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(71) W e , JOHNSON, MATTHEY & C o . , 
LIMITED, a British Company, of 43 Hatton 
Garden, London, EC1N 8EE, do hereby 
declare the invention, for which we pray that 

5 a patent may be granted to us, and the 
method by which it is to be performed, to be 
particularly described in and by the following 
statement:— 

This invention relates to improved methods 
10 for the refining of yttrium; more particularly 

it relates to improved methods for the pro-
duction of pure yttrium metal and alloys 
thereof. 

Known methods for the production of 
15 yttrium involve the use of tungsten or 

tantalum crucibles. Such crucibles are rela-
tively expensive and are only available in 
quite small sizes, e.g. 6 inches by 10—12 
inches long. 

20 I t is one object of the present invention to 
vttrinm and allovs thereof in 

electrodes. A suitable temperature is about 
1500°C. 45 

The reactants may be added in the form of 
powder or granules. When the reaction has 
taken place, the resulting metal forms a 
layer below the molten slag and may be 
allowed to solidify on a cooled base plate or 50 
in a mould situated at the bottom of the 
crucible or may be run off as liquid metal. 

The submerged arc may pass between an 
electrode and a base plate or between two 
electrodes. In one embodiment of the inven- 55 
tion the submerged arc is formed between 
tungsten or carbon electrodes. In another 
embodiment of the invention, which is 
preferred under some circumstances, con-
sumable electrodes made of iron are used. 60 
Such electrodes are preferred when instead 
of being operated for the production of pure 
yttrium, the invention is operated for the 
production of useful alloys of yttrium and 

PATENTS ACT 1949 

- SPECIFICATION NO 1579978 

The following amendments were allowed under Section 29 on 6 October 1981: 

Page 1, delete lines 53 and 54 insert In this specification "submerged electric arc" refers to the 
passage of electric current between two terminals, which may comprise an electrode and a base 
plate or two electrodes submerged in the slag. Although, initially, an electric arc is struck whereby 
melting of the slag is effected, it will be understood by those skilled in the art, that the slag is 
maintained molten by resistance heating during continued passage of electric current. 

Page 1, line 55, delete electrodes. 

THE PATENT OFFICE-
16 November 1981 
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(71) W e , JOHNSON, MATTHEY & C o . , 
LIMITED, a British Company, of 43 Hatton 
Garden, London, EC I N 8EE, do hereby 
declare the invention, for which we pray that 
a patent may be granted to us, and the 
method by which it is to be performed, to be 
particularly described in and by the following 
statement:— 

This invention relates to improved methods 
for the refining of yt tr ium; more particularly 
it relates to improved methods for the pro-
duction of pure yttrium metal and alloys 
thereof. 

Known methods for the production of 
yttr ium involve the use of tungsten or 
tantalum crucibles. Such crucibles are rela-
tively expensive and are only available in 
quite small sizes, e.g. 6 inches by 10—12 
inches long. 

I t is one object of the present invention to 
produce yttr ium and alloys thereof in 
reasonable quantity, e.g. in batches of 20 Kg. 
or more. 

According to one aspect of the present 
invention a process for the production of 
yttr ium metal, or of an alloy comprising a 
major proportion of yttrium, comprises 
reacting together calcium (metal) and yttr ium 
fluoride (YF3) by the use of a submerged 
electric arc in a molten slag. 

The electric arc is carried through a 
molten slag to which the reactants are added. 
Suitably the major slag component is calcium 
fluoride, optionally in combination with 
other fluorides, such as magnesium and/or 
barium fluoride. 

Preferably the reactants are contained in a 
large water-cooled copper or iron crucible 
having a lining of calcium fluoride ( C a F j 
covering the walls. Calcium fluoride is also 
present as the slag material and at the tem-
perature of operation has conductivity suffi-
cient to conduct the current between the 

electrodes. A suitable temperature is about 
1500°C. 45 

The reactants may be added in the form of 
powder or granules. When the reaction has 
taken place, the resulting metal forms a 
layer below the molten slag and may be 
allowed to solidify on a cooled base plate or 50 
in a mould situated at the bottom of the 
crucible or may be run off as liquid metal. 

The submerged arc may pass between an 
electrode and a base plate or between two 
electrodes. In one embodiment of the inven- 55 
tion the submerged arc is formed between 
tungsten or carbon electrodes. In another 
embodiment of the invention, which is 
preferred under some circumstances, con-
sumable electrodes made of iron are used. 60 
Such electrodes are preferred when instead 
of being operated for the production of pure 
yttrium, the invention is operated for the 
production of useful alloys of yttr ium and 
iron. 65 

In the latter case as well as being present in 
the form of a consumable electrode iron may 
also be added to the crucible either before 
commencement or during the reduction 
reaction. I ron is preferably added as ferric 70 
fluoride FeF3 but may be added as iron 
filings and is present to the extent to give a 
master alloy composition of Fe, 25% by 
weight Y , 75% by weight. This is a useful 
eutectic having a melting point of about 75 
900°C., but by adjustment of the proportion 
of iron added, other alloy compositions may 
be made. 

