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[57] ABSTRACT 

A multi-bipolar electrode type of electrochemical cell 
which is adapted for operation with ?owing electro 
lyte, comprises a plurality of bipolar electrode units, 
which can be, for example, rods, such as hollow rods, 
preferably horizontal, in vertical column, or groups of 
bipolar electrode units, which can be of geometrical 
shape, such as cylinders or rings, such as Lessing rings, 30 F‘Al't'P"tDt 

[ 1 D 2:22:71 mglca .3“, Flor. y a a 60763 7‘ arranged in horizontal layers one below the other SCP-r 
6C‘ ’ mat mam """"""""" " / arated by openwork, electrically insulating, spacers, 

such as nylon net. It is arranged that the electrolyte 
[52] us‘ Cl """""""""" ‘?g/52468501522190’zzél?ggfd flows to bridge the spaces between adjacent electrode 
51 I t Cl Bol’k 3/04 c’olb 7/06 units, or groups of electrode, units, but that any elec 
%58] F‘? ‘1d """ """"""" " 136/10 13 14. trolyte in contact with the remainder of each elec 

] ‘e 0 care """"""""""" “504/95 2’54 368’ trode unit surface is kept to a very thin ?lm. In this 
’ ’ way electronic continuity through the cell is main— 

. tained by means of the electrolyte bridges and each 
[56] uNlTElgfg‘ezfregscgiqrENTs electrode unit functions as a bipolar electrode. 

1,312,756 8/1919 Stover ............................... .. 204/268 17 Claims, 14 Drawing Figures 
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ELECTROCHEMICAL CELLS 

This invention relates to electrochemical cells. 
Levtsevich and Serguina in Gigienaii Sanitariya 

33(9), 22-27, 1968 have described a packed bed cell 
in which a bed of magnetite particles is arranged be 
tween current-carrying electrodes in a suitable cham 
ber through which passes electrolyte solution. In these 
cells, the particles, being conductive, act to provide a 
number of independent bipolar units when a voltage 
gradient exists between the current-carrying elec— 
trodes, and the bipolar units, in effect, provide a multi 
plicity of small cells throughout the bed. It has been 
found that in this type of cell a degree of control can 
be achieved by providing for isolation of at least some 
of the bipolar units from each other. In co-pending Pat. 
application Ser. No. 184,001, filed Sept. 27,1971, and 
now U.S. Pat. No. 3,761,383 a cell is described which 
comprises a bed of conducting particles at least a high 
proportion of which are separated from each other by 
non-conducting means, such as by mixing non 
conducting particles with the conducting particles. The 
cell then comprises a large number of discrete bipolar 
cell units distributed throughout the bed. In one ar 
rangement of cell in which each kind of particle, con 
ducting and non-conducting, is of substantially the 
same size, or size range, it is found that approximately 
twice the quantity (volume) of non-conducting parti 
cles as conducting particles are necessary to ensure a 
high proportion of discrete bipolar units. Such cells 
have been found to give reasonable performances as 
reactors for, for example, a partial oxidation of a bro 
mide solution which can be used to oxidise propylene 
to propylene oxide. 
We have now found that improved characteristics 

can be achieved by taking even greater measures to en 
sure positive discreteness of the distributed bipolar 
units in a cell of this nature. 

Additionally, the voltage required for a given bipolar 
cell unit to drive a particular reaction determines the 
voltage gradient that it is necessary to apply to the cell, 
while the current through the cell is determined by the 
conductivity through the series and parallel paths of the 
cell units and the electrolyte network. However, there 
is an upper limit to the conductivity of the electrolyte 
which can be used in order to achieve efficient bipolar 
operation with tolerable Joule heating effects. It has 
been found, for example, that when applied voltage 
gradients of 10 to 100 volts per cm. are necessary, elec 
trolyte concentrations as low as 10‘2 to 10“ moles per 
litre should be used in the known types of cell. In many 
cases it may be desirable or necessary, however, to use 
higher concentrations of electrolyte than these. We 
propose to enable use of higher concentrations of elec 
trolyte by arranging for only thin if any film flow of 
electrolyte round the bipolar units. While, in certain 
circumstances, such low electrolyte concentrations as 
mentioned above can be used in a cell designed for thin 
film ?ow, we have found that the latter permits of use 
of a wider range of concentrations; this is because the 
thin film ensures that an electrolyte path of high resis~ 
tance is formed round each bipolar unit of the cell so 
that current ?ow is preferentially via the electrode pro 
cesses of the bipolar units not only making for higher 
current efficiency but also obviating excessive Joule 
heating of the electrolyte. Thus, in practice, concentra~ 
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2 
tions up to 10" mol. per litre or even up to 1 mol. per 
litre may be used. 

