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69 Extrusion method.

@ A method and apparatus for hot lubricated metal extru-

sion in which a billet is extruded into a solid or tubular form by

means of a die and/or a mandrel with an organic lubricant in-

terposed within a container, the method comprising feeding a
combustion improver or a mixture of a combustion improver ==
and water to the surface of the extruded product to burn off
the carbide of the lubricant deposited on the surface of the ex-
truded product.
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TITLE: EXTRUSION METHOD

This invention relates to a method for extruding solid
or tubular products using a lubricant, including
removing the deposit of carbonized lubricant produced
on the surface of each extruded product thereby to
improve the quality of the extruded products and
facilitate their aftertreatment.

There are known in the art various methods for

producing solid or tubular bodies by metal extrusion.
including non-lubricated extrusion which is widely

used for non-ferrous materials (e.g., alﬁminium and

copper alloys), extrusion with a glass lubricant and

- extrusion with a carbon-base lubricant which.are used mainly
for steel materials, or hydrostatic extrusion which is
applicable to a wide variety of metallic materials.

It is also known that the extrudability of a non-ferrous

metal material can be improved to a significant degree
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by ‘the use of a carbon-base lubricant in the extrusion
or the hydrostatic extrusion method. For example,
with a given press power, it becomes possible to work
~a billet at a higher reduction rate or to work a billet
of a lower temperature. In the case of an aluminium
alloy material, it is possible to enhance prodﬁctivity
by speeding up the extrusion without incurring defects.
However, these extrusion methods invariably have a
problem that the quality of the products is greatly
impaired by the carbonized lubricant which deposits _
on the surfaces of the extruded products. For instance,
the -use of a lubricated extruding process in which a billet
precoated with a carbon-base lubricant is loaded into

a container after heating and extruded through a die
and/or a mandrel or in which the container as well

as the die and/or mandrel is coated with a carbonbase
lubricant prior to loading a heated billet in to the
container for extrusion and the hydrostatic extrusion
process in which a hot billet loaded in a container is
extruded by the pressure medium épplied to the surface
of the billet (with the forced lubricating effect of
the pressure medium) each have a common problem in that
the surfaces of the extruded tubular product are
darkened due to depositions of a carbide formed from
the used lubricant, which is formed by'the,extrusion

at a high temperature. -The carbide,déposit_oﬁ'the; .
extruded product not only lowers iﬁs value but -also can
cause corrosion when the tubular broduct is used as

a condensor tube of a heat exchanger or the like.

The deposit of carbonized 1ubri¢antrgives risé to a
similar problem even when an iron:base material is
extruded with the use of a carbon—bése lubricant.
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Although the carbide deposit on the surfaées of the
solid or tubular extrudate are removed where the
extruded tube or rod is drawn through a drawing die

in a subsequent stage, it is particularly difficult -
to wash off by a pickling or like process the carbide -
deposit from the inner surfaces of the tube. In
addition, as the diameter has been reduced in the
drawing stage, the pickling operation which is
troublesome in itself and requires complicated
arrangements for the disposal of the spent 1iquob becomes
even more difficult and should be avoided if possible
to improve producﬁivity-and economy. Where, for .
example, a harrow tube of about, say 10 to 30 mm in
diameter and in excess of 700 mm in length is extruded,
it is practically impossible to remove the deposits on
the inner surface of the extruded tube completely by

a pickling or similar treatment. Therefore, long

and thin tubes should have clean inner surfaces

formed during extrusion. However, this hes .hitherto

been difficulf or impossible.

The present invention provides a method of hot

lubricated metal extrusion in which a billet is

extruded by means of a die and/or mandrel with an

organic lubricant interposed between said billet and

die and/or mandrel, said method comprising feeding

a combustion improver or a mixture of a combustion
improver and water to a surface of the extruded product
to burn off the carbide of said lubricant deposited on

the surface of said extruded product.

