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This invention relates to magnesium base alloys
which contain zirconium.

. The addition of zirconium to magnesium or
magnesium base alloys facilitates the production
of castings and wrought goods having a fine
grained crystalline texture and desirable mechan-
ical properties. :

However, considerable difficulties have been
experienced in alloying zirconium with magne-
sium, particularly in order to produce an alloy
containing at least 0.4 per cent zirconium which is
necessary if- alloys having the most desirable
mechanical properties are to be produced. Re-
search on this problem resulted in the invention
described in British Patent No. 511,137 according
to which, elements such as aluminium, silicon, tin,
manganese, cobalt, nickel, and antimony, which
form high melting point compounds with zir-
conium and which we term “girconium alloying
inhibitor elements,” are omitted from the alloy,
whilst other elements (which we term “permis-
sible alloying elements’) such as zine, cerium,
silver, thallium, copper, bismuth, lead and cad-
mium may be included.

In order to introduce the zirconium into the
alloy it has been suggested fo add metallic zir-
conium or alternatively zirconium salts capable of
reduction by the magnesium to metallic zirco-

. pium in the melt. However, the use of metallic
zirconium has not given satisfactory results and
the use of zirconium salts has presented consid~
erable difficulty. The salt specifically suggested
was zirconium chloride, but as this is a highly
volatilisable componnd it is easily lost by evapo-
ration when introduced into molten magnesium.
Accordingly it was suggested in the specification
of British Patent No. 511,482 to introduce the
volatilisable compound together with a reducing
agent in a container of metallic magnesium form-
ing a capsule which can be introduced into the
molten magnesium. An alternative proposal de-
seribed in the specification of British Patent No.
533,264 was to compress the zirconium chloride
with caleium fluoride or the chloride by itself to
form moulded pieces of high specific gravity which
will readily sink in the molten magnesium. The
production of such capsules or moulding of pieces
of high density is however somewhat inconven-
jent for commercial purposes.

Attempts have also been made to bubble zir-
conium chloride vapour through a melt of mag-
nesium but this also has not given satisfactory
" results. :

We have achieved some success by the use of
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‘girconium chloride mixed with sodium or potas- &5
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sium chloride (e. g. in the proportions producing
the chlorozirconates) but this gives rise to a large
quantity of very fluid chlorides at the bottom of
the crucible which tend to flow over with the
molten magnesium on pouring thereby produc-
ing flux inclusions in the metal and to minimise
this a large quantity of the magnesium must be
left in the crucible after pouring with consequent
loss of output. ’

A further substance which we have tried is
potassium fluozirconate (Ka2ZrFe) pbut the use of
this is attended by much too violent a reaction
to be suitable for general commercial use.

Moreover, we have used zirconium fluoride and
oxyfluorides using temperatures of 900° C. and
over, but such high temperatures are undesirabie
because of difficulties of avoiding oxidation of the
magnesium when alloying, loss of time and fuel,
and possibility of dissolving iron if an iron or
steel crucible is used.

We have now discovered that a satisfactory
quantity of zirconium can be introduced into
the magnesium at temperatures below 900° C.
and even lower than 800° C. by the use of mix-
tures of zirconium fluoride or oxyfluoride with
other suitable salts in the absence of certain im-
purities. .

According to one feature of the present in-
vention a zirconium containing substance is re-
acted with molten magnesium in the absence
of any appreciable gquantity of zirconium alloy-
ing inhibitor elements,; said substance compris-
ing zirconium fluoride as hereinafter defined,
mixed or combined with one or more of the
fluorides of lithium, barium, strontium, calcium,
and magnesium, which are S0 selected that the
fluoride or fluorides both with and without the
magnesium fluoride produced during alloying
will be sufficiently fluid to alloy at the alloying
temperature, the mixture containing at least five
per cent girconium. The aforesaid substance
preferably consists solely of these fluorides. The
said substance may however also contain one or
more chlorides or bromides of potassium, sodium,
lithium, barium, strontium, caleium, and mag-
nesium, and of reducible halides of permissible
elements. Fluorides or such other halide mix-
tures as are viscous at pouring temperatures of
the metal are preferred. ,

Permissible alloying elements may be added to
the magnesium before or after or during alloying
with zirconium. . : o

Alloying temperatures as low 28 750° C,.or. even
lower, may be obtained by suitably increasing the
proportion of said one or more fluorides in pro-
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portion to the zirconium fluoride, or varying the
composition of the mixture to make it more fluid
al the temperature concerned. .If desired a bath
of lithium fueride, calcium fluoride, and barium
fluoride, may be used in such proportions that
these fluorides together with the magnesium
fluoride produced by reaction hetween magnesium
and zirconium fluoride will form the quaternary
eutectic.

