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This invention relates to the hot deformation of metals
by extrusion (with or without the use of a mandrel),
piercing or die-forging.

The primary object is to prolong the life of th.e tools,
namely the dies, mandrels and punches use.:d in sqch
processes by improving their lubrication and in so d(_)mg
also to reduce the pressure required to deform a given
metal.

According to the invention a material interposed be-
tween the metal and the surface of a die, mandrel.or
punch for the purpose of lubricating the sur-fa(;e consists
wholly or substantially wholly of normally solid organic
material which burns or volatilises when trapped between
the hot metal and the surface and subjected to the operat-
ing pressure.

The organic material is preferably polyethylene or po_Iy-
vinyl chloride but it may be any other material which
will be converted completely or substantially complet_ely
into gas under the stated conditions. Broadly speaking
all synthetic polymers will be so converted. ]

A lubricant that is in use at the present time consists
of a mixture of substances including graphite, carbona-
ceous materials and a source of oxygen, the graphite being
the predominating constituent, This lubricant partially
vapourises under the working temperature and pressure.
The lubrication in this case is mainly effected by the
graphite, but the gases evolved are said to contribute to
the lubrication.

It is of the essence of the present invention that no
graphite or other lamellar lubricant is used to lubricate
the die or mandrel and I believe that in fact all or sub-
stantially all the lubrication of the tool is effected by a
film of gas produced from the organic material at the
operating pressure and temperature. However this may
be, the result is increased tool life in comparison with
that obtained when the graphite-containing lubricant re-
ferred to above is used.

The organic material may be used as a moulding, which
can easily be preformed to fit a given die and can very
easily be put in position. However the organic material
preferably is in the form of a powder or granules, bound
to or enclosed in a combustible carrier, since then the
expense of converting the material into a moulding is
avoided.

The invention can be applied with advantage to the
extrusion of tubing with the use of a mandrel that passes
through the die. In this case the mandrel may be cov-
ered or coated with the organic solid material and lubri-
cated by the gases evolved from it. However the mandrel
may be lubricated only by gases evolved from organic
solid material interposed between the hot metal and the
die, that is to say, the mandrel need not itself be covered
or coated with the organic material, though when it is
so covered or coated the inner surface of the extruded
tubing is of better quality than that obtained by normal
methods of lubrication.

This invention will be more clearly understood by ref-
erence to the accompanying drawings, in which:

FIGURE 1 diagrammatically shows part of one extru-
sion press just before extrusion begins;

FIGURE 2 is a section through one carrier of pow-
dered organic material;

FIGURE 3 is a plan of this carrier; and

FIGURES 4 and 5 illustrate a die-forging operation.
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The press shown in FIGURE 1 is of the kind in
which there is a container 1 and a movable die-carrier
2 which brings dies successively into register with the out-
let of the container, one die being shown at 3. ‘The
press is intended for the production of tubing from steel,
and it includes an annular pressing stem 4 with a pressing
disc 4g and a mandrel § which after entering the con-
tainer move as a unit during the extrusion operation.

The press is shown at the moment when an annular
billet 6 is in the container and the pressure is about to
be applied.

The die 3 has a frusto-conical mouth, and before it is
brought into register with the end of the container 1
a moulding 7 of polyethylene which mates with the frusto-
conical face of the die and has a hollow spigot that ex-
tends into the die opening proper is inserted in it. The
reason for using a moulding with a cylindrical spigot is
that the die carrier 2 turns at high speed to bring the
die 3 into position, and it is necessary that the moulding
7 should be held in the die during this movement by the
frictional engagement of the spigot in the die.

FIGURE 1 also shows a paper sleeve 8, to which pow-
dered organic material is bound, in position on the man-
drel 5. This sleeve is pushed over the mandrel before
the introduction of the mandrel into the container. The
powdered organic material may be bound to the paper
by a mixture of trichlorcethylene and polystyrol or by
cold glue.

When the hot billet 6 is initially brought into contact
with the moulding 7 a little smoke is evolved but there
is substantially no development of gas until the billet is
subjected to the extrusion pressure. Immediately after
the pressure is applied there is intense developement of
gas, and provided that the polyethylene or polyvinyl chlo-
ride is present in adequate amount the gas serves to lubri-
cate the surface during the whole of the extrusion process.
The polyethylene or polyvinyl chloride is not wholly con-
verted into gas, and surprisingly a small tarry residue
of the combustion is found to adhere to the leading end
of the extruded tubing.

As an example, in the extrusion of a hollow billet of
stainless steel to tubing over an wuncovered mandrel
through a die with an entrance angle of 27°, the die being
made of 9% tungsten steel, I have found that a moulding
7 of polyvinyl chioride 2 mm. thick serves to lubricate
completely a billet 380 mm. long, 164 mm. in outside
diameter to produce tube of 62 mm. outside diameter and
50 mm. inside diameter, the extrusion ratio being 18:1
and the length of the tube being over 6 meters. In this
example the inner wall of the extrusion container was
lubricated with a mixture of oil and graphite in the
usual way.

