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The invention will be fully understocod from
the following description read in comunctmn
with the drawing, in which, -

Fig. 1 is a, vertical section through apparatus
in which my inventlon may be carried into ef—
fect.

Fig. 2 is a’ vertlcal sectmn of apparatus in
which a further embodiment of my invention
may be carried into effect.

Fig. 3'is a cross-section through a further form

- of apparatus in which another embodiment of

ik

the invention may be carried out.

Referring specifically to Fig. 1, the appara-
tus comprises the casing or shell 1 which may
be of iron or steel and which contains the lining

“ or layer 2 which operates as electrical and ther-
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mal insulation between the fluid contents of the
apparatus and the shell. The lining 2 may either

be built up of preformed blocks of suitable re--

fractory material, or may be formed in situ by

" filling the shell 1 with fluid electrolyte and per-
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mitting the same to solidify in part adjacent the
shell 1 thereby forming the lining 2. 3 desig-
nates a bridge wall ‘which may also be formed of
suitable refractory material, but is preferably
formed in situ through freezing electrolyte about
the pipes 4 which are connected in series so that
a suitable cooling fluid may be circulated through
the same. The layer 5 may, generally speaking,
be composed of an alloy of beryllium with heavi-
er metals which are less electropositive than
beryllium. A number of binary and ternary al-

loys of this sort may be formed which wiil oper-

ate in the process. ‘The alloying metals should
be substantially heavier than beryllium, less elec-
tropositive than beryllium in relationship to the
electrolyte employed, and +the -alloy formed
should be freely fluid at the temperature of elec-
trolysis. The alloy must exist as a single homo-
geneous liquid phase. ‘While silver may be em-
ployed, I prefer to form the layer 5 of an alloy
consisting predominaritly of beryllium and cop-
per, or of beryllium and copper.containing a few
percent of silicon, which latter agent will oper-
ate within certain ranges of concentration to de-
press the freezing point and impart greatér fluid-
ity. Alternatively, or in addition to the silicon,
there may be added a few percent of other metals

_.less electropositive than beryllium which have a
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- temperature of electrolysis.

low melting point and are normally liquid at the
In any event, the
alloy so-formed should have a specific gravity.in

excess of 3 at the temperature of electrolysis.

The layer 6 indicates generally a suitable elec-
trolyte containing -an electrolyzable beryllip.m
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compound, and in which electrolyte the beryl-
lium compound has a lower voltage of dissocia-
tion than the other constituents present, unless
of course the process is operated to simultane-

ously produce an alloy of other elements than g

beryllium. Preferably, however, the beryllium
compound present in the electrolyte is the most

.easily dissociable compound upon electrolysis.

Within the limits of :temperature at which .the

alloy consisting of ‘beryllium and copper is fluid, 55' :

the electrolyte must consist essentially of fluor-
ides. It may consist predominantly of another
fluoride or fluoridess of higher dissociation
potential than beryllium fluoride, - containing

in solution a few percent of beryllium fluoride 70

and/or beryllium oxide. Preferably, however,
the electrolyte 6 contains a substantial propor-
tion of beryllium fluoride, and to impart the
maximum fluidity and conductivity at least one

fluoride with an element more electropositive 15

than beryllium and which therefore forms a flu-
oride of higher dissociation potential should be
present. The fluorides of the - alkali metal and
alkaline earth metals conform to this description.

In this case, a few percent of beryllium oxide may 80

be present dissolved in the fluoride electrolyte.
10 indicates an anode which may be of any suit-
able type, but preferably consists of a rod of
carbon or graphitized carbon carried by the
holder 11. It will of course be understood that
a number of such rods are employed in parallel
sufficient to carry the requisite amperage into
the apparatus. In carrying out the operation,
current is applied to the anode 10 whereby the

electrolyte 6 is electrolyzed in series with the gg
alloy layer 5 as cathode, thereby dissoclatirgg the

beryllium compound in solution in.the electro-
lyte 6 and.liberating beryllium at the surface 12
of the alloy 5. The alloys will undergo consider-

able flow during electrolysis due -principally to gg

‘the electrical fleld to which it is subjected, and
the beryliium liberated at the surface 12 will
therefore be incorporated with the main body of
the alloy. In order to produce the elemental

beryllium, either per se or in.the form of a light j0n

alloy of beryllium, the alloy layer 5 is electro-
‘Iyzed as anode through a. suitable electrolyte in .
series with a suitable cathode. This may, gener-
ally speakmg, be done either simultaneously witi

or in succession to the steps herembefore de- 105

scribed.

