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UNITED STATES

PATENT OFFICE.

HENRY SPENCER BLAQKMORE OF MOUNT VERNON, NEW YORK.

F’HOCESS OF PRODUCING CAUSTIC ALKALI.

No. 809,08S8.

Specification of Letters Patent.

Patented Jan. 2, 1906.

Application filed May 10, 1905, Serial No. 259,818,

To all whom it may concery:
Be it known that I, HENRY SPENCER BL.ACK-

‘MORE, a citizen of the United States, residing

at- Mount Vernon, in the county of Westches-

ter and State of New York, have invented cer-

tain new and useful Improvements in Proc-
esses of Producing Caustic Alkali, of which

the following is a speelﬁeatlon

The object of my invention 1s to produce
caustic alkali by electrolytic action 1n such a
manner as to effect a saving 1n time and ex-

pense, together with a larger yield with less

power in an automatic manner than has been

obtained hitherto: and it consists of certain:

new and novel features s hereinafter set
forth.

My invention relates particularly to the pro-
duction of caustic soda and chlorin from lig-
uid or liquefied common salt,(sodium chlorid,)

but is not limited thereto, as 1t may be ap- |

plied to the production of many other alka-

lies, such as potassa or lithia, and other salts

or compounds of alkali metals than the chlo-
rid, such as sodium chlorid, as employed in
the specific example of my process herein set
forth.

In carrying out my invention for the pro-
duction of caustic soda from liguid or lique-

fied sodium chlorid I proceed as follows, ref-
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erence being had to the eecompanvmo draw-

Ings, In Wthh— |

qure 1 is a transverse vertical section of
an apparatus employving a molten electrolyte
and cathode. Tig. 2 1s a transverse vertical
section of an apparatus employing anaqueous
solution of an electrolyte and a cathode of
mercury, and Fig. 3 1s a transverse vertical
section of a modified apparatus.

The apparatus of Fig. 1 consists of the fol-
lowing parts: An iron vessel 1 1s set within a
furnace-casing 2, of fire-brick, and supported
therein in part by an annular flange 3, extend-
ing outwardly from the upper edcre of the
veesel and resting upon the fire- brlek and in
part by pier 4, rising centrally from the bot-
tom of the furnace-chember Iinto supporting
contact with the bottom of the vessel. The
contents of the vessel are brought into a mol-
ten condition by any suitable means, that
shown being a burner 5, extending through
an opening 6 in the side wall of the furnace.
The electrolyte and cathode may be subse-
quently maintained in a molten condition by
the electrolyzing-current. From the flange
of the vessel a cathode-terminal 7 extends to

a binding-post8. The vessel hasaniron cover |

9, supported by, but insulated from, the ves-
sel by an msula,tmcr packing 10, preterablv of
magnesia. The cover has a qlde opening 11,

with- closure 12 to permit the introduction 01:-

lead and a large central opening 18, within
which 1s errenﬁ‘ed the anode - cha,mber 14,

This anode-chamber consists of a tubular cas-

ing 15, of iron, having an inwardly-extend-
ing Hange 16 at 1ts lower open end, a cover

17 with central opening for the anode-termi-

nal, and a non-conducting lining 18, prefera-
bly of magnesia, which at the upper end of
the chamber extends out between a flange at

the upper end of the casing and a corre-

sponding flange on the cover to provide an
insulating-pael{ing. The anode-chamber has
a lateral neck 19, with tight- fitting cover

920, for the introduction of sodium chlorid

or other material to be electrolyzed. The
flange 16 at the lower end of the anode-cham-
ber supports a disk 21, of foraminous mate-
rial, preferably iron-wire gauze, which disk 1s
overlaid by a diaphragm 22. This diaphragm
preferably consists of loose granular ma-
terial of greater specific gravity than the
molten electrolyte and less specific gravity
than the molten cathode arranged upon sup-
port 21 in a layer of considerable depth. The
material which 1 have found especially suit-
able for such diaphragm when molten sodium
chlorid 1s to be electrolyzed 1s magnetite
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broken into angular fragments of such size

