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1

This invention relates to the electrolysis of
britle and is particularly concerned with a new
and improved mercury cathode apparatus for
the conduet of such electrolyses.

This application is a division of my copending
United Statés patent application Serial No.
458,844, filed September 18, 1942, now Patent
No. 2,467,892,

In the past various types and designs of mer-
eury éathode electrolytic apparatuses have been
proposed.

An early apparatus is the type commonly
knowh as the Castner cell. The Castner cell
(U. 8. Patent 518,135 of 1824) involves a pair of
brine chambers in which brine is electrolyzed to
form an amalgam and an intermediate wash-
ing chamber in which amalgam is washed with
water to remove the active metal and regenerate
or reclaim the mercury. The apparatus is so
balanced and actuated that by tipping the ap-
paratus first in one direction and then in the
other, the mercury is caused to flow from one
brine chamber, through the washing chamber,
to the second brine chamber and then back in the
reverse direction. )

Later apparatus substituted stationary brine
and washing chambers at different levels and
provided various types of elevators for conveying
the mercury from the lower to the higher cham-
ber. Such apparatus is illustrated by the Whit-
ing cell of U. S. P. 951,228 of 1910. The Whiting
cell involved a brine chamber and a washing
chamber situated side by side. The brine cham-
ber was arranged at a slightly higher elevation
than the washing chamber so that mercury would
flow by gravity from the former to the latter.
A bucket-wheel elevator was provided for rais-
ing the mercury from the low elevation of the
washing chamber to the higher elevation of the
brine chamber.

The present invention is concerned with modi-
fications in apparatus of the latter general type,
i. e., with electrolytic apparatus having a rela-
tively high brine chamber and low washing
chamber and an elevator for raising the mercury.

The apparatus of the invention is applicable
to the electrolysis of salts of amalgam-forming
metals in general but is especially applicable to
the electrolysis of salts of the metals which re-
act with water, for example, the electrolysis of
the chlorides and bromides of the alkali-metals.
"That chamber in which the metal salt is elec-
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will be referred to herein as the “brine cham-
ber” and that chamber in which the free metal
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is washed from the amalgam, thus restoring the
mercury to its initial condition, as the “regenera-
tor” or, since when water is employed as the
washing liquid, as is customarily the case, free
hydrogen and metal hydroxide are formed, as
the “hydrogen” or “hydroxide” chamber.

The cell of the invention is preferably at least
five times as long as it is wide; i. e., the brine
chamber mercury bed has a width not more than
one-fifth its length. The brine chamber is pro-
vided with a plurality of cross-members or bafiles
positioned on top of the anodes at more or less
regular intervals to confine the flow of brine pri-
marily to the narrow space between the mercury
cathode and the anodes disposed thereabove. )

The abnormally long brine chamber and the
baffles so placed as to concentrate the flow of
brine in the zone between the anode and cathode
cooperate to provide a high velocity of flow of
brine in this zone. This high velocity of the brine
scours from the anodes the small bubbles of
chlorine which normally tend to adhere to their
surface. The prompt removal of these bubbles .
not only substantially improves the voltage effi-
ciency of the cell but also tends to inhibit ir-
regular erosion of the anodes and thus not only
to further increase the voltage efficiency but
at the same time to prolong the useful life of
the anodes.

In order to secure the greatest advantage from
the scouring effect of the brine, it is desirable
to provide chlorine escape channels transverse
to the flow of brine. This may he accomplished
by provision of many spaced anodes, each fairly
narrow, so that chlorine is provided with fre-
quent passages for escape upwards between
anodes, or it may be acomplished by slotting the
anodes vertically to provide even more frequent
channels. A preferred form of anode is deeply
grooved on its underface to provide gas channels.
Chlorine collecting in the channels finds its way
out at the ends of the anodes when it can escape
to the gas space above. This escape may be still
further facilitated by provision of one or more
holes from each channel to the upper face of the
anode. The grooved anodes have substantially
greater rigidity and substantially less electrical
resistance than anodes of comparable size in
which slots are cut all the way through.

Another important feature of the apparatus of
the invention is the provision of concurrent brine
and mercury flow, which in combination with
the directing effect of the brine chamber baffles
sweeps any foreign matter rapidly forward to-
ward the outlet whence it may be removed when-
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ever the accumulation of such material is suffi-
cient to warrant it. Since the efficiency of a mer-
cury cathode electrolytic cell is substantialiy im-
paired by the accumulation of foreign material
on the surface of the mercury in the zone of elec-
trolysis, the rapid and efiicient removal of such
material from the zone of electrolysis contributes
considerably to the electrical efficiency of the
cell.