In the apparatus illustrated in Figs 1and 2,
the second stage electrolysis with the copper .
beryllium alloy as anode is carried simultaneously

with the first stage electrolysis hereinbefore de- 110
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2 ’
scribed. In this case, the fluid electrolyte 13
floats upon a part of the alloy layer 5. The cath-
ode 14 may be of any suitable type and preferably

" consists of a rod of carbon or graphitized carbon
§ carried by a suitable holder 15. It will of course
be understood that while one rod is diagrammati-
cally shown for purposes of illustration, a num-
- ber of such rods will be employed in parallel, de-
pending upon the total amperage to be carried
through the electrolyte. When making pure
beryllium unalloyed with other metals, the mate-

10

rial will plate out in solid phase as a body 16 of
metal adhering to the lower end of the cathode .

14, Owing to the fact that the boiling or sub-
limation temperature of beryllium is very close
to the melting point, the beryllium is plated out
on to the cathode 14 in solid form. The tempera-
"~ ture of electrolysis may range from a tempera-
ture in the electrolyte approaching the melting
point of beryllium down to the lowest temperature
at which the alloy layer 5 and the electrolyte will
be freely fluid. When operating with an alloy
layer 5 consisting almost entirely of -copper
and beryllium, temperatures of from 950 to 1250°
are preferred. A temperature of from 1100 to
1200° is prefered. In this case the alloy layer, 5
preferably contains from 4 to 12% by weight of
beryllium. The addition of other metals to the
alloy ‘layer 5 which depress the freezing point
will materjally extend the range of temperatures
within which the operation may be efficiently car-
" ried out, and will also render it possible to operate
with higher percentages of beryllium. ere
the alloy layer 5 consists entirely of copper and
beryllium, the melting point starts to rise sharp-
ly as the beryllium content is increased above
10%. The applied .voltage will be sufficient to
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carry the necessary amperage through the fur-.

nace, and the two factors of amperage and volt-

sired predetermined temperature. The electrolyte
layer.6 and 13 may vary from a few up to several
inches in thickness. The amperage will be, gen-
erally speaking, in the neighborhood of 1000
amperes per square foot. It is always possible by
increasing 'the thickness of the electrolyte to in-
crease the specific resistance of the cell and cor-
respondingly increase the femperature of opera-
tion. Diminishing the thickness of the electrolyte
layers will have the converse effect.

In the modified apparatus shown in Fig. 2,
-corresponding parts have beerni identifled by cor-
responding numerals. The apparatus shown in
Pig. 2 is, however, designed to eliminate the
‘necessity for removing solid beryllium from the
- extremity of the cathode 14 and to permit.the
material to be handled in liquid phase. In this
case the rod 14 contacts with a layer 20 of light
metal or alloy floating upon the electrolyte 13.
This may for example be a layer of beryllium
aluminum alloy, or may alternatively at the start
of the operation be a layer of pure aluminum. In
either event, the electrolyte must be so com-
pounded as to float the layer 20 which is in this
case the true cathode throughout the entire range
of concentrations. In general, the layer 20 will
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become lighter during electrolysis owing to in--

S, crease in its beryllium content, and the electrolyte
. should be compounded to support the layer 20
70 in its condition of maximum density. In this
case, .particular -attention must be paid to the
- composition of the electrolyte, and fluorides of the
alkali metal and/or alkaline earth metals must
be present in sufficient amounts to make the elec-

75 “trolyte more dense tha.n the layer 20 throughout

age will be so correlated as to maintain the de-

1,087,508 .
the entire operation. This may be effected by the

use of barium fluoride and potassium fluoride in
amounts sufficient to impart the requisite density.
An electrolyte in roughly the folloéwing propor- .
tions is recommended: 80
Percent
Beryllium fluoride 20-25
Barium fluoride.._— 35-40

Potassium fluoride_ . ________________ 35-40

With the apparatus shown in Fig. 2, the op~
eration is continued until the layer 20 has at-
tained the. desired concentration of beryllium.
The concentration of beryllium in the layer 20
must not be permitted to reach such a point as
to cause solidification or thickening of the same.
The danger point may, however, be readily de-
termined by comparing the temperature of elec-
trolysis with tables showing the melting points
of beryllium aluminum alloys.- When the pre-
determined concentration of beryllium has been
reached in the layer 20, it may be tapped from
the cell into any suitable receiving vessel through
the tapping duct 21 which is normally closed by
means of the plug 22. When this has been done,
the layer 20 is replenished either with pure alu-
minum, or an alloy of beryllium and aluminum
containing less than the desired beryllium con-
tent and operations resumed.