The presence of sodium fluoride in the alloying
substance appears to increase the tendency of
the alloy to oxidise and we therefore preferably
treat any of the required fiyorides that may be
contaminated with sodium fluoride with water
to leach out any sodium ‘fluoride that may be
present.

Some potassum fluoride may also ‘be included
in the mixture of fluorides ‘but too ‘much tends
to produce violent reaction particularly .in the
absence of chlorides.

Although the fluorides of lithium, calcium,
strontium, and barium, are substantially inert
‘with respect to molten magnesium, nevertheless
‘a certain, if small, reduction of these‘ﬂuorides
takes place with consequent formation of mag-
nesium fluoride and the resulting alloy contains
‘traces of one at least of the four elements men-
‘tioned which produces improvements in mechan-
ical properties. The inclusion of the elements
lithium, barium, and strontium, may increase the

tendency of the alloy to oxidise thereby render-

ing the usual inhibitors such as sulphur and
sulphur dioxide inadequate when the metal is
poured at temperatures above 740°, In the same
‘way these alloys show a slightly increased tend-
ency to attack green sand when the usual in-
‘hibitors are used in the usual ‘proportions but
if the simple technique outlined in Examples
T and I1I (hereinafter described) is followed no
difficulties whatever are exXperienced.

The term “zirconium fluoride” as used here-
in is intended to include g group of chemicals
the precise composition of which is not easy to
Qetermine. In particular we have made a ma-
terial having the composition approximately
ZrF: in a condition in ‘which it alloys quietly in
accordance with the present invention and in a
condition in which it reaects violently. Tests
'should therefore be made on new batches of such
material so as to reject those which react violent-
ly. Other substances which sre suitable for the
bresent ‘invention contain oxygen in addition
to zirconium and Auorine and may thus possibly
be present as combined water (e. g. ZrFs H20)
or may possibly form an oxyfluoride such as
ZrOF:2HF. Hydroxyl groups should  however
not be present as these .introduce considerable
difficulties in alloying. A suitable grade of zir-
conium fuoride .can be made by mixing zir-
conium chloride and an aqueous solution of hy-~
drofluoric acid {(at least 409 concentration)
evaporating down and drying at about 550° C.

It is also to be understood that reference here-
in to fluorides is intended to include fluozir-

- conates e. g. some or all of the zirconium fluoride
@nd say barium fluoride, may be provided in
‘the form of barium Auozirconate.

For the purpose of definition the Zirconium
fluoride used for the present invention will com-
prise materials which contain at least twenty
per cent of fluorine, and the fluorine, oxygen,
and zirconium together total at least ninety per
cent, and which materials are substantially free
from hydroxyl groups.

The zirconium fiuoride appears in general to
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4
show little or no volatility apart from decom-
position at temperatures below 700-800° C.

If temperatures for alloying of above 850° C.
are involved there is a tendency to introduce
iron from the crucible into the alloy and we
may in such cases use a crucible the inner sur-
face of which is free from iron which can dis~
'selve in the magnesium at the temperatures in-
volved and a graphite crucible is satisfactory.

We have found it to be desirable to use the
alloying substance either by pouring the molten
metal on to the substance in molten state or in
‘the form of solid prefused lumps, or by adding
solid fused lumps of the substance (preferably
preheated) to the molten metal. The metal, if
poured on to the alloying substance, may be at
@ low temperature, and the melt will then be
heated to a temperature suitable for alloying.
If solid lumps are added to the molten metal,
the latter may already be at the temperature
necessary for alloying.

Ezample I

A steel crucible :capable of holding :60-1bs. of
magnesium base alloy was heated to bright red
heat and 6.4 Ibs. of g mixture of fluorides of
-calcium, barium, and magnesium, in ‘the respec-
tive proportions of 15, 70 and 15 were added and
melted therein. 4.8 1bs. of zirconium fuoride
were added to the inert fluyoride bath at 8§00°C.
in several portions with stirring between. addi-
tions. therehy producing a molten alloying sub-
stance. Sixty bounds of a. magnesium-zine alloy
containing 2% 1bs. zine were then poured at
680° C. on to the fluoride alloying mixture using
sulphur dioxide ‘to protect the metal from oxida-
tion during ‘transfer. The melt was immediately
stirred for 15 seconds to ensure complete reaction
and flux specified in British Patent Specifica-
tion No. 539,024 applied to the meta] surface
after which the sulphur dioxide supply ‘was cut
off. The temperature of the melt ‘was raised
to 875° C. and the alloy stirred for 2 minutes
using fluxes specified in British Patent Specifica-

; bions Nos. 539,023 and 539,024 as required to

brevent burning.
a rod to which a
at right angles.