Preferably, the billet is extruded into a tubular form
by means of a die and a mandrel, said method further



0053510
S TR

comprising feeding the combustion improver or a mixture
of the combustion improver and water into the extruded
tubular product through a feed passage in said mandrel
to burn off the carbide of said lubricant deposited on
the inner surface. of said extruded tubular product.
In this case if the billet is of copper or a copper
alloy, said combustion improver may be air'and is
preferably fed at a rate of Q falling in the range of
1.8d-R-V§Q§14.2d-R-V (where d is the inner diameter

of the product in cm, R is the extrustion ratio, and
V is the billet extruding speed in cm/sec.) -

Preferably said combustion improver is fed to an

outer surface of the extruded material at a

- combustion improver feed zone located downstream of an
extrusion die to burn off the carbide of said lubricant
deposited on the outer surface of said extruded material,
and water is fed to the outer surface of the extruded
material at a water cooling zone to prevent oxidation

on the outer surface and suppress graln growth of said
extruded material.

When air is the combusion improver the feeding rate

- of the air is controlled to satisfy the following
condition;

'0.3D-R- V<Q<O TD-R-v

wherein Q is rate of feed of air (l/mln) D is the outer
diameter of extruded material (em), R is the extrusion
ratio, and v is the extrusion speed (stem speed) (cm/sec).

The invention also provides an extrusion apparatus for
hot lubricated metal extrusion comprising a die and/or
mandrel, a container into which a billet to be extruded, in use,



0053510

is loaded with an organic lubricant interposed between
said billet and die and/or mandrel, and means for
feeding a combustion improver or a mixture of a
combustion improver and water to a surface of the
extruded -product to burn off the carbide of said
lubricant - deposited on the surface of said extruded.
product.

Where the apparatus includes a die and mandrel to
extrude the billet into a fubular form, said mandrel
may include a feed passage to feed said combustion
improver or a mixture of combustion improver and water
into the extruded tubular product to burn off the
carbide of said lubricant deposited on the inner

surfaces'of said extruded tubular product.

Said feeding means may be adapted to feed the combustion
. improver to the outer surface of the extruded material
at a combustion improver feed zone located downstream
of the extrusion die to burn off the carbide of said
lubricant deposited on the outer surface of said
extruded material, and water feed means may be provided
to feed water to the outer surface of the extruded
material at a water cooling zoﬁe located downstream

of said combustion improver feed zone to prevent
oxidation of the outer surface and to suppress grain
growth of said extruded material. »

The invention also provides an extruded product manufactured
by any of the above methods of the invention.

Preferred embodiments of the invention will now be

described by way of an example only and with reference
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to ﬁhe accompanying drawings in which:

FIGURE 1 is a diagrammatic illustration of one example

of eonventional hydrostatic pressure extrusion,

FIGURE 2 is a diagrammatic illustration of one embodiment
of the invention as applied to a similar hydrostatic
extrusion,

FIGURE 3 is a diagrammatic illustration of another
embodiment of the invention as applied to hydrostatic

extrusion,

FIGURE 4 is a graph showing relationship between the
surface quality of the extruded material and the:
extrusion conditions,

FIGURE 5 is a graph showing the influence of air fed
to the surface quality of the extruded material, -

FIGURE 6 is a diagrammatic illustration of a hydrostatic
extrusion according to the invention for experimental
operation,

FIGURE 7 is a graph showing the influence of cooling
water on the crystal grain size of extruded tube, and,

FIGURE 8 is a graph showing the relationship between
the ecrystal grain size of the extruded material and

the cold working rate.

