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This invention relates to improvements in the
purification of calcium and magnesium.

It has already been proposed to purify cal-
cium and magnesium and alloys thereof, by heat~
ing the said metal or alloy to cause its rapid
vaporisation while subjected to an absolute pres-
sure less than the vapour pressure of the metal
or alloy at its melting point, and condensing the
vapours in a suitable manner. Such a process
has been described in British specification No.
2790,660. Advantageously, the pressure was not
more than about 2 mm. of mercury, and the
metallic produet was condensed on two hemi-
cylindrical sections of a removable liner placed
in the condenser with its axis vertical. In dis-
tilling metal containing small amounts of so-
dium or other impurities more volatile than the
said metal or its alloy, it was found -that the
deposit of metal which formed on the interior
surface of the liner contained an upper portion
relatively rich in the sodium or other. impurity,
while the lower portion was metal or alloy. of
high purity. By exposing the product to air a
darkening of the surface- of that portion rich
in sodium occurred and this served as an indica-
tion of the place to separate the pure metal from
the impure. Such a process could normally be
carried out in a metallic apparatus, conveniently
an apparatus of iron or steel.

In copending application Ser. MNo. 686,959, filed
July 29, 1946, now Patent No. 2,650,085, there is
described a process for the purification of cal-
cium containing an alkali metal as impurity,
which comprises distilling the impure calcium in
the presence of an inert gas at an absolute pres-
sure not greater than 2 mm. of mercury, con-
densing substantially pure caleium on a condens-
ing surface of iron or a ferrous alloy and con-
densing the alkali metal on a separate condens-
ing surface, the two condensing surfaces being
maintained at suitable temperatures by separate
cooling means. The present invention relates to
improvements in the process-of the above ap-
plication.

I.have now found that, in a process for the
purification by distillation of calcium or mag-
nesium containing a metal of higher vapour pres-~
sure at the melting point an improved separa-
tion: of the latter metal from the ecalcium or
magnesium is obtained by effecting the distilla-
tion in two stages, the first stage in the presence
of an inert gas at an absolute pressure substan-
tially -greater than the vapour pressure of cal-
cium or magnesium at the temperature employed
but less than the vapour pressure at thab fem-~
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perature of the metallic impurity which it is de~
sired to eliminate, and the second stage in the
absence of an inert gas, the calcium or magnesium
distilling under the pressure of its own vapour
only.

I have further found that a singular advantage
is oktained by the use of a still in which a bafile
plate is positioned above the crude caleium to
be distilled. The presence of this plate serves
to control the radiation of heat from the molten
impure calcium to the lower condensing surface
and thus stabilises the iempsrature conditions
prevailing in the upper part of the apparatus.
A particularly useful form of baflle comprises a
stainless steel perforafed plate having a highly
polished upper surface. A convenient means of
supporting the plate above the metal to be dis-
tilled is by means of legs resting on the base of
the still. :

While this invention is particularly wnuhbabln
to the purification of calcium or magnesium con-
taining alkali metals it is not appiicabie to the
purification of calcium  contaminated with
lithium, since the vapour pressure of lithium is
lower than that of caleium and consequently
a two-stage separation process cannot be ef-
fected.

According to the plesent mvent ion, therefore,
a process for the purification of ealcium or mag—
nesium containing an alkali metal other than
lithium as impurity comprises distilling the mix-
sure in two stages, the first stage distillation being
carried out in the presence of an inert gas at
an absolute pressure substantiaily greater than
the vapour -pressure of calcium or magnesium at
the temperature of distillation but less than the
vapour pressure at that temperature of the said
alkali metal so that the alkali metal is vapourised
and condensad on an upper condensing surface
and a second stage distillation being carried out
in the absence of an inert gas so that the cal-
cium or magnesium distils under its own vapour
pressure only -and condensses on & lower con-
densing surface.

The process of this 1nvent10v may suitably be
carried out in an apparatus similar to that de-
seribed in copending application Ser. Neo. 628,959,
filed July 29, 1946, now Patent Mo. 2,650,085, that
is.in a still provided in the upper part with two
condensing surfaces separated from one ancther
by a substantial vertical distance, the lower ex-
tending across the major portion cf the cross-
section of the still but leaving a space be otween
its periphery and the walls of the still through
which vapour can ascend, separate cooling means
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being provided for the two condensing surfaces.

According to a further modification of my in-
vention there is also provided -a stainless steel
perforated baffle plate having g highly polished
upper surface and positioned above the crude
calcium or magnesium in the still. The baifle
plate may contain any number of perforations
of varying diameters but from 3000 to 4000 perfo-
rations are preferred each having a diameter of
1, inch. Conveniently I employ a baflle plate of
diameter 2 £t. 9 inches, the area occupied by the
perforations being approximately 20% of the area
of the plate. In general, I prefer that the perfo-
rations cover from 15 to 25% of the area of the
plate but a coverage of even 5% would be suit-
able.