According to a second aspect of the 
present invention, therefore, the process is 80 
carried out in the presence of iron or i ron 
fluoride. Preferably the submerged arc is then 
formed between consumable iron electrodes. 

In another embodiment of the invention 
the reactants are introduced by way of a 85 
consumable electrode consisting of an iron 
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tube containing the desired proportion of 
yttrium fluoride and calcium. 

Other useful alloys of yttrium may be 
produced by a process according to the pre-

5 sent invention are alloys of yttrium and 
aluminium. 

According to a third aspect of the present 
invention, therefore, the process is carried 
out in the presence of aluminium or alu-

10 minium fluoride. In this case it is preferred 
to use tungsten or carbon electrodes. A 
suitable A l -Y eutectic which may be made by 
this technique is one containing A l 10% by 
weight, Y 90% by weight. Other ratios may 

15 be produced, however. I f the presence of iron 
is required in the final alloy, consumable 
iron electrodes may be used and iron or 
ferric fluoride may be added to the Ca-YF3 
reaction mixture. 

20 
Example 1 

A water-cooled iron crucible, into which 
two carbon electrodes project, was loaded 
with calcium fluoride granules and an electric 

25 current was passed between the electrodes. 
The current melted the granules and raised 
the temperature of the melt to about 1500°C. 
A layer of solid calcium fluoride formed on 
the crucible walls and provided a lining. 

30 Calcium (metal) and yttrium fluoride granules 
were then added in a proportion of 5 : 12 by 
weight. Yttr ium metal resulted from the 
reaction of these two components and formed 
a liquid layer beneath the molten slag. The 

35 metal was run off through a tapping hole 
which, during the reaction period, was 
sealed by a water-cooled plug. 

Example 2 
40 The process of Example 1 was repeated 

but in a water-cooled crucible having a 
separate water-cooled base. Only one elec-
trode was used and the arc was struck be-
tween this electrode and the base plate. The 

45 yttrium metal formed during the reaction 
solidified on the base plate and at the end of 
the reaction was extracted from the crucible 
by removal of the base plate. 

50 Example 3 
The process of Example 1 was repeated 

using iron electrodes to carry the arc. Iron 
filings were added with the reactants to pro-
duce an alloy of yttrium and iron con-

55 taining 25% by weight of iron. This was run 
off and cast under a protective atmosphere. 

Example 4 
The process of Example 1 was repeated but 

before the reactants were added, a propor- 60 
tion of iron was pre-melted in the crucible. 
When the reactants were added, the resultant 
yttrium flowed down into the layer of molten 
iron to form an alloy containing about 
25% by weight of iron which was run off 65 
and cast. 

W H A T WE C L A I M IS:— 

1. A process for the production of 70 
yttrium metal, or of an alloy comprising a 
major proportion of yttrium, in which 
calcium (metal) and yttrium fluoride are 
reacted together by use of a submerged 
electric arc in a molten slag. 75 

2. A process as claimed in Claim 1 in 
which the major component of the molten 
slag is calcium fluoride. 

3. A process as claimed in Claim 1 or 2 
carried out in a crucible lined with calcium 80 
fluoride. 

4. A process as claimed in Claim 1, 2 or 
3 in which the arc is passed between tungsten 
or carbon electrodes. 

5. A process as claimed in any one of 85 
Claims 1 to 4 in which iron is added to the 
molten slag. 

6. A process as claimed in any one of 
Claims 1 to 3 in which iron is added by way 
of consumable iron electrodes. 90 

7. A process as claimed in Claim 6 in 
which the consumable electrode is an iron 
tube containing calcium (metal) and yttrium 
fluoride. 

8. A process as claimed in any one of the 95 
preceding claims in which an aluminium-
containing alloy is produced by addition of 
aluminium or aluminium fluoride to the 
molten slag. 

9. A process as claimed in Claim 1 and 100 
substantially as hereinbefore described. 

10. Yttr ium metal and alloys thereof 
produced by a process as claimed in any one 
of the preceding claims. 

11. An alloy as claimed in Claim 10 105 
containing 25% by weight of iron and 75% 
by weight of yttrium. 

12. An alloy as claimed in claim 10 
containing 10% by weight of aluminium and 
90% by weight of yttrium. 110 
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