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Application June 9, 1933, Serial No. 675,056

19 Claims.

This invention is a method of extracting metals
from amalgams and includes novel apparatus by
means of which the method may be commercially
performed. More particularly, the invention is
directed to extracting alkali metals and metals
of alkali earths
formed through the electrolysis of salts of such
metals in the presence of g mercury cathode.

Alkali metals and metals of alkali earths can
be recovered by the electrolysis of a salt of a

metal in a cell employing a mercury cathode, to

produce an amalgam, this step being followed
by heat treatment of the amalgam for the pur-
pose of disassociating the mercury of the amal-
gam from the alkali metal content thereof., The
mercury may be volatilized and led off as a vapor
leaving the alkali metal as a residue.

A method and apparatus for accomplishing
this result is described and claimed in an appli-
cation filed by Seth A. Moulton on January 14,
1933, Serial No. 651,704. In accordance with the
method of said application which, so far as we
know, contains the first disclosure of a practical
manner. of accomp.ishing this result, the amal-
gam is heat treated at a temperature sufficiently
high to effect the disassociation referred to. Said
method and apparatus have been practically
operated and have produced substantially pure
alkali metal, but certain problems have arisen
which it is the purpose of the present invention
to overcome. For example, it has been found
that, if the concentration of the alkali metal in

- the cell efluent is too high, the process cannot:
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be practica'ly carried out. It therefore becomes
desirable, in the infterest of a continuous com-
mercial process, to work with relatively low con-
centrations. This means that the cell effluent
will contain not only an amalgam, but an appre-
ciable amount of free mercury which acts as a
vehicle for the amalgam in the subsequent steps
of the process., If this entire eflluent is passed
through a single heat treatment, the tempera-
ture must be sufficient'y high to effect a disasso-
ciation of the amalgam and the temperature is
considerably in excess of that required for the
vaporization of pure mercury. |

The disadvantages of this procedure will be
hereinafter more fully enumerated, but suffice it
here to say that the primary object of the pres-
ent invention is to eliminate the necessity of

treating the entire cell efluent at maximum tem-

peratures and to act upon the cell effluent by suc-
cessive steps or stages of appropriate tempera-
tures in each stage, so as to first remove the free
mercury at a temperature appropriate to this

from amalgams preferably

(CL 75—17)

operation, and thereafter disassociate the constit-

uents of theé amalgam at an appropriste tem-

perature or temperatures to remove the mercury
thereof and leave the alkali metal in substan-
t-ally pure state as a residue.

The present invention is the result of pro-
tracted study and experimentfation on our part
which has shown that complete and practical
separation of two metals, such, as mercury and
an alkalli metal, should, for best commercial pur-
poses, be accomplished in two or more definite
stages, for, as stated, there are at least two unit
processes or steps involved in the segregation of
these metals. First, simple distillation or vapor-
ization of free excess mercury in the cell effliient
in, e. g., one still, and, second, the decomposi-
tion of the residual amalgam of the two metals
in, e. g., one or more additional stills, to effect
the uitimate separation of said metals.

While the steps of recovery of the alkali metal
from the cell effluent constitute the primary ob-
ject of this invention, the invention embodies
further objects which will hereinafter more fully
appear, but which have to do more particularly
with those method steps and apparatus which
enter into a commercial system for effecting the
purposes stated.

For example, an important feature of this in-
vention is inherent in the employment of g rela-
tively large mass or volume of recovered alkali
metal at such a temperature that amalgam, when
brought in contact therewith, is flashed to effect
thermal decomposition thereof, as hereinafter
explained in detail.

A further important feature of this invention
resides in the use of an inert fluid to facilitate
drawing off of the recovered alkali metal without
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admission of atmospheric air into the system, and

the further use of this inert fluid as a safety me-
dium, so that in the event the vacuum is broken
in the system through failure of apparatus or any
other cause, the inert fluid may be fed, preferably

flooding of the system by air, steam or the like.

Another feature of the invention which is high-
ly important from a commercial standpoint has
to do with proper heat recovery, so that the en-
ergy in the fuel employed may be efficiently re-
covered and utilized to do useful work.

- Another feature of the invention consists in the
employment of arefluxing step functioning in con-
junction with the thermal decomposition of the
amalgam and serving to protect against the loss
of the alkali metal, while permitting efficient
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vaporization of the mercury constituent of the
amalgam,

Aside from the foregoing, the invention involves
various safety factors which will be presently

enumerated.

We are aware that in prior pe,tents and in the
literature of science, prognostications have been

made with reference to the decomposition of
amalgams, but these prior publications are wholly
lacking in the disclosure of any commercial work-
able method or apparatus whereby the results
accomplished by this invention can be obtained.

