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UNITED STATES

- EUGENE HERMITE, OF PARIS,'AND ANDRE DUBOSC, OF ROUEN, FRANCE.

METHOD OF AND APPARATUS FOR ELECTROLYZING SOLUTIONS,

SPECIFICATION forming part of Letters Patent No. 501,783, dated J uly_ 18, 1898. |

Application filed July 9, 1892, Serial No. 439,632,

'(Nc m‘cdel.) Patented in France December 7, 1891, Nc._217,887.

To all whom it may concern:

Be it known that we, EUGENE HERMITE,
manufacturer, a citizen of the United States
of America, reeldmﬂ* at Paris, and  ANDRE

DUBOSC, manufacturer a cltlzen of the Re-

public of France, I‘Galdlnﬂ‘ at Rouen, France,

~have invented a new 1 WIethod of and Appara-
- tus for Obtaining Alkali and Earthy Alkaline
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- rated elements.

‘40

of Saline Solutions,

‘and the metal passes tothe negative pole.

Bases or Compounds Thereof by Electrolysis
(for which we have ob-
falned a French patent dated December 7

1891, No. 217,887,) of which the following is a,,

epectﬁcatlcn

It is known that when an electric current
is caused to pass through a solution of a salt
of any alkali or alkaline earth .metal base,
the acid and the oxygen combined with the
metal of the base pass to the positive pole

certain amount of water is generally decom-
posed at the same time.
poses the water of the bath and becomes con-
verted into oxide setting hydrogen free. The
same theory applies to haloid salts such as
chlorides. The chlorine and the oxygen re-
sulting from the decomposition of the water

- pass to the positive pole and the base is re-
- constituted at the negative pole.

It has been
proposed long ago to “utilize this principle in
order to sepmete alkali and alkaline .earth
metal bases such as potash and caustic soda
for example from their saline combinations.
Nevertheless the essential part of the prob-
lem consists as may be imagined 1n sepa-
rating the base from the acid as fast as the

salt is decomposed in order to withdraw it

from the influences of the acid and of the eur-
rent and obviate recombination of the sepa-
With this object attempts
have been made to utilize the two methods

hereinafter described which have however

yielded very inferior results in practice and
have consequently been abandoned. These

- two processes are:—

45

I. ‘Separation of the base with the aid of
porous membranes or partitions.—The vessel
containing the solution to be .electrolyzed is
divided into two compartments by a porous

- partition and an electrode is immersed inthe

so liquid in each compartment.

The base 18
collected mn the compartment ccrtee];mntﬂu:nt:r

com partment

The metal decom-.

to no useful purpose.

to the newetwe electrcde and the acld Or OXy-

oenized compound of chlorine in the other

employed in practice on account of two im-

portant disadvantages namely first the porous

partitions present very considerable resist-

ance to the passage of the electric current
so that a high electro motive force is necessa-
rily em plcyed and the motive power is wast-
ed.

Moreover the porous partitions become
clogged and are soon rendered useless. Sec-
ond, When thebase set at liber ty at the neg-
ative pole is of a soluble nature such as

soda and potash a great portion of the cur-

rent passes to thls base and decomposes it
into metal and oxygen direetly the quantity

~of base formed has attained a certain propor-
tion thus occasioning considerable waste of
A
the production to exceed certain limits.
these considerations we have ebendoned the

motive power and rendering it impossible for
For

employment of porous partitions.

