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This invention relates to magnesium base al 
loys which contain zirconium. 
The addition of zirconium to magnesium or 

magnesium base alloys facilitates the produc 
tion of castings and wrought goods having a fine 
grained crystalline texture and desirable mechan 
ical properties. 

However, considerable difficulties have been ex 
perienced in alloying zirconium with magnezium 
in such a manner as to produce alloys having the 
most desirable mechanical properties. Research 
on this problem resulted in the invention de 
scribed in British Patent No. 511,137 according 
to which, elements such as aluminum, silicon, 
tin, manganese, cobalt, nickel, and antimony, 
which form high melting point compounds with 
zirconium, and which we term "zirconium alloy 
ing inhibitor elements,' are omitted from the 
alloy whilst other elements (which we term “per 
missible alloying elements') such as zinc and 
cadmium may be included. 
In order to introduce the zirconium into alloy 

we have experimented with the addition of zir 
conium chloride and various other compounds or 
mixtures which, however, are attended by vari 
ous disadvantages. 
Amongst other Substances we have tried mix 

tures or compounds consisting of zirconium fluo 
ride with potassium and/or sodium fluoride. We 
have found however that when these substances 
are used in the form of powder considerable burn 
ing of the magnesium occurs, and very little 
zirconium is taken up in the alloy. If however 
these substances are added to the magnesium in 
the molten form or in the form of prefused lumps, 
reaction is still more violent, and indeed fre 
quently results in dangerous explosions. 
We discovered, however, that such mixtures or 

Compounds when mixed with certain chlorides 
can be reacted with molten magnesium without 
violent reaction. This even applied when the 
chloride employed is that of the same alkalimetal, 
the fiuoride of which has been incorporated in 
the alloying mixture, i. e. potassium chloride will 
inhibit the violent reaction in the presence of 
potassium fluoride and similarly sodium chlo 
ride will inhibit the violent reaction in the pres 
ence of sodium fluoride. 
This discovery formed the basis of the inven 

tion described in co-pending British patent appli 
cation No. 20,870 of 1945, according to which an 
alloying Substance to introduce zirconium into 
magnesium consists of mixtures of one or more 
chlorides of alkali and alkaline earth metals in 
cluding magnesium with the aforesaid mixtures 
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or compounds of zirconium fluoride with po 
tassium or sodium fluorides. 
In view of the fact that nearly all chemical 

reactions proceed more readily when the reagents 
are in a liquid or dissolved state rather than in 
a Solid state and inasmuch as the introduction 
of potassium fluoride and/or sodium fluoride 
resulted in dissolving the zirconium fluoride, it 
had been thought that the presence of an alkali 
fluoride was essential to the satisfactory intro 

... duction of zirconium with magnesium by methods 
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based on the use of zirconium fluoride. 
We have, however, now ascertained that if 

potassium and sodium fluorides are omitted from 
the alloying substance, satisfactory alloying con 
ditions can nevertheless be obtained including 
absence, of any violent reactions, provided that 
at least one of the alkaline earth metal chlorides 
(including magnesium chloride) is added to the 
zirconium fluoride. It is found that some types 
of zirconium fluoride (including oxyfluorides) 
if used for alloying, either alone or when mixed 
with other fluorides, result in violent reactions 
but even these types react quietly when used in 

25 conjunction with alkaline earth metal chlorides. 
According to the present invention therefore 

the alloying substance consists essentially of one 
or more of the chlorides of the alkaline earth 
metals including magnesium together with zir 
conium fluoride. 

If desired, some potassium and/or sodium chlo 
ride may also be incorporated in the alloying sub 
stance which assists in reducing loss by volatili 
sation of Zirconium chloride which is formed by 
reaction. Preferably, the composition of the al 
loying Substance is selected so that the chloride 
content alone is fluid at a temperature of 850° C. 
or less in Order to facilitate the alloying reac 
tion at comparatively low temperatures. 
The chlorides are preferably melted together 

before adding the zirconium fluoride thereto. 
The alloying composition made from the foll 

lowing ingredients is quoted by way of example: 
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Per cent. 
Zirconium fluoride------------------------- 25 
MgCl2------------------------------------ 27.5 
BaCl2------------------------------------ 17.5 
KC--------------------------------------- 30 

If desired, halides of permissible alloying ele 
ments may also be incorporated in the alloying 
substance. 
The term zirconium fluoride used herein is in 

tended to include a group of chemicals, the pre 
cise composition of which is not easy to deter 
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mine, but which essentially include zirconium 
and fluorine in combination and may also include 
oxygen or oxygen and hydrogen, but which are 
preferably free from compounds of inhibitor ele 
ments. 
The chlorides are preferably treated to reduce 

the water content before adding them to the Zir 
conium fluoride. For example they may be heated 
to at least 800° C. and then cooled to a suitable 
temperature, say 750° C., for addition to the Zir 
conium fluoride. 

Sufficient zirconium fluoride should be used to 
enable the alloying substance to contain at least 
4 per cent of zirconium in the form of the chlo 
ride or fluoride. 
The alloying substance preferably also includes 

at least 10 per cent of barium or at least 15 per 
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cent of strontium or a total of barium and stron 
tium in amounts equivalent to at least 10 per 
cent barium reckoning 3 per cent of strontium as 
equivalent to 2 per cent of barium, the barium 
and/or strontium being present in the form of 
chlorides or fluorides. 
The alloying may be effected by adding the 

magnesium or magnesium base alloy in solid or 
molten form to the alloying substance which also 
may be in either solid or molten condition. When 
both the metal and alloying substance are molten 
they are stirred to effect dissolution of the Zir 
conium in the alloy. Alternatively the alloying 
substance may be added to the molten metal be 
fore stirring. These processes may be used for 
restoring the zirconium content of remelted zir 
conium-containing magnesium base alloy. 
We cairn: 
1. A zirconium-carrying alloying substance, ex 

cluding alkali metal fluorides, consisting of zir 
conium fluoride in amount equivalent to at least 
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4 per cent of zirconium, and at least one chloride 
of a metal from the group consisting of alkaline 
earth metals including magnesium, the chloride 
component being in amount to enable the alloy 
ing substance as a whole to melt at the alloy 
ing temperature. 

2. An alloying substance as claimed in claim 1 
wherein at least one chloride of the group con 
sisting of potassium chloride and sodium chloride 
is also included. 
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