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16 Claims. (C. 204-279) 

The present invention relates to frames for electrolytic 
diaphragm cells having bipolar graphite electrodes, and 
more particularly to such frames forming a diaphragm 
cell substantially completely occupied by the electrode, 
Said electrodes being bonded to said frame with a mini 
mum of exposed bonding material. 

Generally, frames for electrolytic diaphragm cells hav 
ing bipolar graphite electrodes are provided with supply 
conduits or inlet conduits at their lower ends and dis 
charging or outlet conduits for the anolyte and catholyte 
respectively at their upper ends. A plurality of such dia 
phragm cells is formed by arranging the electrodes in series 
relationship in a similar manner to the cells of a filter 
press. The diaphragm cells of the foregoing type are 
conveniently used, for example, in the electrolysis of hy 
drochloric acid to form hydrogen at the cathode and 
chlorine at the anode. 

Specifically, the diaphragm cells for the electrolysis of 
hydrochloric acid, such as the so-called "Bitterfeld' cells 
are well known. Cells of this type include a frame hay 
ing supply conduit means for the concentrated hydro 
chloric acid and outlet conduit means for the chlorine, 
hydrogen and dilute hydrochloric acid formed during the 
electrolysis. Such frames contain a rigid graphite cath 
ode and a hollow anode body filled with granulated mate 
rial or a hollow cathode body and a hollow anode body 
both being filled with granulated graphite. Sealing 
gaskets are provided in the frame between the individual 
diaphragm cells in order to prevent the escape of concen 
trated acid, gaseous chlorine discharged at the anode, or 
gaseous hydrogen discharged at the cathode. The size of 
the sealing surface is of prime importance in such cells, 
especially since the gaseous chlorine passing through the 
outlet means readily attacks the sealing gaskets situated 
therealong. 
The chlorination of organic compounds for use in 

present-day large Scale commercial chemical processes 
yields, as a by-product, huge quantities of hydrochloric 
acid. This acid being in dilute form cannot be sold as 
such and therefore, the regeneration of chlorine from 
the aqueous hydrochloric acid by-products has become a 
major problem in the chemical industry. It will be ap 
preciated obviously that it is most expedient to electro 
lytically decompose the hydrochloric acid obtained as a 
by-product of the chlorination of organic compounds in 
order to recover elemental chlorine which may again be 
used such as for the chlorination of organic compounds 
as well as for other desired purposes. 
Various constructions have been developed in recent 

years employing several electric cells arranged in series 
in the manner of filter press cells which construction have 
been used for the production of oxygen or hydrogen as 
the case may be. Preferably bipolar electrodes are used 
for this purpose. The operation is carried out by mount 
ing a bipolar electrode in a frame having a thickness and 
therefore a size with respect to each individual frame 
corresponding to the thickness and size of the electrodes 
and their necessarily small distance from the separating 
diaphragm between the anode of one electrode and the 
cathode of another. Such frames have an effective anode 
area of about 1.5 sq. meters. 
The economy of operation of electrolytic diaphragm 

apparatus of the foregoing type, whether used for the 
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2 
electrolysis of hydrochloric acid or for the electrolysis of 
water, depends substantially upon the effective anode 
area of each frame and furthermore upon the effective 
anode area per sq. meter of floor space occupied by the 
apparatus. 

It is an object of the present invention to overcome the 
foregoing drawbacks and to provide an efficient frame 
means construction for electrolytic diaphragm cells which 
are compact and substantially free from exposed packing 
or sealing gaskets, the electrodes substantially completely 
occupying the space defined by the frame. 

It is another object of the invention to provide a frame 
construction having an increased effective anode area per 
frame as well as an increased effective area of each frame 
per sq. meter of floor space occupied thereby. 

It is a further object of the invention to provide a sub 
stantially reduced area of the sealing surfaces which are 
exposed to attack by the produce of electrolysis or by the 
electrolyte itself. 

It is a still further object of the invention to provide a 
multifold increase in the reliability of operation of the 
electrolytic diaphragm cell arrangement while correspond 
ingly reducing considerably the required floor space oc 
cupied by the apparatus. 