The practical application of my invention is
illustrated by the specific embodiment deseribed
in detail helow in connection with the accom-
panying drawing, wherein

Fig. 1 is a side elevation showing a speeific
embodiment of the invention. The apparatus is
shown partly in sectional view and partly phan-
tom view to show more cleariy the construction
of the apparatus.

Fig. 2 is an enlarged cross-section on line A—A
of Fig. 1.

In the apparatus illustrated the cell comprises
& brine chamber | and a regenerator chamber
2. By reference to Fig. 2 it will be seen that
the brine chamber is constructed as a Jong cham-
ber comprising a steel shell 5 provided with a
lining of concrete or other suitable material 4.

For a cell having a capacity of about g hailf
metrie fon of chlorine per day and a rated load
of 16,000 amperes, chamber { may be in the
nelghborhood of 2% feet wide by 40 feet long.
As will be apparent from Fig. 1, the fcor of this
chambper is & succession of steps and the depth
of the chamber is accordingly somewhat greater
at one end than at the other. The floor of the
brine chamber | may be constructed of conerste
or other alkali-resistant materials of construc-
tion. A particularly suitable fype of construction
involves tlie use of a poured conecrete lining sup-
porting precast concrefe working surfaces as
more fully described in U. S. application Serial
No. 458,847 filed September 18, 1942, now aban-
doned.

A vpair of chaunel-shaped steel structural
members § form the sides of thé regenerator
chamber. One sidé face of each channel ore-
vides a stupportihg suiface for sheli 2. The
channel irons are separated froni shell 2 by seal-
ing gaskets § to prevent léaksse of Hydrogen from
or air into chamber 2. Ths shell 1may be secured
to the members § by g seriss of belts 7. The
floor of regenerator chamber 2 has a gentle slope
with its high end beneath the low end of cham-
ber t and its low end beneath the high end of
chamber {. This slope, which 15 at the rate of
about % inch per linear foot, may be provided
by a conerete fill 8. The floor of the regenerator
chamber is preferably composed of compressed
graphite sections § having vertical fins 8 U=~
ning longitudinally of the chamber and provid-
ing channsis for ficw of mercury froem the high
end of the regenerator chamber to the low end
thereof as more clearly shown in Fig. 2. The
ends of sections 9 may be beveled or notched, if
desired, to provide transverse channels 8.

At the Ieft end of the cell an elevator {4, which
may ke of the bucket-whee] type, is provided for
elevating mercury from ths low end of the re~
generator to the high end of the brine chamber.
At the opposite end of the cell 5 mercury seal
construction {2 is provided for permitting mer-
cury to flow from the brivie chamber down to
the upper end of the regenerator chamber.

Flow of brine in the cell illustrated is from
left to right and the brine chamber is provided
with & brine inlet conduit 13 and brine overflow
and chlorine outlet conduit {4, In the regen-
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erator, flow of regenerating liguid, which is nor-
mally water or dilute alkali-mefal hydroxide
when alkali-metal hydroxide is being produced,
is also from left to right from inlet i{§ to hy-
droxide overflow and hydrogen oublet §8.

The brine chamber { is provided with a remov-
able top or cover T supported on spacing ele-
ments or shims 8. Spacing elements 8 pref-
erably are composed of a material having very
little plasticity since the thickness of these elz-
ments determines the position of the anodes with
respect to the mercury cathode. Leakage of
chlorine from the chamber between the cover i7
and the lining § may be avoided by applying a
suitable caulking material (8q, such as putty,
between the lining 4 and the cover i7.

The cover 7 is provided with a plurality of
apertures 18, one for each anode. Projecting
through apertures (8 are a series of carbon
anode supporting rods 20 to which the carbon
anodes 21 are affixed in any suitable manner:
they are shown threaded to the supporting rods.
A shoulder of supporting rods &6 may vest against
the cover {7 or may be separated therefrom by
spacing washers 22 to initially adjust each anode
50 that its underface is the desired distance from
the mercury level in the cell. This distance may
be in the neighborhood of ¥ inch. The anode
supperting reds 22 may be secured firmly fo the
cover {7 in any suitable manner, for instance
by means of clamps or cement. The anodes 2!
are graphite blocks which have a length sub-
stantially equal to the width of the brine cham-
ber and normeally have a width about half of
tids. Their thickness may be avound 3 inches
initially and during the operative life of the anode
gradually diminishes to about 1 inch.