as to pass through a sieve having a mesh of
fifty to the inch. The molten lead 23, acting
as a cathode, preferably rises to such a height
in vessel 1 that the entire mass of loose ma-
rial 22 constituting the diaphragm floats upon
the surface of the lead, the diaphragm there-
by remaining in close contact with the cathode,
notwithstanding considerable change in the
surface-level of the molten lead. The wire-
gauze 21 1s merely a safety device to prevent
the material of the diaphraom from dropping
out of the anode-chamber in case the molten
lead falls to any abnormal low level and is
not necessary to the proper working of the
apparatus. The anode 24, which may be a
rod or rods of graphitized carbon, is carried
by an adjustable rod 25, which may be of
metal protected with porcelain, and extends

| through a stuffing-box 26 in cover 17. From

one side of the anode-chamber extends an out-
let-pipe 27 to draw off chlorin or other gaseous
products, the removal of this chlorin being
perfectly assisted by the action of an air-in-
jector 28 in pipe 27, which serves to maintain
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a slicht vacuum in the anode-chamber. The
lead-sodium alloy produced by electrolysis of
the molten sodium chlorid being lighter than
the lead 1s continuously displaced as formed
from the surface of the cathode beneath the
dliaphragm and rises to the surface of the
cathode around the anode-chamber, this being
at a higher level than below the diaphragm.
The alloy may be thence drawn off. It is
preferable, however, to continuously remove
the sodium from the alloy and convert it into
its hydrate or oxid, the remaining lead being
returned by gravity to the bottom of vessel 1
beneath the diaphragm to receive further
additions of sodium. This result may be
accomplished 1n various ways, but preferably
by the following means: Within and some
distance below the surface of the molten-lead
cathode is an annular pipe 29 arranged around
and concentric with the anode-chamber. This
pipe has two rows of downwardly and out-
wardly opening perforations 30. Connecting

- with pipe 29 is a pipe 31, having valve 32,

30

which serves for the introduction of molten
sodium hydrate. T hissodium hydrate, inject-
ed ina plurality of fine streams into the molten
lead-sodium al
to SOdmm oxid with evolution of hydrogen,
which rises and passes off from the electro-
lytic cell through pipe 33. Sodium oxid rises

and floats on the surtface of the cathode and

remaining in a molten condition is continu-
ously drawn off as it rises above a certain level

- by an 1inverted siphon 34, extendine from the
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side of vessel 1 and delivering into a vessel
35, situated in an adjoining chamber in the
brickwork of the furnace. To facilitate the
oxldation of the sodium, a layer 60 of loose
granular conducting material is arranged at
or near the surface of the cathode around the
anode-chamber. This material may consist
of small angular fragments of iron, mag-
netite, or ferrosilicon. The material should
be, at least in part, beneath the surface of
the cathode, and this arrangement may be
effected either by employmo a floating layer

~of such depth that its weight causes the lower
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particles to be submerg ed or by fixing a hori-
zontal ring of wire-gauze between the anode-
chamber 13 and the outer wall of the vessel at
or below the surface of the cathode. This
loose granular material serves to distribute
the streams of sodium hydrate rising from
pipe 29 and bring theminto thorough and in-
timate contact with the sodium in the alloy.
The oxidizing reaction is facilitated by the
innumerable local couples due to the contact
of the sodium and therelatively negative par-
ticles of iron, &c.  The sharp corners of the
particles also increase the speed of the reac-
tion.
be effected by successively introducing oxygen
and hydrogen or air and natural g
pipe 29, the oxygen serving to convert the

lead—sodiumalloy intosodium plumbate, which

supporting-flange ot the vessel.

oy, 1s reduced by the sodium

lain without lining.

lution _
The resulting solution may be further

The oxidation of the sodium may also
or sﬂlca s‘md
oas thl ough
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is then reduced to metallic lead by the hydro-
gen with production of sodium hydrate.
The sodium oxid received 1n vessel 35 is

maintained in a molten condition by any suit-

able means, as by the waste products escap-
ing from the main furnace-chamber through
a side passage 36, sweepling around the vessel
and passing out through openings 37 in the
Vessel 35 has
a cover 39, through which passes thestem of a
float level-indicator40. Thesodium oxid may
be withdrawn,if desired,through valved outlet
38. It is preferred, however, to continuously
convert this oxid into hydrate. For this pur-
pose a pipe 41 leads upward from beneath the
level of the molten oxid in vessel 35 past a
steam-injector 42, which serves both to intro-
duce the water necessary for hydration and
to carry the old material upward to a vessel
43. The upper end of pipe 41 is bentand ex-
tends downward into vessel 43 to open be-
neath the surface of the molten sodium hy-
drate therein. A spring-closed air-inlet valve
1s arranged in the bend to prevent any siphon-
ing of hydrate back through pipe4l. Vessel
43 is heated by a burner 45 and has a valved
outlet 46 for the finished product. The cover
of vessel 43 also carries a level-indicator 47.
Such amount of sodium hydrate asis required
to oxidize the sodium taken up 'JV the lead
cathode continuously passes off from vessel

43 through a trapped outlet 48, communi-
cating with pipe 31.