Other and further objects of the invention will become 
apparent from a study of the within specification and 
accompanying drawings in which: 
FIG. 1 is a schematic side elevation of a frame for 

an electrolytic diaphragm cell in accordance with the 
invention, 

FIG. 2 is a schematic sectional view, taken along the 
line II-II of FIG. 1, 

FIG. 3 is a partial schematic view of an arrangement 
in accordance with the invention shown in step-wise sec 
tion, the left section being taken along line III-III and 
the right section being taken along the line IILA-IIIA 
of FIG. 1, 

FIG. 4 is a schematic cross sectional view taken along 
the lines IV-TV in FIG. 3 showing the discharging ports 
for the gaseous products of the electrolysis, 

FIG. 5 is a view similar to FIG. 4 but taken at the level 
of the line V-V in FIG. 3 showing the end outlet and 
intermediate passageways for anolyte and catholyte, 

FIG. 6 is a view similar to FIGS. 4 and 5 taken at the 
level of line VI-VI in FIG. 3 showing the feeding inlet 
and intermediate bores for supplying the electrolyte. 

In accordance with the invention, it has been found 
that an effective frame for an electrolytic diaphragm 
cell arrangement may be provided wherein preferably 
more than one bipolar electrode member is compactly 
disposed in a frame for an electrolytic diaphragm cell, 
such that the cell space is substantially completely oc 
cupied by the electrodes. Preferably, the diaphragm is 
disposed adjacent the anode surface of each electrode. 
The frame may be made of sectional members or ele 
ments which are manufactured from a material resistant 
to the electrolyte and to the products of electrolysis, the 
frame extending over substantially the entire thickness of 
the electrode members. 

Conveniently, the outlet conduit means for the prod 
ucts of the electrolysis are arranged on the upper end 
of the frame such that the same are structurally separated 
from the outlet conduits used for discharging the catho 
lyte and anolyte material from the cell. Accordingly, 
the feeding conduits are provided on the lower end of 
the frame. 

Advantageously, the frame extends over substantially 
the entire width of the bipolar electrodes and is made 
from closed channel or tubular material such as that 
manufactured by extrusion or by welding techniques in 
the conventional manner. These frame elements may be 
Suitably covered in known manner with an inert rubber 
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coating with respect to the electrolyte and products of 
the electrolysis. The frame, on the other hand, may also 
be made from solid material, such as plastic or hard 
rubber material, which is resistant to the corrosive in 
fluence of the electrolyte or products of electrolysis in 
the same way. 

Preferably the anode side of the bipolar electrode in 
each instance extends along the entire inner height of the 
frame and its upper end is provided with a collecting 
channel sealed off by a partition wall from the next ad 
jacent cathode. The anode space is defined by a plu 
rality of slots or recesses in the anode surface and this 
anode space flow communicates with the outlet conduit 
therefor by means of said collecting channel. On the 
other hand, the bipolar electrode on its cathode surface 
terminates at a point in height below the top end of the 
frame such that a collecting channel or gas space is 
formed above the top end of the terminating cathode. 
A similar plurality of slots or recesses are defined in the 
cathode Surface to form the cathode space, this cathode 
space being flow communicated with the outlet conduit 
therefor by means of said collecting channel or cathode 
gaS Space. 
Inasmuch as the upper portion of the electrode, prefer 

ably the anode surface, is closed off via a sealing parti 
tion wall to form an anode gas space or collecting chan 
nel, it is not necessary to extend the diaphragm over the 
entire inner height of the frame. Preferably, the dia 
phragm extends only a short distance beyond the lower 
end of the partition wall and is fastened to the corre 
sponding anode Surface across which it extends by means 
of a frame-like structure. Where the electrodes are rec 
tangular in shape, of course, the diaphragm frame-like 
Structure may also be correspondingly rectangular in 
shape. 

In accordance with the construction of the invention, 
it is possible to fasten the bipolar electrodes to the frame 
by merely cementing or bonding them to the bottom and 
sides of the frame up to the level of the top end of the 
anode. The bonding area conveniently extends substan 
tially across the entire thickness or depth of the frame. 
In addition, the upper end of the anodes which extend 
to the top of the frame are conveniently cemented to 
the frame along their upper sides and top surface. The 
bonding is effected across the entire thickness of the 
upper portion of the anode in each instance with re 
spect to the adjacent frame. 

