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To all whom it may concern: 
Be it known that I, HERBERT H. Dow, a working with which I am familiar the final 

citizen of the United States, residing at 
Midland, in the county of Midland and 
State of Michigan, have invented a certain 
new and useful Improvement in Processes 
of and Apparatus for Electrolytic Produc 

10 
tion of Caustic Alkali, of which the follow 
ing is a full, clear, and exact description, 
reference being had to the accompanying 
drawings. 
This invention relates to the art of elec: 

trolyzing liquids and has for its object the 
provision of a method and apparatus where 
by the power consumption may be rendered 
more efficient, whereby the liquid effluent 

... may be obtained in a more pure state and 
... with fewer by-products and impurities than 
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heretofore, and whereby the cell destruc 
tion, particularly the anode erosion, may be 
decreased. While the improvements here 
inafter described may be of value in other 
relations, they have been especially per 
fected for the purpose of electrolyzing al 
kali chlorids for the production of chlorin 
and caustic, and the following description 
will be based upon the electrolyzation of 
common salt for the production of chlorin 
and caustic soda, although it will be under 
stood that the same is applicable wholly 
without change for the electrolysis of any 
halid salt whose base yields a hydroxid solu 
ble in water, and may be available for other 
uses in addition, wherefore I do not limit 
myself except as particularly stated in the 
claims hereto annexed. 
The principle of my invention consists in 

this, that the electrolysis is conducted in a 
series of cells, the catholyte being also ad 
vanced from cell to cell so as to receive an 
increment in its causticity in each succeed 
ing cell. The advantage of this method is 
that the average causticity of the catholyte 

45 

tion performed in each cell; for example, 

50 

is maintained at a lower point than would 
ated individually and the complete reduc 

in case all the cells were fed with catholyte liquor in parallel. According to my im 
proved process the causticity of the cath 
olyte liquor varies progressively from the 
first to the last cell of the series, the aver. age causticity being materially less than 

specification of Letters Patent. 

diminish the current efficienc 
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that of the final effluent. In other systems of 
causticity is obtained in every cell so that 
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the average causticity and the final caus 
ticity are substantially or exactly the same 
thing. It is well settled, both theoretically 
and practically, that in the electrolysis of a 
halid solution for halid and caustic, the 
presence. of strong caustic liquor in the cath 

60. 

ode compartment of the cell serves both to 
y and to im 

pair the purity of the caustic product. The 
theoretical explanations of this condition 
are somewhat abstruse and possibly not defi 
nitely settled, but the existence of the fact 
is well established. It is known that at low 
causticities and small concentrations the 
current efficiency is comparatively high and 
the contamination of the effluent with sec 
ondary reduction products is very small, 
but practical considerations do not permit 
the full utilization. of these conditions since 
the cost of evaporating such a large quan 
tity of liquid, and the extremely large plant 
required to handle a commercial business 
necessitates the employment of a higher con 
centration. - - - 

As one means for diminishing such sec 
Ondary reactions, it has heretofore been 
proposed to provide each cell with a porous 
diaphragm located between the anode and 
cathode, and to maintain a higher static 
pressure of the amolyte than of the catho 
lyte thus mechanically opposing the diffu 
sion or migration of ions from the cathode 
to the anode, and increasing the current ef 
ficiency and the purity of product. The 
porosity of the diaphragm permits a slow 
percolation of the electrolyte from the an 
Ode compartment to the cathode compart 
ment, and in some systems this percolation 
is depended upon for the maintenance of catholyte during electrolysis. . 

