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IRON ADDITIVE FOR ALLOYING NON-FERROUS 
ALLOYS 

0001 Iron is generally considered to be an undesired 
impurity in aluminium. However, Small contents of iron 
(0.15-1.8% by weight) in aluminium influence the mechani 
cal properties of aluminium and make it easier to roll thin 
aluminium sheets. Aluminium with an increased iron con 
tent can also be used in profiles, Since the iron improves the 
extrusion properties. 
0002 Aluminium produced by electrolysis contains 
Small amounts of iron originating from the anodes of the 
electrolytic cell. This iron content not sufficient for produc 
ing aluminium Suitable for foils and profiles, and hence iron 
has to be added. 

0003. In the manufacture of iron-containing aluminium 
the addition of iron can be made in the form of iron Scrap or 
lumps of an Al-Fe master alloy containing about 5-30% by 
weight of iron. Iron powder and iron-powder-based tablets 
are also used because of the advantages they offer in the 
form of shorter dissolution time. 

0004. The addition of pulverulent materials can be made 
by injection together with a carrying gas through a lance. 
The powder is injected either into the ladle, the holding 
furnace or the casting furnace. The temperature of the 
aluminium melt is kept in the range of 720-760 C., which 
is the normal alloying temperature irrespective of the 
applied alloying method. Higher temperatures can be used, 
but this does not result in a decrease the dissolution time of 
the iron powder. 
0005) A very important property of the iron powder to be 
used in the injection process is its particle size. Particles 
being too small will follow the gas bubbles to the dross on 
the melt Surface and they can also cause dust-forming 
problems in various Stages of the process. Particles being too 
large will not dissolve fast enough. 
0006. It is also important that the surface of the particles 
is Substantially free of oxide layer which, if present, could 
deteriorate wetting of the particles by the molten aluminium 
and thus block or slow down their dissolution. Additionally 
and as indicated above, the, injection process requires Spe 
cial equipment. 
0007 When iron powder tablets are used, they are simply 
thrown into the aluminium melt, through which they sink 
and dissolve. Some users manufacture the tablets them 
Selves, but there are also commercially available tablets. 
So-called alloying tablets contain 75-80% of the alloying 
metal Which besides Fe can be Mn, Cr, Cu, Ti, Pb, Nior Zn. 
The balance is pure aluminium plus Suitable fluxes to 
accelerate dissolution and to protect the alloying metal as it 
dissolves. The tablets are made to Such an accurate weight 
and composition that they do not have to be weighed before 
being used to guarantee the correct dosage. 

0008. It has now been found that the previous methods 
based on the addition of iron-based powderS or tablets can 
be considerably improved, if the iron is added to the metal 
melt in the form of Solid bodies of compacted iron particles 
consisting of essentially pure iron. In this context the term 
“non-ferrous metal' includes metals Selected from the group 
consisting of aluminium, copper and copper-based alloyS. 
By using an additive consisting of bodies of compacted iron 
particles according to the invention, the dissolution rate of 
iron in the non-ferrous metal melt can be faster. From this 
follows that the productivity can be increased due to the 
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Shorter periods of time at the melting temperature. The use 
of the compacted iron bodies thus also implies that leSS 
energy is consumed. Furthermore, due to the purity of the 
compacted iron bodies, fewer inclusions are formed and 
therefore leSS Subsequent purification treatment is needed, 
which simplifies the manufacture of the alloyed metal. 
0009. The advantages obtained by using the compacted 
bodies according to the present invention are unexpected 
and quite remarkable in view of the teaching in U.S. Pat. No. 
3,935,004 which discloses that compacted bodies of alloy 
ing agents, which have been tested for the addition to molten 
aluminium, were not effective. Specifically this patent dis 
closes that compacted alloying additives for alloying metals 
to aluminium should contain a fluxing agent as a critical 
ingredient. This known additive should preferably also con 
tain binding materials. The compacted bodies used accord 
ing to the present invention are quite the contrary and should 
not include any fluxing or binding agents. 
0010. The new compacted iron bodies can be manufac 
tured from an atomised iron powder or from a Sponge iron 
powder, such as ARC100.29 or M40, M80, M100, M120, 
W100.25, W40.24 or A40S, all available from Höganäs AB, 
Sweden. In contrast to the alloying additives disclosed in 
WO94/17217 no melting step is involved when the com 
pacted bodies according to the present invention are pre 
pared from the Solid atomised or Sponge iron powders. 
0011. The density of the compacted bodies should be 
Sufficiently high So that the bodies do not disintegrate during 
handling and transportation and So that the bodies do not 
float on the Surface of the metal bath. Thus the densities 
should be at least 4, preferably at least 5 g/cm. The 
preferred density interval is between 5.1 and 6.7 g/cm. To 
this end the powders are compacted in e.g. a conventional 
mill at a pressure of at least 200 MPa and at most 500 MPa, 
the preferred interval being between 250 and 400 MPa. The 
green Strength of the compacted body should preferably be 
at least 5 MPa, most preferably at least 10 MPa. The 
influence of the compacting pressure on the Solubility or 
recovery rate can be seen in FIG. 1. 
0012 A Suitable thickness of the compacted body 
obtained from the milling operation might vary between 0.5 
and 4 mm. The body is Subsequently torn to a Suitable size. 
The tearing can be performed in a conventional mill to a size 
of at least 50 mm, preferably at least 100 mm. It is of 
course also possible to add the compacted bodies in the form 
of larger pieces or Strips or any other Suitable form. 
0013 Important factors are also the oxygen and carbon 
contents of the compacted iron bodies. According to one 
embodiment of the invention which is especially suitable for 
use instead of the currently used iron powder tablets, the 
oxygen content should be between 0.3 and 2%, and prefer 
ably the oxygen content varies between 0.5 and 1.5% by 
weight of the compacted iron bodies. The carbon content 
should be between 0.02 and 0.75%, and preferably the 
carbon content should vary between 0.05 and 0.5% by 
weight of the compacted iron bodies. In this case the iron 
powder is Suitably a non-annealed Sponge iron powder. 