This method can never be
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TI. Separation of the base by the employ-

ment of mercury.—The bottcm of the electro-

lyzing vessel is covered with a layer of mer-
cury electrically connected with the negative

pole of the source of electricity. The pomtwe
electrode is immersed in the saline solution
which remains abovethe mercury. As fast
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as the salt is decomposed the metal passes to

the negative pole constituted by the mercury
and emelwemetee with the latter. The acid
Or OXyg emzed compound of chlorine remains
in the saline solution. When carried out in

this way this process has never jtelded prac-

tical results. In fact as fast asthe proportion
of metal in the amalgam increases the latter

being in contact mth the saline solutionis de-

ccmpcsed by the latter so that the formation

of amalgam stops in a very short time after
which the energy of the current is expended
Notwithstanding the

inherentimperfections attending the employ-_

ment of this process it occurred to us that if
it were possible to auntomatically remove the
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amalgam of mercury as fast as it is formed
from ccntact with the salinesolution and from
the influence of the electric current and to
ceontinually replace this amalgam by fresh or
nnamalgamated mercury this would have the
effect of removing all the disadvantages men-
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‘tioned and there would no lonﬂ'er be any ob-
“stacle to the mereury process acquiring con-

. siderable commercial value.
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We think it desirable to set forth here in
detail the data on which we have commenced
and the conclusions which we have deduced
therefromin order to ascertain with precision
the characteristics of our invention and de-
termine the scope of the claims which it en-
titles us to establish. o

In order to more clearly explain the princi-
ples whose application has enabled us to ob-
tain the desired results we have Iepresented

in Figure 1 of the annexed drawings an imagi- |
nary appparatus which would be 1m00331ble ]

in practice but which presentsthe ddV&Ht&ﬂ'E‘

offacilitating thedemonstrationof our theory. |

In this dmwmﬂ* S represents g solution of any
saltsof any all{ah or alkalineearth metal. M
1s a layer of mercury which must be imagined
to be floating or suspended upon the surface
of the saline solution and E represents the

~ water or acid employed for removing the

30

metal from the amalgam in orderto form the

base of the salt w hlch 1s to be manufactured.

The vessel is provided with two electrodes the
-} electrodebeing immersed in the solution S
and the — electlode entering the lower part
of the mercury. If it were possﬂole to con-

struct an apparatus of this description in
practice 1t would give the desired results by

reason of the followmo' principle of action

- which forms the basis of all the practical ap-

35

paratus derived from this imaginary arrange-
ment.

1. Separation of the amalga,m and of the
mercury by means of the difference in their

- densuies, the amalgam being lighter than the
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mercury and its relative lightness increasing
wn proportion to the amount of metal i con-
tarned.—This being established the action of
thisapparatus would be as follows:—The elec-
tro current would decompose the saline solu-
tion in the usual way and the metal passing
to the negative pole would form an amalgam
on the under surface = «" of the mercury.
But this amalgam directly it is formed being
less dense than the mercury would ascend
through the layer M and would accumulate
on the upper surface Y Y’ of the mercury
where it would be decomposed by contact
with the water and the base or solution of
the base would be collected directly at E at

the degree of concentration varying as re-

quued in accordance with the duration of the
passage of the electric current. This appa-
ratus thus complies with the conditions pre-

- seribed. The amalgam directly it is formed

6o

of bemg able to realize DhlS theoretlcal ar-

at x 2’ would ascend to y y" and would thus
be withdrawn from contact with the saline

- solution acting at « " and also from the di-

rect influence of the current flowing between
the two electrodes from p to n while the mer-

cury which is amalgamated at zx” would be

perpetually renewed and replaced by pure
and active mercury. The great importance

501,783

rangement in a practical manner will now

be understood
On referring to the imaginary ar rangement

represented in Fig. 1 it will be found that the

parts situated above the line x &’ can be con-
structed in practice.
a vessel containing a layer of amalgamated
mercury M underneath a layer of water K.
The amalgam floating upon the top of the
mercury transfers the metals to the water in
order to form the base and the pure mercury
descends to the bottom atx «’. The mercury
being heavier than anyimaginable saline so-
lutlon the difficulty was to bring the lower
Iayer of pure mercury into contact with the
saline solution.  We have arrived at this re-
sult by the aid of the method next hereinafter

described which forms the complement of the

principles hereinbefore set forth.