In accordance with the present invention, a multi 
bipolar electrode type of cell adapted for operation 
with ?owing electrolyte, comprises a plurality of bi-_ 
polar electrode units, or groups of bipolar electrode 
units, said bipolar electrode units or groups of bipolar 
electrode units being arranged, in operation, to be elec 
trically in series in spaced relationship from one end of 
the electrode system to the other, series connections 
being provided, in operation of the cell, between the 
adjacent electrode units or groups of electrode units by 
flowing electrolyte substantially uniformly bridging the 
gaps between them, comparatively thin films, if any, of 
electrolyte being in contact with the remainder of the 
surfaces of individual electrode units. 
Thus, in one species of the invention, a multiplicity 

of substantially identical elements are arranged in lay 
ers which are supported on porous insulating supports, 
such as of nylon net, one next to the other and arrange 
ments are provided whereby the electrolyte solution 
will flow as thin films over the element surfaces. The 
layers may be substantially horizontal and the electro~ 
lyte can then be made to flow from a distributed supply 
over the surfaces of the top layer otfelements, then over 
the surfaces of the elements in the lower layers in turn, 
the ?ow of electrolyte being such as to cause bridging 
in the general direction of flow between the elements 
of adjacent layers. If close-fitting insulating guides for 
the electrolyte are provided around each element, the 
layers can be arranged at an angle to the horizontal, 
even vertically, the space between guide and element 
providing the thin film flow. Obviously, however, the 
horizontal layer arrangement will be the less compli 
cated and this is the preferred arrangement. 
The elements in this species of the invention may 

take any convenient form. Thus, small metal Raschig 
rings, or Lessing rings, arranged with a ?at end on the 
insulating support, are suitable but other shapes are 
possible and‘the sides of the elements need not be cir 
cular in cross-section. The term ‘support’ is used here, 
not only in the limited sense that the elements could be 
supported solely by the insulating support but also in 
the sense that a base support capable of supporting the 
whole assemlby of layers could be provided, each sub 
sequent layer other than the bottom layer being sup 
ported on the insulating support by the layers beneath. 
Of course, it is not essential that the elements should 
constitute the whole of each layer and spaces between 
elements in each layer can be occupied by non 
conducting members, such as of ceramic. Such latter 
members may be similar to the Raschig rings and these 
can assist in supporting the super-posed layers, particu~ 
larly if the reactor elements ai‘e not themselves capable 
of supporting the upper layers; this latter expedient 
would be useful, for example, if the reactor elements 
were of lead. 

In another species of the invention, the bipolar cell 
unit elements are of elongated form such as of rod-, or 
bar-, like formation and are arranged horizontally in 
parallel arrays, such as one above the other in a number 
of substantially vertical planes; they may be arranged 
alternately displaced from one side to the other of the 
vertical plane in each array, if desired. Alternatively, 
the elements may be arranged substantially vertically in 
vertical planes or other con?gurations. In both cases 
the flow of electrolyte will be downwards, in the first, 
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across the surface of each element and in the second, 
down the surface of each element, but the flow must be 
as a thin film in either case, with electrolyte bridging 
adjacent elements in the particular configuration. 

In this second species, the elongated elements may be 
hollow and cooling or heating fluid may be passed 
therethrough if desired. In the majority of cases it will 
be desirable that the elements are substantially straight 
but they are not necessarily so, consistent with the re 
quirement that they should enable electrolyte to ?ow 
round, or along, the surface of the element. While it is 
not essential that the entire surface of each element 
should be covered with flowing electrolyte, the cell will 
tend to be less efficient if this is not so. 