Referring now to the accompanying drawings. FIGURES 1

and 2 illustrate a conventional hydrostatic extrusion
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add a similar hydrostatic extrusion incorporating the
method of the preéent inveﬁtion. respectively. In
the hydrostatic extrusion, a hot hollow billet 3
which is heated to a high temperature of 500°C or
more ié loaded into a-container 1 and a pressure medium
4 such as a commercially available non-soap type
grease, liquid polymer or the like is spread on a
mandrel 6 which projects from the front end of a press
~stem 7 through a seal piston 5, a pressure medium 4
surrounding hollow billet 3 which is extruded by
displacement of the stem 7 into a tubulah product 3a
through a space defined between the mandrel 6 and a
press die 2, as shown in FIGURE 1. In this instanée,
the pressure medium 4 sticks to the extruded billet
and forms carbide deposits on the inner and outer
surfaces of the tubular product 3a which is extruded
at a high temperature. In the case of ordinary hot
lubricated extrusion which does not employ the pressure
medium Y4, the hollow billet 3 is-precoated with a
carbon-base lubricant and heated before.charging into
the container 1, and then extruded into a tubular form-
3a through the mandrel 6 and die 2. Alternatively, a
heated hollow billet 3 is charged into the container 1
after precoating the containerv1, mandrél 6 and die 2
with carbon-base lubricant and similarly extruded .
into a tubular form 3a through the mandrel 6 and die 2.
In either case, carbide of the lubricant is deposited
onto the surfaces of the extruded tubular product in
a manner similar to the hydrostatic extrusion. The
carbonized lubricant or pressure medium deposit
lowers the quality of the product and will cause
corrosive degradation. Thus as mentioned before the

deposit should be removed completely.
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In a hot lubricated extrusion whefe an organic
lubricant and pressﬁre medium are interposed between
the mandrel 6 and billet 3 and the tubular product

3a is extruded through the space defined by the die 2
and mandrel 6, the present invention succeeded in
completely burning off the lubricant. and pressure
medium which is extruded along with the tubular

producﬁ through the gap between the mandrel 6 and
billet 3, by injecting a combustion improver or a
mixture of a combustion improver and water into the
tubular product being extruded. FIGURE 2 depicts

a hot lubricated extrusion incorporating the method

of the present invention, in which a container 1, die
2, hollow billet 3, pressure medium 4, seal piston 5,
mandrel 6 and stem 7 are arranged substantially

in the same manner as in FIGURE 1. However, accofding
to the present invention, an axial bore 8 is provided
centrally through the mandrel 6 to feed a combustion
improver or a mixture of a combustion improver and water
as shown in FIGURE 2. To supply the combustion improver or
mixture of a combustion'improverand water, to the bore
8, bores 9 and 16 are provided through the stem 7 '
in communication with the bore 8. The stem 7 holds
the mandrel 6 and is held in a crosshead 16 which is
movable back and forth together with the stem 7.

In the following description air is referred to as an
example of a combustion improver which is fed to a
supply passage 17 élone through a valve 14 or together
with water which is fed from a pump 11 through a valve
12.

Although various kinds of materials can be used as
combustion improver in the present invention, it is
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preferred to employ a combustion improver in the form
of a gas in view of the ease of control of the
feeding'of the improver continuously from outside into
the extruded tubular product through the axial through
bores in the mandrel 6 and stem 7 or other components
of the press. It is particularly preferred to use
atmospheric air which is easily available and '
advantageous from the standpoint of cost and safety.

Although the use of a combustion improver alone can
attain the purpose of the present invention, its
combined use with water serves to cool the mandrel by
forming a mist when the combustion improver is in the
form of a gas like air. Even where the combustion
improver is fed in a mist form to cool off the tube,
the carbide deposits'on the inner surface of the
tubular product are burned off immediately upon
extrusion thereof so that the temperature drop of the
tube does not hinder the removal of the carbide. 1In
the embodiment depicted in FIGURE 2, the required air
in compressed form is fed from an air compressor 13
into the extruded tube through the air supply passage
17 and axial bores 16, 9 and 8. The air is slightly
heated during its passage throdgh the mandrel 6, by -
absorbing heat from the latter, to a level higher
than 50°C, while the hollow billet 3 is heated to

500 to 1150°C prior to ldading it into the container
1 and extruding it at a stem speed of U0 to 50 mm/sec.
The air which is supplied in this manner reacts with
the lubricant or pressure medium 4 which is extruded
with the tubular product 3a through the gap between
the mandrel 6 and billet 3, to completd&‘burn of f the

lubricant or pressure medium by virtue of the heat
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of the extruded tubular product 3. If the tubular
product is extruded at a low temperature, it is _
necessary to select a suitable lubricant or pressu}e
medium which will be burnt off at the lower temperature.