By carrying out the first stage of the distilla-
tion at an absolute pressure substantially greater
than the vapour pressure of the calcium or mag-
nesium at the temperature employed, the distil-
lation of these metals is suppressed. However,
the metallic impurities present in the calcium or
magnesium distil, at first refluxing from the lower
condensing surface, but eventually condensing on
the upper condensing surface. When the first
stage of the distillation has been completed, the
metallic impurities all being deposited on the up-
per condensing surface, the external applied pres-
sure in the still is reduced as low as possible, suit-
ably to 0.001 to 0.01 mm. mercury and the cal-
cium or magnesium then distils steadily under its
own vapour pressure, collecting on the lower con-
densing surface. By distilling the alkali metal
and the calecium or magnesium in two separate
and clearly defined stages in this manner, a sub-
stantially complete separation of the two metals
is effected.

In one method of carrying out the process of
the invention for the separation of an alkali metal

and calcium the still may be heated by immer- -

sion in a fused salt bath maintained at a tem-
perature between 865° and 900° C. The lower
condensing surface is cooled by any convenient
means, suitably by air-blowing. When the salt
bath has attained the desired temperature, for
example 870° C., with the still immersed to the
level of the lower condensing surface, the rate of
cooling of the latter is adjusted to give a suitable
condenser head temperature, for example 200-
250° C., and this rate of cooling is maintained
throughout the distillation. I have found that
when temperatures of this order are employed
the calcium condensate is coherent and adheres
to the condenser plate during the second stage of
the process. The distillation of the alkali metal
proceeds steadily, the atmosphere in the still con-
sisting of inert gas suitably at a pressure of 20
mm., and when all the alkali metal present has
collected on the upper condensing surface, a sud-
den drop in the temperature of the lower con-
densing surface is observed due to the fact that
no further condensation of the alkali metal is
taking place thereon and hence no latent heat of
vaporisation is being imparted thereto. When
this drop in temperature occurs, the still is evacu-~
ated as completely as possible and the calcium
distillation commences, the temperature of the
lower condensing surface rising considerably
above the original temperature of 200° C. to 250°
C., for example 150° C. or more above this tem-
perature. The condenser temperature falls grad-
ually after the maximum has been attained, and
finally falls rapidly, indicating that the calcium
distillation is complete. Thus by maintaining
the rate of cooling of the lower condensing sur-
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face constant, it is possible to follow the course
of the distillation with great precision, simply by
observing the fluctuations in temperature of the
said condensing surface.

As previously stated the apparatus employed
for carrying out the process of this invention may
be similar to that described in copending appli-
cation Ser. No. 686,959, filed July 29, 1946, now
Patent No. 2,650,085. Thus in more detail and
with reference to the diagram it may comprise a
stainless steel vessel | adapted to contain the
crude calcium or magnesium in the lower por-
tion, while the upper portion has a cover 5 which

“can be detachably secured to the vessel in a gas-

tight manner and which carries a hollow member
§ extending downwards into the upper portion of
the vessel comprising the still, the bottom of the
hollow member being a flat plate T of mild steel,
stainless steel, or other suitable ferrous metal
extending over substantially the whole cross-sec-
tion of the still but leaving a narrow space be-
tween its periphery and the walls of the still
through which vapours not condensing thereon
can rise to the upper condensing surface. This
plate subsequently referred to as the condenser
plate constitutes the surface on which the cal-
cium condenses, and is preferably composed of
stainless steel in order that the amount of iron
absorbed therefrom by the adjacent layer of con-
densed calcium shall be negligible, A suitable
distance above this condenser plate, for example
approximately half-way between the plate and
the cover, a water-cooled flange 9 is attached to
the hollow part depending from the cover, means
being provided for circulating water at high ve-
locity through-a. pipe i@ attached to the upper
surface of the flange. The interior of the hollow
member is fitted;, between the level of the con-
denser plate and the level of the water-ceoled
flange, with a number of radially disposed fins 8
to increase the heat radiating surfaces of this
condenser; means are also provided for circulat-
ing air or other suitable cooling medium over
these radiating surfaces. The still is suitably

~ heated by immersion in a fused salt bath 3 on

feet 4, to the level of the condenser plate.