In accordance with the preferred embodiments of the 
invention, the frame is provided with intermediate brace 
elements which, in the same manner, may be rubber 
coated hollow elements or solid elements made from hard 
rubber or suitable plastic material, such that the same 
Will be inert to the corrosive action of the electrolyte 
or the products of electrolysis. In accordance with this 
embodiment, the brace elements extend from top to bot 
tom intermediate the ends of the frame but do not extend 
over the entire thickness or depth of the frame. These 
brace elements thus serve as reinforcement means rather 
than as partition means dividing the electrode members 
into separate cells. 

Referring to the drawing, FIG. 1 shows a solid sec 
tional member made from a suitable plastic material or 
hard rubber although the frame may be made, in the 
alternative, of extruded or welded closed channel or tubu 
lar members. Frame 1 is reinforced by brace elements 2 
which preferably do not extend over the entire thickness 
or depth of frame 1. In the same way, brace elements 
2 while shown as solid elements may also be constructed 
as hollow sections of suitable material. At the upper end 
of the frame , end outlet conduits 3 and intermediate 
outlet conduit 4 are provided. The outlet conduits 3, 
positioned at both lateral sides of frame 1, serve as outlet 
means for the products of electrolysis produced or gen 
erated for example at the cathode whereas the outlet con 
duit 4 serves as outlet means for the products of elec 
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4. 
trolysis produced or generated, for example, at the 
anode. Outlet conduits 3 are connected to the interior 
of frame 1 by means of discharge ports 16 while outlet 
conduits 4 are connected to the interior of the frame by 
means of discharge ports it. 
At the lower right-hand side of frame 1, as viewed in 

FIG. 1, a feed or inlet conduit 5, for the electrolyte is 
provided. Inlet conduit 5 is connected to the different 
spaces within frame 1 by means of a plurality of bores 
5a in frame 1 and 5b and 5c in brace elements 2. 
On the upper right-hand side of frame 1, as viewed 

in FiG. 1, an outlet channel 7, for example, for the 
anolyte is provided which flow communicates with the 
interior of frame 1 by bore 7a while, on the upper left 
hand side of frame 1, and outlet channel 6 is provided, 
for example, for the catholyte which is connected to the 
interior of frame 1 by bore 6a. 
With respect to FIG. 2, the vertically extending brace 

elements 2 are shown intermediate the side walls of 
frame 1 whereby the electrode members may be suitably 
disposed within frame between brace elements 2. Brace 
elements 2 do not completely extend from the forward 
wall to the rearward wall of frame 1 but instead permit 
open communication between the intermediate spaces 
defined in frame by brace elements 2. 

In FIG. 3, specifically, two frames in accordance with 
the invention are shown, which are arranged in tandem 
in diaphragm cell series relationship. The frame on the 
left, as viewed in FIG. 3, shows the structural details of 
one portion of the frame and the electrodes while the 
frame, on the right, shows other structural details with 
the electrodes being omitted. Two bipolar electrodes are . 
bonded to frame so that the same substantially com 
pletely occupy the cell space or chamber within the re 
spective franne . The rearward face of the left bipolar 
electrode may, for instance, be an anode surface 8 while 
the forward face of the left electrode may be the cathode 
Surface 9. At the upper end of the portion of the elec 
trode which, for instance, is used as an anode surface, a 
collecting channel 10 is provided which is sealed off by 
partition wall 11 from the adjacent electrode. This co 
lecting channel or gas space 10 serves to collect the gases 
generated at the anode surface. The top of the cathode 
9 terminates below the top end of frame 1 and in the area 
above the top end of cathode 9 a collecting channel or 
gas Space 2 is provided in the same manner as collecting 
channel or gas space 10. Bipolar electrodes 8, 9 are 
bonded to frame by an acid proof cement material of 
the customary type. The entire bipolar electrode in each 
instance along its lower end and the entire anode along its 
upper end are bonded across their entire outer surface to 
the corresponding Surfaces of frame . The electrodes are 
cemented to frame 1 in order to achieve a structural sta 
bility which is substantially greater than that heretofore 
possible. 