Both in the'hydrostatic extrusien shown in FIGURE i'
and in the-ordinary hot lubricated extrusion using a
die and a mandrel alone witﬁout use of a pressure
medium, it is possible to obtain tubular products 3a
with inner surfaces free of carbide deposits by

feeding compressed air into the extruded tube from the-
air compressor 13 through the mandrel 6. More '
specifically, in the case of the ordinary hot
lubricated extrusion, a hollow billet of pure: copper,
for example, may be extruded under a condition in

which carbide deposition appears on the inner '
surfaces of the tube, if the copper billet is precoated
with an organic solvent type carbon lubricant and heated
to a temperature over 500°C before charging it into
‘the container. On the other hand, in the case of
hydrostatic extrusion, a billet heated similarly to a
temperature above 500°C may be charged into the
container and extruded by means.of a commercially
available pressure medium such as a non-soap type
grease containing an inorganic compound as a tackifier
in a mineral oil or a viscous liQuid polymer. In
metal extrusion where thie temperature of the billet

is lower than 500°C, it is prefefred to employ

a viscous liquid polymer as a pressure medium for
hydrostatic extrusion. However, whichever extruding
-method may be resorted to, the complete burn-off of

the lubricant or pressure medium by air or ahother

combustion improver which is fed into the extuded tubular
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product through the axial bore 8 in the mandrel in
accordance with the method of the present invention
‘can be applied to billets in a very wide temperature

range.

Where the combustion improver is»in the form of a gas
like air as in the above-described embodiment, it should
be fed at such a rate that the oxygen content in the

gas is sufficient for completely bufning off the:
lubricant or pressure medium which is extruded.along
with the billet 3rthrough the gap between the mandrel

6 and billet 3. 1In this connection, it has been

- experimentally confirmed that the extruded tubular
product 3a may bear on its inner surface closely
deposited amorphous carbon particles to a .thickness of
0.3 to 0.5 microns. Therefore, it is sufficient to

feed oxygen in sufficient quantity to completely burn:
off the 0.5 micron thick amorphous carbon deposit but
desirably more than the minimum amount of oxygen should
bersupplied for reliable and stable operation.

If the combustion improver 1is used in a mist form,
water in a reservoir or tank 10 is fed by a pump 11
through a valve 12 as shown in FIGURE 2 and mixed

under increased pressure with the compressed air from
the air compressor 13, the mist'being fed to the axial
bore 8 of the mandrel 6 through the supply passage 17
and axial bores 16 and 9. In this instance, the

misty combustion improver gas is fed also into the
tubular product being extruded as mentioned hereinbefore
but its acceleration of the cooling effect on the

extruded tube causes no problems since the carbide on
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the inner surfaces of the extrudate is burned off

immediately upon extrustion by the die 2 and mandrel
6.' -

For burning off the carbide deposits on the inner
surfaces of the tubular extrudate by feeding a
combustion improver like oxygen'or air or a mixture

of a combustion improver and water in aecordance

with the present invention, it is necessary to take
into consideration the oxidation phenomenon of the
metal material which constitutes the hollow billet.
For example, where the extruding metal is aluminium
brass or other metals which are less suséeptible

to oxidation, there are no problems even if a greater
than predetermined minimum amount of combustion improver
gas (e.g., oxygen, air) is supplied for complete
combustion of'the carbide deposits and excess oxygen
remains in the tubular extrudate after the complete
combustion of the carbide deposits. 1In contrast, '
copper-base materials, above all, pure copper and
cupro-nickel are very susceptible to oxidation although
brass is relatively immune from oxidation. 1In the
case of brass, oxygen which is fed in an excess amount
remains in the tube after complete combustion of the
carbide deposits without reacting with the metal or

is released from the front end of the extruded tube
3a, so that the inner surfaces retain a clean brass
colour. However, with pure copper or cupro-nickel,
use of excess oxygen supply causes production of an
oxide film on the base metal by reaction with the
residual oxygen which lingers in the tube after
complete combustion of the carbide deposits . This
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also occurs in brass if oxygen is supplied in an
extfemely excessive amount. In actual operations, the
existence of a slight oxidation film or a thin '
drawable film of Cﬁ20 is permissible, whiph however
turns into CuO if oxygen is supplied in an excess
amount. In the extrusion of copper or copper alloy
tubes; the production of the oxidation film of CuO
causes deteriorations in the surface properties in the
drawing stage, and it is difficult to remove it by
reduction by bright annealing which is usually
effected subsequent to the drawing. Therefore, the
feed rate of the combustion improver should be so

controlled as not to produce an oxidation film of CuO.