Features of the invention, other than those
adverted to, will be apparent from the herein-
after detailed description and appended claims,
when read in conjunction with the accompanying
drawing. |

The accompanying drawing illustrates dia-

egrammatically one form of novel apparatus for
carrying out the main and sub-processes of this
invention. We wish it understood, however, that
the apparatus shown is illustrative, only, and
other forms of apparatus may be employed with-
out departing from the invention.

In the drawing, Figure 1 i1s a diagrammatle
showing of the apparatus.

Figure 2 shows a modified form of one part of
the apparatus.

The invention may be carried out in conjunc-
tion with various alkali metals or metals of alka-
line earths, such, for example, as sodium, potas-
sium, caesium, barium, etc., but, for the purpose
of concrete illustration, we have chosen to de-
scribe sodium as the metal which it is desired to
recover. The following description, therefore,
will deal specifically with this metal, it being un-
derstood that the invention is not expressly lim-
ited thereto.

Furthermore, in the following detailed desenp-
tion, we shall set forth not only the main process
of this invention, but various sub-processes or
method steps which also constitute a part of the
present invention, and it is therefore to be under-
stood that some parts of this disclosure may be
employed within the scope of the present inven-
tion without necessarily employing all. How-
ever, the apparatus shown in a more or less dia-
erammatic manner is that of a complete system

susceptible .to commercial use in the carrying on

of the process.

In adapting the invention to the recovery of
sodium, a suitable brine, such, for example, as
sodium carbonate, is fed from a suitable source
of supply, not shown, to one or more electrolytic
cells, one of which is indicated at 1. The brine
is fed through an inlet 2 provided with an ap-
propriate interrupter, so that the brine may be
fed into the cell at predetermined intervals or
substantially constantly through an interrupted
flow, in order that the cell may not be electrically
short circuited. The cell is of the type employing
8 mercury cathode and appropriate current is
supplied through a circuit 3, including a switch-
board 4, from a suitable source of current supply
indicated as a generator 5. |

Mercury is adapted to be supplied to the cath-
ode through a pipe 6, which leads from a scrub-
ber 7, preferably fed from mercury which is
passed through the process and has been recov-
ered or from fresh mercury fed from a source of
supply 8, or from both. In any event, mercury
passes through pipe 6 and through an interrupter
9 into the cell to form the cathode. The inter-
rupter 9 functions to intermittently feed the mer-

1,061,135

eury in a manner to break the mercury column
and thus preclude short circuiting.

The sodium carbonate fed into the cell is elec-
trolyzed therein, the sodium combining with a
portion of the mercury cathode to form an amal-
gam and the generated gases passing off through
an outlet 10, where they may be utilized or treat-
ed in any suitable manner, forming no part of
this particular invention. The brine level in the
cell is meanwhile kept constant by an overfiow 11
provided therein with an interrupter 12 to pre-
clude short circuiting. The amalgam formed in
the cell is led out through an interrupter 13 to
a well 14, The connection between the cell and
this well may be in the form of a loop in order
to hold a slight vacuum in the cell if this is de-
sired.

Amalgam from the well 14 is fed by any suit-
able conveyor, such, for example, as an elevator
15 to a flow box 16, which, by preference, is posi-
tioned at such elevation as to permit the method
to operate in the main as a gravity flow system
from this point on. It is for this reason that we
employ the elevator 15, so as to obtain this sin-
gle point of elevation. Another reason for em-
ploying the elevator, but more particularly a fiow
box in the form of a weir, is that we may also
employ in connection therewith a return overflow
17, and by adjustment of the weir, the feed of
amalegam through the subsequent steps of the
process may be accurately controlled as to vol-
ume.

The amalgam passes from the flow box 16
through a pipe 18 to a heat exchanger 19. This
heat exchanger may be of tubular character, the
amalgam passing through the tubes and vapors
circulating around the tubes, as hereinafter more
fully explained. The vapors employed are of
highly heated character and the heat exchanger
in this particular step of the process is employed
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to raise the temperature of the amalgam, so that

it passes from the exchanger 19 through pipe 20
in a heated condition. The pipe 20 leads to a
heat exchanger 21 forming part of a heat econ-
omizer emploving the heat generated in subse-
quent vaporizing and disassociation steps of the
process, and in this heat exchanger 21, the tem-
perature of the amalgam is appreciably raised,
i. e., it is raised to a point where it can be eco-
nomically fed to the next step of the process which
constitutes, generally speaking, a vaporizing tep.

