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@ Metallurgical treatment agents.

@ Method of making wire-like treatment agent for metal
melts e.g. ferrous ones comprises heating metal tube (1} e.g.
of steel, introducing into the tube {1) a2 melt {3) having a
temperature beiow meiting point of the metal of the tube and
comprising a reactive metal e.g. magnesium and cooling the
tube (1) and the melt inside it to solidify the meit in the tube
{1). Wire-like treatment agent itself comprises solidified meit
(11) comprising a reactive metal encased in a preformed tube
(1) of metal of higher melting point than that of the reactive
metal.
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METALLURGICAL TREATMENT AGENTS

The: invention concerns: metallurgical treatment agents,
in particular such agents in wire-like form, and their manufacture

© - and use.

- It is well known that certain reactive metals, e.g.
magnesium, are useful for treating molten metals, e.g. iron and

- steel, to produce effects such as deoxidation, desulphurisation,

inclusion modification and nodularisation. The reactive metals are
generally of relatively low melting point in the sense that their
melting points are substantially lower than the temperatures of
the metallic melts to be treated and the boiling point may also be
below the tamperature of the melt to be treated. These factors and

- the reactivity of the reactive metals create problems in making and

using treatment agents comprising the metals.

Numerous proposals have been made concerning temporerily
protecting the reactive metal by providing it within a container
that, in use, permits release of the reactive metal. In particular
it has been proposed to sheath the reactive metal with a non-reactive
metal of higher melting point to yield a wire-like product and to
conduct the treatment by feeding the wire-like product into the
metallic melt to be treasted. One such proposal is described in
U.S. patent specification 3915683 which discloses, for example,

a steel tube filled with calcium-silicon powder and aluminium powder.
After the tube has been filled, it is said that the tube may be
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drawn to a desired smaller diameter. Mention is made of filling

the tube by evacuating it of gas and permitting it to fill with

the powder by suction. Another such proposal is described in U.S.
patent specification 4134196 which. discloses, for example, extruding
particulate magnesium as a wire and envelﬁping it in steel tape
aligned with the axis of the wire, one edge of the tape being tightly
folded over the other.

The knowndwifé-like treatment agents all have one or more

disadvantages regarding their manufacture and/or use.

According to one aspect of the invention a method of making -
a wire-like treatment agent for metal melts comprises heating a
metallic tube, introducing into the tube a melt having a tempersture
below the melting point of the metal of the tube and comprising a
reactive metal and causing or allowing the tube and melt so to cool
that the melt solidifies in the tube.

The method of the invention has the advantage of not
requiring the reactive metal used to be initially in any particular
form. In the invention the melt introduced into the tube may be
made by melting, for example, magnesium in ingot form. Such reactive
metals as calcium and magnesium when in particulate form are
hazardous to handle and transport and tend to become contaminated
by reaction with atmospheric oxygen and moisture. Moreover it-is
difficult to fill relatively long and narrow preformed tubes with
particulate material and if initially a relatively short and wide
tube is filled with the particulate material and is then drawn to
a desired smaller diameter, the drawing constitutes an additional
manufacturing step. Also, any method of providing a tube filled with
particulate material tends to result in the material being relatively
loosely packed and in non-uniform packing. By use of the method of
the invention a relatively long and narrow tube can be completely
and uniformly filled and without any need for a drewing operation.
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The method of the invention has a particular advantage
over any method involving forming a tube around the desired contents
in that a preformed tube is used and so thers is no need for equipment
to form the tube around the contents. Furthermore, if a tube is
foﬁned around particulate material there is a risk that air and

moisture may be trapped in the product whereas this can be avoided
in the method of the invention. '

The method of the invention has a yet further advantage
over any method involving using a strip of metal to form a tube
around the desired contents, in that any such method means that
the matter forming the tube must have one or more joins, e.g. a
longitudinal join, and possibly also an overlapped porticn. A
join is a potential weakness that in use of the product could give
rise to premature and non-uniform release of the reactive metal
and an overlapped portion, because of the increased thickness of
the tube in the area of overlap, is also liable to give rise to
non-uniform release of the reactive metal. These disadvantages are
avoided by the use of a preformed tube in the method of the invention.

- In the method of the invention the tube is preferably
heated to a temperature in the range of 150°C below the melting
point of the matter to be introduced into the tube to 150°C above
that melting point. The heating is preferably maintained throughout
the introduction of the melt into the tube. The tube is not heated
to a temperature as high as the boiling point of the melt.

The heating of the tube can be effected by passing an
electric current through it and instead of, or in addition to this,

heating of the tube may be achieved by induction and/or in an oven.