The modification shown 1n Fig. 2 1s similar
in most respects to the apparatus already de-
scribed, with the exception that a mercury
cathode is employed, while the electrolyte is
an aqueous solution, no external heat being
therefore required. ' The anode-chamber 147
is preferably constructed of glass or porce-
The oxidation of the
sodium taken up by the cathode 23" may be
effected in the usual manner by placing a
layer of water49 onthesurface of the cathode
around the anode-chamber, into which de-
pend carbon electrodes 50, short-circuited to
the cathode by connections 51 to the metallic
cover of the metal-containing vessel. We
preferably emvloy, however, for this pur-
pose a perforated annulus of pipe 29, like that
heretotore described, by which water or a
dilute solution of sodium hydrate is injected
into the body of the mercury-sodium amal-
gam, the resulting strongsodium-hydrate so-
being withdrawn through side outlet

34.
strengthened by recirculating it through the
amaloam with or without previous additions
of water. The floating diaphragm 22 em-
ployed in this modification may be of broken
magnetite, as heretofore, or of broken glass
A layer 60 of conducting par-
ticles on and beneath the surface of the cathode
around the anode-chamber may be employed
to facilitate oxidation of the sodium, as here-
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tofore described. When sodium or other | rid flows up into the body of lead chlorid,

easily-oxidizable metal is deposited into the
mercury, the resulting amalgam being lighter

‘than the mercury rises around the anode-

chamber to a level where the sodium is oxi-
dized and removed, the depleted mercury
agaln returning to its p081t10n beneath the
dlaphreﬂ'm

The term ‘‘alloy ” as used in the claims 1s
intended to also cover an amalgam or alloy
contalning mercury.

Various modifications may be made in the
apparatus shown and described within the
scope of the generic claims. The partition
which divides the containing vessel into an
electrolyzing and an oxidizing compartment
may be of other form and arrangement than
the tubular anode-chamber shown. The dia-

- phragm and superposed electrolyte may be
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placed outside of the tubular partition and
the oxidizing agent introduced within it, ora
straight depending partition may be employed
to partially seperate the two chambers.

By the term ‘‘depending partition” as used
1n the cla,lms 1s meant any partition which has
2 passage or passages at 1ts lower portion. It
the diaphragm is a rigid sheet, both it and
the partition may be errancrecl in an inclined
position. In some cases the diaphragm may
be entirely omitted if care is taken to main-
tain the bodies of electrolyte, liquid ‘metal,
and products of oxidation at uniform levels.

The height of the column of electrolyte re-
quired to counterbalance the liquid-metal
cathode outside the anode-chamber may be
decreased by slightly increasing the normal
atmospheric pressure on the surface of the
electrolyte. This may be easily effected by
restricting the outflow of chlorin by regulat-
ing valve or choking device 27’ in the outlet-
pipe 27 and dispensing with the injector 28.
The weight of this column resting on the cath-
ode is advantageous in that 1t serves to bring

the electrolyte and liguid metal into close con-
tact.

The arrangement shown in Fig. 3 is similar
to those already described, with the exception
that the electrolyzing-current is passed in a
reverse direction—that 1s, from the liquid
metal—through the electrolyte In this fig-
ure 52 represents a vessel having a pa,rti-
tion 53, both of non-conductive material, and
a horizontal diaphragm 54. The body 55 of
molten lead extends beneath the diaphragm

and to a higher level at one side of the parti-
tion.

Electrolyte 56 fused sodium chlorid
floats upon the lead and contains the cathode
59. Upon the other surface of the molten
lead is a body of molten-lead chlorid 57, com-
municating with which is the anode 58. The
electrolytic current decomposes the sodium
chlorid, liberating the sodium, which may be

skimmed off, or 1f the temperature is suffi-
ciently high removed as a vapor. The chlo-
rin combines with the lead and the lead chlo-

—

which is simultaneously electrolyzed, llber'at-
ing chlorin and returning the lead to receive
further addition of chlorin. By depressing
the anode 58 into the lead lead chlorid may be
continuously produced and drawn off, further
additions of metallic lead beine then required.