In both species, the layout of a cell will be such that 
gaseous materials can be passed through the cell in 
close proximity to the elements, for instance to enable 
the reactant to contact products of electrolysis at the 
point of their production. Another advantage to be 
gained from the constructions according to the inven 
tion is that, additionally, or alternatively, they provide 
convenient spaces for disengaging any gaseous prod 
ucts of the reaction that it is desired to remove from the 
cell. In cross~section, the elements need not be circular, 
nor need they be homogenous - one side could be 
graphite and the other, for example, of copper or other 
metal. 

It will be observed that, especially in the layered spe 
cies of the invention, a very high ‘packing’ fraction of 
bipolar units can be achieved; this in itself allows more 
efficient operation than in the random distribution of 
units of the previous proposal in co-pending Applica 
tion Ser. No. 184,001, filed Sept. 27, 1971 and now 
US. Pat. No. 3,761,383. 

In order that the invention may be more clearly un 
derstood, particular forms of cell embodying the inven 
tion and their operation will now be described by way 
of illustration. 
FIG. 1 represents one means of carrying the inven 

tion into effect and shows a vertical cross-section of an 
experimental cell in which layers of substantially identi 
cal elements are arranged one above the other. 
FIG. 2 shows diagrammatically a typical apparatus 

incorporating the cell of FIG. 1 for a speci?c purpose. 
FIGS. 3, 4, 5, 6 and 7 represent forms of a further 

form of cell embodying the invention and show particu 
lar features of the cell as well as possible modifications 
thereof. 
FIGS. 8, 9 and 10 represent still further cells em 

bodying the invention. 
FIGS. 11 and 12 are views at right angles to each 

other illustrating use of rod-type elements that are ver 
tical. 
FIG. 13 is a variation of the design shown in FIGS. 11 

and 12. 
FIG. 14 is a diagrammatic view of a multi-bipolar cell 

of the invention in which rod electrode units may be ro 
tated about their longitudinal axis. 
Referring to FIG. 1, the cell comprises a three-part 

glass vessel consisting of a main container portion 10 
for the reactor 13, a bottom portion 11 which, in com 
mon with portion 10 is ?anged, the respective ?anges 
being secured together in well known liquid- and gas 
tight manner with an ‘O’ ring gasket between them; the 
top portion 14 of the container is formed with a suit 
able tapered portion to seal the upper end of the main 
portion 10 and at the same time carries a liquid inlet 
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4 
tube 15 for the electrolyte feed to the cell. The lower 
end of tube 15 terminates in a distributor 16 which has 
a perforated outlet device permitting electrolyte feed 
to the reactor 13 to be distributed substantially uni 
formly over the upper region of a layer 17 of ceramic 
Raschig rings which are randomly packed into the 
layer. The effect of the layer 17 of rings is further to fa 
cilitate even distribution of the electrolyte feed to the 
reactor. 

The reactor 13 comprises an assembly of 23 horizon 
tal layers of 3 mm. metallic (e.g., nickel) Lessing rings, 
each layer extending over substantially the whole of the 
cross-sectional area of the container 10, each layer 
being isolated from the next by means of an interposed 
separator of nylon net 18. In the drawing, only the bot 
tom layers of Lessing rings are indicated and the re 
mainder of the reactor is cross-hatched for simplicity. 
At the top and bottom of the reactor there are elec 

trodes, anode l9 and cathode 20, each in the form of 
a ?at spiral of nickel wire, diameter 0.15 cm. which has 
a lead-in wire attached, the positive lead-wire 21 being 
fed to the outside of the vessel through seal 22 and the 
negative lead-wire 23 through the seal 24. 

Electrolyte ?owing from the bottom of the reactor 
leaves the vessel through outlet 25 in the lower portion 
11 of the vessel. 

