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The present invention relates to improvements
in the art of electrodepositing metals of less pos-
itive character than alkali metals and alkaline
earth metals, especially one or more of the metals
of the eighth group of the periodic system, such
as iron, from solutions containing salts of one or
more of said metals while using a cathode con-
sisting of mercury flowing for instance in a ver-
tical or inclined direction.

One feature of the invention consists in using
as begrer or support for the flowing mercury a
breviously amalgamated metallic object so as to
obtain a better electric contact with the mercury
as well as a good spreading of the mercury over
the surface of the bearer even if the mercury
layer is thin. ‘

In the electrolytic production of alkali and
chlorine according to the mercury process the use
of vertical or inclihed cathodes Has been pro-
posed. In such cases the mercury has been
caused to flow along metallic objects, such as
sheets or wire gauze of copper or iron. in order
thus to realize contact for the electric current.
The mercury then spreads as a homogeneous
layer over the surface of the metallic bearer even
if said beaver, when taken into use, is coated by
oxides, as is the case with most metals on account
of the action of the air. The reason why the
mercury in this instance behaves quite contrarily
to what is usually the case is that the alkali metal
deposited on the mercury from the alkali metal
chioride solution reduces the oxide coatings on
the surface of the bearer on account of its highly
positive character-so that the surface is wetted by

5 the mercury. An oxidized metal surface is not

wetted by mercury. It is known for instance that
if a piece of rusty iron is brought into. contact
with sodium amalgam under water or an aque-
ous solutivn the rust will soon be reduced and
the piece of iron will become amalgamated, i. e.
wetted by the mercury. In the appertaining lit-
erature it is also pointed out that mercury which
contains alkali metal spreads over the metallic
support as a very thin layer without any special

5 measures (see for instance the German Patents

Nos. 145,749 and 213,808). . )

It is quite different in the electrodeposition on
mercury of metals having a less positive char-
acter, from solutions contdining salts of such
metals. The metais deposited on. mercury. in

this case are not able to reduce oxide coatings if

such- are present on the surface of the Support.
Thus it is obvious that iron, for instance, cannot,
reduce the oxide coatings on iron or nickel ob-

5 jects. If there is used in this case an oxide-

coated metallic support for mercury it will thus
be impossible to obtain a cohering mercury layer
which covers completely the surface of the sup-
port. Because all other metals have a lower
overvoltage for hydrogen than has mercury this 60

Imeans that the electric current will deposit more

hydrogen and less of the desired metal or metals
than would be the case if the surface of the
carrier- were completely covered by the mercury.

In other words: the current efficiency is" dimin- 65
ished. ) R .
This is especially detrimental in the deposition

of one or more of the metals of the eighth group

of the periodic system from solutions contain-
ing salts of one or more of said metals by elec- 70
trolysis with the use of flowing mercury as cath--
ode, as described in the U, 8. Patent No. 1,900,996
(application Ser. No. 385,466). :

" - According to one feature of the present inven-
tion ' the mercury is caused to wet the surface 7§
of the metallic support comipletely so that a coher-
ing mercury film is obtained by previously amal-
gamating the surface of the metallic objects, such

as plates or sheets, which are to be used as bearers

or supports for the flowing mercury acting as 89
cathode, said amalgamation being effected in any
known manner, as by rubbking with acid and mer-
cury, by the electrodeposition of mercury on the
support etc. In use the whole surface of the
metallic carrier -will then be wetted and complete-- g5
ly flooded by mercury, whereby the drop in cur~
rent efficiency referred to is avoided. ‘

Obviously the support should have small solu-
bility in mercury, since it will otherwise be de-
stroyed too.rapidly. Thus for instance a metal of g0
the eighth group of the periodic system or a metal
related fo iron (as chromium or manganese) may
be used. Likewise an alloy may obviously be used
instead of metal. : ) )

The invention also comprises certain improve- 05
ments in the removal by electrolysis of one or
more of the metals of the eighth eroup of the’
periodic system from solutions containing salts
of said metals, as well as apparatus for this pur~
pose, all as hereinafter described and claimed in 100

* the appended claims.

A suitable embodiment of an apparatus for
carrying out the invention will be described in the
following with reference to the attached drawing
in which Fig. 1 shows a side clevation and Fig. 2 105
a plan of an installation for effecting an electro-
Iyzing process according to the invention. .

