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This invention relates to improvements in
purifying magnesium and its alloys.

The main object of the invention is.to provide
a simple and commercially practicable method
which permits the obtainment of a substantially
perfect refinement and minimum loss of the me-
tallic material to be refined. -

The refinement of magnesium and its alloys
with carnallite (the double salt KCl.MgCl2) or
with magnesium chloride, which compounds were
used as fluxes in the early period of the produc-
tion of magnesium, did not answer the purpose:
in this manner only metal interspersed with
chloride inclusions was obtained, so that the puri-
fled metal had to be subjected to a special after-
treatment for the purpose of removing the rem-
nants of magnesium chloride still present.
Therefore first attempts were made to give up
the use of fluxes at all, and to perform the refine-
ment with the aid of indifferent gases (hydrogen,
helium, methane) caused to pass through the
liquid metal. This method—not particularly in-
expensive—actually yielded metal absolutely free
from salts, but oxides and nitrides present in the
metal were left behind. The practically satis-
fying solution of the problem was only brought
about by using instead of pure magnesium chlo-
ride or carnallite, mixtures of these salts with
additional substances acting as inspissating
* agents, to impart the flux such a viscosity that it
sinks to the bottom after having adsorbed the
impurities, and can then be separated from the
purified metal by pouring off the latter. This
process has become and remained the prevailing
method of purification. When metal oxides
(especially magnesium oxide) are used as in-
spissating agents the viscosity of the melt will
rise about proportionally with the amount of
oxide added. On the other hand, the effect of
increasing additions of fluorides is first that the
melting point of the flux is gradually lowering;
- only when the eutectic concentration had already
been exceeded and the melting point curve is ris.
ing with further increase of the fluoride amounts
added, thereupon the said additions will bring
about a steadily increasing rise of the viscosity
(Beck, Magnesium and its Alloys, Berlin, Julius
Springer, 1959, 317). A typically composed flux
of this kind consists of 70% carnallite, 20% CaFs,
and 10% MgO.

In contrast to the hydrogen process, this known
process is capable of completely removing also
oxidic and nitridic impurities and can, moreover,
be used for the refinement of scrap. Refining

processes, based on the principle that the sus-
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pended matter collects, by agglutination, into a

dross, specifically heavier than the melt, during
stirring the bath, have, however, unavoidable dis-
advantages. Since the dross is sticky, it does not

cleanly separate from the purified metal, so that

losses arise resulting from removal of metal par-
ticles with the dross. At all events, however, a
strongly contaminated residue of the liquid metal
must be poured out separately. The fact that
the sticky dross moves for the most part to the
bottom and the walls of the crucible is attended
with the fatal consequence that, on casting, par-
ticles of the dross may come loose and are then
carried along by the purified metal; and it ren-
ders it necessary to give the crucible a compli~
cated cleaning after casting. There is finally
the drawback that an excess of expenditure is
needed owing to a part of the magnesium chlo-
ride being consumed by the magnesium oxide
added to act as inspissating agent.

All these difficulties have been overcome by a
method of. purification which fundamentally de-"
viates from the known processes depending on
the use of magnesium chloride or carnallite in so
far as the flux contains as the main component
chlorides which during stirring the bath dissoci-
ate and/or evaporate, that is to say, chlorides of
iron or zinc or mixtures of these chlorides; be-
sides the flux may still contain smaller quantities
(about 30%) of magnesium halides. (Patent No.
2,066,5679). By means of this process the removal
of the foreign entrained matter is brought about
by the decomposition of the fluxes giving rise to'
upward currents of gases in the metal causing

2 suspended matter to rise to the top of the melt

. and join with surface scum to form & powdery

dross, which separates readily and cleanly from

“the liquid metal.~ In case the flux contains, be-
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side the volatile main purifier, as secondary in-
gredient non-volatile chlorides such as mag-
nesium chloride, also these will be caused through
the volatile chlorides to rise to the top without,
however, making the separated dross sticky.