With regard to the feed rate of the combustion
improver or the mixture of the cqmbustion improver and
water, the present invention has succeeded in
establishing effective and reliable principles common
to ferrous or non—ferrous-metal billets, as a result
of repeated experiments and studies. More particularly,
the carbide (of the lubricant or pressure medium)'
which deposits on the inner surfaces-of the tubular
extrudate 3a through the gap between the mandrel 6 and
billet 3 is complete burnéd off in the region to which
the combustion improver such as oxygen and air 1is
blown in from the inner end of the axial bore 8 of the
mandrel 6. Ideally, the'gombustion improver should
not remain, even in a sméil amount in the tube after
it has passed from the region where combustion takes
place if a sound tubular product 3a is to be
manufactured in which the inner surfaces are -
completely free of combustible carbide and in which

the base metal is not oxidised. However, in actual
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operation, the cbmbustion improver still remains in the
tube which has passed the combustion region and reacts
with the base metal fo form an objectionable bxidation
film, the oxidation reaction terminating when the
combustion improver becomes scar&abecause of the
formation of the oxidation film. After passage through
the oxidation region where such oxidation_reaction takes
place, no further oxidation of the base metal occurs,
that is to say, the combustion and oxidation regions
extend over limited lengths from the extruding position
(the outlet of the die), irrespective of the length of
the extruded product 3a. Thus, it ié possible to effect
the complete combustion of the combustible carbide as
intended by the present invention and to permit the
oxidation reaction only to an unobjectionable degree

be controlling the feed rate of the combustion
improver'to the outlet of the axial bore 8 of the
mandrel 6. If the billet extruding speed (cm/sec) is V
and the inner diameter (em) of the extruded product is. d,
the feed rate Q of the combustion improver for good
extrﬁsion is commonly in the range defined below, which
is effecti&ely applicable no matter whether the billet
is a non-ferrous metallike a cuprous metal or a ferrous
metal like carbon steel (S45C) or the like. TIthas been
experimentally confirmed that this method is effective
especially for the extrusion of a billet of copper '
or a copper alloy using air as the combustion improver.
The abovementioned suitable range of the combustion
improver feed rate Q is

1.8d'R'V§Q§14.2d'R’V

where the feed rate Q is in the unit of 1/min.

.
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Further, in actual operations, it is necessary to control
suitably the time at which the feed of the combustion
improver is started and stopped in a manner to be .
described hereinafter. The feed of the combustion -
improver should be cut off when the extruding speed
becomes zero upon completion of extrusion of the
tubular product 3a. If the feed is cut off with a time
delay at the time of completion of extrusion localized
oxidation takes place due to the presence of excess 7
oxygen as mentioned before and the oxidized area extends
toward the front end of the tubular product 3a. However,
a slight time delay should desirably be allowed in the
actual operation. In order to meet this requirement,

we conducted experiments on the feed periods of the
combustion improver in the extruding operations, and
found that, if the feed is started after the start

of actual extrusion of the tubular product 3a, deposits
of combustible carbide occur at the front end of -the
extruded tubular product 3a due to the delay, aithough
if the feed of combustion improver is started earlier
than the initiation of the extrusion’ no effect is
observed. Therefore, it is possible to open the valve.-
14 in the feed passage 17 or valves 14 and 12 during

the pressing (pressure-increasing) phase of the press

to feed the combustion improver before the extrusion

of the tubular product 3a is initiated. With regard

to the time point for stopping the feed of combustion

- improver, if it is cut off beforé the extrusion: is
complete, the combustion of the carbide in the

extruded tubular product 3a becomes incomplete and
deposits of combustible carbide appear at the rear end
of the extruded product. On the other hand, if the
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feed of the combustion improver is stopped after a
delay, an oxidation film is formed at the rear end

of the product to a conépicuous degree due to the.
supply of excess oxygen. The feed of the combustion
improver should be controlled in a suitable time range
which does not lower the production yield, and in
actual operations should suitably be stopped within

a time range from one second before to five seconds
after the termination of the extrusion of the tubular

product 3a.