Referring to Pigs. 1 and 2 the electrolysis is
carried out in the cell 1 which comprises a num-
her of cathodes consisting of mercury flowing over 110



10

15

20

25

30

35

40

45

50

55

60

70

2

suitable bearers oY supports for instance of the.

kind above referred to, as well as a corresponding
number of anodes. The cathodes and anodes’are
connected to the current conductors 11 which are,
in their turn, connected to a suitable current
generator. V and A designate a voltmeter and
an amperemeter respectively. 12 isan adjustable
resistance for regulating the current. The solu-
tion to be electrolyzed is conveyed, preferably in
a2 heated state, from the container 8 through the
pipe 15 to the electrolytic cell 1. The liquid in-
troduced through the pipe 15 is subjected to elec-
trolysis in the electrolytic cell, the deposited
metals being taken up and carried away in amal-
gamated state by the flowing cathode mercury.
The lower portion of the electrolytic cell is con-
nected with one end of a U-tube 16, the other
end of which opens out into a vessel 2. The con-
taminated cathode mercury flows off through this
U-tube. The level on which one shank.of the

tube 16 is joined to the vessel 2 is taken soO that

the column of mercury of the height.b in the
tube 16 is sufficient, according to the law of com-
municating vessels, to counterbalance the colunin
of electrolyte of the ‘height a-+b in the cell 1.
Hence no electrolyte will flow off together with
mercury through the tube 16, and the whole quans

municates with a mercury trap 2* with overflow
9b, in which trap there is a mercury column of
such a height that the hydrostatic pressure pre-
vailing in the electrolytic cell;is counterbalanced

by said mercury column so as to permit the con-

tinuous flow-off of mercury out of the cell without
accompanying electrolyte. Y

From the vessel 2 the mercury flows through

a pipe 17 to a centrifugal pump 3 driven by an
electromotor 10, which pump raises the mercury
to the purifying vessel 4. The mercury is con-
tinuously pumped up into the purifying vessel 4.
Purifying liquid is introduced—preferably also
continuously—into this vessel through a pipe 21
from & container 9. This liquid contains in solu-
tion or suspension an agent which is capable of
removing metal taken up by the cathode mercury.
Thus for instance, a solution of ferric sulphate
may be used. During the purification the kinetic
energy of the mercury admitted into the vessel
4 is utilized to effect a sufficient mixing of mer-
cury and the liquid containing the purifying
agent. Trials have shown that the mixing brought
about in this way is very effective. 'The effect
may be increased by making the purifying vessel
4 with g circular cross-section, the mercury being
jntroduced in a tangential direction as shown’'in
Fig. 2. :
From the purifying vessel 4 the mixture of

.mercury and purifying agent flows to one widened

shank of a U-tube 5. This shank is provided
with an overflow 13 where the liquid containing
consumed purifying agent flows off and is con-

‘vayed through the conduit 13® to a container
(not shown) or.the like where it may be regen--

erated if desired, and from which it may be re-
turned to the vessel 4. Through the other shank
of the U-tube mercury is discharged to a wash-
ing vessel 6. The last-mentioned shank opens
out into the washing vessel 6 on such a level
that the mercury column in this shank counter-

" palances the liquid column.in the other widened

shank according to the law of communicating
vessels so that the mercury passing to the vessel
6 will not be .accompanied by any appreciable

1,970,973

quantity of purifying liquid. In front of the inlet
of the washing vessel 6 wash water is introduced
by a branch pipe 23 and is mixed with mercury
so as to remove the last traces of purifying liquid.
The wash water and the mercury are separated
in the vessel 6 due to their different specific grav-
ities. The mercury sinks to the bottom and passes
on through the U-shaped conduit 24 to the col-
lector vessel 7 from which it is introduced into
the electrolytic cell. The wash water flows off
through the overflow 14. Also here the law of

80

85

communicating vessels is applied, the U-shaped -

conduit 24 acting as a mercury trap so that no
wash water goes with the mercury into the col-
lector vessel 7. '

As set forth hereinbefore the mercury circu-
lates and is purified continuously during the proc-
ess. It is obvious; however, that the purification
may be effected intermittently instead of con-
tinuously.

