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Method for the addition of metallic alloying agents to a bath of moiten aluminium, the sald alloying agents, and aiso the

aluminium alloy obtained.

@ A method of adding alloying elements to a bath of

molten aluminium by making use of a master alloy com-
prising at least 25 %, of aluminium and the said alloying
elements in the form of a ferro-alloy. The master alloy
may be in powder form and blown into the bath.
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The present invention relates +o a
method for the addition of meteallic alloying agents
Yo a bath of molten aluminium. The present invention
also relates to the alloying agents employed and to

the aluminium 2lloy produced.

It is known to add vafious elements as
ean alloy to aluminium in order to make it more
suitable for various operations, e.g. casting, kneading
or rolling, forivarious applications such as
building material or covering material for household
use. For example, manganese, chromium, iror, toron,
fitanium and silicqn have been used. These elements
are usually added as pure metal to the aluminium bath,
or alterratively as a master glloy with aluminium. |
For special applications, for example for grain
refinement, master alloys of a2luminium with a
combination of titanium and boron may be used.

When alloying with these alloying agents,
it is important that they dissolve sufficiently

rapidly. TFor example, chromium dissolves insufficiently



10

15

20

25

-2 -

'rapidly at a high temperature. For this reason, the
" master alloys of the pure metals with aluminium are

- frequently used. IManganese dissolves too slowly at

temperatures up to 750°C. At higher temperatures,
for example 850 té G00°C, which occur in transport
ladles conveying electrolytic metal to the foundry,
manganese dissolves sufficiently rapidly.

Hitherto it has been conventional to produce
master alloys by adding pure alloying mebtal to
liquid aluminium, which has been heated to a high
temperature. Also pure alloying metals have been
used for direct alloying. This involves considerable-
costs. 7

Tn the book "The Metallurgy of Aluminium
and Auminium Alloys" by Robert J. Anderscn,
published by Henry,Carey Baird & Co. in New York
in 1925 the use of a manganese-aluminium alloy as a
master alloy is discussed on pages 370 to 375.

On page 371 Anderson discusses the use of

a ferro-manganese-zaluminium alloy with a sluminium

- concentration of 20%, but Anderson states that the

presence of iron is normally regarded as obJjectionsble.
The reason for this now appears to be that ferro-
alloys, such as the ferro-manganese alloy discussed

by Ancerson, often contain sulphur, phosphorus or
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carbon. It seems hitherto to have been presumed that,
since these elements are capable of dissolving in

the a2luminium, undesirable compournds may be formed.

It has also been fhought that master alloys which
contain ferro alloys would dissolve too slowly,
certainly more slowly than the alloyed elements

themselves.

It has now been found that, despite the
prejudices of those skilled in the art against the
use of master alloys containing ferro-alloys, the
use of such master alloys with an zluminium
concentration of af least 25% provides satisfactory
results. The invention as claimed also has the
advantage that the use of ferro alloys instead of
pure metal in the master alloy reduces the cost
of production of the desired aluminiumralloy. This
is particularly significant when alloying occurs
at a relatively low temperature (e.g. 700 to 750°C).

It has also been found that the use of an
2luminium ferro-alloy as the master alloy does not
cause undesirable compounds to be formed to any
significant degree in the aluminium. With modern
mefal treatment techniques, removal of phosphorus,

sulphur or carbon from the iron is relatively simple.
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“For exemple, phosphorus may be removed in the form

of a carbide or a sulphide. Also, 1t has been
ifound- that, even when these elements are presént,
they are frequently not taken up in the molten bvath.

The difficulty of the relative slow rate of
solution of ferro-alloys has been found to be
relatively unimportant. Alternatively, the problem
nay be overcome completely by alloying at a temperature
which is ndt too low, for exzmple a temperature of
9CC°C. This can be achieved directly after tapping
of the aluminium bath which is obttained by reduction
in electrolytic cells, by alloying the aluminium
in the transport ladles by which the bath is conveyed
to holding furnzces.

It is also preferable that the ferro alioy;
or the master alloy thereof with aluminium, is
converted into powder form prior to feeding it into
the bath. This has the advantage that solubility
is thereby increased, but care must be taken to

ensure that such particles do not remain lying on

the bath in consequence of the high surface tension or

of the presence of an oxide film on the bath and/or
about the particles. In order to prevent this, it is
possible to blow the powder form alloying agent into

the bath in a manner known per se. The powder may
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be blown under the bath surface with the aid of a
lance and with air or nitrogen as an activating
recdiun.

Another possibility is that the powder-
form alloying agent is provided, in a nmanner knowm
ver ce, the form of pellefs which loge their
cochesion at the smelting.temperature. It is knowm
to convert alloying elements to such pellet form.

In particular, this is a technique well-known for the
dosing of manganese into the bath. However, tﬁis
knovn technique has not previously been applied to the
dosing of #rro alloys and/or of master alloys of
ferro a2lloys with aluminiunm.

