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UNITED STATES PATENT OFFICE. 
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specification of Letters Patent. Patented Aug. 22, 1911. 
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To all whom it may concern: 
Beit known that I, HENRY STAFFORD HAT 

FIELD, a subject of the King of Great Britain 
and Ireland, residing at 18 Palmeira Square, 
Hove, in the county of Sussex, England, 
have invented certain new and useful Im 
provinents in Electrolytic Cells, of which 

specification. 
The invention E. not" to electrolytic 

cells in general, but to cells in which the sole 
result of the passage of a current is, that 
scue substance is transferred from one part 
of the cell to another. Such cells I call elec 
trolytic transference cells. They are thus 
distinguished from other cells in which the 
result of the passage of a current is to pro 
duce permanent changes in the strength or 
chemical nature of the electrolyte, or to 
liberate substances from chemical combina 
tion, or both. 

Electrolytic transference cells need to be 
distinguished by a name from others, be 
cause they have quite special applications 
and advantages for these applications. The 
substance transferred from one part of the 
cell to another may be thereby rendered 
more pure, as in the case of the copper re 
fining cell. Impure copper serves as anode; 
only copper, and not implirities, is transferred 
to the cathode by the action of the current. 
Again, they are used for measuring pur. 
poses, as in the Wright mercury meter. The 
substance after transference always appears 
on one electrode; and before my invention, 
the mass of substance to be transferred 
formed the other electrode, or a part of it. 
No other way of feeding the substance into 
the electrolyte continuously as the deposition 
took place at the other electrode was known, 
and hence a number of substances, such as 
bromin, which are insulators and cannot 
therefore be used as electrodes, could not by 
any known means be electrolytically trans 
ferred. 
My invention consists chiefly in the use of 

an electrolyte, which can dissolve, and is 
saturated with, an insulating substance to 

Such electrolytes can be 
formed to suit many substances never hither 
to transferred electrolytically. Further in 
common with all electrolytic transference 
cells my electrolyte is not permanently 
altered in composition by the passage of the 
current; the net and sole result of the latter 
is to transfer the insulating substance from 

one part of the cell to another by rendering 
it temporarily unsaturated with respect to 
the insulating substance at one electrode. 
As hereinbefore indicated, my invention 

relates to electrolytic cells of that type in 
which insulating substances are deposited. 
Previously to my invention only one instance 
9f this type was known and it differs widely 
from the cells of my invention. For con 
venience I group all cells under, the type 
above mentioned into two classes, one of 
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which constitutes my present invention and 
the other of which embraces the cell previ 
ously known. In both classes a compound 
of the body to be deposited forms a con 70 
stituent of the electrolyte. This compound . 
is decomposed by the electric current. At 
one electrode (hereinafter called the first 
electrode) the body is deposited; at the other 
electrode (hereinafter called the second 
electrode) a compound of the body to be de 
posited is reformed. 

In the already known class the second 
electrode is formed of a conducting body 
capable of dissolving the body to be de 
posited or uniting with it, and this electrode 
is placed in contact with a reserve supply 
of the body to be deposited, so that it may 
always be saturated therewith. At this elec 
trode, the compound decomposed is re 
formed a supply of the body to be deposited 
being derived from the electrode, and, 
through the latter, from the reserve supply. 
It may be said of this known class, that the 
Second electrode is depolarized by the body 
to be deposited which is contained in it. 