The heating of the tube serves to prevent premature
solidification of the melt in the tube and achieving this object

can be further aided by heating the melt to be introduced into the
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tube to @ temperature above the melting point of.its ingredient(s).

-~ = The introduction of the melt into the tube is preferably
achieved by connecting one: end of-the tube to a supply of the melt

-to be introduced and applying. a- vacuum to the other end of the tube.

Alternatively, or in addition, the melt may be forced into the tube
by an applied pressure of inert gas. In any event, the introduction
of the melt into the tube can be aided by use of a siphoning effect.
By means of the method the product can be produced in very long
continuaus: lengths e.g. 500 m. '

The tube is preferably of iron or steel if the treatment
agent -is for treatment of ferrous metals. The diameter-of the tube
is-preferably-1 to 20 mm, especially 5 to. 15 mm,. and its wall
thickness 0.05 to 3 mm, especially 0.1 to 1 mm. It is particularly
preferred that the melt introduced- into the tube should contain or
consist of magnesium or-a magnesium allaoy.

When a wire-like product in the form of nagnesium in a
steel tube is introduced into a ferrous metal melt at a temperature
of say 1350°C a- layer of the melt solidifies around the wire-like
product and the temperature of the surface of the steel tube itself
may be only about 1200°C but this is in the range in which magnesium
has a substantial vapour pressure. ODepending on a number of variables,
an explosive pressure may develop within the steel tube and bubbles
of magnesium vapour may rise too gquickly through the ferrous metal
melt and cause splashes of this melt and burn on the surface and
cause wastage of magnesium. Also, pieces of the wire-like product
may become broken off and float up and burn on the surface, again

causing wastage of magnesium.

If a wire-like product of the invention is to be used in
circumstances where the undesirable phenomena mentioned above might
tend to occur, it is preferred to produce in the product, after the
tube has been filled with the solidified melt comprising a reactive
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metal, a number of holss in the tube, these holes being uniformly
disposed around the tube and along its length. By this means a
desirable controlled release of the contents of the tube can be

achiaved. The holes, which 'may' be generally circular, prefersbly
have a 31f"ze} in the rehge'oF”D’.‘l to 2 mm. The holes may be produced
by, for éXanplé, péésingf the filled tube between one or more pairs
of spiked rollers. A lubricant may be applied to the tube in
connectionfwifh the making of the holes and an oily film may remain
and’fserve;t:,o pri:itect the reactive metal, exposed at the holes, from
- atmospheric attack. In any event, after the holes have been formed,
4 N they can be closed with a material which is readily removed in use

Y

i
:

- ;3
1
o1
.. i
T4
3
3

B ;:j
B

. but serves to prevent access of oxygen and moisture. Oils and waxes
are suitable materials for this purpose.

To control the rete of vaporisation of reactive metal
within the tube, the tube may be given a porous intemal coating
of refrectory material before it is filled with the melt comprising
the reactive metal. The refractory coating if present preferably
comprises one or more of carbon, zirconia, alumina and magnesia.
Furthermore, before the tube is filled with the melt, it may be
given an iinteméi coating of another metal desired to achieve an
additional metallurgical reaction when the product is used. Examples
of metals for providing such a coating include aluminium, cerium,
zirconium, titanium, columbium, silicon and lead.

For treatment of metal melts having very high temperatures
e.g. steel melts with products of the invention containing volatile
reactive metals such as magnesium it can be desirable to reduce the
vapour pressure of the metter within the tube. For this purpose it
is preferred to use any magnesium or other highly volatile metal in
the tube in the form of an alloy or mixture with another metal or
other substance. Examples of suitable materisls to provide the
contents of the tube include magnesium-calcium, magnesium-zirconium
and magnesium-nickel alloys and mixtures of magnesium with aluminium
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or compounds, e.g. carbides, of metals such as calcium.