Methods for increasing the solubility
of, for example, manganese in aluminium, by
providing the p;rticles to be added to the aluminium
with a skin from a salt mixture which dééfeases the
surface tension ;re known. Such methods 55& be
used with the ferro-alloys proposed herein.

The present invention also felates to an
alloying agent for aluminium itsélf. The agent
consists at least partiallywpf a master alloy of a
ferro alloy of one or more desired alloying elements
with aluminium, the aluminivm in the master alloy

having a concentration of at least 25%.
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The invention also relates to an aluminium
alloy obtained by means of one of the methods
described hereingbove. It is thus an object of the
present invention to provide a method for the
addition of g metallic alloying.element to a bath
of molten aluminivm, in which solution of the added
element in the bath occur easily. |

It is a second object of the present
invention to frovide an inexpensive way of producing
en aluminium alloy.

Table 1 shows, by way of example, four
master alloys of aluminium with ferro alloys which

may be used successfully in the refinement of

The residue always less than 1%

aluminium.
TABLE 1
AllnSiTe Mzo gses | Msod0m | Sipo-usm | Feps sz
 s1pesice Heo-gos | Fes-3 % | Fliszn| sz
AlFeli Alsoeon | T 320—’1‘0% Siz0_g04
A1FeB Mgo-95% | Fe20-5 % | Bo-3
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At first sight, it would seem to be possible
to use ferro-alloys which are not pre-zlloyed with
aluminium and vhich correspond to the alloys
indicated in the Table with the omission of aluminium.
However, it has been found that the aluminium master
alloys can be dosed more accurately and are absorbed
more rapidly in the bath. It is possible to prepare
these zaluminium master alloys by adding the iron
alloys to molten aluminium but alternatively a method
is possible in which aluminiui is supplied during the
production of the iron alloy.

The possible savings in cost which may be

achieved with the présent invehtion are illustrated

‘with reference to the following Example.

15
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The alloying of 1 tonne of electrolytic metal
(so-called E-metal) to form elloy having 1% by weight
of Mn (AlMn1) can be set out as follows:

51 Fe Mn
composition of E-metal (% by weight) 0.04 0.12 0.002 residue Al

composition of AlMn1 " 0.25 0.53 1.10 L u
to be added ' u 0.21 0.41 1.1
in kilos per torne of melt 2.1 4.1 1M

The costs in Dutch guilders (f) when employirg
‘pure metals are (approximately, at 17th July 1979 which

‘was the date of filing of the priority application)

2.1 kg S8i at £ 2.70 per kg f 5.67

4.1 g Fe at £ 0.60 per kg - 2.46 S L
M kg Mn at £ 2.50 per kg 27.50

total ; f 35.63 per tonne of

alloyed metal

With the use of non-ferro-aluminium master allbys
the costs increase considerably.
The cost of using ferro—silicé-manganese
(Mn'70%, Si 18%, Fe 8%) and ferro manganese (Mn 75%,
Fe 20%) emount to: |

11.7 kg ferro-silico margenese at f 1.10 £.12.97

3.7 kg ferro-menganese at £ 0.80 2.6

3 g of iron . at £ 0.60 1.80.

F 17.73 per tonne
of alloyed
material
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In the verformance of this example, the
ferro-silico-manganese and the ferro-manganese were
converted into master alloys by addition of Al to
a final Al content in each master alloy of at least
25%. These master alloys and the extra Fe are
then added in the desired proportions to the E-metal
melt in which they dissolve quickly, to provide the
desired content of AllMn1.

Although these costs must be treated as.
rough, they nevertheless illustrate the significant

cost advantage that can be achieved.
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1 A method of alloying aluminium with at

least one alloying element, comprising adding an
alloying agsent to a bath of molten aluminium

the alloying agent consisting at least partially
of a master alloy containing said at least one
alloying element, characterised in that said

master alloy comprises aluminium in a

-concentration of at least 25% and at least one

ferro-alloy of said at least one alloying element.
2. A method according to claim 1 wherein
the concentration of aluminium in the master alloy

is at least 30%.

. Be A method according to claim 1 or claim 2

" wherein the bath is in a ladle, and alloying is

effected at a température of approximately 900°C.
4, A method according to any one of claims 1
to 3 whérein the master alloy is in powder form
when added to the bath.

5. A method according to claim 4 wherein the
master alloy is blown into the bath.

Ge. A method according to claim 4 or claim 5
wherein the master alloy in powder form is added
to the bath as pellets which lose their cdhesion'

at the bath temperature.
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7. An alloying agent for alloying aluminium
with at lecast one alloyins element, the

alloying agent consisting at least partially of a
master 2lloy containing said at least one alloying
element, characterised in that said master alloy
comprises aluminium with a concentration of

at least 25% and at least one ferro-alloy of said
at least one alloying element.

8. An aluminium alloy formed by a process

according to any one of claims 1 to 6.
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