In order to permit gaseous reactants to be fed to the 
reactor, a gas inlet tube 26 is sealed through the wall 
of the portion 11. The inlet tube terminates in a glass 
sinter 27 which ensures even distribution of the gas 
over the cross-section of the cell. An outlet 28 is pro 
vided for emergent gases and vapours. 
Referring now to FIG. 2, the cell 10 is assembled in 

conjunction with apparatus for controlling the flow of 
electrolyte through the cell and for monitoring inlet gas 
reactant flow and gas and vapour products of the reac 
tion that takes place in the reactor. In operation of the 
cell, electrolyte is fed from a supply 29 by means of a 
pump 30 through a valve 31 and ?ow meter 32, to the 
inlet distributor 16. Electrolyte will therefore be spread 
over the layer 17 of Raschig rings. It will be understood 
of course that this layer may not be necessary if satis 
factory distribution of the electrolyte can be achieved 
with the simple perforated distributor 16; also, it should 
be clear that means other than Raschig rings can be 
used in the region 17 for the same purpose, if desired. 
The objective is to enable flow of electrolyte to be ad~ 
justed to enable it to descend only as thin films over the 
surfaces of substantially all of the Lessing rings of the 
reactor. In other words, the electrolyte ?ow is con 
trolled so as not, for example, to ?ood the reactor with 
electrolyte. The electrolyte will flow from the reactor 
to the bottom portion 11 and out of the cell through the 
outlet 25 which is connected through an open-ended 
tube 33 to an over?ow 34 through which it returns to 
the electrolyte supply 29. 
Although the Raschig rings are referred to as being 

of metal, they can, alternatively, comprise non-metallic 
cores which are coated with conducting material; they 
may even be of metal-coated metallic cores. These 
rings are arranged with their cylindrical surfaces verti 
cal. Inlet gas flow is monitored by means of a ?ow 
meter 35 and the products of the reaction are passed 
through tube 28 into a condenser 36, the outlet of 
which leads through a vapour trap 37. 
The performance of the reactor will be clear from the 

discussion following the description of the further form 
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of cell shown in FIGS. 3 and 4 which are, respectively, 
a part-sectional elevation on the plane III-III in FIG. 
4 and a sectional side view at right angles to that of ‘ 
FIG. 3. 
This further form of cell is of fabricated construction, 

comprising side pieces 50 which have grooves 51 in 
their upper portions to receive rod elements 52. The 
lowermost rod elements is elongated to pass through a 
fitting hole in one of the side pieces 50 to form an elec 
trical connection to the cell. The elements 52 are 
stacked, one above the other, being separated from 
each other by means of‘O’ ring spacers mounted on al 
ternate elements. Above the stack of elements is ar 
ranged a hollow element 54 which has a hollow exten 
sion piece 55 extending outside the cell. The element 
54 is provided with one or more rows of apertures on 
its underside so that, when electrolyte is fed to the ele 
ment 54, it emerges as a number of small jets distrib 
uted over the width of the cell. The element 54 forms 
the other electrode of the cell. 
The cell is completed by side-plates 56 which are se 

cured to the side pieces 50 by bolts indicated at 57; this 
assembly is fitted in liquid‘tight manner into a hollow 
base member 58. Electrolyte fed into the cell through 
inlet 55 emerges from the cell through the outlet 59 in 
the base member. 
The elements 52 may be of graphite or metal; if de 

sired, they can comprise a non-metallic core with an 
external coating of conducting material. They may 
even comprise a metallic core with a further conduc 
tive coating —- it is advantageous for certain reactions 
to use a titanium core with a coating of a catalyst, such 
as platinum. If the heat generated by a particular reac 
tion in the cell is likely to be too great for the cell to 
withstand otherwise, the rods or certain of them may be 
of hollow form to enable cooling liquid to be passed 
through them. Suitable ‘headers’ for the ends of the 
rods will be evident to those skilled in the art and need 
not be elaborated here. 