In the extrusion of a billet of a metal which is less
susceptible to oxidation like aluminium brass as .
mentioned hereinbefore, there is no possibility of
impairing the quality of the extruded product ewven if
the time for stopping the feed of the combustion ‘
improver is long after termination of the extrusion,
"and a suitable feed time range should be determined
in connection with the time period of the press
eyele. ' '

Alternatively, for completely burning'off the COmbustibie
carbide using feed air as a combustion improver fed
through the mandrel 6, the billet may be extruded

under a condition in which a slight oxidation film is
formed on the inner surfape of the extruded tube by
residual oxygen, and redﬁcing the oxidation film by
feeding through the mandrel 6 a DX gas (2.85%CO,

1.99%H, 11.9%CO and the balance.of N) in the

succeeding cooling phase of the tubular product 3a.

Since the DX gas is fed after termination of the
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extrusion, it is necessary to maintain the tubular
product 3a in a temperature range suitable for the
reduction reaction. In the case of extrusion of an
elongated product, it is necessary to study the
cooling characteristics of the tubular product and
control its temperature accordingly. Further, when
‘it is expected that thereeis the possibility of
residual oxygen existing in the tubular product 3a
after its extrusion which would case the oxidation
reaction upon a drop in the temperature of the tubular
product due to the peculiar characteristics of the
oxidation reaction, the residual gas in the extruded
tube.may be replaced by a non-oxidative gas such as an
inert gas or reduction gas to improve the quality of

the product.

The following Tables 1 to 3 illustrate the results of
more specific extrusion experiments according to the
method of the present invention in comparison with
corresponding conventional methods. The subject

of the experiment is captioned on each table.
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The invention in which carbide on the inner surface
of the tubular extruded material is burned off has been
discussed. '

However, deposited carbonized lubricant on the outer )
surface of extruded material (whether solid or tubular)
can also be removed by feeding combustion improver to
the outer surface of the extruded material which leaves
the extrustion die, and bringing coolant liquid into
contact with the outer surface of the material after
the carbonized lubricant is burned off. Thus ,
carbonized lubricant rémaining on the outer surface

can be completely removed, oxidation film formation

can be preventéed, and crystal grain growth of the

extruded product can also be suppressed.

When a copper alloy billet is extruded with heat
resisting lubricant, the thickness of the carbonized
lubricant retained on the outer surface of the
extruded tube is at most 1.4 pm-

In order to burn off the carbonized lubricant, the optimum
amount of combustion improver is fed to the extruded
material while the material is still hot. If the

amount of combustion improver is insufficient, carbide
will remain on the outer surface, but if the amount

of combustion improver i§,too much, an ox;dized film

is formed on the outer surface of ﬁhe extruded material.

In order to obtain the limits of the conditions for
feeding the combustion improver, i.e. the amount of
combustion improver and the period of feeding the. same,

various experiments were made with the following
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extrusion conditions.

Extrusion Conditions

Billet --- Cupro-nickel (68mm in diameter; 200mm in length
Heating temperature of a Billet --- QdOOC

Extrusion Speed ——- 2 m/sec and 4.4 m/sec (product)
Extrusion Ratio.——— 40 and 113

Combustion Improver --- Air (Atmosphere)

FIGURE 3 is a diagram of an apparatus for carrying out
the method of the invention. An air féeding,zone A

is provided downstream of the extrusion die 2 so that

air is brought into contact with the outer circumference
of the extruded material. A water cooling zone w is .
provided downstream of said air feeding zone A, so as

to prevent oxidation and to suppress cyrstal grain growth
of the extruded material. '

According to the experiments with the abovementioned
apparatus under the abovementioned conditions, the amount
of air feed should be proportional to the surface area

of the extruded material that passes through the combustion
zone (air feeding zone) per unit time period. Therefore,
the air feeding rate Q (1/m) can be obtained by the
following formula; S

Q = K-D-R-v
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where K is a constant, D is the outer diameter of
extruded material, (ecm), R is the extrusion ration,

and v is the extrusion speed (stem speed) (cm/sec).