In the class which constitutes my present, 
invention, (hereinafter termed the depolariz 
ing electrolyte class) it is not necessary for 
the working of the cell that the second elec 
trode should have the power of dissolving 
the body to be deposited or of uniting with 
it, and the said electrode need not be in con 
tact with the reserve supply of the body to 
be deposited. By my invention, the elec 
trolyte is capable of dissolving the body to 
be Eid and is Saturated there with 
through being in contac' with a reserve sup 
ply of the said body. At the second elec 
trode the compound decomposed or one simi 
lar to it but containing less of the body to 
be deposited is reformed, the supply of the 
body to be deposited being tierived not from 
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the second electrode but directly from the 
electrolyte, and through the latter, from the 0. 
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again saturate it. 
15 I may arrange to hermetically seal the 
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reserve supply. In the class which consti 
tutes my present invention, the second elec 
trode is depolarized by the electrolyte. 
In expressing the ideas of “solubility' 

and “saturation.' I understand that the 
electrolyte is of such a nature that the body 
to be deposited may be withdrawn from it 
to any efitent up to a certain point, without 
any concomitant evolution or absorption of 
other elements or compounds taking place, 
and further, that when the electrolyte has, 
been unsaturated by abstraction of the de 
posited body, contact with the latter will 

cell, and pivot it so that by turning it the 
deposited body may be returned to the res 
ervoir from which the solution at the sec 
ond electrode is regenerated. If the body to 
be deposited be a liquid may use a self 
emptying siphon to measure it, and give a 
multiple dial effect, as employed in the 
measurement of mercury by Wright, Patent 
No. 702,844, dated 17th June, 1902. Or I 
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may cause the liquid or gas deposited to 
flow into a number of tubes so arranged that 
the liquid orgas. . . . . . . . . . 

In order that my invention may be more 
readily understood, I shall now proceed to 

when one is full the next thereto will receive 

describe it with reference to the accom panying, sheet of drawings in which, 
Figure 1 is an end elevation of the cell 

constituting a meter as aforesaid; Fig. 2 is a 
side elevation thereof; and Fig. 3 a section 
on the line a-b of Fig. 1; Fig. 4 shows an 
other house service meter which differs from 
that shown in Figs. 1, 2 and 3 in that in 
stead of a liquid being deposited a gas is 
deposited; Fig. 5 shows an electrolytic cell 
in which the body to be deposited is a solid; 
'Fig. 6 illustrates a case in which a liquid 
or solid is deposited but in which the elec 
trical resistance of the call is arranged to 
be as low as possible; Fig. illustrates a cell 
designed for the purification of a gas by 
electro-deposition; and Fig. Sillustrates a 
modified form of cell for purifying gas by electro-deposition. 

Referring now to Figs. 1, 2 and 3, the cell 
S is of glass divided by the partition Hinto 
two parts. The electrolyte is a dilute solu 
tion of hydro-bromic acid saturated with 
bromin. A pool of bromin C lies on the 
bottom of the cell; in the right hand con 
partment E it is at a higher level and passes 
into the left hand compartment and keeps 
the level of the pool there constant through 
a hole at F. The cathode 3 consists of an 
iridium plate close above the surface of the 
bromin. The anode A is of platinum and 
is placed in a funnel ending in a reading 
tube D (Figs. 1 and 3) which is formed as 
a self-emptying siphon. When current is 
passed between the electrodes A* (in this 

of the hydrogen ( 

ters. 
partially of a pure metal such as: iron, hav 
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case the positive electrode) and B bromin 
is deposited on A' and since the solution is 
already saturated with bromin the latter 
drops from the electrode A' into the meas 
uring tube D. At the electrodé B hydro 
bromic acid is formed by the combination 
bromin dissolved in the electrolyte. The 
latter then becomes unsaturated with bro 
min which however dissolves into it again 
from the pool near the electrode. For use. 
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there released) with the 

15 
as a house service meter a high resistance 
li' is placed in series with the cell having 
a positive temperature co-efficient of resist 
ance sufficient to compensate the tempera 
ture co-efficient of the cell and with this a 
low resistance G is placed in parallel the 
greater part of the current passing through 

80 

this low resistance. The cell is pivoted so 
that it can be inverted to return the bromin 85 
to the reservoir after a manner well known 
in connection with mercury electrolytic me 

The high resistance . is constructed 
ing a large positive temperature co-efficient 90 
and partially of a suitable resistance alloy, 
such as manganin. The proportion of the 
two metals is such that the whole circuit" . 
shall have an approximately constant re 
sistance with change of temperature. 