Means, not shown, may be provided for introducing 
a reactant or other gas into the lower end of the cell, 
and outlet means will then be provided at the top for 
removal of gases or vapours from the cell. It is to be ob 
served that, as in the previous example of cell shown in 
FIG. 1, the cell design is such that any reactant or other 
gases introduced into the cell can make very effective 
contact with the electrolyte surface as the gas moves 
upwards past the cell elements. 
As indicated in FIG. 5, more than one column of ele 

ments may be provided in a cell of the type of this sec 
ond example; the gas will move upwards between the 
adjacent columns and thereby will maintain the advan 
tage of this type of construction. The gas path may be 
varied slightly, as indicated in FIG. 6, or, even more so, 
as indicated in FIG. 7. 
The flow of electrolyte through a cell in accordance 

with the invention ‘is probably best understood from 
FIGS. 5, 6 and 7. The electrolyte contacts the upper 
surface of the top element and flows downwards over 

5 

20 

25 

0 

5 

40 

5 

60 

6 
its surface on either side and the two ?ow paths unite 
beneath the element to cause a bridge of electrolyte be 
tween that element and the succeeding element, where 
after a similar ?ow of electrolyte occurs over the next 
element, and so on. In the arrangement of FIG. 7, the 
bridging flow of electrolyte takes a slightly different 
form due to the staggering of the elements on either 
side ofa vertical plane in each column. Doubtless other 
flow forms can be established. It is apparent that the el 
ements in the rod form of cell should be arranged to lie 
substantially horizontally since, otherwise, there may 
be too great a ?ow of electrolyte towards one end of 
the element and this may starve the following elements 
of electrolyte. However, further O-rings may be pro 
vided to control the flow, in particular lengthwise flow. 

In the case of the reactor shown in Flg. l, the electro 
lyte ?ows down the outer and inner cylindrical surfaces 
of the rings which are arranged with these surfaces ver 
tical. In this form of reactor there is an electrolyte 
bridge set up between the bottom edges of one layer of 
rings and the tops of the next layer beneath, and these 
bridges will penetrate the nylon niet separators. It will 
be appreciated that in the rod-element form of cell, 
gaseous reactants fed into the cell below the reactor 
will be in contraflow to the electrolyte. If desired, the 
cell may be designed to make further use of this centra 
flow feature, in that the upward current of gas may be 
used to retard the flow of the films of electrolyte over 
the elements. In this way, a further means ofcontrolling 
the film thickness may be provided, other controlling 
features being physical properties of the electrolyte, 
such as surface tension, viscosity and density, and elec 
trolyte flow rate. 

In the cases of both the rod form and the ring form 
of cell, it will be understood that the presence of the 
thin ?lm of ?owing electrolyte and the flow bridging 
the gap between consecutive rods or rows of rings, pro 
vides continuity of path for current to ?ow between the 
electrodes proper of the cell. In view of the fact that the 
film is thin, and possibly extremely thin, it will be seen 
that electrolytes of relatively high strengths may be 
used in these forms of cell and yet permit of compara» 
tively high voltage drop between the said consecutive 
bridges of electrolyte. This means that a voltage ap 
pears on opposite “sides” of each rod or between the 
ends of each Raschig, or other, ring and in conse 
quence the rod or ring acts as a bipolar unit cell, the 
current through the rod or ring being in parallel with 
that through the electrolyte film. The relative impor 
tance of each current path depends upon the electro 
lyte system and the cell design employed. 
To illustrate the effectiveness of the rods as bipolar 

electrodes in the rod-type of cell, one of the rods in the 
cell can be split in two along its length and insulation 
placed between the two parts. In this way current ?ow 
ing across the rod can be measured using an ammeter 
connected between the two halves. Results in such 
tests, using a cell of the kind described immediately 
below and for a total of 12 rods in an electrolyte of 3% 
sodium chloride, are given in the following Table: 

Current Current Voltage Reactor Film 
Experi- through across across Resistance Resistance 
ment Reactor Split Rod Reactor (Effective) (Effective) 

M A MA V Ohms Ohms 
l 53 18 25 .6 484 730 

II 152 106 35.3 232 768 
III 280 230 38.8 139 776 
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This indicates that an appreciable proportion of the 
current through a cell embodying the invention can be 
carried through the bipolar units and that the resistance 
of the parallel electrolyte path is high enough to avoid 
excessive Joule heating of the electrolyte. 