II. Continuous flow of the lower ldyer of

pure mercury and rapid passage of this mer-
cury 1 a than sheet into the saline solution
overan inclined surface forming the negative
electrode, facingthepositive electrode, theamal-
gam formed being removed fromihe action of

the solution and from the influence of the cur-

rent immedaately after its rapid passage over
the sard surface.—A diagram illustrating this
arrangement 1s given in Fig. 2 of the accom-
panying drawmn's
mercury at ¢ x’ ﬂows over an inclined sur-
face in a thin film or sheet at X X’ pass-
ing rapidly through the saline solution S.
At X the amalﬂ'am formed iS removed in any
suitable manner from the action of the sola-
tion of the current and is elevated from X
to 7 by any suitable elevating apparatus. At
M separation in order of density takes place as
hereinbefore described in paragraphl. The

water absorbs the metal to form the base and

the disamalgamated mercury falls to the bot-
tom whence it flows away and is amalgamated

as stated in paragraph II afterward return-

ing to M and thus keepmw up a continuous
circulation.

We have set forth at some length what
may be termed the genesis ot our method
with the aid of diagmms in order to show
clearly the essential principle of our appa-
ratus and clearly defined oar claims which
cover all apparatus based upon the principle
and on the method of Operatmn' as herein-
before set forth.,

The accompanying drawings illustrate by

way of example an apparatus constructed ac-
cording to our invention and enabling the
same to be performed in practice. .

- In the said drawings Fig. 3 represents the-

apparatusin 10n0*1tudmal seetlon Fig.4 rep-
resents the apparatusin transverse section on
the line 1—2 FHig. 3. |

In the followmn‘ description we hcwe as-
sumed, in order to obviate repetitions, that
the inventionisapplied to the manufacture of
caustic soda by the electrolysis of chloride of

sodium but i1t must be clearly understood

that the operation may be performed upon

The lower layer of pure
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aﬁy's.olﬁtion'of a-salt of an alkaki or an- al-

kaline earth metal as a base (potash, soda, am-

monia, magnesia, alumina, &c.) either for the

purpose of separating the base from thesalt.
or for preparing therewith any other saline

solution. Inthe firstcasetheamalgamformed
18 decomposed with pure water and in thesec-
ond case by a suitable acid. * Forexamplein
preparing a carbonate a current ot carbonic
acid may be caused to pass through the water

employed fordecomposing theamalgam. The

solution to -be electrolyzed, indicated at S, 1s

‘contained in a vessel C and the water E, em- |

ployed for removing the sodium f10m the |
amalgam, in order to obtain the .caustic soda,
is -conta;i-ned"in a tank B. Theinclined olec- |
trodes areimmersed in the solution in the ves-
sel C. The negative electrode 7 is consti- |
tuted by one, two or more plates N of iron,
copper or other suitable metal. Thne up’pel
surface of this electrode is amalgamated by
known processes (by electrolytic action in

the case of iron or by simple friction in the
case of copper).

The object of this amalga-
mation is to enable the mercury to spread
over the electrodein a uniform layer. With-
out this precaution the mercury would run

~down in the form of globules and wounld bein

a very bad condition for absorbingthe metal
separated from ‘the solution. The plates
aforesaid are connected to the negative pole
of the source of electricity by a conducting
bar D. At their lower extremities these

plates are bent upward in such a manner as
to form gutters II for the reception of the

amalgamated mercury. The positive elec-
trodes P made of platinum or other metal are
placed facing or opposite to the negative elec-
trodes in such a manner that the meroury
flows-down between the two.

It must be understood that the invention 1s
not limited to electrodes of the shape repre-
sented inthe drawings. Inplace of being flat
or plane as shown
and continuous form for example.