Adjacent each anode surface 8, for example, a dia 
phragm i4, is positioned by means of rectangular frame 
i5. The mounting of frame 5 is such that the upper side 
thereof also serves to mount partition wall 11 on anode 8. 

it will be appreciated that the collecting channel or gas 
Space i2 for the cathode flow communicates with outlet 
conduit 3 by means of discharge ports 16. In the same 
Way, the collecting channels 10 are connected via bores 
or receSSes 17 a closed off by partition walls 11 to the out 
let conduit 4 by means of discharge ports 17. The re 
cesses 7a, as indicated by broken lines in the left portion 
of FIG. 3, are disposed within the upper parts of the 
anodes 8 Such that they are registered with the appropriate 
discharge ports 17. On both surfaces of the electrode, 
grooves or recesses 8 and 19 are provided which define 
With the Surrounding portions of the frame 1, the appro 
priate cathode space and anode space respectively. Out 
let channel 6 is flow connected to the collecting channels 
or gas Spaces 12 for the cathode by means of a plurality 
of passageways 6a in frame 1 and 6b and 6c in brace ele 
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ments 2. Since brace elements do not extend over the 
whole thickness of frame passageways 6b and 6c are not 
necessary for connecting the left ones (as viewed in FIG. 
3) of cathode gas spaces 12. In a similar manner outlet 
channel 7 is flow connected to the collecting channels or 
gas spaces 10 for the anode by means of a plurality of 
passageways 7a in frame and 7b and 7c in brace ele 
ments 2. 

Electrode portions 9 are recessed at 5d to allow elec 
trolyte supplied through bores 5a, 5b and 5c to flow lat 
erally. The electrolyte need be supplied only to one of 
the electrode portions usually to the anode so that, with 
respect to the feeding circuit shown in FIG. 3 (and 
accordingly in FIG. 6), the electrode portion 9 which is 
above indicated as cathode would have to be operated as 
anode and vice versa. 
Where a double cell arrangement of the frame appa 

ratus, in accordance with the invention is used, for the 
electrolysis of hydrochloric acid, however, it is advisable 
for best results to connect the electrodes in such a way 
that the portions be operated as formerly designated, e.g. 
surfaces 9 as cathodes and Surfaces 8 as anodes. Inlet 
bores 5a, 5b and 5c as well as recesses 5d would then, 
however, have to be disposed such that they flow connect 
feeding channel 5 with electrode portions 8 rather than 
with electrode portions 9. 
By means of connecting the electrodes in this way, the 

extremely aggressive chlorine gas is drawn off via dis 
charge ports 17 located in the middle of frame 1 which 
lead to a central outlet conduit 4. Additionally, the col 
lecting channels for the chlorine gas, which would other 
wise have been adjacent the sealing surfaces, are posi 
tioned in the center of frame . This results in an arrange 
ment such that the area of the sealing Surfaces or packing 
material 13, which can be attacked by elemental or no 
lecular chlorine is still further reduced. 

It will be seen that the packing gasket or bonding mate 
rial 3 is substantially completely retained between fraine 
1 and the appropriate electrode such that the packing or 
bonding material 13 is, for the most part, unexposed to 
the anode space and the cathode space and therefore not 
subjected to the corrosive action of the electrolyte or 
products of electrolysis. 

Concerning the second frame on the right, as viewed 
in FIG. 3, the collecting channels or gas spaces 10 flow 
connected to the anode spaces defined by recesses 19 
where the electrode is provided with an anode 8 extend 
ing to the top of the frame , pass the products of elec 
trolysis from recesses 19 to outlet conduit 4 via recesses 
17a and discharge ports 17. For comparison, while the 
frame on the left side of FIGURE 3 is shown as a hollow 
tubular frame member, that on the right is shown in solid 
form to illustrate both possibilities of construction. 
FIGURES 4, 5 and 6 show cross sectional views of the 

enbodiment of the invention shown in FIGURES 1 to 3 
taken at different levels. 

Thus, FIG. 4 shows actually a plan view of the dis 
charge ports for the gaseous products of the electrolysis. 
Discharge ports 16 connect gas spaces 2 with outlet con 
duits 3 while discharge ports 7 via recesses 7a regis 
tered therewith connect gas spaces 10 with outlet con 
duit 4. 

FIG. 5 shows a cross sectional view taken at the height 
of the gas collecting channels or gas spaces 10 and 2. 
As it will be seen from this view, end outlet passageways 
6a and 7a in frame and intermediate outlet passageways 
6b, 6c and 7b, 7c in brace elements 2 serve to discharge 
catholyte and anolyte respectively. 
At the left hand side of FIG. 5 there is partially shown 

the next following cell the main portion of which is broken 
away, and which is secured to the previous cell sealed off 
along all abutting edges by sealing gaskets 20. 
The cross sectional view shown in FIG. 6 is taken at 

the level of the inlet bores 5a, Sb and 5c, thus showing 
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6 
the feeding or supply circuit for the electrolyte supplied 
through channel 5. 