This vaporizing step is carried out first within
a primary still or stills 22 and a subsequent dis-
association step is carried out within a secondary
still or stills 23. 'The respective stills may have
their own individual source of heat and they may
be heated to various or progressive temperatures
s may be desired. However, for the purpose of
concrete illustration, we have shown these several
stills (two, for example) as contained within a
common casing or furnace 24 having an outlet
chamber 25 leading to the stack 26, and this outlet
chamber is divided into a plurality of heat econ-
omizers. The heat economizer 21 has already
been referred to, but, as shown, there are two ad-
ditional economizers 27 and 28, which will be

hereinafter more fully explained. It ﬁvill be noted

that the infeed 29 which leads from the econ-

omizer 21 to the primary still 22 is prowded there-

in with a U-tube and vacuum seal 30.

We have hereinbefore referred in the flow or
passage of amalgam from the cell through various
apparatus, pipes, etc., to a primary still, It is es-
sential at this point to clearly explain an impor-

120

125

134

137

140

100




o neenias o 3
-mercury vehicle is ‘placed in a single still and
‘subjected to sufficient temperatures to totally

disassociate the mercury in the amalgam, the

tant factor of this invention and oné which goes
. . to the very base of the present process, =
- As hereinbefore stated, the process of this in-

\

- forming the cathode with a view to subsequently

1o ‘breaking up the amalgam into its mercury and

vention is primarily directed to a commercial
0 means of obtaining, for example, sodium from a
brine thereof. This brine is electrolyzed and the

sodium is combined with part of the mercury

sodium constituents and separating them to ob-
tain the free sodium. Now, as a matter of fact,
in order to efficiently carry on a process of this

kind, it is not deemed practical to operate on a
- cell efluent of amalgam alone which would pre-
suppose a total conversion of the mercury cathode
into an amalgam. In other words, it would re-

'_ quire & combination of all of the mercury in the
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~cell with the sodium from the brine and would

produce a cell efluent having a very high sodium

isfactory for use in the present process for many
important reasons. In the first place, such an
efiuent would. be practically a solid at ordinary
temperatures and could not be subjected to a

flow. - |
Another disadvantage of employing such a high

sodium concentration in the cell is that, if used,
counter reactions with the electrolyte would occur
with consequent appreciable -reduction in the
efficiency of the cell. 'There are additional rea-
sons why the course stated is impractical, but
those referred to are sufficient to illustrate. |
It is of course desirable to retain the fluidity of

“the cell efluent in order that it may be properly

handled. This can be most efficiently accom-
plished by lowering the percentage concentration
of sodium allowed to combine with the cathode
of a cell during the electrolytic step.

In carrying out this invention, we can operate

of course within relatively wide limits, so far as
actual concentration is' concerned, depending
upon several factors, However, for the purpose
of concrete example, and without in anywise in-
tending to limit the invention to specific precent-
ages, it has been found that a sodium concen-
tration of 0.15% by weight in the cell eflluent will

- give highly satisfactory and efficient results.

When it is borne in mind that the cell effluent

~ contains, in the example set forth, 0.15% sodium,
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it becomes apparent that this sodium is combined
with only a portion of the mercury cathode to
form an amalgam, and that with this amalgam,

there are relatively large amounts of free mer-

cury which, as a matter of fact, act as a vehicle
for the amalgam in passing through the steps
of the process thus far described. Accordingly,
the effluent which leaves the cell embodies a me-
tallic mercury as & vehicle for entrained sodium
amalgam. S

The present invention provides a relatively sim-
ple and economical method and means, whereby
it is made possible to obtain from this efluent the
alkali metal constituent in a substantially pure
state. | - -

In practice, the difficulty of breaking up the

effluent into its constituent parts for the pur-

pose of recovery of the mercury and the alkali
metal is due largely to the different conditions
which are best adapted for recovery of the par-
ticular constituents and for disassociation of the
mercury from the sodium in the amalgam. ¥For
example, relatively pure mercury will volatilize
at a lower temperature than is required to dis-
associate the constituents of the amalgam and
it has been found that if the amalgam with the

-cell 1.
er 33 through a pipe 38, having therein a vac-

entire cell eluent must be subjected to the max-

‘imum temperatures. This produces undesirable
wear and tear on the apparatus and conditions-
very difficult of control in order to obtain a pure

product. It is not impossible to obtain the pure

product by the former process, but by the pres-

ent invention provision is made for a more eco-

nomical, simple and efficient method of obtai'n-__-

ing this result and with a higher safety factor.

According to-the present invention, therefore,
we effect a disassociation, both physical and
chemical, by a succession of steps or stages. In
the first stage, the efluent from the cell, pref-
erably preheated in the interest of economy in

the heat exchangers 19 and 20, is fed into the

80

85

90

primary still 22 heated in any appropriate man-

concentration. Such an efluent would be unsat- 1e€r as by a burner 31 within the furnace 24.