In another series of tests using the “split rod" tech 
nique and 0.5M NaCl and 4M NaCl electrolytes re 
spectively, the results shown in FIG. 8 were obtained. 
For the two electrolytes, the percentages of current 
being used for the electrode process are shown and it 
is clear that even with the highly conductive 4M NaCl 
electrolyte, over 80 percent of the current is utilised in 
electrolysis once sufficient voltage has been applied to 
allow the electrode process to proceed. For these tests, 
five cells were used, as indicated in FIG. 8, and the tests 
were repeated for three different diameters of rods, 
also as indicated. 
FIG. 9 illustrates the results oftests to show the effect 

of varying the diameter of graphite rod electrodes. The 
effective areas were calculated from marks made on 
the rods to indicate the extent of surface from which 
gas evolution occurred during the electrolysis of brine. 
The upper curve for specific electrode area is for 10 
rods and the lower for 6 rods. It will be observed that 
beyond 2.5 cm. for this particular reaction, an increase 
of rod diameter will give only a marginal increase in ef 
fective electrode area; this has a marked effect on the 
speci?c electrode area as also indicated by FIG. 9. 
An example of use of the cell shown in FIGS. 3 and 

4 is in the electrolysis of a 3% solution of sodium chlo 
ride with a continuous recycle of the electrolyte using 
13 graphite rods, diameter approximately 3/4; inch and 
effective length approximately 5 inches, in the stack 
forming the ‘reactor. A ?ow of approximately half-litre 
per minute of electrolyte showed that the desired thin 
film flow was achieved, and for an applied voltage of 46 
volts, the current through each bipolar unit (as indi 
cated by the split rod technique) was 260 MA and the 
current through the film was only 50 MA. 
The main reactions were: 

2 NaCl + 2HoH —+ 2 NaOH + C12 + H2 

C12 + 2NaOl-I ~> NaCl + NaClO + H2O 

Analysis of the solution for sodium hypochlorite after 
5 minutes and 30 minutes yielded l/6th% and %% by 
weight solution respectively, with respective power ef 
ficiencies of 100 and 50 grams per kilowatt hour in 
terms of sodium hypochlorite. 

In another experiment, with a similar arrangement as 
in the first experiment, except that the solution was not 
recirculated, analysis of the solution for sodium hypo 
chlorite showed that the concentration of sodium hypo 
chlorite in the solution leaving the cell was 0.7% by 
weight, the power efficiency being determined as 200 
grams per kilowatt hour in terms of sodium hypochlo 
rite. 
FIG. 10 illustrates the yield, in a rod-type unit, of so 

dium chlorate and sodium hypochlorite from two con 
centrations of brine electrolytes, in which electrolysis 
was carried out with one pass of the electrolyte. The in 
?uence of number of rods is shown. The current effi 
ciency over the whole of the experiment for combined 
chlorate and hypochlorite was in the region of 70 to 80 
percent. 
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Reference to FIGS. 11 and 12, which are views at 

right angles to each other, will indicate how the reactor 
of FIGS. 3 and 4 may be modified to use rod-type ele 
ments that are vertical. As shown, the vertical rods 60 
are arranged close enough to each other to enable elec 
trolyte flowing from the distributor 62 to ?ow not only 
over the surfaces of the rods but also as a bridging flow 
down the spaces between adjacent rods. By this means 
thin films of electrolyte may be caused to flow over 
substantially the whole of the surfaces of the rods while 
the electrolyte bridges 61 in the spaces between the 
rods serve to maintain electrical continuity between the 
rods at each end. 
FIG. 13 illustrates a variation of the design shown in 

FIGS. 11 and 12. Here the vertical rods are arranged 
to present a series connection of two parallel sets. Thus 
the rods 70 are in series, the electrolyte bridges 71 pro 
viding electrical continuity between end rods 74, 75 
and a series path exists between rods 74, 75 in the form 
of rods 72 and electrolyte bridges 73. 