A later process of similar nature comprises
intimately mixing the molten metallic material
with a solid practically chlorine-free refining
agent substantially consisting of fluorine com-
pound which, at the melting or casting tempera-
ture, becomes vaporized or decomposed with the
liberation of at least one fluorine-containing
vaporous or gaseous constituent, while adding the
said fluorine compound in an amount sufficient to
effect the required purifying action as the refin-
ing agent proper. (Patent No. 2,124,957). A
group of compounds particularly well suited for
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the'carrying out of that method are the metallic
fluosilicates. ‘The metal salts of hydrosilicofluoric
acid (HaSiFs) on being heated, give off gaseous
silicon tetrafluoride (SiF4) which becomes uni-
formly finely distributed in the metallic melt
while metallic fluoride remains behind in the
non-fused state and becomes spread over the melt
in the form of a coating. Magnesium fluosilicate
(MgSiFs) has proved to be best suited for the
purpose in view. Next in order of utility for the
present purpose come the fluoborates. Further-
more, similar refining effects can also be obtained
with neutral or acid ammonium fluoride or salts
containing ammonium fluoride chemically com-~
bined in a complex form (such as for example
ammonium silicofluoride), or with mixtures of
ammonium fluorides. The gases generated by de-
composition of the salts bubble through the
molten matter and free it completely of noii-
metallic included matter such as oxides and
nitrides, without leaving behind remanents of
salfs therein.

By further improving these two purifying
methods depending on volatile purifying: agents,
the aim has now been attained to return to the
fluxes containing magnesium chloride or carnal-
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lite as the main component, without giving up the . .

advantages of the purification with the aid of up-
~ward currents of gases. By systematically in-
creasing the proportion of the magnesium chlo-
ride additions, it has been found out, that in the
presence of magnesium chloride, even if the pro-
portion considerably exceeds one-half of the
total mass, volatile fluxes of the kind of chlorides
or iron or zinc or mixtures of both these chlorides,
and also of the fluorine compounds, which serve
as the only purifiers in the case of the process of
Patent No. 2,124,957, are capable of transporting,
practically speaking, the total amount of impuri-
ties to the top of the melt in the state of a dry
dross, which is readily skimmed. It has, further-
more, come to light, that in such salt mixtures
also carnallite may be used instead of magnesium
chloride without bringing the slightest traces of
alkali chloride into the refined metal. Since car-
nallite is the cheapest material and possesses a
very good capacity for dissolving magnesium
oxide and -nitride and a fair fluxing efficacy and
seeing that its melting point lies far below that
of magnesium chloride, by this possibility alone a
- considerable progress in the art would have been
brought about. . )

The proportion of the non-volatile purifier
which is (practically speaking) entirely carried
along by the gaseous vehicle, can be increased
by introducing additions into the composition
which are capable of lowering the melting point
and the viscosity of the non-volatile component
or components of the flux. Therefore, by using
these additions for the present process, the very
opposite is aimed at of what is the object of the
inspissating agents taken for the commonly used
purifying method. Additions particularly  well
suited for carrying out the present process are
the alkali chlorides and calcium chloride, that is
to say compounds which when used with the
kr.own process serve a purpose diametrically dif-
ferent to their object in the present methed. - The
explanation of this apparent contradiction is
found in the fact that the amounts of the addi-
tionstobeusedin the presentprocessarenotallowed
to essentially exceed the eutectic concentrations.
Thus for instance potassium chloride melts at
7'76° C., magnesium chloride at 711° C., whereas
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the melting point of carnallite lies at 490° C.
By decreasing the proportion of magnesium chlo-
ride from 50 mol-per cent to 33 mol-percent a
mixture of salts is obtained the melting point of
which is as low as 426° C., and parallelly there-
with runs the decrease of viscosity. There is the
possibility of approaching the concentration to

_conditions most faverable for the present process

by adjusting the non-volatile component of the
flux in such a manner as to contain magnesium
chloride and potassium chloride, in reciprocal
proportions approaching to one of the eutectic
concentrations in the system KCl1.MgCla.