These burners are shown as fed with air .through
hereinbefore referred to. @ -
Suflicient heat is supplied in this primary still
22 to the entire cell efluent to volatilize the free
mercury vehicle thereof. This is accomplished
under & partial vacuum, i. e., under a pressure
lower than atmospheric pressure. The amount
of vacuum employed may vary within appreci-
able limits without departing from this inven-

& pipe 56 in which is included the heater 28

tion, but, by way of illustrative example, it may
- be stated that the process has been efficiently

worked with a temperature and pressure where-
in the vapors leave the still 22 at approximately
025° F. and- 25’ vacuum (referred to g 30’
barometer). Thus, in the primary still 22, the
free mercury vehicle is separated from the amal-
gam leaving an amalgam as a residue. It is

95
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possible with variation of pressures and tem-

peratures to partially decompose the amalgam, |

lio

so as to free some mercury therefrom, but, in

the preferred method of carrying out the proc-
ess, this is negligible, if it occurs at all, in its
effect on the conditions of operation in the still
22, it being the function of this still primarily
to remove the free mercury vehicle. .
In the preferred form of the invention, the
operation of separating the mercury vehicle is
accomplished in a single still, although it is pOS-
sible without departing from this invention, to
accomplish this result by the employment of a
Plurality of stills 22 operable in series or paral-
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lel. In any event, the mercury vapors from the -

primary still or stills pass out through a duct

32 to a condenser 33 which may function, in -

effect, as a steam boiler, a part of the heat from
the mercury vapors during condensation being

utilized to convert water in the condenser 33 -

into saturated steam, which is fed through a
pipe 34 through a superheater 35 in the fur-
nace, whence it passes through pipe 36 to a tur-

bine 37. ' The turbine may be used for any power
purpose, but, is illustrated as coupled to a gen-

erator 5 which supplies electrical current to the
The condensed mercury leaves condens-

uum U tube 44, and passes through a pipe 39
to a heat exchanger 40 wherein it serves to par-
tially heat the feed water for the condenser 33.

The feed water is fed through pipe 41 to heat -

exchanger 40, thence through pipe 42 to the
heat exchanger 27 of the economizer associated
with the furnace, and thence through pipe 43
to the primary condenser 33 to be there con-
verted into steam for use in the turbine. If de-
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sired, the stearﬁ from the condenser may be uséd

for other purposes than to generate power with-

out departing from this invention: - _.
After the free mercury has been removed or

separated from the amalgam in the primary still

which constitutes, in effect, the first stage of
separation, the resulting residue, constituting the
amalgam, is fed through a valved inlet into the
second stage. This second stage may constitute
a single still, the tempera‘ure and pressure of
which are maintained appropriate to break up
the amalgam to disassociate the mercury there-
of from the sodium and volatilize the former.
In practice, this stage may be accomplished

in a single step employing a single still or in

a plurality of steps employing a succession of
stills heated to progressively higher temperatures.
Figure 2 of the drawing shows two of suich stills
23_.93’ connected in series. For the purpose of
illustration in Figure 1, however, we have chosen
to show the simplest form embodying a single
still in the second stage, This still is desig-
nated 23 and the inlet from the primary still is
controlled by a valve 45. A body of sodium in
molten state is maintained within this still with
its surface level above the valve 45 and the amal-
gam is fed from the primary still through this
valve into contact with the body of molten so-
dium maintained at such temperature that it
will preferably immediately flash the amalgam,
i. e., effect a decomposition thereof on intro-

‘duction and contact with the sodium. As a re-

sult, the mercury constituent of the amalgam
will become immediately vaporized, will rise to
the surface of the molten sodium and leave the
top of the still.

In practice, appropriate temperatures and
pressures are employed to effect an efficient dis-
association of the elements in this step. In prac-
tically carrying out this step, we have utilized,
for the purpose of illustration, and without in
anywise tending to limit this invention, a tem-
perature and pressure of approximately 1050° F.
and 29, '’ vacuum, respectively (referred to a 30"’
barometer).

When thus practised, however, more or less so-
dium is volatilized and for the recovery of this
sodium, a refluxing tower 46 is associated with the

top of the still 23. The temperature of this tower.

is such that it will condense and reflux the so-
dium and permit the mercury vapor to pass out

- through an outlet pipe 47. With this method of
procedure, it is found that sodium in a practically

pure state will accumulate in the still, and may
be drawn therefrom as hereinafter explained. If
the valve 45 is not accurately set, this is not
series, for if a greater amount of amalgam is fed
into the still than can be immediately flashed, 1t
will fall into the bottom of the still and into the
zone of greatest heat therein to there be disasso-
ciated and the mercury therein volatilized.