If the sealing gasket 20 is omitted in the region of the 
forward bore 5a (at the side edge of the frame as shown 
in the upper portion of FIG. 6) this forward bore 5a 
may also be omitted. 
In the left portion of FIG. 3 the approximate level of 

the electrolyte within the electrode spaces is indicated 
by waved lines 23. 
As particularly seen from FIGURES5 and 6, the pack 

ing or bonding material 3 is shown to be practically 
completely covered by the adjacent surfaces of frame a 
and the electrode. Only a very thin strip of material 13 
is, therefore, exposed to the action of the electrolyte or 
products of electrolysis. The drawings furthermore il 
lustrate clearly that the electrodes substantially com 
pletely occupy the cell space within frame 1 to afford a 
very strong structural arrangement and a compact condi 
tion with respect to the anode area as well as the floor 
area occupied by the over-all apparatus. 
The frame arrangement in accordance with the in 

vention is at least twice the thickness of frames used 
heretofore in view of the fact that it contains in the 
preferred embodiment at least two bipolar electrodes 
each having an anode and cathode surface so as to form 
a single member. Two diaphragms are accordingly also 
provided. The two complete cells are arranged one be 
hind the other such that all channels and conduits carry 
ing the very aggressive gaseous or fluid media to and 
from the cells are positioned within the double cell frame 
structure. It will be appreciated, in accordance with the 
construction of the invention, that these channels carry 
ing the gaseous or fluid media are not provided in the 
vicinity of any of the sealing surfaces between adjacent 
double cell frame structures. Where a double cell frame 
structure, in accordance with the preferred embodiment of 
the invention is provided, the area of sealing surfaces be 
tween the individual frames of the apparatus are ad 
vantageously reduced by about 70% in comparision with 
conventional single cell frames. 
The increased rigidity of the frame structure of the 

invention furthermore permits the construction of com 
paratively larger frames than could be heretofore con 
structed in practice. Thus, the frames of the invention 
provide a Substantially increased anode area per frame 
unit as Well as an increased anode area per square unit 
of floor space. 
By effectively and efficiently surrounding and enclos 

ing at last the two bipolar electrodes and accompany 
ing diaphragms with the frame means of the invention, 
including channels and conduits defined therein, a com 
pact structurally reinforced arrangement is obtained. By 
providing separate discharge and supply means for the 
frame, efficient separation of the different gaseous and 
liquid media used or produced during the electrolysis 
operation is advantageously effected. Thus, the arrange 
ment in accordance with the invention may be employed 
for the hydrolysis of hydrochloric acid to separately 
obtain the desired chlorine and hydrogen for further use. 

Besides the substantial reduction in the cost involved 
in manufacturing an apparatus in accordance with the 
invention, the reduction of the sealing surface area by 
about 70% is of prime importance. Nevertheless, the 
cost of the frame members per sq. meter of effective 
anode area as well as the cost of coating the hollow 
Sectional frame members where this is necessary to pro 
tect the same from the corrosive fluids are considerably 
reduced. By separating the anode and cathode gas spaces, 
by means of solid walls an increase in the reliability of 
operation of the apparatus in accordance with the in 
vention is achieved especially where the apparatus is 
used for the electrolysis of hydrochloric acid. The re 
liability of operation is further improved by fixedly con 
necting the diaphragms to the electrodes instead of to the 
frame in the manner formerly used. Consequently, the 
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greatly increased cementing areas between the electrodes 
and the frame result in a considerably more stable over 
all structure. 
By means of the compact construction, in accordance 

with the invention, a substantially increased rigidity 
against torsion or twisting is achieved, since the frame is 
twice as thick as previously provided frames and said 
frame is reinforced not only by intermediate brace ele 
ments but also by the physical occupation of the electrode 
in Substantial abutment with the frame. In accordance 
with the invention, it is now possible to construct larger 
frames of more stable construction wherein the fioor 
Space required is nevertheless considerably reduced. In 
the same way, an increase in the number of square meters 
of effective anode area per square meter of floor space 
of the apparatus is achieved. 