- The above embodiment of the invention is
thus based on the principle that instead of in-
creasing the viscosity of magnesium chloride or
carnallite by the addition of inspissating agents,
the viscosity (and the melting point) of the mag-
nesium chloride component of the flux is di-
minished with a view to make the most of the
sweeping force of the gases or vapors evolved
from the volatile component of the flux.

Since the dross does not stick to the walls and
the bottom of the crucible, there is no danger of
dirt being carried along by the refined metal or
being left behind in the crucible in pouring the
casting. The skimmed dross is absolutely free
of metal. Consequently the losses by burning are
reduced to the least amount attainable. On the
other hand, also the refined metal is recovered in
a completely salt-free condition. In comparison
with the above discussed previous proposals con-
cerning the use of volatile fluxes, the present
process offers the advantages of being more
economical.

The following salt mixtures are given as ex-
amples, all percentages mentioned being per-

_ centages by weight:

40

" 40% KCLMgCL: +20% MgCle--30% Fe(l,
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409 KCLMgCl, + 209 MgClz._40% FeCly
40% KCL.MgCls +209% MgCls_.40% 7nCl.
409 KCLMgCls + 209% MgCle—_ 30% FeCls, 10% ZnCly
409, KC1L.MgCly +209% MgCl,..40% MgSiFe

409 KCLMgCly +209% MgCle--35% MgSiFs,

"

89 (NIL): Silfy
, 109% MgSiF

A flux containing calcium chloride consists by
way of example of 55% MgClz, 35% FeCl and
10% CaCle. .

“The magnesium containing material is molten
down while sprinkling the flux little by little over
it, the total quantity of the flux amounting pref-
erably to from 1 to 3 per cent by weight. While
vigorously stirring the flux into the molten metal,
the bath is maintained between 720 and 750°
Celsius. The setting free of gases and/or by de-
composition” of the volatile portion of the flux,
gives rise to upward currents in the molten metal,
which cause non-metallic inclusions and sus-
pended matter to rise to the top of the melt and
join with the surface scum. The covering flux
separates effectively, together with the entrained
impurities, from the molten metal beneath.
When making use of the process subject of the
Patent No. 2,126,786, there are applied to the
path practically anhydrous solid organic sub-
stances which burn with the formation of a froth
inert to magnesium, and which yield, on carboni-
zation, a hard crust of a nature not to become
wetted by molten magnesium, such as for in-
stance asphalt, casein, horn meal, and sugar.
Before pouring, the coating is detached from the
rim of the crucible and the pure metal poured
from beneath the coating.

To attain 2 more intimate mixture, it is ad-
vantageous to previously melt the salt mixture
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to be used according to the present invention,
and to crush the hardened flux before use.

What we claim is:

1. The method of purifying magnesium and
alloys thereof which comprises treating the im-
pure metallic material with a flux containing a
mixture of carnallite and magnesium chloride
with a content of from 25 to 40 mol-per cent
potassium chloride, and besides a compound
which, at the melting or casting temperature, be-
comes vaporized or decomposed with the libera-
tion of gases, the amount of the said volatile
component of the flux being at least sufficient to
transport, by means of upward currents pro-
duced, substantially the whole bulk of the gen-
erated dross to the top of the melt.

2. The method of purifying magnesium and al-
loys thereof, which comprises treating the impure
metallic material with a flux composed of & ma-
Jor portion of non-volatile body comprising mag-
hesium chloride and potassium chloride in a non-
inspissated condition, and of & minor portion of
volatile body comprising at least one compound
which, at the melting or casting temperature. of
the metallic material under treatment becomes
vaporized or decomposed with the liberation of
gases, the non-volatile body having a melting
point not above that of carnallite, and the vola-
tile portion being present at least in an amount
sufficient to transport, by means of the upward
currents produced,’ substantially the whole bulk
of the generated dross to the top of the melt.