In carrying out the process, as described, the

surface level of the molten sodium in the still 23

is maintained above the amalgam inlet and the
accumulated sodium in excess of that necessary
for this purpose is drawn off from time to time as
may be desired through a pipe 48 into a receiver
49. The pipe 48 leaves the still at an elevation
above the valve 45, so as to at all times main-
tain a minimum level above this valve.
Practically pure sodium enters the receiver 49
and may be drawn therefrom, as desired, through
a draw off valve 50. The valve 51 controls the
drawing off of the sodium from the still 23 into
the receiver 49 and in practice this is preferably

intermittent, in order that the sodium after enter-

ing the receiver 49 may be allowed to cool before
drawing the sodium therefrom through the valve
50 to final disposition through a valved pipe 52.
It will be noted that pipe 53 leads from the bot-
tom of the still 23. This is a drain pipe and is
conitrolled by a valve 54. The drawing off of the
sodium from the receiver 49 is preferably accom-
plished without venting to the atmosphere, as
will be presently explained. | -
The mercury vapors evolved in the still 23 pass
through the pipe 47 to the heat exchanger 19,
wherein the heat thereof is given up at least in
part to the mercury amalgam flowing through the
pipe 20 to the still of the first stage and from the

heat exchanger 19, the mercury condensed from

vapors flowing into the condenser through pipe
47 passes through U-tube 44’ {o meet the con-
densed mercury from the primary condenser 33
flowing through; the pipe 38 and to pass there-
with through pipe 39 to heat exchanger 40 where
further heat is given up to heat the feed water, as
hereinbefore described. The resulting cooled
mercury. is fed through the scrubber 7 to be re-
introduced, through the pipe 6 and interrupter 9,
into the cell. | |

In carrying out a process of this kind, great
care should be taken to provide the greatest pos-
sible safety- factors and: to guard in every con-
ceivable way against accidents which might oc-
cur from failure of apparatus. For example, in
the system as described, the mercury vapors com-
ing from the second stage are utilized to heat the
mercury-amalgam mixture passing to the first
stage. If, for example, the heat exchanger em-
ployed for this purpose should fail for one rea-
son or another and allow amalgam or mercury in
appreciable quantities to flow back through the
pipe 47 into the still 23, this mercury would be
hrought immediately Into contact with a rela-
tively large body of melted sodium at high tem-
perature with probably disastrous results. Conse-
quently, the present invention includes the sup-
plementary invention of providing a riser seal 55
included in the pipe 47. This riser seal is shown
in the form of an inverted U-tube rising to a
height above the mercury head afforded by the
flow box 16, plus a sufficient elevation to compen-
sate for the vacuum in the system. With this
safety adjunct, it is apparent that that portion of
the pipe 47 between the riser seal 55 and the seal
23, is absolutely safeguarded against retrograde
flow of mercury. This is a novel and important
safety feature in the system as shown.

In carrying out the system of this invention,
various pressures, generally below atmospheric
pressure, are utilized throughout the system, as
hereinbefore explained. These pressures must be
taken into consideration in the operation of the
apparatus from various angles. Yor example, it

is necessary to break the vacuum at the receiver

49 to draw off the final sodium product. Simi-
larly, it is highly desirable in a system of this
kind to protect the apparatus against the influx
of air in the event of mechanical failure of any
part. For these purposes and others, the present
invention contemplates the employment of an in-
ert fluid, which is adapted to be automatically or
manually, in some cases, fed into the system at

the time of removal of products therefrom, or, in

the event of mechanical break down.

Thus, there is shown at 57 a source of supply
for an inert fluid which may, in practice, be con-
tained in a tank. A pipe 58 leads from this tank
to the top of the receiver 49 and includes a valve
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59 Another pipe 60 havins 8 valve 61 therein

and including a vacuum pump 62 leads back to the -
tank 57. Valved pipe 63 is an emergency vent to

the atmosphere. The valved pipe 63 is closed at
~ 8 all times. To draw off sodium from the receiver

49, the veive 61 is cloeed and draw oﬂ! valve 50

I8 opened.

It will be understood of course that the valve

01 is closed and has been closed for a time to
10 permit sodium in the receiver to cool as de-
sired. As soon as the draw off valve 50 is opened,
the sodium flows from the receiver and is dis-
placed by the inert fluid from tank 57. After
the sodium has been drawn off, draw off valve
156 o0 is closed, valve 59 is also closed, valve 61 is
- opened and the vacuum pump 62 operated to
“pump the inert fluid from the receiver 49 back
into the tank 57 in order to restore in the in-
terior of the receiver 49 the desired pressure
20 Valve 61 is then closed.
- Various inert flulds may be used for this and

other purposes, but Argon gas gives very satis-

factory results.