In addition to the method, the wire-like products themselves
are an aspect of the invention. Thus; according to the invention a
wire-like pfoduct for introducing a treatment agent comprising a
reactive metal into a metal melt comprises a solidified melt comprising
a reactive metal sncased in a preformed tube of metal of higher
melting point than that of the reactive metal. Preferred features
of the product are as described above.
A yet further aspect of the ihvention comprises treating
a melt of metal by feeding into the melt a product of the invention.
The purpose of the treatment may be to effect one or more of
desulphurisation, deoxidation,. inclusion modification and nodular-
isation. The product of the invention is especially useful for
treatment of ferrous metals, particularly iron. A length of the
wire-like product may be fed continuously into the metal melt to
be treated and the feeding rate can readily be varied or otherwise
controlled. The wire-like product may bs fed into the melt through
a refrectory tube, the outlet from which may bg beneath the surface
of the melt, or the product mey be fed directly into the melt, in
which case the product must be sufficiently rigid that it can be
fed well below the surface of the melt and the casing must be such
that the product does not disintegrats until a sufficient dspth below
the surface of the melt is reached. ’

The invention is further described with reference to ths
accompanying diagremmstic drawings in which:

Figure 1 is a diagrem showing apparstus for effscting
the method of the invention,

Figure 2 is a view of one end and side of a portion

of a product of the invention and

Figure 3 is an enlarged view of the end of the procuct
as in Figure 2.
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.~ - Referring to. Figure 7, a coiled length of steel tube 1
communicates at one end w1th an angled metal pipe 2, the free end
of which dips below the surface of maltan magnesium 3 contained in
a metal vessel 4. The end of the tube 1 remote fram the vessel 4
opens into a chamber 5 provided with a suction pump V for applying

a vacuum.

A source of electric direct current 6 is connected by a
lead 7 to the metal vessel 4 and by a lead 8, via an adjustable
resistance 9, to the end of the pipe 2 remote from the vessel 4.
The tube 1 is positioned in an oven 10 for heating the tube.

To operste the apparstus of Figure 1, magnesium ingots

~ are melted. to provide the melt 3. The tube 1 is heated in the

oven 10 to a tempersture of about the melting point of magnesium.

Electric direct current from the source 6 is passed through the
» lgad 8, the adjustable resistance 9, the pipe 2, the melt 3 (which
a is electrically conductive) and the lead 7 and serves to kesp the
- melt 3 molten and to hest ths pips 2 to 2 tewereture of about the
melting point of megnesium. The tempersture of the tube 1 is mein-
tained and vacuum applied by means of the pump V to fill the tubs 1
with molten magnesium. The heating of the tube 1 is then discontinued
and the tube and melt allowed to cool and the magnesium thereby
caused to solidify in the tube, which is then disconnscted from the
angled pips 2 and chamber 5. The use of the chamber 5 facilitates
complstsly filling the tube 1 with the melt without any risk of any
of the melt being drewn into the pump.
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Referring to Figures 2 and 3, the wire-like product of
which Figures 2 shows merely a short length comprises a preformsd
steel tube 1 and within that a core 11 of sclidified molten magnesium,
Through the steel tube 1 are uniformly distributed holes 12. The
product can be mads by first heating the stesl tube (having mo holes)
to a tevpersturs of about the melting point of magneeium, introducing
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molten magnesium into the tube and allowing it to solidify there
and then moving the tube through a device to create the holes 12.
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CLAIMS -

1. -~ A ﬁethod of making a wire-like treatment agant for molten
metal characterised by heating a metallic tube (1), introducing
into the tube,(ﬂj;a;melt:fﬁ);having;a:tgngeratuqe below the melting
point of the metal of the tube,aqd,gqnpriéing & reactive metal and
causing or allowing the tube (1) and melt so to'cocl.thatAthe melt
solidifies in the tube (1).

2. A method accarding to claim 1 in which the tube (1) is
heated to a temperature in the range of 150°C below the mélting

point of the matter to be introduced into the tube (1) to 150°C

above that melting point.

3. - A method according to claim 1 or claim 2 in which the
melt (3) is introduced into tube (1) by connecting one end of the

tube (1) to a supply of the melt (3) to be introduced and applying
a vacuum to the other end of the tube. '

4, A method according to any of claims 1 to 3 in which,
after the melt has solidified in the tube (1), holes (12) are formed

in the tube (1) uniformly disposed around the tube (1) and along
its length.

5. A wire-like treatment agent, for molten metal, comprising
a metal sheath (1) around a resctive metal (11) of lower melting
point characterised in that the sheath (1) is a preformed tube (1)

and the reactive metal (11) is present in a melt solidified inside
the tube (1).

B. A treatment agent according to claim 5 in which the tube
(1) is of steel and the reactive metal (11) is magnesium or a magnesium
alloy.
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7. A treatment agent according to claim S or claim 6 in
which the diameter of the tube (1) is from 5 to 15 mm and its wall
thickness is from 0.1 to 1 mm.

8. - A treatment agent according to any of claims 5 to 7 in
which there are holes (12) uniformly disposed around the tube (1)
and along its length. ' '

Q. A treatment agent according to claim 8 in which the holes
have a size in the range of 0.1 to 2 mm.
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