A vparticularly convenient way of using an organic
material in the form of powder or granules is to mix
these with a binder and enclose the mixture between two
pieces of paper. A unit so formed is shown at 9 in
FIGURES 2 and 3 and consists of two pieces 1¢ of cor-
rugated paper of the desired size and shape, with the
mixture of the organic material and binder 11 enclosed
between them as in a sandwich. For use in a unit of
170 mm. external diameter and 65 mm. internal diam-
eter the mixture may consist, for example, of 60 grams of
polyethylene, 35 grams of polystyrol and ¥4 litre of tri-
chlorethylene, and it hardens when put between the pieces
of paper.

If the unit ¢ is to be used with 2 die held in a rotary
carrier, it is put into position when the die is out of
register with the container and must be frictionally held
in position. For this purpose a spigot 12 is provided and
consists of a tube 13 with a flange 14 which is pushed into
the mixture 11 before this hardens. The tube 13 may be
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of sheet metal, cardboard or any other convenient mate-
rial.

The unit ¢ can be handled with ease, and the corrugated
paper acts as thermal insulation to prevent premature
combustion or volatilisation of the organic material when
the unit comes into contact with a hot surface.

A sleeve to be put over a mandrel may also be made as
a sandwich.

In the die-forging process illustrated by FIGURES 4
and 5 flat discs 15 are used and overlap the effective area
of dies 16 as shown in FIGURE 5. One disc 15 is put
in the bottom die, the hot metal 17 is then put on it and
another disc 15 is put on top of the hot metal immediately
before the upper die is brought down.

I find that in an extrusion process the air available in
the container of the press is adequate for the production
of the gases by chemical reaction with the polyvinyl
chloride or other material, but if necessary additional
oxygen may be supplied. For example the moulding 7
may be covered with a layer of an oxidising agent or a
material containing excess oxygen may be incorporated
in the mixture 1. An example of a suitable oxidising
agent in manganese dioxide. The oxidising agent will not
be completely converted into gas and accordingly its pres-
ence is undesirable. If such an oxidising agent is used,
therefore, it should be present in only a small amount, say
not more than 5% by weight of the organic solid ma-
terial.

The great advantage obtained by means of the inven-
tion is shown by tests made with one extrusion press used
for the production of tubing of stainless steel containing
about 18% chromium and 9% nickel with a small amount
of titanium, the die being normally lubricated by a mix-
ture of graphite and combustible materials. The average
life of the dies in this particular press is 35 extrusions.
The quality of the surface of the extruded stainless steel
is such that from 50 to 70% of the tubes must be ground
to remove surface blemishes. The average pressure re-
quired during the extrusion is about 84,000 p.s.i. measured
on the cross-section of the billet.

On replacing the graphite lubricant by polyvinyl chlo-
ride in the form of mouldings 2 mm. thick, but making
no other change, the average die life went up to 54 ex-
trusions, the average number of tubes that needed grind-
ing fell to below 50% and the average extrusion pressure
fell to about 78,500 p.s.i.

When a more heat-resistant steel, containing about
18% chromium, 11.5% nickel and 2.2% molybdenum,
was extruded with an extrusion ratio of 18:1 the average
life of the dies with the graphite lubricant was 11 extru-
sions and the average pressure during the extrusion was
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about 97,500 p.si. On replacing the lubricant by mould-
ings of polyvinyl chloride 2 mm. thick the average life
rose to 24 extrusions and the average pressure fell to
about 89,700 p.s.i.

The work normally carried out on a 1700 ton press
requires only a 1530 ton press. Or conversely a 1700
ton press in which a lubricant according to the invention
is used can extrude at a higher extrusion ratio than was
heretofore possible, so that the output which can be ob-
tained from the press is increased. These advantages are
additional to the increase in tool life.

I claim:

1. In a method of producing a shaped metal body by
subjecting a metal work-piece heated to a plastic condition
to a metal shaping operation using shaping dies and pres-
sure, the steps which comprise interposing between said
heated work-piece and said shaping dies a lubricant layer
consisting of a wholly solid organic material which be-
comes gaseous when under operating pressures between
the hot metal work-piece and the shaping dies and apply-
ing pressure and vaporizing the wholly solid organic ma-
terial whereby the vapor acts as the lubricant.

2. The method of claim 1 wherein the said organic
material is a solid polymer selected from the group con-
sisting of polyethylene and polyvinyl chloride.

3. The method of claim 1 wherein the organic material
is in the form of a moulding.

4. The method of claim 1 wherein the organic mate-
rial is retained in a combustible carrier.

5. The method of claim 1 wherein the organic mate-
rial is a hardened mixture of polyethylene and polystyrol
between sheets of corrugated paper.
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