In its broadest aspects, the invention concerns a frame 
for electrolytic diaphragm cells having bipolar electrodes 
which defines a hollow chamber having inlet means for 
Supplying material to be electrolytically treated and out 
let means for the products of electrolytic treatment. At 
least two bipolar electrodes, each having an anode side 
and a cathode side, are disposed in tandem in the frame 
chamber in series connected arrangement wherein the 
anode side of one electrode faces the cathode side of the 
next. The electrodes extend across and substantially 
completely occupy the frame chamber and are in bonded 
abutment with the adjacent chamber walls along the 
common extent of the bottom and lateral portions of 
the electrodes with respect to the chamber. The forward 
side of the first electrode and the rearward side of the 
last electrode are generally adjacent the corresponding 
forward and rearward chamber walls and the forward and 
rearward sides of each electrode are provided with re 
cesses defined therein. The rearward side of each elec 
trode and the forward side of the electrode series con 
nected therewith are separated by membrane diaphragms 
along the common extent of the recesses therebetween. 
The top end of the forward (as viewed from the left in 
FIG. 3) face of each electrode terminates in height be 
low the top wall of the frame chamber while the top end 
of the rearward face of each electrode extends to the top 
wall of the chamber and is in bonded abutment with the 
adjacent chamber walls along their common extent. A 
first forward collecting chamber is defined above the top 
end of the forward face of the first electrode between the 
adjacent portion of the chamber wall and the adjacent 
top end of the rearward face of the first electrode. A last 
rearward collecting channel is partially defined in the 
same way in the rearward face of the last electrode as 
well as by the adjacent portion of the chamber wall. The 
forward faces of the remaining electrodes, save the first, 
are provided with a forward collecting channel, partially 
defined above the top end of the forward face between the 
adjacent chamber wall and the top end of the rearward 
face of the same electrode adjacent thereto. In the same 
manner, in the rearward face of each electrode, save the 
last, a rearward collecting channel is partially defined, 
the channel being further defined by the adjacent wall 
portion of the chamber. Conveniently, the rearward col 
lecting channel of each electrode and the forward col 
lecting channel of the electrode series connected there 
with are further defined by partition means above and in 
abutment with the corresponding membrane diaphragms 
separating the corresponding recesses. All of these col 
lecting channels separately flow communicate the corre 
sponding forward and rearward recesses of the electrodes 
with the outlet means for recovering as desired the prod 
uct of electrolytic treatment, such as chlorine gas and 
hydrogen gas. 
What is claimed is: 
1. Frame for electrolytic diaphragm cells having bi 

polar electrodes which comprises single unit frame means 
defining a diaphragm cell space therewithin, said cell space 
being provided with inlet means for material to be elec 
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8 
trically decomposed and outlet means for the products of 
electrolysis, at least two bipolar electrodes each having an 
anode portion and a cathode portion being disposed in 
said cell space completely within said single unit frame 
means in series relationship with each bipolar electrode 
having a diaphragm adjacent one of said anode and cath 
ode portions and attached directly thereto within said 
frame means, said electrodes occupying said frame means 
and in turn said cell space substantially completely. 

2. Frame according to claim 1 wherein separate outlet 
means for the anolyte and catholyte respectively are 
positioned at the upper portion of the cell space and the 
inlet means are positioned at the lower portion of the cell 
Space. 

3. Frame according to claim 1 wherein the frame means 
is made of hollow sectional elements provided with a 
rubber coating resistant to electrolyte and products of 
electrolysis. 

4. Frame according to claim 1 wherein the frame means 
is made of solid sectional elements of synthetic resin 
material resistant to electrolyte and products of elec 
trolysis. 

5. Frame according to claim 4 wherein hard rubber 
material is used for the solid sectional elements. 

6. Frame according to claim 1 wherein the anode por 
tion of each bipolar electrode extends substantially over 
the entire inner height of said frame means with each 
electrode being bonded to the adjacent portion of the 
frame means along their common abutting extent, a plu 
rality of anode recesses being defined in the surface of said 
anode portion to form with said diaphragm an anode 
Space therebetween, an anolyte collecting channel being 
at least partially defied in the upper end of said anode por 
tion flow communicating said anode recesses with the out 
let means for the products of electrolysis. 