Having now described my invention, what
I claim as new, and desire to secure by Letters
Patent, is—

1. The process of producing caustic alkali,
which consists in providing a liguid-metal
cathode having in communication therewith a
liguefied alkali-metal compound of a weight
sufficient to depress the surface thereof be-
low 1ts normal level, electrolyzing the alkali-
metal compound whereby the alkali metal is
deposited upon or unites with the depressed
surface of the liquid-metal cathode, displac-
ing the liquid metal containing the alkali
metal from contact with the llqueﬁed alkali-
metal compound by gravity, and removing
the alkali metal therein therefrom by the ac-
tion of a fluid-metal hydroxid.

2. The process of producing caustic alkali
which consists In providing a liquid-metal
cathode having in communication therewith a
liquefied sodium compound of a weight sufli-
cient to depress the surface thereof below its
normal level, electrolyzing the sodium com-
pound whereby the sodium is deposited upon
or unites with the depressed surface of the
liquid metal, displacing the liquid metal con-
taining the sodium from contact with the
liquefied sodivm compound by gravity and
removing the sodium therein therefrom by
the action of fluid sodium hydroxid.

3. The process of producing causticalkali,
which consists in providing a liquid - metal
cathode having 1n communication therewith
liguefied sodium chlorid of a welght sufficient
to depress the surface thereof be]ow 1ts nor-
mal level, electrolyzing the sodium chlorid
whereby sodium 1s deposited upon or unites
with the depressed surface of the liquid-metal
cathode, displacing the liguid-metal contain-

ing the sodium from contact with the lique-

ﬁed sodium chlorid by gravity and removing
the alkalt metal therein therefrom by the ac-
tion of fluid sodium hydroxid.

4. The process of producing caustic alkali,
which consists in providing a liquid-lead cath-

ode having in communication therewith a

liquefied alkali-metal compound of sufficient
welght to depress the surface thereof below
its normal level, electrolyzing the alkali-metal
compound Whereby the alkali metal is depos-
ited apon or unites with the depressed sur-
face of the liquid-lead cathode, displacing the

liquid lead containing the alkali metal Trom

contact with the liqueﬁed alkali-metal com-
pound by gravity and removing the alkall
metal therein therefrom by the action of fluid-
metal hydroxid.

5. The process of producing caustic alkali,
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1ts normal level,

which consists in providing a liquid-lead cath-
ode having in communication therewith ligue-

fied sodium compound of sufficient weight to :

depress the surface thereot below its normal
level, electrolyzing the sodium compound
whereby the sodium 1is deposited upon or
unites with the depressed surface of the liquid-
lead cathode, displacing the liquid lead con-
talning the sodium from contact with the
liguefied sodium compound by gravity and
removing the sodium therein therefrom by
the action of fluid-metal hydroxid.

6. The process of producing caustic alhah
which consistsin providing a ]1qu1d lead eath—-
ode having in communication therewith lique-
fied sodium chlorid of sufficient weight to de-
press the surface thereof below 1ts normal
level, electrolyzing the sodium chlorid where-
by the sodium 1s deposited upon or unites with
the depressed surface of the liquid-lead cath-
ode, displacing the liquid lead containing the
sodium from contact with the liquefied sodium
chlorid by gravity and removing the sodium
therein therefmm by the action of sodmm
hydroxid.

7. The process ot pr oducing caustic alkali,
which consists in providing a liquid - metal
cathode having in communication therewith a
liquefied alkali-metal compound together with
an inert granulated diaphragm. the whole of a
weight suflicient to depress the surface thereot
below its normal level, electrolyzing the alkali-
metal compound whereby the alkali metal 1s
deposited upon or unites with the depressed
surface of the liquid-metal cathode, displacing
the liquid metal containing the alkali metal
from contact with the liquefied alkali-metal
compound by gravity, and removing the alkali
metal therein therefrom by the action of a
fluid-metal hydroxid.