In Fig. 4, 1 illustrate a meter which dif 95. 
fers from that previously described in that . . 
it is adapted for the measurement of a gas : 
liberated by the current instead of the 
measurement of a liquid so liberated. The 
gas designed to be liberated in the specific 

i00. 

case now under description is chlorin so 
that this gas. will be deposited as in the for-. 
mercase at the anode. A. The electrolyte 
employed is a solution of ferric chlorid sat 105 
urated with chlorin of which there is a re 
serve supply in the space C". The chlorin 
liberated at the anode A is collected at the 
upper part of the depositing tube D which 
is soccasirutcted as to return upon itself for 
purposes of easy resetting. The equivalent 
of the liquid displaced in the depositing 
tube overflows into the tube E. The elec 
trolyte which is converted from ferric to 
ferous chlorid at the electrode B by the 
action; of the current is reconverted by con 
tact with the chiolin in the space C, that 
is to say by purely chemical action, into fer 
ric chlorid. Measurement may be made of 
the amount of gas collected in the tube D' 
and or by measurement of the liquid dis 
placed into the tube E. A scale such for 
example as is shown in this figure as well 
as in Fig. 1 may be employed for the neas 
urement of the deposited body. I have 
spoken of the gas being liberated in this 
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case at the -anode. I do not inply that in 
other cases the body to be deposited is reces: 
sarily liberated at the anode. It will be 
obvious that the electrode at which the 
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body to be deposited is liberated depends 
upon the electro-chemical sign of the body. 

In Fig. 5 illustrate a cell in which a 
solid is to be deposited for example for the 
purpose of purifying it. A is the first elec 
trode and 3 the second. 
the impure solid in the form of small lumps 
which keep the liquid around the electrode 
f3 saturated. By the opening D. more solid 
may be introduced as it is dissolved away. 
in the bath. The solid deposited on A may 
fall of itself into the tube E but if it does 
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not do so it may be periodically or contin 
uously scraped away from the electrode. As 
an illustrative case I may mention the puri 
fication of sulfur. The electrolyte employed 
in this case will be a strong solution of 
sulfid of sodium saturated with sulfur. 
While these cells exhibit the principles of 
my invention in its simplest form they have 
the drawback that the electrodes are com 
paratively wide apart in order that solution 
depleted at the second electrode shall reach 
the first without being resaturated with the 
substance to be deposited. In the use of 
such cells for the purification on a commer 
cial scale of substances this would lead to 
an excessive waste of electric energy in the 
resistance of the cell. For this purpose I 
prefer to lace the electrodes close together 
and by suitable, means cause a circulation of 
the liquid away from the first electrode over 
the second. 
the second is then brought into contact with 
substance and saturated, finally returning to 
its starting position. Two such construc 
tions are figured diagrammatically in Figs. 
6 and 7. In Fig. 6 which is suited partic 
ularly for purifying a liquid or a solid the 
two electrodes are placed close together at 
A and B and a circulation is naintained 
by a pump D" in the direction shown by the 
a rows. In the compartment C" the liquid 
or solid is brought into thorough contact 
with the substance which is to be dissolved 
and which lies in a pool or mass at the 
botton of the said compartnet. The elec 
trodes are pierced with holes to allow of free 
circulation of liquid through them. 

Fig. 7 illustrates a cell which is adapted 
for electro-deposition () gas loy deriving it 
from a mixture with other, gases. The (le:- 
trol 'c' is contained in the cell A, B, E, F, 
the first electrode, on which gas is leptos 
ited, being the electrode A, and the second 
electrotte i3. The first electrode A is formed 
in parallel bai's on a grating so that the gas 
which is depositect at its inder side can 
easily escale up wai'i. Elect rode 13 is po'ots 
and the liquid gracially per (olates through 
it falling of trays in the absorption chain 
her (3 : thright is a scription claiber the 
inpure or mixed gas from which the gas to 
le deposite has to be separated, is passed. 
The electrolyte on reaching the bottom of 