FIGURE 4 is a graph showing the relationship between
the surface quality of the extruded material and the
extrusion conditions. More specifically there is
shown a relationship between the amount of air feed
(Q) and the outer diameter of the extruded material-
(D). As can be seen from this graph, an excess of air
feed causes formation of an oxidation film on the
outer surface of the extruded material. In order to
completely remove the carbonized lubricant and to
prevent the oxidation on the outer surface of the
-extruded material, the following condition should be

satisfied:
0.3 D*R-v <Q< 0.7 D-R-v
Thﬁs constant K should be from 0.3 to 0.7.

FIGURE 5 shows the relationship between the period of
time for the material to pass through the air feeding
zone and the amount of air fed. The desired period
for the material to pass through the air feeding zone
varies depending on the amount of air fed, but if the
amount of air fed is 140 1/m, the period shall
preferably be shorter than 0.13 second.  If the
amount of air fed is 70 1/min, the period should
preferably be shorter than 0.35 second. Generally

as the amount of air fed becomes less, the period
should be longer, but then the extruded material will
cool resulting in coarse grains within the extruded

material.
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Crystal grains of extruded cupro-nickel tube do not
grow even if the tube is slowly cooled in the '
atmosphere.

However,'aluminium braSs crystal grains grow rapidly
and the surface gets rough when it is drawn.. Thus, the
length of air feeding zone is considered for

aluminium brass.
The extrusion conditions are;

Billet: Aluminium brass (68mm in outer dia, 200mm

in length)

Billet Heating Temperature: 800°C

Extrusion Speed (extruded product):'1.7 ﬁ/sr

Extrusion Ratio: 40

Extruded Material Size: 22mm in outer dia. 1.5mm thick

Combustion Improver: Atmospehric Air 20 1/min.

The extrusion took place with an apparétus shown in
FIGURE 6. 1In this FIGURE.6, a 0.7 m long air feeding
zoﬁe A is provided at the outlet side of the extrusion
die, and a 1.2 m long water cooling zone W is

provided downstream of said air feeding zone. 1In
order to examine the water cooling effect, the amount
of water.feed was varied from 0 to 36 1l/min. - The
relationship between the amount of coolant water and

the crystal grain size of the extruded aluminium brass
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is shown in FIGURE 7. When the amount of coolant
water is 0 1/min, mean grain size of the extruded tube
was 0.07 mm. As the amount of water 1s increased,

the grain size becomes smaller, and when the amount of
water is 20 1l/min, the grain size becomeé finer than
0.04mm. . ' '

If the extruded tube is subsequently drawn, a smoother
surface is obtained where the grain size is smaller,
as can be seen from FIGURE 8. Thus, a smooth enough
surface can be obtained even after one or two drawing
passes if the grain size is smaller than 0.04 mm.

Therefore, a 0.7 m long air feeding zone is important.

If the extrusion speed in terms of the extruded material
speed is 1.7 m/s, the period of time for the material

to pass through the air feedingizone'is 0.41 Second,_
which "is a sufficient period for the carbonized lubricant
to completely burn off judging from FIGURE 5.

As can be seen from the foregoing description, the outer
surface of the extruded material can be cleared and
grain growth can be suppressed by the provision of an
air feeding zone which is followed by a water cooling

zone at the downstream side of a hot hydrostatic
extrusion die.

As is clear from the foregoing description and the results
of experiments, in conventional hot lubricated extrusion
using an organic lubricant in the usual manner between

the container and the billet to be extruded, the present
invention is particularly excellent at completely

rémoving the combustible carbide of the lubricant or
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pressure medium which tends to deposit on the

"surfaces of the solid or tubular product, permitting
production of solid or tubular products with clean and
defect~free surfaces in a simple manner. The combustion
improver whichmay mainly consist of a combustion
improver gas such as oxygen and air or a mixture of a
combusion improver and water is fed to the initial billet
extruding point of the die and/or mandrel to caﬁse
complete combustion of the combustible carbide under the
high extruding temperature. It has become possible

to remove the carbide completely and clean the inner
surfaces of a tubular product with high reliability.