. I have discovered that in case the catho 
be the case if the separate cells were oper lyte be withdrawn from each cell after hav 
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ing been electrolized a certain amount and 
be added to the cathode chamber of a suc ceeding cell, and be there electrolyzed a cer 
tain amount and afterward transferred to a 
third cell, and so on, the efficiency of the cell 
System may be considerably improved, and 
the contamination of the final product and 
the average destruction of the anodes much 
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J'educed. This results fron the fact that 
in the fil's cell the liquids on the oppo 
site sides of the diaphragm are very nearly 
alike and the catholyte of extremely low 
('tisticity: in the next sticceeding cell the 
difference in the coin position of the liquid 
is somewhat gi'eater, though both the con 
position differelice and the catholyte cis 
ticity are still snail; and only in the last 
cells of the series does the coln position dif 
ference and the catholyte causticity reach its 
maxiinii, and with it the tendency to pro 
duce the favorable 'est its entioi)ed, 
This the average in innical effect of these 
operations is 'enced ove' will it would be 
the case if all the cells were run in parallel 
as heretofore, since with the paraliei a 1'- 
rangelent there is present a maximum dif 
ference, of liquid composition in all of the 
cells; also with this arrange inacht : an en 
abled to eploy a less lei viols (iaphi'a gill, 
and one which by its lechanical constilic 
tion is better constituted to prevent the dif 
fision heretofore entioned. ii order to 
secure the reisite electrolytic effect it is 
probably necessary to eloy a diaphraga of 
stel (): (sity that stile pei'colation Will take 
place, although the feeding of the catholyte 
challer by percolition as has been enllion 
in 1'e Yi () is leth () is has recessitated the etal 
loynient of a lore joi'olis (iiaplai'agi hai) 

is 'eiji'ect for the electrical purposes of the 
aparat is, h. ("('orting () y invention the 
major part of the catholyte is tierived froin a 
preceiling ('el, and only a nihot' portion of 
the same by pe'eciation through the tia 
phrag. The \so 'king of inny invention does 
not depend to any (legree upon the deriva 
tion of the catholyte it); from the anode 
side of the cells at any point of the cell 
series: even thigh. as it result of liaihragm 
porosity, a certain allotint of anolyte should 
pass to the call olyte at each ('eli, this is en 
tirely apart from the merits of the present 
invention, it is tie essence of this in vention 
that the catholyi ( ) ( (telis' ed lainly, and 
referally entirely, fro) the t'ath (die coal 

to the end 
that the coil position lifference between the 
anolyte and catholyte, and the ('athiolyte 
('attsticity may vary progressively from one 
end of the series to the title', which result 
would be obtained in its greatest efficiency 
in case ille (liabhragh percolation could 
be wholly eliminated. 

It is wholly in laterial to this invention 
how the unode (ha)) ei's of the varios ('elis 
are I)aintained. They lay be feti sepa 
rately or in parallel; they lay be fed in 
series, one fron the othet'; if fed in series, 
the direct is of ?low lay be eithel' : 'alie 
or opposite to that {}f the catholyte flow: 
the seat licitor for the hole ('on art 
ments may be resafi'ited with halid and 

returned as anolyte feed, or it may be em 
loyed for the catholyte liquor. As a matter 

of Conyenience prefer to return through 
the cathode chambers the anode liquor which 
has pi'eviously passed through the anode 
chai pers, owing to the fact that in compo 
sitioi), concentration, temperature, conduc 
tivity, and the like respects it is fully suit 
able and because it is present in the right 
quantities and at a convenient place, but this 
is wholly a mattel' of choice. 

in the du'awings accompanying and form 
ing a part of this application I have illus 
rated certain apparatus whereby the meth 
ods and objects of this invention may be 
realized, although it will be understood that 
these du'awings are merely diagrammatic, 
and that they are not intended to be ex 
haustive of all the arrangenients, connec 
tions, or systeias whereby the principle of 
iny invention may be utilized. In said draw 
iiigs each figure illustrates diagrammatically 
at ari'angement of cells by which the prin 
ciple of any present invention may be uti 

Figaires 1 and 3 illustrate an ar lized. 
rangeet in which the flow of the anolyte 
and catholyte a 'e in opposite directions; 
figs. 2 a nel 4 an arrangement if which the 
aloiste and catholye flow in the same di 
lection; and Fig. 5 an ari'angelent in which 
the anolyte and catholyte are entirely dis 
tinct froja each other. - 