Similarly there are two series paths in parallel be 
tween end rods 75 and 76, these other paths being in 
the form of rods 70' and electrolyte bridges 71’ and 
rods 72’ and associated electrolyte bridges 73’. 
The pairs of units are each enclosed in an insulating 

envelope 77. 
Another possible construction in the case of the hori 

zontal rod version of cell may be to drill each rod at al 
ternate ends so that the bridging paths of electrolyte 
between the rods are formed by passage of electrolyte 
through each hole and subsequently from one side to 
the other of cell in alternate directions. 
Perhaps it would be as well here to emphasise that 

the absence of a thin film of electrolyte over the sur 
faces of the rods is of no consequence since it is essen 
tially only the bridging electrolyte that is required. It is 
observed that the film of electrolyte, when present, 
serves to control the throughput of electrolyte although 
for reasons of its conductivity the film should be as thin 
as possible. The alternative, holed, construction would, 
of course, necessitate an attenuated flow path for the 
electrolyte and it may be that no advantage would ac 
crue in general. However, it is of possible use where 
higher rates of throughput of electrolyte may not be 
crucial. 
A multi-bipolar rod type of cell in accordance with 

an aspect of the invention may comprise means 
whereby at least one of the rod electrode units may be 
rotated about its longitudinal axis. By‘ this means an 
‘anode’ becomes a ‘cathode’ and a cathode becomes an 
anode for each half of a complete revolution. Alterna 
tively the same effect could be achieved by reciprocal 
movement of the rod electrode. If, for example, the 
anode has become passivated by an anodic process, by 
this means it could be ‘cleaned’ by the cathodic pro 
cess. Moreover, such movement of the rods can pro 
mote mixing and/or stirring of the electrolyte and this 
has led to increase of current flow in mass transfer re 
actions. 
A cell in accordance with this latter aspect of the in 

vention is shown diagrammatically in FIG. 14, which 
depicts a section through the cell. In this ?gure test cir 
cuit and electrolyte flow systems also are indicated. 
The cell comprises six rod bipolar graphite electrodes 

80 which have extension shafts 81, 82 which run in suit 
able bearings in the walls 87, 88 on either side of the 
cell so that the electrodes are insulated from each other 
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metallically. One shaft 82 of each rod is provided with 
a gear wheel 83 of suitable insulating material, these 
gear wheels meshing with each other or with a driving 
pinion 84 which is actuated by an electric motor 85 
which may itself have a suitable output reduction gear 
ing. The rods may therefore be revolved at a suitable 
speed either continuously or intermittently, with appro 
priate arrangements being made for reversal of rotation 
if and as desired. Alternatively the driving shaft of pin 
ion 84 may be connected to manually-operated means. 
Being of graphite material, the rod shafts will be self 
lubricated in the cell walls but other bearing material 
may be interposed if desired. 

Electrolyte from the reservoir 86 is pumped by 
means of pump 89, through a heat exchanger 90 and 1 
flow rate meter or indicator 91, to the cell where it is 
distributed substantially evenly over the width of the 
electrode rods by means of the distributor 92 which 
also acts as current conductor. The electrolyte flows as 
a thin film over each rod and connects adjacent rods, 
as explained above, with an electrolyte bridge. The 
electrolyte is collected by the collecting device 93 in or 
attached to the cell and is returned to the reservoir 86 
through a sampling tap 94 which enables analysis of the 
products of electrolysis to be made and monitoring, if 
necessary. Taps 95, 96 and 97 are provided to vary the 
flow and/or flow pattern of the electrolyte as indicated 
by the arrows so that, for example, electrolyte can be 
pumped directly to the cell from the collector 93 so as 
to give the facility of being able to recycle a relatively 
small quantity of electrolyte through the cell. A suit 
able power supply 98 provides the necessary current 
for operation of the cell. 
A temperature sensitive device 99 is provided for in 

dication and/or control of the temperature of the elec 
trolyte. 
Considering applications of the form of cell de 

scribed with reference to FIGS. 1 and 2, it is of interest 
to note that this form has been shown to be particularly 
suited to the oxidation of amines and more especially 
to the production of propylene oxide. 
Thus, using aqueous l0‘2 Molar (and even up to 10'1 