‘During the operation, fluorine generated in the
first stage of electrolysis at the lower extremity
of the anode 10 will pass out of the apparatus
without contact with the beryllium or aluminum
alloy undergoing formation. This eliminates
complications due to the presence of fluorine and 110
beryllium in the same space as it occurs in the
ordinary and prior art method of generating
beryllium. . The elimination of the fluorine at
the lower end of the anode 10, moreover, renders
it possible to float the cathode layer 20 on the 115
electrolyte 13. While the operation may be car-
ried out without replenishment of the beryllium
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‘compound in the electrolyte 8, it is preferably

carried out with the intermittent or continu-
ous replenishment of the beryllium compound in 120

.the same so as to maintain a. substantial -

uniform composition of the electrolyte 6 through-
out the operation. The electrolyte 13 does -
not normally undergo substantial change, inas-

" much as beryllilum passes into the same from 125

the alloy 5 in amounts equal to that liberated at

the cathode 14. The composition of the alloy
layer 5 will not undergo substantial change in
operation as the amount of beryllium abstracted
from this layer is substantially balanced by that 130
introduced.

The operation may be eﬂectlvely carried out
in the relatively simple apparatus shown in Fig.
3. This comprises the shell 30 which carries the
carbon lining 31 adjacent the interior lower por-
tion of the shell.. This may consist of a carbon
llning tamped into position and suitably bonded,
‘or may alternatively consist of preformed car-
bon blocks laid and cemented in position. The
block. type has been illustrated in the figure.
Electrical contact with the carbon lining or pit
may be made in any suitable manner, In the
form illustrated, the block 32 adjacent the fioor
of the shell 30 is formed with a machined cylin-
drical butt 33 which fits snugly into the annular .
water cooled sleeve 34. This is sealed to the
'shell 30 and carries the end closure 35 to which
the bus-bar 36 is connected. The upper part of

135
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_the shell carries & thermally and electrically in-
sulating lining 40, preferably formed in situ by o0
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freezing electrolyte on the walls of . the shell.
The electrode 41 which may consist of carbon or
graphitized carbon is carried by the holder 42
and several such electrodes are employed in par-
allel to carry the requisite amperage. The pit
31’ carries the alloy 5 hereinbefore described,
and the electrolyte.43 is provided floating upon
the surface of the fluid alloy 5. In operating this
apparatus, electrolysis is carried out for a pe-
riod with the electrode 41 as anode and the alloy
5 as cathode. During this period, the concen-
tration of beryllium in the layer 5 is continuously
increasing. Before the concentration of beryl-
lium in the layer 5 reaches such a point as to
cause undue loss of fluidity or freez.ng, the op-
eration is-reversed, making the layer 5 anode and
the electrode 41 cathode, so that the beryllium

_is plated out on the lower end of the electrode
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41. As the layer 5 becomes impoverished in
beryllium, the operation is discontinued and the
beryllium removed from the lower end of the
electrode 41. The electrolyte does not change
in composition during the second stage of opera-
tion and is preferably held constant by suitable
replqnishments during the first stage.

In the preferred method of operating this ap-
paratus, the electrolyte is compounded as here-
inbefore described to support a cathode layer of
aluminum or of beryllium aluminum =alloy con-
sisting principally of aluminum. In this case,
electrolysis is started with the electrode 41 as
anode and the alloy layer 5 as cathode and car-
ried out preferably with suitable replenishments
of the dissociated beryllium compound until the
layer 5 has become enriched in beryllium con-
tent. The operation is then temporarily discon-
tinued. The electrode 41 is raised slightly and
& layer of molten aluminum or aluminum beryl-
lium alloy is gently introduced; so that it floats
on the surface of the electrolyte 43. The electrode
41 is then adjusted-to contact with the fluid metal
introduced, which latter then becomes the true
cathode. Electrolysis is then continued with
the alloy layer 5 as anode and the introduced
light metal as cathode until the alloy 5 has be-
come impoverished in beryllium, whereupon the
light metal which has now become correspond-
ingly enriched in beryllium is tapped into a suit-
able receiving vessel through the duct 44 which
is normally closed by the plug 45. .

The foregoing description is for purposes of
illustration, and it is therefore my intention that
the invention be limited only by the appended
claims or their equivalents in which I have en-
deavored to claim broadly all inherent novelty.