It will be noted also that a pipe 64 leads from

o5 the tank 57 and connects through branch pipes

65 and 66 with a pipe 67 having therein valves

68, 69 and 70. The opposite ends of the pipe 67
connect with vacuum pumps 71 and 72. Two
pumps are shown in the drawing, the pump 71
30 being intended primarily. to maintain proper
- pressures in the primary still 22 and on the mer-
cury side of the condenser 33. The pump .72
‘on the other hand is intended to maintain a
proper pressure in the secondary still 23 by way
35 Of pipe 47 and also to maintain proper pressure
in the heat exchanger 19. The pumps are con-
nected as shown, by a pipe with valves 68, 69
and 70 to permit of variations of this arrange-
ment if desired. Ordinarily, the valves 68 and
40 70 are opened, while the valve 69 is closed. In
the branch pipes 65 and 66 are automatic vac-
uum breakers 73 and 74, which, so long as the
system is functioning properly, serve to hold the
predetermined vacuums. Adjacent the opposite

45 sides of the primary condenser 33, the safety

valves 75 and 76 are included in the mercury
inlet and outlet pipes and these valves are re-
spectively controlled by automatic controllers 77
included in an electric circuit with a relay 78.
- 50 This relay is actuated by a mercury U-tube con-
- tacter 79 connected by a pipe 80 to the pipe 67.
- Now, for the purpose of illustration, suppose,
for example, that one of the tubes in the pri-
| mary condenser 33 fails. If steam were per-
55 mitted to pass through the system very serious
results might occur. According to the apparatus
shown, however, as soon as the tube fails, the
vacuum will drop and the increased pressure in
the pipe 80 will cause the mercury in the U-
60 tube 79 to make electrical contact, actuating
the relay 78, which, in turn, will operate the
valve closers 77 to close the valves 75 and 76.
At the same time instead of admitting atmos-
pheric air into this system, the valve 73 will be
g5 free to open to admit the inert fluid. Appro-
priate means are provided for stopping the vac-
uum pump in the event of failure of any part
of the system. The valve 74 acts in the same
manner with respect to the secondary stage of
{3 the operation, although no control valves are nec-
essary because of the riser seal 55.

It will be apparent from the foregoing de-
tailed description- that we can efficiently and

economically extract alkali metals or metals of

/§ alkaline earths which we look upon generically

a3 alkaline metals In the appended claims we '

have used this term “alkaline metals”, as refer-
ring to either or both alkali metals or metals
of alkaline earths and the elalma are to be 80
construed, |

‘We have Lhereinbetore described the use ot

the draw off of the end product of this process.
This use of an inert fluid is particularly desir-
able in the separation and recovery of alkaline
metals and more especially sodium. We are
aware, however, that the employment of inert
fluids to blanket portions of systems normally

operated under sub-atmospheric conditions is

susceptible to use in various arts other than the

recovery of alkaline metals and the present in-
vention is not limited to this particular art, so

far as this safety measure is concerned.

It will of course be understood that in utiliz-
ing such an inert fluid for the purposes stated,
this fluid should be maintained under at least
atmospheric pressure, and in practice the pres-
sure of the fluid is preferably somewhat higher
than atmospheric pressure, in order that the
flow of this fluid into the systenmy may be rapid
and efiicient in the carrying out of its intended
functions.

‘The foregoing detailed description seta forth
the invention in its preferred practical form, but
the invention is to be understood as fully com-
mensurate with the appended claims.

Having thus fully described the invention, what
we claim as new and desue to secure by Letters

Patent is:

1. The method of extracting alkaline metals
from a mixture of mercury and an amalgam of

~ an alkaline metal, which consists in heating the

mixture to a temperature to distill off the mer-
cury from the mixture and leave the amalgam
as a residue, and thereafter thermally decom-
posing the amalgam at a higher temperature and

an inert fluid as a safety factor and to facilitate
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removing the resulting mercury vapor to leave

the constituent alkaline metal as a residue.
2. The method of extracting alkaline metals

from a mixture of mercury and an amalgam of
an alkaline metal, which consists in distilling

off the mercury from the mixture in a suitable
vessel, thereupon transferring the remaining

amalgam to another and different vessel, and
thermally decomposing the amalgam in the sec-
ond vessel and removing the mercury vapors

stituent alkaline metal as a residue.

3. The method of extracting alkaline metals
from a mixture of mercury and an amalgam of
an alkaline metal, which consists in distilling off
the excess mercury in one unit process, then

thermally decomposing the amalgam in a second

unit process to leave the constltuent alkaline
metal as a residue.