7. Frame for electrolytic diaphragm cells having bi 
polar electrodes which comprises frame means defining a 
diaphragm cell space therewithin, said cell space being 
provided with inlet means for material to be electrically 
decomposed and outlet means for the products of elec 
trolysis, more than one bipolar electrode having an anode 
portion and a cathode portion being disposed in said cell 
Space in Series relationship with each bipolar electrode 
having a diaphragm adjacent one of said anode and cath 
ode portions, the anode portion of each bipolar electrode 
extending Substantially over the entire inner height of said 
frame means, a plurality of anode recesses being defined 
in the Surface of said anode portion to form with said 
diaphragm an anode space therebetween, an anolyte col 
lecting channel being at least partially defined in the upper 
end of Said anode portion flow communicating said anode 
recesses with the outlet means for the products of elec 
trolysis, said anode recesses merging at their upper ends 
into said anolyte collecting channel, said diaphragm ex 
tending across the part of said anode portion provided 
with said anode recesses to define said anode space there 
between and a partition wall extending across the upper 
end of Said anode portion provided with said anolyte 
collecting channel to at least partially define said channel 
therebetween. 

8. Frame according to claim 7 wherein the cathode por 
tion of Said bipolar electrode terminates below the upper 
end of said frame means, a plurality of cathode recesses 
being defined in the surface of said cathode portion to 
form with the adjacent diaphragm a cathode space there 
between, a catholyte collecting channel being defined in 
the Space between the top end of said cathodeportion and 
the upper end of said frame means flow communicating 
Said cathode recesses with the outlet means for the prod 
ucts of electrolysis. 

9. Frame according to claim 8 wherein said outlet means 
include separate outlet conduits connected to said anolyte 
and catholyte collecting channels for separately removing 
the products decomposed in said anode and cathode spaces 
respectively. 
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10. Frame according to claim 9 wherein said bipolar 
electrode is bonded to said frame means along its bottom 
and side surfaces up to the point where said cathode por 
tion terminates, the part of said anode portion extending 
above the top end of said cathode portion being bonded 
along its top and side surfaces to said frame means. 

11. Frame according to claim 10 wherein intermediate 
brace elements are provided in said frame means between 
laterally adjacent bipolar electrodes. 

12. Frame according to claim 11 wherein said brace 
elements are hollow. 

3. Frame according to claim 11 wherein said brace 
elements are solid. 

O 

4. Frame for electrolytic diaphragm cells having bi 
polar graphite electrodes which comprises frame means 
defining an enclosed diaphragm cell space therewithin 
having top, bottom, side, rear and forward walls, at least 
One intermediate brace element connected to the top, bot 
tom and rear walls of said frame and being spaced from 
the forward wall thereof, at least two bipolar graphite 
electrodes each having an anode portion and a cathode 
portion being disposed in said cell space in series relation 
ship on each side of said intermediate brace element with 
the cathode portion of one bipolar electrode facing the 
anode portion of the next adjacent bipolar electrode, one of 
Said anode and cathode portions terminating in height at a 
point below the top wall of said frame means and the other 
extending in height to said top wall, the medial surfaces of 
Said bipolar electrodes correspondingly adjacent said in 
termediate brace element being bonded to said brace ele 
ment along their common extent, the lateral and bottom 
surfaces of Said bipolar electrodes correspondingly ad 
jacent the side and bottom walls of said frame means being 
bonded to Said frame means along their common extent, 
the other of said anode and cathode portions extending in 
height to Said top wall being bonded to said top wall 
along their common extent, recess means being defined in 
the Surfaces of said anode and cathode portions, a collect 
ing channel being disposed above the point of terminating 
of the one of said anode and cathode portions defined by 
the top surface of said one portion, the adjacent walls of 
Said frame means and the adjacent surface of the other 
of Said anode and cathode portions extending in height 
to the top Wall of said frame means, the recesses of said 
One portion flow communicating via said collecting chan 
nel with Separate outlet means for the corresponding de 
composition product produced, a collecting channel being 
partially defined in the other of said portions extending in 
height to the top wall of said frame means, the said other 
'collecting channel being separated by a partition wall 
from the next adjacent collecting channel of the next 
adjacent bipolar electrode portion terminating in height 
at a point below the top wall of said frame means, the 
recess of Said other portion flow communicating via said 
other collecting channel with separate collect outlet means 
for the corresponding decomposition product produced, 
a diaphragm means being disposed below and in abut 
ment with Said partition wall separating the recesses of 
Said other portion from those of the next adjacent collect 
ing channel of the next adjacent bipolar electrode portion, 
and inlet means for Supplying the material to be decom 
posed to said bipolar electrodes. 