Tt has been established by experience that the
purification of the mercury must be effected un-
der certain conditions in order to obtain a good
result. Thus the mercury used for the electro-

lyzing operation should be purified from metal

or metals taken up in it in such a way that the

< mMercury itself is not attacked during the purifi-
tity of electrolyte may be drawn off through the -
cock 17! after the electrolysis has been finished.
The idea is thus that the electrolytic cell com=-.~

cation. To this end it is possible either to'use a

ubstance, which is indifferent to mercury, €. €.
mercurous salts, preferably in solution, or the

‘purifying process may be effected so as to remove

only part of the total quantity of contaminating
metal or metals present in the mercury. For
reasons which will be explained in the following
such a partial removal involves advantages also
if a substance indifferent to mercury, e. g. a
mercurous salt solution, is used as a purifying
agent. Accordingly the purifying agent in both
cases is preferably used in’ quantities less than
equivalent to the quantity of metal which is in-
corporated in the mercury. Preferably the con~

ditions during the purification  of the mercury -

are regulated so that only such quantity or ap-
proximately such quantity of metal is removed

‘from the mercury as was taken up by said mer-

cury during the electrolysis. In the. electrolysis
care should preferably be taken that the per-

_centage of deposited metal or metals in the cath-

ode mercury is kept constant at a value not higher
than 0.5%, preferably lower than 0.3%.

The reasons why an attack on the mercury
during the purification should be avoided are the
following. An attack on the mercury means
firstly that mercury is converted from the metal-

‘Je state into a compound. If this compound is

not recovered loss of mercury 0ccurs. If the com-~
pound is recovered (e. g. by decantation or filtra-
tion, if insoluble; by precipitation followed by
decantation or filtration if said compound is
soluble) loss of mercury may be avoided but on
the other hand more or less expensive processes
for recovering the mercury will be necessitated.

Attack by the purifying agent on the mercury,
however, often results in a considerably more
serious drawback. If the mercury is attacked so
that a slightly soluble or an insoluble compound
(oxide or slightly soluble salts) is formed it eas-
ily happens that the mercury body disintegrates
into small drops, the surface of which is covered
by the formed compound. These drops recom-
bine extremely slowly. It is obvious that mer-
cury in such a form is unsuitable or unuseful as
cathode material. -

One method of effecting the purification so as
to avoid attacks on the mercury consists, as pre-
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viously mentioned, in using as a purifying agent
a substance which is indifferent to mereury, such
25 mercurous salts, preferably in solution. If,

- on the other hand, a purifying agent is used,
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+ preferably lower than 0.3%

which is capable also of attacking mercury, this
attack is avoided by carrying out the purification
so that only part of the metal or metals taken
up in the mercury during the electrolysis is re-
moved. This®an be explained by the followmg
llustrative example.

The normal potential of iron is —0.43 volt, and
the normal potential of mercury is about 0.8
volt. Iron is thus less noble than mercury in a
degree which, expressed in the difference be-
tween the normal potentials, amounts to ap-
proximately 1.2 volt. 'This means that, other
conditions being equal, as for instance the kind,
concentration and temperature of the sclution
used, iron is attacked (for instance is dissolved)
much more readily than mercury. Accordingly
if a mixture of iron and mercury is treated with
a substance capable of attacking both these met-
als the first one of them to be attacked (dissolved
out) isiron. Only when the iron has been prac-
tically completely consumed, the mercury is at-
tacked. Consequently, if the quantity of the at-
tacking substance is regulated with respect to the

iron-mercury mixture so that the attacking sub-

stance is consumed before all the iron in the
mercury has reacted with the substance, there
will be no attack on the mercury. It is prefer-

able, also when using a purifying agent which is .

indifferent to mercury, to carry out the purifying
process in such a way that only part of the quan-
tity of metal or metals taken up in the mercury is
removed, since the purifying agent in this way
may be more completely utilized.