4. The method of extracting alkaline metals
from a mixture of mercury and an amalgam of
an alkaline metal, which consists in distilling
off the excess mercury in one unit process, then
thermally decomposing the amalgam in g second

- unit process to leave the constituent alkaline

metal as a residue, and refluxing the vapors of

the constituent alkaline metal which may be

evolved during the second unit process. |

5. The method of extracting alkaline metals
from a mixture of mercury and an amalgam of
an alkaline metal, which consists in heating the
mixture in a suitable still to distill off the mer-
cury thereof, then transferring the remaining
amalgam to a second still, decomposing the
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- produced in the second vessel to leave the con- |
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amalgam in said latter still, and vaporizing oft

the mercury content thereof.to leave the con-

stituent alkaline metal as a residue.

6. The method of extracting alkaline metals
from a mixture of mercury and an amalgam of
an alkaline metal, which consists in heating the
mixture in & suitable still to distill off the mer-
cury thereof, then passing the remaining amal-
gam in series through a plurality of additional
stills heated to consecutively higher tempera-
tures for the purpose of decomposing the amal-
gam and distilling off the constituent mercury
thereof to leave the constituent alkaline metal
as an end product.

7. The method of extracting alkaline metals
from & mixture of mercury and an amalgam of
an alkaline metal, which consists in heating the
mixture in a suitable still to distill off the mer-
cury thereof, then passing the remaining amal-
gam in series through a plurality of additional
stills heated to consecutively higher tempera-

tures for the purpose of decomposing the amal-

gam and distilling off the constituent mercury
thereof to leave the constituent alkaline metal
as an end product, and refluxing the vapors of
the alkaline metal in at least one of the latter
stills.

8. The method of extracting alkaline metals
from & mixture of mercury and an amalgam of
an alkaline metal, which consists in distilling
off the mercury of the mixture, and therealter
decomposing the resulting amalgam by contact
thereof with a body of molten alkaline metal

. of the same Kkind as the alkaline constituent of
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the amalgam and which metal is maintained at
a temperature above the decomposition tempera.-
ture of the amalgam, and remmrmg the mercury

vapors.
9. The method of extractmg alkaline metals

- ~“fram a mixture of mercury and an amalgam of

an alkaline metal, which consists in distilling off
the mercury of the mixture, and thereafter de-
composing the resulting amalgam by contact
thereof with a body of molten alkaline metal
of the same kind as the alkaline constituent of
the amalgam and which metal is maintained at
a, temperature above the decomposition tempera-
ture of the amalgam, removing the mercury va-
pors, and refluxing the alkaline metal vapors
evolved during the decomposition of the amal-
gam.

10. The method of extracting alkaline metals
from 8 mixture of mercury and an amalgam of
an alkaline metal, which consists in distilling
off the mercury of the mixture, thereafter de-
composing the resulting amalgam by contact
thereof with a body of molten alkaline metal of
the same kind as the alkaline constituent of the
amalgam and which metal is maintained at a
temperature above the decomposition tempera-
ture of the amalgam, removing the mercury va-
pors, refluxing the alkaline metal vapors evolved
during the decomposition of the amalgam, and
adding the refluxed alkaline metal as well as

the unvaporized alkaline metal constituent of the

amalgam to the said molten metal body.

11. The method of extracting alkaline metals
from a mixture of mercury and an amalgam of
an alkaline metal, which consists in distilling off
the mercury from the mixture in a suitable vessel,
thereupon transferring the remaining amalgam
to another and different vessel, and thermally
decomposing the amalgam in the second vessel
and removing the mercury vapors produced In
the second vessel to leave the constituent alka-

1,061,136

line metal as a residue, drawing off quantfties

of the alkaline metal residue from time to time

into a sealed chamber, drawing off quantities of
said metal from said sealed chamber from time
to time, and venting said sealed chamber with
an inert fluid during the drawing off of the metal
from the latter. -

12. The method of extracting alkaline metals
from a mixture of mercury and an amalgam of an

alkaline metal, which consists in distilling off the
‘mercury from the mixture in a suitable vessel,

thereupon transferring the remaining amalgam
to another and different vessel, and thermally
decomposing the amalgam in the second vessel
and removing the mercury vapors produced in
the second vessel to leave the constituent alkaline
metal as a residue, drawing off quantities of the
alkaline metal residue from time to time into s

sealed chamber, drawing off quantities of said

metal from said sealed chamber from time to
time, and venting said sealed chamber with an
inert fluid during the drawing off of the metal
from the latter, and recovering excess inert fluid
from said chamber at the conclusion of each
draw off operation.:

13. The method of extracting alkaline metals
from a mixture of mercury and an amsalgam of
an alkaline metal, which consists in feeding under
hydrostatic pressure a mixture of mercury and
an alkaline metal amalgam to a suitable still, de-
composing the amalgam in said still to evolve
mercury vapors, passing said mercury vapors into
heat exchangeable relation with the mixture of
mercury and amalgam on the way to the still,
and causing said mercury vapors to he fed into
said heat exchanging relation from a point-ele-
vated above the elevation of the hydrostatic head
of the mixture of mercury and amalgam to be
heated thereby.