I prefer to provide the anodes 21 with chan-
nels or grooves 23 disposed along the underface
of the anodes in a direction substantiaily per-
vendicular to the flow of brine and mercury
thereunder. These channels, while they may
extend to the upper surface of the anodes, pref-
erably extend initially about one-third of the way
through and are connected with the space above
the anodes by means of apertures 24.

Tlectrical connection to the aneodes is secured
by means of electrically conductive supporting
rods 28 and mebailic connestors 25 ang bus hars
26, Connectors 28 may be fexible or rizid and
may ke affixed to rod %8 by & stud bolt or a poured
lead connection, or a clamp.

Electrical contact between the curreni source
and the mercury cathode is obtained through the
shell 3 of the brine chamber; electrically con-
ductive bus bar 27 is riveted or otherwise affised
to the shell preferably along its entire length
in order to avoid voltage losses through the
shell. Conductive rods 28 are welded to the shell
3 angd project up to near the upper surface of
the floor lining 4. Mercury flowing through the
chamber fills the cups formed by the tops of these
conductive rods and the lining and thus makes
electrical connection with shell 3 and bus bar 27.

Each anode 2{ is provided with a bafile 28 ex-
tending from the upper edge of the anode to a
point above the level of brine in the brine cham-
ber. These bafiles may be affixed to the anodes in
any suitable manner, for instance by means of
dowels. Since the end of each anode and the ac-
companying baflie present a wall opposing the
longitudinal flow of liquid through the cell, liguid
is forced beneath the anodes and the primary
flow takes place in the space between the lower
anode surface and the mercury.

The regenerator chamber 2 is supplied with



9,631,126

transverse bafiies 30 supported on pivots 31 in side
walls 5 and provided with operating handles 32
located outside the cell so that baffles 3§ may be
manually raised to a horizontal position near the
top of the regenerator. Suitable provision, such
as valve-stem gaskets or washers, are provided to
avoid leakage where handles 32 extend through
the side wall 5 of the regenerator. The normal
operative position of bafiles 36 is as shown in the
drawing with their lower edges resting upon fins
10. In this position the baffles, which exztend
above the normal liquid level in the regenerator,
force the liquid in flowing from inlet {5 to cutlet
{6 to pass under each bafile. This provides a pro-
gressive flow of the regenerating liquid essential
for securing at the same time high alkali-metal
hydroxide concentration and effective removal of
alkali-metal from mercury.

Tt is not necessary that the haffles be pivotally
mounted for fixed baffles would perform the func-
tion of preventing lengthwise diffusion of the re-
generative liquid as well. The pivoted bafiles,
however, facilitate cleaning as explained below.

A pair of outlets 33 and 34 have been shown at
opposite ends of the cell. The outlet 33 prefer-
ably is disposed at approximately the mercury
level in the cell when the cell is not operating;
that is, when mercury in the upper chamber has
all collected at the low end of the regenerator.
This outlet has been shown as a simple capped
pipe. Outlet 34, which is preferably disposed at
about the normal mercury level when the cell is
operating, is illustrated as a swivel type outlet
which may be opened by swinging the high end
to a point below the liquid level in the brine
chamber.

For the production of highly concentrated
alkali-metal hydroxide, it is desirable to limit
heat loss by provision of suitable insulation.
Since chamber { is so constructed that heat loss
from this chamber is normally small, it is not
necessary to provide additional insulation for
this chamber. The primary loss of heat occurs
at the seal end of the cell, particularly where
mercury contacts the exterior metal walls of the
unit. Thus, if the walls of mercury seal {2 are
composed of metal considerable loss of heat at
this point may occur unless adequate insulation
is provided. It is also desirable to insulate side
walls 5 of chamber 2 to conserve heat, particu-
larly when caustic soda of about 50% concentra-
tion is being produced. Since the shell 3 loses
some heat and is an active electrical conductor,
it may be advantageously protected by a suitable
material serving as both a heat and electrical in-
sulator.