A pipe {{ supplies compressed air to the fins 8§
inside the hollow member, and a pipe 12, leading
into the upper part of the still, and capable of
heing closed by a valve {3, is connected to a vac-
uum pump and pressure gauge and an inert gas
supply, which are net shown in the drawing.
Further water cooling coils are provided at 14, and
thermocouple pockets at {8 and (8§,

Iin the preferred method of carrying out the
invention using the apparatus described above
there is also provided a stainless steel perforated
plate {71 having a highly polished upper surface
and positioned above the crude calcium in the
still. ‘In the preferred form the stainless steel
perforated plate containg 3000-4000 perforations
of diameter ¥ inch. Advantageously the fused
salt bath is heated to 870° C. and the still, con-
taining in the lower part an ingot of calcium
containing sodium, is immersed therein up to
the level of the condenser plate, the plate being
cooled by the circulation of compressed air. The
still is theni evacuated completely, and argon is
admitted to a pressure of approximately 20 mm.
of mercury. The salt bath having cooled con-
siderably as a result of the immersion of the
cold still therein, a period of some hours may
be required to restore the temperature of the
salt bath to 870° C. When this temperature has
been reached the salt bath level is finally ad-
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Justed. The sodium distils from the molten im-
pure ealcium, refiuxing from the condenser plate
and gradually condensing on the water-cooled
flange. When a sudden drop in the temperature
of the ¢condenser plate indicates that the distil-
lation’ of the sedium is completed, the air blow-
ing on fo the ¢ondenser plate is adjusted so that
it reacheés a steady temperature of 200-250° C.
Under these conditions the still is again evacu-
ated conmipletely and the gas line is closed, no
argon being present in the still during the séc-
ond stage of the distillation. The calciun: then
bégins to distil, and condenses on the condenser
plate, the temperature of which rises to 350-450°
C.. When 4ali the calcium has distilied, as indi-
cated by a rapid fall in the condenser piate tem~
perature, the still is withdrawn from the salt bath
and allowed to cocl while air is biown on to the
condenser plate during the cooling. When the

vessel is ¢old, argon is introduced into the still &

to a pressure of one atinosphere. The contami~
nated condenser is detached and withdrawn and
fréed from the infdammable sodium and the cal-
cium is removed from the condenser plate in the
Torm of crystals compactly aggregated together.

‘The improved process of the present invention
when applied to the distillation of ealeium con-
taining sodium (or other alkali meial) enables
the sodium to be substantially. completely re-
moved from the caleium. The process is also ad-
vantageous in that by its use i} is possible to sep-
arate larger proportions of sedium from- the cal-
cium than has hitherto been the case, for exam-
ple ‘calcium containing up to 12% of sedivm may
be purified ‘in this way.
of the process iz to be found in the fact that, by

‘maintaining a constant rate of cooling of ‘the

‘condenser plate, the progress of the distillation
‘can be followed with great precision, a weall de~

‘fined break-between the distillation of the sodivm

and the distillation of the caleium being clearly
observed.

Moreover, the presence of the perforated steel
plate between the molten charge and the con~
denser plate ensures that for a given salt bath
temperature a standard quantity of heat is radi-
ated to the condenser. As a consequence of this
regulation of heat transfer condenser plate var-
iations can be used satisfactorily to indicate the
course of the distillation process.

A, further advantage of the conirol of radiant
heat is to be found in the guality of the calcium
which is deposited and this is of primary impor-
tance when a homogeneous product is required.

It is found invariably in the absence of adequate
temperature control! that the distilled calcium
consists of & mixture of its allotropic forms of dif-
ference crystalline structure. WUsually the mix-
ture contains as much as 20% of a hard product
which is difficult to remove from the condens-
ing surface and which is in a form quife unsuit-
able for convenient and efficient use in many
chemical reactions.

The polished perforated stesl plate overcomes
this drawback and ensures a high yield of a
homogeneous friable calcium product.

The following examples illustrate bubt do not
limi{ the invention:

Example 1

A calcium inget 100 lbs. in weight was con-
tained in a stainless steel vessel which formed
part of a distillation apparatus similar to that
described in copending apgplication Ser. No.
686,959, filed July 29, 1946, now Patent No.
2,650,085.

A further advaniage :
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The apparatus consisted of a stainless steel
vessel the lower portion containing the caleium
ingot while the upper portion which held an air-
tight cover carried a hollow member which ex-
tended downwards into the upper portion of the
vessel comprising the still. The bottom of the
hollow member was a flat condenser plate of
stainless steel which extended over the entire
cross-section of the still but left a narrow space
between its periphery and the walls of the still
through -which vapour not condensing thereon
could rise to the upper condensing surface.

Approximately half way between the condenser
plate and the cover a water-ccoled flange was
attached fo the hollow part depsnding from the
cover, water being circulated through a pipe at-
tached to the upper surface of the flange. Be-
tween the -level of the condenser plate and the
level of the water-cooled flange, the exterior of
thie hollow member was filled with fins radially
disposed.