I claim: L

1. Process of making beryllium, which com-
prises maintaining a fluid alloy of beryllium and
a metal or metals relatively more -dense than
beryllium and less electropositive than beryllium
in relation to fluorine, maintaining floating on

.at least a part of the said alloy a fluid electrolyte

containing a metallic fluoride or fluorides of high-
er dissociation potential than beryllium fluoride,

.and_containing a compound selected from the

group consisting of beryllium fluoride and beryl-
lium oxide, electrolyzing said electrolyte in series
with said alloy as cathode and with a suitable
anode, thereby dissociating said beryllium com-
pound, liberating beryllium at.said cathode and
adding to the beryllium in said fluid alloy, main-
taining floating on at least a part of said fluid
alloy an electrolyte, containing a metallic fluoride
or fluorides of higher dissociation potential than
beryllium fluoride and containing a compound se-

3

lected from the group consisting of beryHium
oxide and beryllium fluoride, and electrolyzing
said last mentioned electrolyte in series with said
fluid alloy as anode and in series with a suitable
cathode, thereby depositing beryllium at the said
last mentioned cathode. .

2. Process of-making beryllium, which com-
prises maintaining.a fluid alloy consisting pre-
dominantly of beryllium and copper, maintain-
ing floating on at least a part of said fluid alloy
a fluid electrolyte containing a metallic fluoride
or fluorides of higher dissociation potential than
beryllium fluoride and containing a compound
selected from the group consisting of beryllium
fluoride and beryllium oxide, electrolyzing said
electrolyte in series with said alloy as cathode
and in series with a suitable anode, thereby dis-
sociating said beryllium compound, liberating be-
ryllium at the said cathode and adding to the be-
ryllium in said fluid alloy, maintaining floating
on at least a part of the said fluid alloy an elec-
trolyte containing a metallic fluoride or fluorides
of higher dissociation potention than beryllium
fluoride and containing a compound selected from
the group consisting of beryllium fluoride and 100
beryllium oxide, and electrolyzing said last men-
tioned electrolyte in series with said beryllium
copper alloy as anode and in series with a suit-
able cathode. .

3. Process of making beryllium, which com-
prises maintaining a fluid alloy of beryilium and
a metal or metals more dense than beryllium and
less electropositive than beryllium in relation to
fluorine, mainta’'ning floating on at least a part
of said alloy a fluid electrolyte containing a flu-
oride or fluorides selected from the alkali metal
and alkaline earth metal fluorides and contain-
ing a compound selected from the group con-
sisting of beryllium fluoride and beryllium oxide,
electrolyzing -the said electrolyte in series with ji5
said alloy as cathode and with a suitable anode,
thereby d'ssociating said beryllium compound,
liberating beryllium at the said cathode, and add-
ing to the beryllium in said fluid alloy, maintain-
ing floating on at least a part of the said fluid 120
alloy an electrolyte containing a flnoride or fluor-
ides selected from the alkali metal and alkaline
earth metal fluorides, and electrolyzing said last
mentioned electrolyte in series with said fluid
alloy as anode and in series with a suitable cath- 12§
ode, thereby depositing free beryllium at the said’
cathode, : :

4. Process of making beryllium, which com-
prises maintaining a fluid alloy of beryllium and
a metal or metals relatively more dense than 130
beryllium and less electropositive than beryllium
in relation to fluorine, maintaining floating on a
part of sa‘d alloy a fluid electrolyte containing a
metallic fluoride or fluorides of higher dissocia-
tion potential than beryllium fluoride and con-
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‘taining a compound selected from the group con-

sisting of beryllium fluoride and beryllium oxide,
electrolyzing said electrolyte in series with said
alloy as cathode and with a suitable anode, there-
by dissociating the said beryllium compound,
liberating beryllium at the said cathode and add-
ing to the beryllium in said fluid alloy, maintain-
ing floating on a part of the said fluid alloy a
second fluid electrolyte containing a metallic
fluoride or fluorides of higher dissociation poten-
tial than beryllium fluoride and containing a
compound selected from the group consisting of
beryllium fluoride and beryllium oxide, electro-
lyzing said second electrolyte in series with said
fluid alloy as anode and with a suitable cathode, 150

140

145
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4
thereby depositing beryllium at ‘the said last
mentioned cathode.