In addition, therecaﬁ now be obtained tubular prdducts
with perfect internal surface shapes irrespective of

the length of the products extruded, and the oxidation
of the extruded material can be effectively prevented
by adjusting the feed rate of the combustion improver
even in the case of a material which is normally
susceptible to oxidation, thereby precludigg formation
of an objectionabie oxidation film which is produced

by the oxidation reaction. Further this can be attained
simply by contrblling the feed rate and period of time
of feed of the combustion improver, without requiring
drastic changes in the conventional hot lubricated
extrusion system. More specifically, it is possible

to produce tubes with good inner surfaces simply by .
adding a combustion improver feed passage to the
‘mandrel and providing an éssociated combustion

improver feed means.

Moreover, the outer surface of the extruded material
can by cleaned by removing carbonized lubricant by
means of applying combustion improver. Oxidation and
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undesirable grain growth of the extruded material can
be prevented by bringing coolant into direet contact

with the outer surface.
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CLAIMS

1. A method of hot lubricated metal extrusion in
which a billet is extruded by means of a die and/or
mandrel with an organic lubricant interposed between
said billet.and die and/or mandrel, said method
comprising feeding a combustion improver or a mixture
of a combustion improVer'and water to a surface of
the extruded product to burn off the carbide of said
lubricant deposited on the surface of said extruded

product.

2. A method as claimed in claim 1 in which the billet
is extruded into a tubular form by means of a die and

a mandrel, said method further comprising feeding the
combu§tion improver or a mixture of the combustion
improver and water into the extruded tubular product
through a feed passage in said mandrel to burn off the
carbide of said lubricant depcsited on the inner

surface of said extruded tubular product.

3. A méthod as claimed in claim 2 in which -the billet
is of copper or a copper alloy, said combustion

improver being air and being fed at a rate of @ falling
in the range of 1.84-R-V<Q<14.2d-R-V (where d is the
inner diameter of the product in cm, R is the extrusion
ratio, and V is the billet extruding speed in cm/sec.)

L, A method as claimed in claim 1 or 2, wWherein said
combustion improver is fed to an outer surface of the
extruded material at a combustion improver feed zone
located downstream of an extrustion die to burn off the
carbide of said lubricant deposited on the outer surface
of said extruded material, and water is fed tq the

outer surface of the extruded material at a water cooling
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zone located downstream of said combustion improver
feed zone to prevent oxidation on the outer surface

and suppress grain growth of said extruded material.

5. A method as claimed in claim 4, wherein air is
the combustion improver, and the feeding rate of the

air is controlled to satisfy the following condition;
0.3 D*R-v<Q< O.7 D-R-v

where in Q is rate of feed of air (1/min), D is the
outer diameter of extruded material'(cm), R is the
extrusion ration, and v is the extrusion speed (stem
speed) (cm/sec). |

6. Extrusion apparatus for hot lubricated metal

extrusion comprising a die and/or mandrel, a container

into which a billet to be extruded, in use, is'loaded with an
organic lubricant interposed between said billet and

die and/or mandrel, and means for feeding a combustion
improver or a mixture of a combustion improver and

water onto a surface of the extruded product to

burn offrthe carbide of said lubricant deposited on

the surface of said extruded product.

7. Apparatus as claimed in claim 6 including a die
and mandrel to extrude the billet into a tubular form,
said mandrel including a -feed passage to feed said
combustion improver or a mixture'of,a combustion improver
and water into the extruded tubular product to burn

off the carbide of said lubricant deposited on the

inner surface of said extruded tubular product.
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8. Apparatus as claimed in claim 6 or 7 in which
said feeding means is'adapted to feed the combustion
improver to the outer surface of the extruded

material at a combustion improver feed zone located
downstream of the extrusion die to burn off the carbide
of said lubricant deposited on the outer surface of
said extruded material, and water feed means is '
provided to feed water to the outer surface of the
extruded material at a water cooling zone located
downstream of said combustion improver feed zone to
prevent oxidation of the outer surface and to suppress
grain growth of said extruded material._

9. An extruded product manufactured by any of the

methods of claims 1 to 5.
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