14. The method of decomposing an alkaline'

metal amalgam, which consists in introducing
the same into a still, applying heat thereto for
the purpose of decomposing the amalgam to va-
porize the mercury constituent and leave the al-
kaline metal as a residue, carrying on this de-

composition step under sub-atmospheric pres-

sure, maintaining an inert fluid under a pres-
sure at least equal to that of the atmosphere, re-
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straining the entrance of inert fluid into the

still, so long as the pressure in said still is below
a predetermined maximum, and admitting said

inert fluid into the still when the pressure there-

in rises above said predetermined maximum.

15. The method of operating a closed system'

which consists in maintaining at least a portion
of such system at sub-atmospheric pressure,
maintaining a body of inert fluid at a pressure af

least as high as atmospheric pressure, restrain-

ing the entrance of inert fluid into the sub-at-
mospheric ' pressure portions of the system, so
long as the pressure in said portion of the sys-
tem is bhelow a predetermined maximum, and
admitting said inert fluid into the system when
the pressure in the sub-atmospheric portion of the
system rises above said predetermined maximum,

16. In an apparatus of the character described,
a cell for producing an effluent mixture of mer-
cury and an amalgam of an alkaline metal, & pri-
mary still, means for feeding sald mixture from
the cell to the primary still, means for heating
the mixture in the still to distill off the free mer-
cury thereof, a secondary still, means for main-
taining a body of alkaline metal in the secondary
still, means for feeding predetermined quantities

125

130

135

140

146
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ducmg it Into the secondary still below the level
of the alkaline metal body therein, and means
for mainfaining said alkaline metal at & tem-
perature to thermally decompose the amalgam
upon contact with said body and to distill off the
mercury constituent of said amalgam.

17. In an apparatus of the character described,
a cell for producing an effiluent mixture of mer-
cury and an amalgam of an alkaline metal, a pri-
mary still, means for feeding said mixture from
the cell to the primary still, means for heating

‘the mixture in the still to distill off the free mer-

cury thereof, a secondary still, means for main-
taining a body of alkaline metal in the secondary
still, means for feeding predetermined quantities

-of amalgam from the primary still and introduc-

ing it into the secondary still below the level of
the alkaline metal body therein, means for main-
taining said alkaline metal at a temperature to

thermally decompose the amalgam upon contact

with said body and to distill off the mercury con-
stituent of said amalgam, and a refluxing tower
connected to the secondary still to reflux vapors

- of alkaline metal evolved in the secondary still.

18. In an apparatus of the character described,
a cell for producing an efluent mixture of mer-
cury and an amalgam of an alkaline metal, a pri-
mary still, means for feeding said mixture from
the cell to the primary still, means for heating

the mixture in the still to distill off the free mer-

cury thereof, a secondary still, means for main-

taining & body of alkaline metal in the secondary
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still, means for feeding predetermined quantities
of amalgam from the primary still and introduc-
ing it into the secondary still below the level of

the alkaline metal body therein, means for main-
- taining said alkaline metal at a temperature to

thermally decompose the amalgam upon contact
with said body and to distill off the mercury con-
stituent of said amalgam, a refluxing tower con-
nected to the secondary still to reflux vapors of
alkaline metal evolved in the secondary still, a
heat exchanger interposed between the cell and
the primary still and through which said mix-
ture is adapted to pass, and a conduit for feéd-
ing mercury vapors from one of said stills
through said heat exchanger to permit heating
of the mixture by said mercury vapors with ac-
companying condensation of said vapors, said
conduit having therein a riser seal extending to

an elevation exceeding that of the maximum

pressure head of the cell efiiluent mixture.

90

19. The method of extracting an aklaline metal
from an amalgam mixture. including such alka-

line metal, which consists in decomposing the
amalgam mixture by contact with a body of
molten alkaline metal of the same kind as the
alkaline constituent of the amalgam and main-
tained at a temperature above the decomposition
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temperature of the amalgam, and removing the

MEercury vapors.
PETER F. CRAHAN.
SETH A. MOULTON.
GORDON E. SEAVOY.

105

110

115

120

130

140

145



	Drawings
	Front Page
	Specification
	Claims