The mercury is conducted to the hwher part
of the electrodes by means of a distributer
constituted by a trough G communicating
with one or more series of small tubes g hav-

ing their lower extremities contracted and ex-
tendmn‘ the whole lennth of the negative slec-

trodes.
Itnowremainstodescribe thearran gements

- employed for producing the cirenlation of the
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mercury. ¥or this purpose the combination
of tubes or pipes T. U. V. 1s employed. The
pipe T provided with a descending U shaped
bend or trap 7 connects the tank B with the
upper part of the mercury in the gutters H.
The pipe U having an nupward bend at « con-

nects the lower parts of the gutters H with a

collector ¥ and the pipe V having an upward

bend at v proceeds from the bottom of the

tank B at v’ and likewise communicates with
the collecting vessel . An elevating appa-
ratus I (echain of buckets, noria, &e.) takes up

‘the mercury from the collector I and dis-

they may be of a comeal'

charges it into a chute J from which it flows

paratus is as follows: Let it be assumed that
a suitable quantity of mercury has been in-

into the distributer G. The action of thisap-
yo

troduced into the apparatus, that the electric

current is supplied to the electrodes and that

motion is imparted to the elevator 1. The
mercury flowing from the distributer G passes
through the series of contracted tubes g and-
| descends in the form of asheetor filmoverthe
surfaces of the electrodes N. In its passage
between the electrodes P'and N the mercury

gradually becomes charged with sodium re-

80

sulting from the eleetrolytlc decompositionof

| the salme solution after which it passes into
| the gutters T H.

the electrodes there is no danger of any ap-
preciable decomposition of the amalgam

| formed the amalgam being decomposed with
| difficulty owing to the small proportion of

During the passage between .

metal which it contams and when this pro-.

portion has increased sufficiently to admit of

the decomposition the amalgam passes into

the gutters where it is secluded from the elec-

tricaction exerted between the two electrodes.
In order to protect it from contact from the
saline solution sulphuret of carbon (orin gen-

eral any liquid lighter than the amalgam and

go
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heavier than the saline solution)is poured

into the gutters H on the top of the amalgam
at s and separates the latter from the solution

S. Separation in orderof density takes place

inthe guttersin accordance with the principle

hereinbefore set forth. The purest mercury
descends to the bottom at m and the propor-
tion of sodium in the amalgam increases to-
ward the upper part the whole being covered
by the layer s of sulphuret of ca,rbon The

‘pipe T communicating with the gutters I at
t/ at a pointover whleh the a,ma,lﬂ'a,m contain-

ing the greatest proportion'o,f*sodium 18 situ-

ated econduets this amalgam into the tank K.

In order that the sulphuret of carbon at s

flow away through the tube T the latter is

floating upon the top of the amalgam may not
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provided with the U shaped bend at ¢ which

is always filled with the column of amalgam

balancing the pressure of the liquid (a,mal-
oam, sulphuret and solution in the vessel C)
suuated above the level a. The relatively

pure mercury collected in the bottoms of the
gutters atmescapes at v’ v and flowsthrough-

the pipe U’ into the collector F. The pipe U

is provided with a bend at «#*w so arranged

that the column of mercury «* 4 balancing

the pressure of the liquid (mercury a,ma,lﬂ'a,m ,

115
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sulphuret and saline solution) above the level- '

1w’ preventsthe mercury fromescapingthrough
the orifices at «” until the-said mercury by
reason of its purity has acquired the neces-
sary density. On the other hand the amal-
gam ﬂowmﬁ' into the tank B distributes itself

.in order of density at M on the bottom of this
tank the mercury rlchest in sodium passing
to the upper part at ¥ " where'it is in-con-

130

tact with the water E which decomposes it

and takes up the sodium to form the caustic
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than the saline

soda the exhausted
ally so that the mercury at x 2’ is free from
sodium. This mercury is discharged at v’
through the pipe V (provided with a bend at
v Inorder to preserve the level v ) and mixes
with the mercury supplied from the gutters
Il H to the general eollector F. From this col-
lector the mercury is taken up by the elevator
I and returned to the distributer G the opera-
tion being thus rendered continuous.

T'he apparatus hereinbefore deseribed ful-
fills all the conditions hereinbefore set forth

‘and presents moreover the advantage of be-

Ing automatic and continuous in its action.