C is a mass of 

The electrolyte after passing 

this chanber is 'estore: to the upper part 
of the cell by a pump at F. At the elec 
trade 13 the electrolyte becomes unsaturated 
with respect to the gas to be deposited and 
in passing down the absorption chamber be 
comes resaturated therewith. This appa 
ratus will not be efficient as applied to the deposition of a gas such as chlorin, the solu 
bility of which in most electrolytes varies 
considerably with the pressure. If the cell 
in Fig. 7 were used for the deposition of 
chlorin the liquid being saturated with 
chlorin at atmospheric pressure, by contact 
with the electrode A would lose a certain 
amount of free chlorin by the action of the 
electrode B and in passing through the ab 
Sorption chamber C in which the gas con 
tains chlorin at a lower partial pressure 
than the atmospheric would not be resat 
urated here to the strength correspondin 
to atmospheric pressure. In Fig. 8 this dif. 
ficulty is avoided because the gas absorp 
tion chanber D is connected with the cell. 
by a long pipe F, the other details being 
similar to Fig. 7. It is then possible to 
either increase the pressure in D above the 
atn. ospheric by the amount corresponding 
to the head of liquid in the pipe F, or to 
decrease the pressure above the cell at the 
top of F by a corresponding amount. The 
condition to be fulfilled is that the pressure 
of the pure gas on the liquid near the elec 
trode at which it is given off should be 
equal to or less than the partial pressure of 
this gas in the mixed gases in D. 

&laim 
1. An electrolytic transference cell con 

sisting of an electrolyte in which any insul 
lating substance deposited by the passage of 
the current through the cell is soluble and 
with which it is saturated; two electrodes 
on one of which the insulating substance 
is deposited and at the other of which the 
electrolyte becomes unsaturated with respect 
to the substance deposited without perina 
nent alterati in of the electrolyte; and a sup 
ply of the insulating substance deposited re 
saturating by contact therewith the liquid 
which has become unsaturated, the sole re 
sult being to transfer the insulating sub 
stance from one part of the cell to another, 
substantially as described. 

2. An electrolytic transference cell con 
sisting of an electrolytein which any insu 
lating substance deposited by the passage 
of the current through the cell is soluble 
and with which it is saturated; two elec 
trocles on one of which the insulating sub 
stance is deposited and at the other of which 
the electrolyte becomes unsaturated with re 
spect to the substance deposited without per 
inancit, alteration of the electrolyte; a sup 
ly of the insulating substance deposited 

resaturating by contact there with the liquid 
which has become unsaturated; and a device 
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for causing the circulation of the electrolyte . 
with reference to the resaturating substance, 
substantially as described. . . 

3. An electrolytic transference cell con 
sisting of an electrolyte in which any sub 
stance deposited by the passage of the cur 
rent through the cell is soluble; two elec 
trodes on one of which the substance is de 
posited and at the other of which the elec 
trolyte becomes unsaturated with respect to 
the substance deposited; an absorption 
chaimber containing a supply of the sub 
stance deposited resaturating by contact 
therewith the liquid which has become un 
Saturated; aud a head of liquid between the 
electrodes and the absorption chamber so 
that the pressure on the electrolyte at the 
electrodes may be lower than that in the 
absorption chamber, substantially as de 
scribed. 

4. An electrolytic transference cell con 
sisting of an electrolyte in which any sub 
stance deposited by the passage of the cur 
rent through the cell is soluble; two elec 
trodes, one of them being porous and on one 
of which the substance is deposited and at 
the other of which the electrolyte.betomes 

25 

unsaturated, with respect to the substance deposited; and a supply of the substance? 
deposited resaturating by contact therewith 
the liquid which has become unsaturated, 
substantially as described. w 

In witness whereof I have signed my 
name to this specification in the presence of 
two subscribing witnesses. 

H. STAFFORD HATFIELD. 
Witnesses: . . . . . . 

H. D. JAMESON, 
F. L. RAND. 
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