Each figli'e of the lawings shows three 
cells, indicated by , it aid III, although it 
will be understood that the number could 
be continued to any length desired, and will 
ordinarily in practice be extended to much 
greatei' ength so that when the cells are con 
nected in series electically, a convenient 
commercial voltage may be utilized while 
affording each cell the E. M. F. necessary to 
its most efficient performance. However, so 
far as the present invention is concerned, it 
is wholly inmaterial whether the electrodes 
be connected in series or in parallel or even 
whether they are fed from the same current 
solice or different solices. - 

in each of the views of the drawing the 
cell container is indicated at E, the anode 
at A, the cathode at C and the diaphragm 
at D. In the apparatus illustrated in Figs. 
i to - inclusive the raw brine is admitted 
by the conduit (, to the first anode chamber, 
aind thence by conduit (t' (t', etc., to the suc 
ceeding anode chambers, being then trans 
ferred by a conduit (t to a cathode chamber, 
whence it is transferred by conduits 6', d', 
(tc., to the remaining cathode chambers of 
the series, being tiltinately discharged at the 
outlet (c. The liquid upon the anode side of 
each cell is shown at a slightly higher level 
than that on the cathode side of that cell 
so as to induce the percolation through the 
diaphragia heretofore mentioned. In Fig. 4 
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catholyte, so that liquid from the last anode. 
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I have illustrated the successive cells as 
placed at different levels so as to provide the 
gradient necessary to the free flow of liquid 
from chamber to chamber. In this instance 
it will be noted that the total difference in 
the height of the cells is less than the dif 
ference in height between the anolyte arid 

chamber can flow directly into the first 
cathode chamber. In case the series of cells 
were longer or the difference in height 
greater, a suitable elevating device could be 
introduced in the pipe a, such as a pump or 
WO. 

5. In Fig. 5 I have illustrated an arrange 
ment wherein the anode chambers are fed 
independently of each other as by the inlets 
a, a, and a, the effluent therefrom being 
conveyed away by the outlets a, a”, a to a 
conduit y and discarded or otherwise uti 
lized, the various cathode chambers being fed 
independently from a sources and the catho 
lyte passing from cell to cell by conduits c", 
c, etc., as before, and finally appearing at 
the outlet G'. 
fed to both anode and cathode cells in this 
arrangement, the operation is exactly the 
same as that above described, with the pos 
sible advantage that with the arrangement 
in Fig. 5 the anode cells all contain liquid of 
the same composition and conductivity, 
while in Figs. 1 to 4 inclusive the anolyte is 
slowly being drained of its halid content. 
In order to prevent the undue impoverish 
ment of the anolyte with the arrangement 
shown in Figs. 1 to 4 inclusive, it is neces 
sary in the case of a long Series of cells to 
introduce raw brine at intervals into the 
anolyte stream. However, the expedient of 
reducing the halid content of the anolyte be 
fore introducing this liquid into the cathode 
chambers is sometimes advantageous, both 
as reducing the total concentration of the 
catholyte and diminishing the amount of 
halid to be removed from the solution. 

I have already pointed out that my lim 
provements are independent of the derival 
tion of catholyte by percolation of anolyte 
through the cell diaphragm, althofigh it is 
necessary to make provision for some such 
percolation since the same may be expected 
to some degree in practice. It can be proved, 
both by theoretical deduction and practical 
demonstration, that by the employment of 
a series electrolysis such as herein described 
and claimed, the difference in electrolyte 
composition between different cells is greater 
and the average concentration and causticity 

60 
for the whole system is lower in a case where 
the percolation is everywhere small than in 
a case where the percolation is everywhere 
large. However it may be assumed that in 
all practical embodiments of my improved 
method the catholyte in any given cell will 

In case the same liquid be 

be derived from two sources, namely by per 
colation through the diaphragm of that same 
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cell, and by accretion from the cathode 
chamber of the preceding cell. 
From one aspect it may be stated that my 

invention comprehends reducing the former 
increment to its lowest practical value, and 
increasing the latter increment to its high 
est practical value. 

It will be understood that I have shown 
only a few out of many forms of apparatus 
with which my improved process can be car 
ried out, and described only a part of the 
benefits to be derived therefrom, and con 
sidered only a part of the uses to which such 
process and apparatus can be put. 
Having thus described my invention what 
claim is: 
1. Apparatus for producing an alkali hy 

drate and chlorin from an alkali chlorid by 
electrolysis, comprising a series of electro 
lytic cells each having a diaphragm of lim 
ited permeability to liquid whereby the cell 
is divided into an anode compartment and 
a cathode compartment, each compartment 
of éach cell having an inlet and an outlet, 
the outlet of each catholyte compartment 
communicating with the inlet of a succeed 
ing catholyte compartment, until the last 
of the series is reached, means for deliver 
ing halid solution to the anode inlets, means 
for maintaining the level of the anolyte in 
each cell at a point above that of the catho 
lyte of that cell, and means for delivering to 
the first cathode inlet the effluent from the 
anode outlets. 