It 1s possible to obtain in the vessel E either
caustic soda, potash or ammonia at any de-
gree ot concentration; for this purpose it is
simply necessary to prolong sufficiently the
duration of the operation. The soda may be

drawn off through a cock R arranged above

the level 4’ of the mercury or in any other
suitable manner.

We claim as our invention—

1. Asanimprovementin the method of ob-

talning alkali or alkaline earth metal bases
or compounds thereof, by the electrolysis of

saline solutions, the mode herein described,

consisting in subjecting a thin sheet of mer-
cury to electrolysis in a saline solution there-
by forming an amalgam of the metal of-the
base, and separating the amalgam, as- it is
formed, from the saline solution by a layer of
liquid lighter than the amalgam and heavier
solution, all substantially as
set forth. | . |
. 2. The method of obtaining alkaliand alka-
line earth metal bases or compounds thereof
by the electrolysis of saline solutions, consist-
ing in subjecting a thin sheet of mercury to
electrolysis in a saline solution thereby form-
ing an amalgam of the metal of the base, sep-
arating the amalgam, as it is formed, from the

saline solution, by a layer of liquid lighter

45
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than theamalgam and heavier than the saline
solution and permitting the mercury to sepa-

rate from the amalgam by the difference in

densities, substantially as set forth.

3. An apparatus for obtaining alkali and
alkaline earth metal bases or compounds
thereof by electrolysis, the said apparatus
comprising a vessel for the saline solution
and provided with a positive electrode and
with an inclined plate or plates forming the
negative electrode and bent up at the bottom

to form a gutter, in combination with a col-

lector for the reception of disamalgamated
mercury, a distributing device to spread the
mercury in a thin sheet over the negative
electrode, an elevating device to carry the

mercury from the collectorto the distributing !

- B01,783

amalgam sinking gradu- | device, a tank in which the amalgam is
brought into contact with the water employed

for exhausting it, and a system of pipes con-

necting the gutter on the negative electrode.
with the said tank and with the said collector,

all substantially as set forth.

4. In an apparatus for obtaining alkali and

alkaline earth metal bases or compounds
thereof by the electrolysis of saline solutions,
the combination of a vessel for the saline so-
lution, with an ineclined metallic plate pro-
vided at the lower end with a gutter, thesaid
plate forming the negative electrode, and a
positive electrode facing the megative elec-
trode, substantially as and for the purpose
set forth. - o B

5. In an apparatus forobtaining alkali and
alkaline earth metal bases or compounds
thereof by the electrolysis of saline solutions,
the combination of a vessel for the saline so-
lution, provided with a metallic plate, form-
ing the negative electrode and terminating at
1ts base in a gutter with a distributing de-
vice at the upper part of the said negative
electrode, the said device consisting of a
trough provided with a series of tubes con-
tracted at theirlowerextremities, all substan-
tially as and for the purposes set forth.

6. In an apparatus forobtaining alkali and
alkaline earth metal bases or compounds
thereof by the electrolysis of saline solutions,
the combination of a vessel for the saline so-
lution, provided with positive and negative
electrodes, the negative electrode formed of

i an inclined metallic plate terminating at its

base in a gutter to hold mercury, amalgam
and a liquid lighter than the amalgam and

‘heavier than the saline solution, an exhaust-

ing tank, and a collector for the pure mer-

~eury, with a pipe T opening communication

between the said tank and the said gutter at
a suitable height from the bottom of the gut-
ter, a pipe U connecting the bottom of the
gutbter with the collector, and a pipe V con-
necting the bottom of the tank with the col-

lector, the said pipes T, U, V, being provided

with suitable bends for maintaining constant
the levels of the mercury, of the amalgam,
and of the aforesaid liquid in the said gutter,
and thelevel of the amalgamated mercury in
the tank, all substantially as set forth.
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In testimony whereof we have signed our

names to this specification in the presence of
two subscribing witnesses.

EUGENE HERMITE.
ANDRE DUBOSC.

- Witnesses:
C. A. CARLIER,
GEORGES TRUEBOST.
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