reven-
dications 1 & 5, dans lequel ledit matériau
composite comprend 88 3 98 % en volume de
matrice et 2 & 12 % en volume de whiskers.

Un procédé selon f'une quelconque des reven-
dications 1 & 7, dans lequel ladite matrice
céramique contient de I'alumine et lesdits
whiskers sont de simples cristaux de carbure

de silicium.

Un procédé selon la revendication 8, dans
lequel ladite matrice contient en outre une
quantité inférieure 3 30 % en volume d'oxyde
d'yttrium, d'oxyde de magnésium de nitrure de
silicium ou de leurs mélanges.

Un outil constitué d'un matériau comprenant
une matrice céramique présentant 2 a 40 %
en volume de whiskers distribués en son sewn.
caractérisé par le fait que I'outil est une matn-
ce formant coupelle, un poingon formant cou-
pelle, une matrice formant corps, un poingon.
formant corps, un élément d¢ ddme, une ma-
trice de col ou un disque de goulot, constituant
un outil de fagonnage & utiliser dans la fabrica-
tion de botes métalliques pour boissons =t
d'autres articles tubulaires.

Un procédé selon la revendication 10. -ars
lequel ladite matrice céramique est sélec:uon-
née parmi l'alumine, le nitrure de silicum -
carbure de silicium, le zircone, le carbure
bore et le diborure de titane.

Un outil selon la revendication 10 ou 11

ars

lequel lesdits whiskers sont sélectionnés car'm

le carbure de silicium, le nitrure de silicium
nitrure de titane, e carbure de titane. le ndr.r2
d'aluminium et 'alumine.



13.

14.

16.

16.

17.
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Un outil selon l'une quelcongue des revendica-
tions 10 & 12, dans lequel ledit matériau céra-
mique comprend 60 & 87 % en volume de
matrice et 13 3 40 % en volume de whiskers.

Un outil selon 'une quelconque des revendica-
tions 10 & 12, dans lequel ledit matériau céra-
mique comprend 88 & 98 % en volums de
matrice et 2 2 12 % en volume de whiskers.

Un outil selon 'une quelconque des revendica-
tions 10 & 14, dans lequei ladite matrice céra-
mique contient de 'alumine et lesdits whiskers

.sont des cristaux unitaires ds carbure de siii-

cium.

Un outil selon la revendication 15, dans lequel-

ladite matrice contient en outre une quantité
inférieure 4 30 % en volume d'oxyde d'yitrium,
d'oxyde de magnésium, de nitrure de silicium
ou de leurs mélanges.

L'utilisation, dans la fabrication de boftiers pour
des boltes métalliques pour boissons, de sty-
los & encre, de piles séches et d'autres articles
tubulaires, d'urt outit de fagonnage constitué
d'un matériau comprenant une matrice cérami-
que présentant 2 & 40 % en volume de whis-
kers distribués en son sein, Foutil étant une
matrice formant coupefle, un poingon formant
coupelle, une matrice formant corps, un poin-
gon formant corps, un élément de ddme, une
matrice de col ou un disque de goulot.
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