5. Process of making beryllium, which com-~
prises maintaining a fluid alloy consisting pre-
dominantly of beryllium and copper, maintain-
ing floating on & part of said alloy a first fluid
electrolyte containing & metallic fluoride or
fluorides of higher dissociation potential than
beryllium fluoride and containing a compound
selected from the group consisting of beryllium
chloride and beryllium oxide, electrolyzing the
said electrolyte in series with said alloy as cath-
ode and with a suitable anode, thereby dissociat-
ing the said beryllium compound, liberating
beryllium at the said cathode and adding to the
beryllium in said alloy, maintain floating on a
part of the said fluid alloy a second fiuid elec-
trolyte containing a metallic fluoride or fluorides
of higher dissociation potential than beryllium
fluoride and containing a compound selected
from the group consisting of beryllium fluoride
and beryllium oxide, electrolyzing said second
electrolyte in series with said fluid alloy as

anode and with a suitable cathode, thereby depos-~
-iting beryllium at the said last mentioned

cathode.

6. Process of making berylhum, which com-
prises maintaining a fluid alloy of beryllium and
a metal or metals more dense than beryllium and
less electropositive than beryllium in relation to
fluorine, maintaining floating on a part of said
alloy a fluid electrolyte containing a fluoride or

" fluorides selected from the alkali metal and al-
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kaline earth metal fluorides and containing a
compound selected from the group consisting of
beryllium fluoride and beryllium oxide, electro-
lyzing the said electrolyte in series with said
alloy as cathode and with a suitable anode, there-
by dissociating the said beryllium . compound,
liberating beryllium at the said cathode and add-
ing to the beryllium in said fluid alloy, maintain-
ing floating on g part of the said fluid alloy a
second electrolyte containing a fluoride or fluor-
ides selected from the alkali metal and alkaline
earth metal fluorides, and electrolyzing said last
mentioned. electrolyte in .series with said fluid
alloy as anode and with s suitable cathode, there-
by depositing free beryllium at the said cathode.

7. Process of making beryllium, which com-
prises maintaining a fluid alloy of beryllium and
a metal or metals relatively more dense than
beryllium and less electropositive than beryllium
in relation to fluorine, maintaining floating on

53
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said alloy a ﬂuid electrolyte containing a metal-
lie fluoride or fluorides of higher dissociation po-
tential than beryllium fluoride and containing a
compound selected from the group consisting of
beryllium fluoride and beryllium oxide, electro-
lyzing said electrolyte in series with said alloy as
cathode and with a suitable anode, thereby dis-
sociating sald beryllium compound, liberating -
beryllium at the said cathode and adding to the
beryllium in the said alloy, thereafter reversing
the electrolysis, and electrolyzing the said elec~
trolyte in series with said alloy as anode and with
a suitable cathode, thereby depositing beryllium
at the said last mentioned cathode.

8. Process of making beryllium, which com-
prises maintaining a fluid  alloy -consisting pre-
dominantly of beryllium and copper, maintaining
floating on said fluid alloy a fluid electrolyte con-

taining a metallic fluoride or fluorides of higher

dissociation potential than beryllium fluoride and 95
containing a compound selected from the group
consisting of beryllium fluoride and beryllium
oxide, electrolyzing said electrolyte in series with
said fluid alloy as cathode and with a suitable

anode, thereby dissociating said beryllium com- 100

. pound, liberating beryllium at the said cathode

and adding to the beryllium in said fluid alloy,
thereafter reversing the electrolysis, and electro-
lyzing the said electrolyte in series with said fluid
alloy as anode and in series with & suitable
cathode, thereby depositing free berylhum at the
said cathode.

9. Process of making beryllium, whlch com-
prises maintaining a fluid alloy of beryllium and
a metal or metals more dense than beryllium and 110
less electropositive than beryllium in relation to
fluorine, maintaining floating on said alloy a fluid
electrolyte containing a fluoride or fluorides se-
lected from the alkali metal and alkaline earth
metal fluorides and containing a compound se- 118
lected from the group consisting of beryllium
fluoride and beryllium® oxide, electrolyzing the
said electrolyte in series with said alloy as cathode
and with a suitable anode, thereby dissociating

106

- said beryllium compound, liberating beryllium at 120

the said cathode and adding to the beryllium in
the said fluid alloy, thereby reversing the elec-
trolysis, and electrolyzing the said electrolyte in
series with seid fluid alloy as anode and in series
with a suitable cathode, thereby depositing free 128
beryllium at the said cathode.

'L.OUIS BURGESS,

136
140
145

160