In certain cases, as for instance that type of
eletrolytic process which is described in the U. S.
Patent No. 1,900,996 (application Ser. No.
385,466) it is preferable for reasons which will
be given in the following that during the purifi-
cation of the mercury the conditions are so reg-
ulated that only such quantity or approximately
such quantity of metal is removed from the mer-
cury as was taken up by said mercury during the
electrolysis.
posited metal in the mercury used as cathode is
kept constant and at & value not exceeding 0.5%,
If the removal of
the metals of the eighth gxoup from mercury is

- effected continuously in such a way that the mer-~

o

“which is capable of attacking mercury).
o rate x should obviously be regulated so that the.
percentage in the mercury of incprporated metal-

cury flows through the purifying vessel at the
same rate as through the electrolytic cell, and if

. purifying agent is supplied to the purifying vessel

at a certain rate x, care should obvicusly be taken
that the rate x will not become tos low. This is
so for the reason that if the rate x becomes too
low the amount of deposited metal or metals in
the mercury will increase, and by and by it will
attain such a value that the circulation of the
cathode mercury is rendered impossible or difficult
due to the fact that the mercury has become too
viscous. On the other hand the rate £ must not
be too great, since in such a case the percentage
of:the metal or metals in question in said mereury
will fall, until finally the mercury is beginningito
be attacked (if there is used a purifying agent
The

is kept at a value approximately right between
the point at which the inconvenience relating to
the circulation begins to appear, and that point

; where the attack on the mercury of the purifying

the mercury becomes possible.

Preferably the percentage of de~-

agent starts. The margin of safety is then equal
in both directions. A percentage of about 0.1 to
0.2% of metal in the mercury has been found suit-
able. If the percentage of metal in the mercury
exceeds 0.5% serious inconveniences are met'with,

-the mercury becoming so viscous that it can be

caused to flow only with the greatest difficulty.

One method of removing one or more of the
metals, iron, cobalt and nickel from such con-
taminated cathode mercury as is obtained in the
electrolytic removal of said metals from solutions
containing salts thereof consists in reacting an
oxidizing agent with the mercury containing the
metal or metals. To dissolve for instance iron
out of mercury by means of a non-oxidizing acid
only is not possible, as this would mean that iron
were dissolved with development of hydrogen for
instance according to the equation:

Fe+ HaS0s=Fe SO:s+Ha.

In order to deposit hydrogen on mercury from a
1-normal acid solution a voltage of about 0.8 volt
is required, whereas the normal potential of iron
isonly —0.43 volt. Already at a concentration of
ferrous ions as low as 10—2-normal the iron ac-
cordingly loses its power to deposit hydrogen on
mercury from a l-normal acid solution, and it

is consequently practica}ly impossible-to dissolve
“iron out of mercury by means of for instance sul-

phuric acid only, in accordance with the equation
cet forth above.

If, however, a suitable oxidizing agent is pres-
ent, this acts as a depolarizer for the hydrogen
and the disselving out of the metals taken up in
Iron may for in-
stance by dissolved according to the equation:

B2 HeS04-+-H202=Fe S04+ 2H20.

What has been stated above with respect to
iron applies alse to cobalt and nickel.

The purifying agent should preferably be of
such a nature that it can be readily regenerated,
i. e. if it is an oxidizing agent it should have the
property of being readily re-oxidized. For such

reasons one or more of the following substances®

is/are preferred: ferric salts, e. g. ferric suiphate,

3
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hypochlorites, nitric acid or nitrates, preferahly

in agueous sclutions. Of course alse when using
oxidizers as purifying agent it is to be observed

-that only part of the fotal quantity of metal in

the mercury should be removed before the mer-
cury .is returned to the electrolytic cell, hecause
otherwise the -oxidizing dgent will attack the
mercury. Hence it is preferable to kezep the
amount of the oxidizing agent below that which is
equivalent to the quantity of metal taken up in
the mercury.
the invention the conditions during the purifica~
tion of the mercury by means of oxidizing agents
are regulated so as to remove only such quantlty
or approximately such quantity of metal from the
mercury as was taken up by said mercury during
the electrolysis. When-an aquecus sclution of
oxidizing agent is used, the solution should be
kept acid in order to aid the reaction between the
oxidizing agent and the me!al present in the mer-
cury. For economical reasons the consumed oxi-
dizing agent should be re-oxidized and re-utilized.
Also where the purification is effected by means
of oxidizing agents the percentage of deposited
metal in the mercury used as cathode may be kept
at a constant or approximately constant value,
not exceeding 0.5% but preferably being lower
than 0.3%.