0014. In an alternative embodiment of the invention, 
where it is critical that the amount of inclusions is kept low, 
the amount of oxygen and carbon should be even lower. 
When in this alternative Sponge iron is used, the amount of 
oxygen could vary between 0.1 and 1.5 and preferably 
between 0.15 and 1.0% by weight. The carbon content 
should vary between 0.0001 and 0.20 and preferably 
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between 0.002 and 0.15% by weight. The most preferred 
material for obtaining low amounts of inclusions is an 
atomised iron powder having an oxygen content between 
0.03 and 1.5, preferably between 0.1 and 1.0% by weight. 
The carbon content should vary between 0.0001 and 0.02, 
preferably between 0.002 and 0.15% by weight. These 
low-oxygen, low-carbon compacted bodies are particularly 
interesting for high quality products. 
0.015 When the non-ferrous metal is aluminium it is 
preferred that the temperature of the metal melt is between 
680 and 780° C., and most preferred between 700 and 750 
C. FIG. 2 discloses the solubility rates at different tempera 
tures for bodies compacted at 19 tonnes. 
0016. The first step in the practical application of the 
compacted iron bodies or flakes is to calculate the necessary 
quantity of iron to reach the specified Fe content of the Al-Fe 
material. In this calculation the Fe-yield is set at 100% of 
added iron. The Fe material is then added to the melting 
furnace either in loose form, and in that case it is spread over 
the entire Surface of the aluminium melt. Alternatively it is 
added packed in bags containing a predetermined amount of 
flakes. After the addition, a Stirring operation is started and 
continued until the iron is completely dissolved. 
0.017. An investigation concerning the correlation 
between iron powder properties and the rate of dissolution in 
molten aluminium has been carried out. From this investi 
gation the following can be reported. 
0.018 Six iron powder products according to Table 1 
below were included in the investigation. The samples 1-3 
consisted of the loose uncompacted powders not within the 
Scope of the present invention and the Samples 4-6 are 
examples of compacted bodies according to the present 
invention. 

TABLE 1. 

Sample Pressure 
No. Powder tonne Density 76 O %C Fe 

1. M8O O.7O O.21 98.5 
2 W 100.25 O.49 O.OO3 99.5 
3 AHC 100.29 O.1O O.O1 99.5 
4 M8O 19 5.5 O.75 0.2O 98.5 
5 W 100.25 17 5.1 0.4 0.005 99.5 
6 AHC 100.29 19 6.4 O.1O O.O1 99.5 

FeSO STD 
ALTAB* 

*Commercially used tablet available from London & Scandinavian Netal 
lurgical Co Limited, London, and including flux agents in addition to iron 

0.019 Each type of iron powder was compacted to small 
cylinders measuring 4 mm in diameter and 7 mm in height. 
The pressure used was just Sufficient to keep the compacts 
from falling apart. The mass of a cylinder was 400-450 mg 
and the amount of aluminium in each test was 70 g, So that 
the final iron content after complete dissolution of the iron 
cylinder was roughly 0.7%. 
0020. The iron additive according to the invention was 
used as a Single flaky particle of Suitable size. 
0021. The tests were carried out in a reaction chamber 
having a diameter of 50 mm, which was heated in a furnace. 
An aluminia crucible with the dimensions 40 mm in diam 
eter and 60 mm in height was filled with pieces of Solid, pure 
(99.7% Al) aluminium. The crucible was placed in a holder 
that could be moved vertically in the reaction chamber. The 
iron compact was placed in an aluminia holder and intro 
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duced into the reaction chamber and Suspended above the 
aluminium in the crucible by thin Steel Suspension wires 
from an electrobalance, by means of which weight changes 
could be recorded with very high sensibility (detection limit 
1 lig). 
0022. The test was carried out in a very pure argon 
atmosphere, and no oxidation of the iron Samples or the 
aluminium could be detected during the heating Sequence. 
The temperature in the reaction chamber was controlled by 
a thermocouple. 
0023. When the desired reaction temperature (in most 
tests 720° C.) was reached, the aluminia crucible with the 
aluminium melt was pushed upwards So that the iron Sample 
was Submerged in the melt. The weight changes of the test 
Sample were registered at intervals of 5 Seconds during the 
dissolution Studies. 