15. Frame means for electrolytic diaphragm cells hav 
ing bipolar electrodes which comprises frame means de 
fining a diaphragm cell space therewithin having inlet 
means for supplying material to be electrolytically de 
composed and outlet means for the products of electroly 
sis, at least two bipolar electrodes each having an anode 
surface and a cathode Surface being disposed in tandem 
relationship in said cell space with the anode surface of 
one electrode facing the cathode surface of the other, said 
electrodes substantially completely occupying said cell 
space with the end and bottom portions of said electrodes 
being in bonded abutment with the corresponding portion 
of Said frame means sealing the anode and cathode sur 
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faces of each electrode from flow communication there 
along, said anode and cathode Surfaces being provided 
with recesses therein, the recesses of said anode Isurface 
of one electrode facing the recesses of said cathode sur 
face of the other electrode being separated along their 
common extent by diaphragm means, one of said anode 
and cathode surfaces terminating in height at a point be 
low the top of said frame means and the other extending 
in height to the top of Said frame means being in bonded 
abutment therewith along their common extent, a collect 
ing channel being defined between the top end of the 
terminating surface, the adjacent frame means and the 
adjacent other surface extending to the top of said frame 
means separately flow communicating the corresponding 
recesses of said terminating surface with said outlet 
means, a collecting channel being partially defined in 
the other surface extending in height to the top of said 
frame means separately flow communicating the corre 
sponding recesses of said other surface with said outlet 
means, and partition means positioned between the anode 
surface of one electrode facing the cathode surface of 
the other above and in abutment with said diaphragm 
means for separating the corresponding collecting chan 
nel of one electrode surface extending to the top of the 
frame means from the collecting channel of the next 
adjacent electrode surface terminating in height at a point 
below the top of said frame means. 

16. Frame means for electrolytic diaphragm cells hav 
ing bipolar electrodes which comprises means defining a 
hollow chamber having inlet means for supplying material 
to be electrolytically treated and outlet means for the 
products of electrolytic treatment, at least two bipolar 
electrodes, each having an anode side and a cathode side, 
disposed in tandem in said chamber and being series 
connected, the anode side of one electrode facing the 
cathode side of the next, said electrodes extending across 
and Substantially completely occupying said chamber and 
being in bonded abutment with the adjacent chamber 
portion along the common extent of the bottom and later 
al portions of said electrodes with said chamber portion, 
the forward side of the first electrode and the rearward 
side of the last electrode being adjacent the correspond 
ing chamber portions, the forward and rearward sides 
of each electrode being provided with recesses defined 
therein, the rearward side of each electrode and the for 
Ward side of the electrode series connected therewith 
being Separated by membrane means along the common 
extent of said recesses therein, the top end of the forward 
face of each electrode terminating in height below the top 
portion of said chamber and the top end of the rearward 
face of each electrode extending to the top portion of 
said chamber and being in bonded abutment with the ad 
jacent chamber portion along their common extent, a 
first forward collecting channel being defined above the 
top end of the forward face of the first electrode between 
the adjacent portion of said chamber and the adjacent 
top end of the rearward face of said first electrode, a last 
rearward collecting channel being partially defined in 
the rearward face of the last electrode and partially de 
fined by the adjacent portion of said chamber, a forward 
collecting channel being partially defined above the top 
end of the forward face of each electrode save the first 
between the adjacent portion of the chamber and the ad 
jacent top end of the rearward face of the same electrode, 
a rearward collecting channel being partially defined in 
the rearward face of each electrode save the last and par 
tially defined by the adjacent portion of said chamber, 
the rearward collecting channel of each electrode and the 
forward collecting channel of the electrode series con 
nected therewith being further defined by partition means 
above and in abutment with the corresponding membrane 
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means separating the recesses thereof, all of said collect 
ing channels separately flow communicating the forward 
and rearward recesses of said electrodes with said outlet 
caS. 
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