2. Apparatus for producing an alkali hy 
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drate and chlorin from an alkali chlorid by 
electrolysis, comprising a series of electro 
lytic cells each having a diaphragm of lim 
ited permeability to liquid whereby the cell 
is divided into an anode compartment and 
a cathode compartment, each compartment 
of each cell having an inlet and an outlet, 
the outlet of each catholyte compartment 
communicating with the inlet of a succeed 
ing catholyte compartment, until the last 
of the series is reached, the outlet of each 
anode compartment communicating with the 
inlet of a succeeding anode compartment 
until the last is reached, the outlet from the 
last anode compartment communicating with 
the intet of the first cathode compartment, 
means for maintaining the level of the ano 
of that cell, and means for delivering halid 
solution to the first anode compartment. 

3. In a method of electrolyzing an alkali 
halid solution for castic and halid, the 
step which consists in passing the solution 
first through the anode compartments of a 
plurality of diaphragm cells and then pass 
ing the same solition successively through 
the cathode compartments of said cells, 
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lyte in each cell above that of the catholyte 
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4. The process of electrolyzing an alkali 
halid solution for halid and caustic alkali 
which consists in adding to the anode cham 
ber of a diaphragm cell a greater quantity 
of solution than said diaphragm can trans 
mit by percolation, drawing off the excess 
of such liquid and passing it into the cathode 
chamber of the same or a similar cell by : 
separate passage, and thereafter passing said 
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liquid through the cathode chambers of a 
ulci. s: . - plurality of similar cells until the desired 

calisticity is attained. 
5. The process of electrolyzing alkali 

halid solution or halid and caustic alkali 
which consists in adding to the anode cham 
bers of a plurality of separate electrolytic 
cells of the diaphragm type, a quantity of 
solution greater than the diaphragms can 
transmit by percolation, drawing off the 
excess of such solution after treatment in 
such anode chambers and passing it suc 
cessively through all the cathode chambers 
of the series. 

6. The process of electrolyzing alkali 
halid solutions for halid and caustic alkali 
which consists in adding to the anode cham 
bel's of a plurality of separate electrolytic 
cells of the diaphragm type, a quantity of 
solution greater than the diaphragms can 
transmit by percolation, drawing off the ex 
cess of such solution after treatment in such 
a node chamber's and passing it successively 
through all the cathode chambers of the 
series, and meanwhile maintaining in each 
said cathode chamber a pressure of liquid 
less than that in the corresponding anode 
chamber. 7. Appalatus for electrolyzing aikai 
halid solution to produce halid and caustic 
aikali, comprising two electrolytic cells of 
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the porous diaphragm type, the anode coln 
partments being connected in series so as to 
permit the flow of liquid from one to the 
other, the cathode chambers being also con 
nected in series so as to permit the flow of 
liquid from one to the other, and the last 
anode chamber being connected to the first 
cathode chamber so that the spent anolyte 
may pass through the cathode chambers. 

8. A series of electrolytic cells of the po 
rous diaphragm type, the anolyte being fed 
into the anode compartment through a suit 
able passageway and withdrawn from the 
anode compartment through the porous dia 
phi'agm and another suitable passageway, 
the catholyte being fed into each compart 
ent through a suitable passage and also 

through the pores of the diaphragm and 
Withdrawn through a passage connected 
with the cathode compartment of another 
cell of the series, the effluent from the last, 
anode compartment of the series flowing to 
a cathode compartment and from thence to 
each cathode compartment in succession. 

9. The method of electrolyzing an alkali 
halid solution for caustic and halid which 
consists in first passing the halid solution 
successively through the anode compart 
ments of a plurality of independent elec 
ti'olytic cells of the diaphragm type, and 
Second returning the same liquid succes 
sively through the cathode compartments of 
the same cells in reverse order. 

in testimony whereof, I hereunto affix any 
signature in the presence of two witnesses. 

HER3 ERT H. O.W. 
Witnesses: 

JAMES T. PARDEE, 
A. W. SMIT.I. 
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