0024. The results of the dissolution test have been 
recorded in the following table 2 showing the weight loss of 
the iron Sample as a percentage of its initial weight as a 
function of time. This percentage is designated “recovery'. 

TABLE 2 

Recovery 7 at 750 C. 

Sample after after after 
No. 5 min. 10 min. 15 min. 

1. 65 82 87 
2 70 90 92 
3 65 75 75 
4 93 1OO 1OO 

6 95 98 1OO 
FeSO STD 75 75 8O 
ALTAB* 

*Commercially used tablet available from London & Scandinavian Metal 
lurgical Co Limited, London, and including flux agents in addition to iron. 

0025 Decreasing the temperature of the aluminium melt 
from the normally applied 720 to 700° C. increases the 
dissolution time and reduces the recovery Substantially, 
whereas an increase to 750° C. has a marginal effect only. 
0026. The compacted iron bodies mentioned above con 
sist of about 2 mm thick flakes with a size of roughly 15x15 

. 

0027. The following table 3 discloses the amount of 
inclusions. 

TABLE 3 

Total inclusion content 
Sample No. mm/kg 

4 14.3 
5 2.88 
6 1.08 

25 FeAl 0.17 
wafe 
FeSO STD 16.53 
ALTAB* 

*Commercially used tablet available from London & Scandinavian Metal 
lurgical Co Limited, London, and including flux agents in addition to iron. 
** Product prepared according to WO94/17217 

0028. The small amounts of inclusions in the samples 5 
and 6 according to the present invention clearly indicate that 
these products could be an interesting alternative to the 25 
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FeAl Waffle, the manufacture of which is more complicated 
than the manufacture of the compacted.bodies according to 
the present invention. 
0029. Although described with particular reference to the 
addition of iron flakes to liquid aluminium, it is obvious that 
the iron flakes according to the invention can be added also 
to other non-ferrous melted metals Such as copper and 
copper alloys. 

1. An additive for non-ferrous, liquid metals, character 
ised in that the additive consists of compacted bodies of 
essentially pure particles of atomised or Sponge iron. 

2. The additive according to claim 1, characterised in that 
the compacted body has a density of at least 4, preferably at 
least 5 g/cm. 

3. The additive according to any one of claims 1 or 2, 
characterised in that the compacted body does not include 
any auxiliary agents Such as fluxing agents or binding 
agents. 

4. The additive according to any one of claims 1 to 3, 
characterised in that the particles are Sponge iron particles 
including between 0.3 and 2.0%, preferably between 0.5 and 
1.5% by weight of oxygen, and between 0.02 and 0.75%, 
preferably 0.05 and 0.5% by weight of carbon. 

5. The additive according to any one of claims 1 to 4, 
characterised in that the particles are Sponge iron particles 
including 0.1 and 1.5%, preferably between 0.15 and 1.0% 
by weight of oxygen, and between 0.0001 and 0.2%, pref 
erably 0.002 and 0.15% by weight of carbon. 

6. The additive according to any one of claims 1 to 3, 
characterised in that the iron particles are atomised iron 

Jan. 17, 2002 

particles including 0.03 and 1.5, preferably between 0.1 and 
1.0% by weight of oxygen, and between 0.0001 and 0.20, 
preferably between 0.002 and 0.15% by weight of carbon, 

7. The additive according to any one of the preceding 
claims, charaterised in that the compacted body has the form 
of a flake. 

8. The additive according to any one of the preceding 
claims, characterised in that it is added to a liquid metal 
Selected from the group consisting of Al, Cu, Cu based 
alloys, preferably aluminium. 

9. The additive according to any one of the preceding 
claims, characterised in that the compacted body has a 
thickness between 0.5 and 4 mm and a size of at least 50 
mm, preferably at least 100 mm. 

10. The additive according to any one of the preceding 
claims, characterised in that the compacted body has a green 
strength of at least 5 MPa. 

11. Use of a compacted body according to any of the 
preceding claims as an additive for non-ferrous, liquid 
metals. Such as aluminium. 

12. Method of allaying iron into aluminium comprising 
the Steps of adding compacted bodies of essentially pure 
particles of atomised or Sponge iron according to any one of 
claims 1 to 10 to a molten bath of aluminium and Subjecting 
the obtained mixture to blending during a period Sufficient 
for complete dissolution of the bodies. 