Molar) sodium bromide solution saturated with propy 
lene, this solution is electrolysed in the reactor while a 
mixture of propylene and nitrogen in an appropriate 
ratio is fed to the cell so that it passes through the reac 
tor in contraflow to the flow of the solution. The bro 
mine formed on the anodic areas of the bipolar units 
reacts with hydroxyl ions formed on the cathodic areas 
of the units to produce hypobromite ions. Hypobro 
mous acid reacts with propylene to produce bromhy 
drin which further reacts with hydroxyl ions to give 
propylene oxide. The propylene oxide is carried out of 
the cell in the gas stream and may be separated out in 
known manner, though some may be recirculated in 
the electrolyte solution. 
As a test of efficiency of this latter form of cell, it is 

found, for example, that, using %th inch nickel Lessing 
rings and 10‘1 Molar potassium hydroxide solution cur 
rent efficiencies as high as 65% may be achieved and 
in 10‘2 Molar potassium hydroxide solution 75% effi 
ciency has even been achieved. 
What we claim is: 
l. A multi-bipolar electrode cell adapted for opera 

tion with flowing electrolyte, comprising a plurality of 
bipolar electrode units, or groups of bipolar electrode 
units, said bipolar electrode units or groups of bipolar 
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electrode units being arranged, in operation, to be elec 
trically in series in spaced relationship from one end of 
the electrode system to the other, series connections 
being provided, in operation of the cell, between the 
adjacent electrode units or groups of electrode units by 
?owing electrolyte substantially uniformly bridging the 
gaps between them, comparatively thin films ofelectro 
lyte being in contact with the remainder of the surfaces 
of individual electrode units. 

2. A multi-bipolar electrode cell as claimed in claim 
1, in which the bipolar electrode units, or groups of bi 
polar electrode units, are arranged one above the other 
and comprising means for controlling the supply of 
electrolyte to the electrode system so that the ?ow is 
substantially evenly distributed over the top of the up 
permost electrode unit or group of electrode units. 

3. A multi-bipolar electrode cell as claimed in claim 
2, wherein the geometry of the cell permits intimate 
contact between reactant gas and electrolyte at said 
bridging paths. 

4. A multi-bipolar electrode cell as claimed in claim 
3, wherein arrangements are made whereby reactant 
gas is in contra-?ow to the electrolyte. 

5. A multi-bipolar electrode cell as claimed in claim 
1, wherein all of the bipolar electrode units are geomet 
rically the same. 

6. A multi-bipolar electrode cell as claimed in claim 
1, wherein the bipolar electrode units are rods of con 
ducting material. 

7. A multi-bipolar electrode cell as claimed in claim 
6, wherein the bipolar electrode units are rods of 
graphite. 

8. A multi-bipolar electrode cell as claimed in claim 
7, wherein said electrode unit rods are arranged in stag 
gered columns so that the said bridging paths of elec 
trolyte pass alternately from one column to the next. 

9. A multi-bipolar electrode cell as claimed in claim 
6, wherein a plurality of columns of electrode unit rods 
are arranged side by side within the cell. 

10. A multi-bipolar electrode cell as claimed in claim 
6, wherein said rods are hollow. ‘ 

11. A multi-bipolar electrode cell as claimed in claim 
10, wherein the bipolar hollow rod. electrode system is 
arranged for ?ow of ?uid through the rod for heat 
transfer purposes. ' 

12. A multi-bipolar electrode cell as claimed in claim 
1, in which the bipolar electrode units comprise rods of 
conducting material arranged vertically side~by-side in, 
at least one row and in close but separated juxtaposi 
tion one to the next and electrolyte is caused to flow to 
form bridging paths between adjacent rods. 

13. A multi~bipolar electrode cell as claimed in claim 
12, wherein the electrolyte is arranged to flow verti 
cally down the bridging paths. 

14. A multi-bipolar electrode cell as claimed in claim 
6, wherein electrolyte is introduced to each electrode 
unit assembly through a perforated or like distributor 
permitting electrolyte to flow in substantially even dis 
tribution over the width of the electrode system. 

15. A multi-bipolar electrode cell as claimed in claim 
1 in which each bipolar electrode unit is cylindrical and 
is arranged with the cylindrical surface extending verti 
cally. 

16. A multi-bipolar electrode cell as claimed in claim 
15, wherein said cylindrical electrode unit is a ring 
member. 

17. A multi-bipolar electrode cell as claimed in claim 
15, wherein numbers of said cylindrical units are ar 
ranged in parallel rows one below the other and resting 
on interposed openwork insulating screens which cause 
said‘ substantially uniformly distributed electrolyte 
flow. 

* * * * *1 