According to one embodiment of
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What I claim is:—

1. Method for the electrodeposition of metals
which are less electropositive than the alkali and
alkaline earth metals which comprises subject-
ing solutions containings salts of such metals to
electrolysis with a metallic cathode support which
has been amalgamated prior to the electrolysis,
and flowing mercury over said cathode support
during the electrolysis. )

9. Method for the electrodeposition of metals
of the iron group which comprises subjecting
sclutions containing salts of such metals to elec-
trolysis with a cathode support consisting of a
metal selected from the iron group, said support
having been amalgamated prior to the electroly-~
sis, and flowing mercury over said cathode sup-
port during the electrolysis. _ -

3. Method as defined in claim 1, characterized
in that the metallic cathode support consists of
chromium. ‘ '

4. Method as defined in claim 1, characterized
in that the metallic cathode support consists of
manguqnese,

5. Method as defined in claim 1, characterized
in that the metallic cathode support consists of
an alloy of at least two metals of the group com-
prising iron, cobalt, nickel, chromium and man-
ganese.

6. In a.method for ‘the removal by electro-
deposition of metals of the eighth group of the
periodic system from solutions containing salts of
said metals which comprises subjecting said solu-
tions to electrolysis in contact with & mercury
cathode, removing the contaminated mercury
from the cell, subjecting it to a purification treat-
ment in a compartment which is separated from
that compartment where the electrolysis is car-
ried out, introducing contaminated cathode mer-
cury from the cell into said purifying compart-
ment and returning purified mercury from the
said compartment to said cell, the purification
treatment being effected by means of a liguid
containing a purifying agent, the improvement
consisting in utilizing the kinetic energy of the
mercury fowing from the cell into the purifying

-compartment for effecting the necessary inter-

mixing of mercury and the purifying liquid. .

7. Method as defined in claim 6, wherein the
purified mercury is washed substantially free
from accompanying purifying liquid prior to en-
tering the cell, .

8. Apparatus for the -electrodeposition of
metals less electropositive than the alkali and
alkaline earth metals from solutions containing
zalts of such metals, which comprises an electro~
lytic ceil having an amalgamated cathode sup-
port adapted for the flowing of mercury there-

1,970,973

over, a purifying chamber for said mercury, a
conduit for conveying mercury from the cell to
the purifying chamber, a conduit for conveying
the purified mercury from the purifying cham-
ber to the cell, and means for cirenlating the
mercury through said cell, chamber and conduits,
characterized in that the purifying chamber is
provided with an inlet for liquid containing a
purifying agent, and ‘an inlet fos contaminated
cathode mercury, the said inlets being so dis-
posed relatively to each other and to the purifying
chamber that the kinetic energy of the in-flowing
mercury is utilized for effecting the necessary in-
termixing of mercury and the purifying liquid.

9. Apparatus as defined in claim 8, charac-
terized by a substantially cylindrical purifying
chamber having a mercury inlet disposed tangen-
tially relatively to the cylindrical wall of sald
chamber, and an inlet for purifying liquid.

10. Apparatus as defined in claim 8, charac-
terized by a mercury trap with an overflow, said
trap communicating with the cell, in which trap
there is a mercury column of such a height that
the hydrostatic pressure prevailing in the elec-
trolytic cell is counterbalanced by said mercury
column so as to permit the continuous flow-off
of mercury from the cell without substantial
quantities of accompanying electrolyte.

11. Apparatus as defined in claim 8, charac-
terized in that the purifying chamber communi-
cates with a separating compartment in which
mercury and purifying liquid are separated from
each. other. -

12. Apparatus as defined in claim 8, comprising
a separating compartment in which mercury and
purifying liguid are separated from each other,
characterized in that the said separating com-
partment is connected to a washing vessel in
which mercury flowing over from the said sep-
arating compartment is washed prior to its be-
ing returned to the cell.

13. Apparatus as defined in claim 8, compris-
ing a separating compartment in which mer-
cury and purifying liquid are separated from each
other, characterized in that the separating com-
partment i{s provided with an overflow for the
purifying liquid as well as with a mercury trap
through which mercury is discharged. . )

14. Apparatus as defined in claim 8, compris-
ing a vessel for washing purified cathode mercury
substantially free of purifying agent, charac-
terized by a collecting vessel communicating
with said washing vessel and adapted to receive
mercury from the washing vessel as well as to
discharge mercury into the cell.

KNUT WILHELM PALMAER.
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