The stirrer used consisted of
perforated disc' was attached
This stirrer was inserted in ‘the
fluoride alloying substance before the magne-
sium was added. After removing the stirrer
sufficient caleium fuoride was sprinkled on to
the flux cover to render it of a suitable con-
sistency for pouring the metal. The crucible
was then removed from the furnace and’ ap-
‘Proximately 45 Ibs. of alloy cast at 760° C. into
green sand moulds containing various known
substances to inhibit burning. A mixture ‘of one
-paxjt by weight of sulphur to 1 part by weight of
boric acid dried at 150° C. was shaken from g
muslin bag on to the metal stream to prevent
oxidation of the alloy during pouring. The re-
sulting alloy was found by analysis to contain
0.7 per cent zirconium, and 3.8 per cent zinc.
Metal poured into sand moulds containing six
per cent sulphur and 4 per cent boric acid
showed no signs of burning.

Ezxample 11

A steel crucible capable of holding 60 Ibs, of
magnesium base alloy was heated to bright red
heat and 6.4 lbs. of a mixture of fluorides of
lithium, calcium, barium and strontium, in the
respective proportions of 28, 24, 40 gnd 8 were
added and melted therein. 48 Ibs, of a mixture
of zirconium oxyfluorides having a general com-
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position of 54.5 per cent zirconium, 30.7 per cent
fluorine were added to the fluoride bath at 700°
C. in several portions with stirring between addi-
tions thereby producing a molten alloying sub-
stance. 60 lbs. of molten magnesium were then
poured at 680° C. on to the fluoride alloying sub-
stance using sulphur dioxide to protect the molten
metal from oxidation during transfer. The melt
was immediately stirred for 15 seconds to ensure
complete reaction, and flux according to the
specification of British Patent No. 539,024 was
applied to the metal surface after which the sul-
phur dioxide supply was cut off. The tempera-

10

ture of the melt was raised to 800° C. and the -

metal stirred for 2 minutes using fluxes specified
in British Patent Specifications Nos. 539,023 and
539,024 as required to prevent burning. The
stirrer used consisted of a rod to which a perfo-
rated disc was attached at right angles. This
stirrer was inserted in the fluoride alloying mix-
ture before the magnesium was added. After re-
moving the stirrer from the melt 2% 1bs. zinc were
added and the melt stirred with a straight rod.
Sufficient caleium fluoride was sprinkled on the
flux cover to render it of a suitable consistency
for pouring the metal. The crucible was then
removed from the furnace and approximately 45
1bs. of alloy were poured at 760° C. into sand and
die moulds. A mixture of one part by weight of
sulphur to 1 part by weight of boric acid dried
at 150° C. was shaken from a muslin bag on
to the metal stream to prevent oxidation of the
alloy during pouring. The resulting alloy was
found by analysis to contain 0.7 per cent zirco-
nium and 3.8 per cent zinc.

We claim:

1. A process for the production of magnesium
base alloys containing zirconium comprising re-
acting molten magnesium, in the absence of any
appreciable quantity of aluminum, silicon, man-
ganese, cobalt, nickel, tin and antimony, with &
substance consisting of at least 5% of zirconium
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in the form of zirconium fluoride together with
at least two of the fluorides of lithium, barium,
strontium, calcium, and magnesium, said fluo-
rides being present in quantities relative to each
other to cause the fluorides both with and with-
out the magnesium fluoride produced during al-
loying to be fluid at the alloying temperature be-
tween 750° C. and 900° C.

2. A process as claimed in claim 1 wherein said
substance also contains at least one substance
selected from the group consisting of the halides
of zine, cadmium, cerium, silver, thallium, thori-
um, copper, bismuth, and lead.

CHARLES J. P. BALL.
FRANCIS A, FOX,

ALFRED CLAUDE JESSUP.
EDWARD FREDERICK EMLEY.
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