8. The process of producing caustic alkali,
which consists in providing a liguid -metal
cathode having in communication therewith a

liquefied sodium compound together with an

inert granulated diaphragm, the whole of a

welght sufficient to depress the surface thereot.

below its normal level, electrolyzing the sodi-
um compound whereby the sodium is depos-
ited upon-or unites with the depressed surtface
of the liquid-metal cathode, displacing the lig-
uid metal containing the sodium from contact,
with the liquefied sodium compouwnd by grav-

ity, and removing the sodium therein there-

from by the action of fluid-metal hydroxid.
9. The process of producing caustic alkali,

which consists 1n providing a liquid - metal

cathode having in communication therewith

liquefied sodium chlorid together with aninert

oranulated diaphragm, the whole of a weight
sufficient to depress the surface thereof below
electrolyzing the sodium
chlorid whereby the sodium 1s deposited upon
or unites with the depressed surface of the
liquid -metal cathode, displacing the liquid
metal containing the sodium from contact with

809,088

| the sodium chlorid by gravity, and removing

the sodium therein therefrom by the actlion of
fluid-metal hydroxid.

10. The processof producing caustic alkah
whlch consists in providing a liquid - meta,l
cathode having in communication therewith a
liquefied alkali-metal compound together with

a diaphragm of granulated magnetite, the

whole of a weight sufficient to depress the sur-
face thereof below its normal level, electro-
lyzing the alkali-metal compound whereby the

alkali metal 1s deposited upon or unites with

the depressed surface of the liquid-metal cath-

ode, displacing the liguid metal containing

the alkali metal from contact with the lique-
fied alkali-metal compound by gravity, and
tali metal therein therefrom

removing the all
by the action of a fluid-metal hydroxid.

11. The process of producing caustic alkali,
which consists in providing a liquid - metal
cathode having in communication therewith a
liquefied sodium compound together with a
diaphragm of granulated magnetite, the whole
of a Weloht sufficient to depress the surface
thereof below its normal level, electrolvzmﬂ‘
the sodium compound wherebv the sodium is

‘deposited upon or unites with the depressed
surface of the liquid-metal cathode, displac-

ing the liquid metal containing the sodium
hom contact with the llqueﬁed sodium com-

pound by gravity, and removing the sodium
“thereln therefrom by the action of fluid-metal

“hydroxid.

12. The process of producing causticalkali,
which consists in providing a liquid - metal
cathode having 1n communication therewith
liquefied sodium chlorid together with- a dia-
phragm of granulated magnetite, the whole
of a weight sufficient to depress the surface
thereof below 1ts normal level, electrolyzing
the sodium chlorid whereby the sodium is de-
posited upon or unites with the depressed sur-
face of the liquid - metal cathode, displacing
the liquld metal containing the sodium from
contact with the sodium chlorid by gravity,
and removing the sodium therein therefrom
by the action of fluid-metal hydroxid.

13. The processof electrolyzing metal com-
pounds, which consists in providing a liquid-
metal cathode having in communication there-

with a diaphragm of granulated inert mate-

rial together with a liquefied metal compound,
electrolyzing the metal compound whereby
the metal is deposited upon or unites with the
liquid-metal cathode, and discharging the elec-
tronegative products liberated within the
metal compound therefrom by the combined
action of the granulated substance ot the dia-
phragm, and gravity.

14. The process of electrolyzing light-metal
compounds, which consists in providing a lig-

uid-metal cathode having in communication

therewith a diaphragm of granulated inert
material together with a liquefied light-metal

. compound, electrolyzing the light-metal com-
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poﬁnd whereby the light metal is deposited

- upon or unites with the liguid-metal cathode,

10

and discharging the electronegative products
liberated within the light-metal compound
therefrom by the combined action of the

oranulated substance of the diaphragm, and.

aravity. - | | |
15. The process. of electrolyzing sodium
compounds, which consists 1n providing a lig-

uid-metal cathode having in communication |

therewith a diaphragm of granulated inert
material together with a liquefied sodium com-
pound, electrolyzing the sodium compound

whereby the sodium isdeposited upon or unites

with the liquid-metal cathode, and discharg- 15

ing the electronegative products liberated
within the sodium compound therefrom by
the combined action of the granulated sub-
stance of the diaphragm, and gravity.

~ Intestimony whereof I affix my signaturein 20
presence of two witnesses. B

HENRY SPENCER BLACKMORE.

Witnesses: -
H. N. JENKINS,
AIBERT W. SIOUSSA.
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