3. The method of purifying magnesium and al-
loys thereof, which comprises treating the impure
metallic material with a flux composed of & ma-
Jjor portion of non-volatile body comprising mag-
nesium chloride and potassium chloride in a non-
inspissated condition, and of a minor portion of
volatile body comprising at least one compound
selected from the group consisting of chlorides
of iron and zinc, metallic fluosilicate, metallic
fluoborate, and ammonium fluoride, the melting
point of said non-volatile component of the flux
being not above that of carnallite, and the
amount of the said volatile component of the
flux being at least sufficient to transport, by
means of the upward currents produced, sub-

stantially the whole bulk of the generated dross -

to the top of the melt.

4. The method of purifying magnesium and al-
loys thereof, which comprises treating the im-
pure metallic material with & flux containing as
& major component carnallite in a non-inspis-
sated condition and as a minor component a ma-
terial which, at the melting or casting tempera-
ture, becomes vaporized or decomposed with the
liberation of gases, the amount of the said vola-
tile constituent of the flux being at least suffi-
cient to transport, by means of upward currents
produced, substantially the whole bulk of the
generated dross to the top of the melt,

5. The method of purifying magnesium and al-
loys thereof, which comprises treating the im-
bure metallic material with a flux composed of a
major portion of non-volatile body comprising
magnesium chloride and potassium chloride in
a non-inspissated condition, but, on the contrary,
incorporated with additions capable of lowering
the meltin' point and the viscosity of the said
body, and of & minor portion of a material which,
at the temperature of the metallic material un-
der treatment, becomes vaporized or decomposed
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3;

with the liberation of gases, the amount of the
said volatile component of the flux being at least
sufficlent to transport, by means of upward cur-

-rents produced, substantially the whole bulk of

the generated dross to the top of the melt.

" 6. A process as defined in claim 2, in which the
non-volatile component of the flux consists of
magnesium chloride and potassium chloride in .
reciprocal proportions approaching to one of the
eutectic concentrations in the system KCL-MgCls.

7. A process as defined in claim 5, in which to
& non-volatile basis of carnallite there is added
magnesium chloride in an amount approaching
to the eutectic concentration. :

8. A fluxing material suitable for use in melt-
ing and refining metallic magnesium and its al-
loys, which consists of an intimate mixture con-
taining 2 minor proportion of material which, at
the melting or casting "temperature, becomes
vaporized or decomposed with the liberation of
gases, and a major proportion of a non-volatile
basis comprising magnesium chloride and potassi-
um chloride, the said non-volatile basis of the
flux having a melting point not above that of
carnallite, and the amount of the said volatile

_component of the flux being at least sufficient to
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transport, by means of upward currents produced,
substantially the whole bulk of the generated
dross to the top of the melt.

9. The method of purifying magnesium and al-
loys thereof which comprises mixing the metal in
molten form with a non-volatile. fluxing agent
congisting of a non-inspissated mixture of mag-
nesium chloride and potassium chloride, which
mixture has a melting point not above that of
carnallite, and including with said fluxing agent
a lesser quantity of a mineral salt which assumes
a gaseous character in contact with the molten
metal, whereby the gases produced by said min-
eral salt carry the generated dross upwardly to
the surface of the melt.

10. A fluxing material suitable for use in melt-
ing and refining metallic magnesium and its al-
loys, which comprises an intimate mixture con-
taining & minor proportion of a compound se-
lected from the group consisting of chiorides of
iron and -zinc, metallic fluosilicate, metallic
fluoborate, and ammonium fluoride, and a major
proportion of non-inspissated carnallite, the

, amount of the volatile component of the flux be-

ing at least sufficient to transport, by means of
upward currents produced, substantially the
whole bulk of the generated dross to the top of
the melt.

11. A fluxing material suitable for use in melt-
ing and refining metallic magnesium ang its al-
loys, which comprises an intimate mixture.con-
taining a minor proportion of a compound which,
at the melting or casting temperature, assumes a
gaseous character, and a major proportion of a
base of a non-volatile character, the non-volatile
base comprising carnallite in admixture with ad-
ditions capable of lowering the viscosity and the
melting point of said non-volatile base, the
amount of the volatile component of the flux '
being at least sufficient to transport, by means
of upward currents produced, substantially the
whole bulk of the generated dross to the top of the

melt.
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