In assembling the above apparatus for opera-
tion, the unit is completely assembled and the re-
quired amount of mercury introduced with cover
{7 removed. Anodes 2i are fixed to the cover with
suitable adjustment of distances so that when the
cover is placed upon spacers 18, which may be up
to 3 inch thick or, in some cases, up to about 1%
inches thick, the underfaces of the anodes are
within about & of an inch of the mercury sur-
face. Since it is desirable to avoid as much as
possible working around the cell, there is an ad-
vantage in securing bus bar 28 rigidly to the
anodes and treating this bus bar as a part of the
cover assembly. Baffles 29 are affixed to the
anodes 21 and the cover is then placed on spacing
elements i8 of the aforementioned thickness.
The cover i1 is then sealed in piace by means of
putty 18a.

To start operating the cell, elevator i1 is set
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in operation to provide a sufficient flow of mer-
cury through the cell so that the floor of the
brine chamber is covered with a thin layer of
mercury. Brine is introduced through inlet i3
until it begins to fiow out through overflow out-
let 14 and water is introduced at {5 until it be-
gins to flow ocut through overflow cutlet (6.

The following description illustrates the op-
eration of the cell for the production of chlorine
and aqueous 50% sodium hydroxide solution
from sodium chloride brine:

Aqueous 25% sodium chloride solution is in-
troduced at 13 at an hourly rate of about 355
liters and at a temperature of about 30° C. A
sufficient voltage is applied between bus bars 26
and 27 to provide a cathode current density of
about 21% amperes per square decimeter. The
flow of water into the regenerator chamber may
be controlled to provide the concentration of
sodium hydroxide desired, for example 50-52%
NaOH. Under normal operating conditions with
a cell of the type described, with elevator 11 and
mercury seal {2 insulated to avoid heat loss, an
adequate removal of sodium from the amalgam
is secured in travel of amalgam from the mercury
seal 12 to elevator 1. Under these conditions of
operation the unit is capable of producing in the
neighborhood of 500 kilograms of chlorine gas
and a corresponding amount of 52% sodium hy-
droxide solution per day.

As the operation of the cell continues, the
underfaces of anodes 21 are gradually worn or
oxidized away and consequently the spacing be-
tween the mercury and the active anode surfaces
increases. When this spacing has increased to
about % inch, which may be after 2 to 6 months
operation more or less, operation of the cell is
discontinued and the spacing of the anodes is
readjusted by removal of the required number of
shims 18 to lower cover 17 and thus bring the
active anode surfaces approximately fo their
original position. This adjustment may be coin-
cided with the customary cleaning of the cell to
remove any accumulation of foreign material
from the anodes, the walls of the cell and from
the mercury. For removing foreign material
from the mercury, the arm on outlet 34 may be
swung into a lower position to permit brine and
foreign material to flow out through this outlet.
For cleaning the regenerator chamber, baffles 36,
if of the movable type, are turned to inoperative
position to permit washing liquid to flow freely
along the floor and sweep any material which
has accumulated thereon to the lower end of the
chamber where it may be withdrawn through
outlet 33. The wash water for this purpose may
be introduced through outlet conduit 16 or
through a wash liquid inlet specially provided for
this purpose. When the cell has been properly
cleaned, the outlets are closed, the cover is re-
placed, and the chambers refilled with brine and
water and operation started as before.

Iclaim:

1. An electrolytic cell of the mercury cathode
type comprising a brine chamber having a sub-
stantially horizontal floor for the flow of mer-
cury connected cathodically to a current supply,
a top providing a closure for said chamber, at
least one spacing element separating said top
from said chamber and adapted by removal
thereof to lower the top to a second lower posi-
tion, substantially horizontal ahodes suspended
from said top and having upper surfaces spaced
downwardly from said top, and having lower
surfaces disposed above and in proximity to the
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floor of said brine chamber, means for introduc-
ing mercury and brine at-ene end of szid cham-
ber so that the mercury flows over said floor
beneath said lower surfaces, and the brine flows
over the surface of the mercury, outlet means for
withdrawing brine and mercury at the other end
thereof, a series of transverse bafiles disposed at
intervals along said chamber and extending
from the upper anode surfaces upward substan-
tially above said upper anode surfaces and above
the brine outlet means and terminating below
said top so as to confine the flow of brine essen-
tially to the space below said lower anode sur-
faces and so as to cause flow of generated gas
lengthwise of said chamber in the space between
said baffles and said top, and means for removing
gas from said last-named space.

2. An electrolytic cell as defined in claim 1
wherein each anode has its underface provided

10

15

8

with a plurality of channels transverse to the
brine flow:and providing an escape path for gas,
and having -substantially vertical openings ex-
tending from said channels through said anodes
to the upper face thereof.

ROY A. HORST.
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