The still containing the calcium ingot was im-
mersed in the fused salt hath up fto the level
of -the condenser plate, the bath having ‘been

» heated to a temperature of 870° €. and the con-

denser plate cooled continuously by the circu-
lation of compressed air to a steady ftempera-~
ture of 250° C. The still was then evacuated
completely and argon was admitied to a pres-
sure of 20 mm. of mercury. Distillation was
commenced with sodium volatilising from the
molten impure calcium, refluxing from the con-
denser plate and gradually condensing on the
water-cooled flange. A sudden drop in tempera-
ture on the condenser plate indicated that so-
dinm- distillation was complete. The air flowing
on the condenser plate was adjusted and the
temperature consequently maintained at 250° C.
With this temperature steady the still was evacu-~
ated completely and the calcium distillation was
allowed to take place and condensation of cal-
cium, on the condensation plate increased the
temperature thereof to 400° C.

The completion of the calcium distillation
after 2% hours was indicated by a rapig fall in
temperature of the condenser plate and the still
was then withdrawn from the salt bath and al-
lowed to cool. Argon was then admitted to the
still o a pressure of one atmosphere and the
calcium was removed in the form of crystals.

On analysis the crystals were found to have
the following composition.

19;’;_ 113;;’_ Fe, Cu, Ni, | Mn, Cr, 1961;.
cent | cent (P-P-IP-P.m.[p.pom.ip. D, m.p. D M| DO
99.73 | 0.008 5 10 5. 10 10.15 1 0.21

The yield of free calcium was 81 lbs. of which
56.5 1bs. were usable as friable material,

Example 2

A 100 Ib. ingot of crude calcium was distilled
acording to the process and in the apparatus de-
scribed in Example 1 but the apparatus was pro-
vided with a stainless steel perforated bafile plate
having a polished upper surface the plate being
positioned above the crude calcium in the still.
The plate contained 44 holes each of 2% inches’
diameter arranged in concenfric circles.

On completion of the process the calcium prod-
uct contained 64.6 los. of friable calcium while
16.15 Ibs. were found to be too hard to break up.



2,684,808

7
Example 3

A 100 lb. ingot of crude calcium was distilled
according to the process and in the apparatus
deseribed in Example 1 but as in Example 2 with
a stainless steel perforated plate having a pol-
ished upper surface positioned above the crude
calcium in the still. The plate contained 3,500
holes each of Y inch diameter arranged in ¢on-
centric circles.

On completion of the process the calcium prod-
uet contained 70.72 1bs. of friable caleium while
403 lbs. were too hard to break up.

I claim:

1. A process for the purification of a metal se~
lected from the group consisting of calcium
and magnesium containing an alkali mefal
other than lithium as impurity which cor‘nm'z eq
distilling a batch of the mixfure in swo tag
the first stage distillation being carvisd )ut in
the presence of an inert gas enclosed with the
batech at an absolute pressure substantially
greater than the vapour pressure of cul ium or
magnesium at the temperature of distillation but
less than the vapour pressure at that tempera-
ture of the said alkali metal s¢ that substantially
only the alksli metal is vaporised and condensed
on a condensing surface and a second stage dis-
tillation being carried out in the absenscs of an
inert gas so that substantially only the calcium
or magnesium distils under ifs own vapour pres-
sure only and condenses in sclid form on a lower
condensing surface.

9. A process according to claim 1, in which dis-
tillation is effected by immersing a sta Vs less sheel
vessel containing the alkali metnl—r*o aminated
calcium or magnesium in a fused salt bath main~
tained ab a temperature of §70° C. approximately.

3. A process according to claim 1 in which the
first stage distillation is continued until the con-
densing surface on which the alkali metal con-
denses indicates a sudden drop in temperature.

8

4, A process according to claim 1 in which the
second stage distillation is continued until a
ax 'c’. fall in temperature is indicated on the cal-

1 or magnesium condensing surface.
. A process for the purification of a metal
ted froma the group consisting of caleium
nesivm containing an alkali metal other
an 11211 ium as impurity which comprlses dis-
ing a basch of the mixture in two stages, the
stage distillation being carried out in the
“QSOnCu of an inert gas enclosed with the batch
st an absolute pressure substantially greater
than the vapour prassure of calcium or magne-
i ab the temperature of distillation bub less
nan the vapour pressure ab that temperature of
the szid alkali metal so that substantially only
the aikali metal is vaporised and condensed on a
plat uameﬂ at a temperature of 250° C.
.y and a second stage distillation be-
4 in the absence of an inert gas so
'allv only the calcium or magne-
dgr its own vapour pressure only
in solid form on & lower con-

1 wherein the

; CESS
quantity of heat rad?
gdistilied is in part meventea flom reachmg the

condensing surface.
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