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57 ABSTRACT 
The invention relates to a process for the maufacture of 
a permeable diaphragm for electrolysis cells. 
The process consists of forming a sheet comprising 
inorganic fibres and a polyelectrolyte in the form of a 
finely divided solid which is insoluble in aqueous solu 
tions of alkali metal halides, and of then heating the said 
sheet to melt the polyelectrolyte. 
The diaphragms thus obtained are particularly suitable 
for cells for the electrolysis of sodium chloride brines. 

12 Claims, No Drawings 
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PROCESS FOR THE MANUFACTURE OFA 
PERMEABLEDIAPHRAGM FOR AN 

ELECTROLYSS CELL 

The present invention relates to the manufacture of 
permeable diaphragms based on inorganic fibres such as 
asbestos, which diaphragms are intended for cells for 
the electrolysis of aqueous solutions of alkali metal 
halides such as sodium chloride or potassium chloride. 

It relates more particularly to a process for obtaining 
diaphragms of this type which exhibit good dimensional 
stability, that is to say whose thickness remains virtually 
unchanged during their use in an electrolysis cell. 

In the known diaphragm cells, in particular the cells 
for the electrolysis of a sodium chloride brine, the dia 
phragm usually consists of a layer or sheet of asbestos, 
applied to a perforated iron structure which forms the 
cathode of the cell. 

However, the known diaphragms consisting of asbes 
tos suffer from the disadvantage that they are dimen 
sionally unstable over a period of time. At the start of 
the electrolysis, these known diaphragms tend to swell 
and this swelling is followed by a progressive compres 
sion under the effect of the hydrostatic pressure prevail 
ing in the cell. These variations in the volume and shape 
of the diaphragms with time have an unfavourable ef 
fect on the electrolysis. They furthermore have a disad 
vantageous effect on the cell geometry to be adopted. In 
particular, the swelling of the diaphragm at the start of 
its use makes it necessary to provide anode-cathode 
spacings in the cell which are markedly greater than the 
optimum value required for a cell in operation. 
To increase the cohesion of the asbestos diaphragms 

and improve their stability of shape, and dimensional 
stability, it has been propsoed, in German Pat, applica 
tion No. 2,140,714 of Tokuyama Soda K.K., filed on 
Aug. 13, 1971, to add to the asbestos fibres of the dia 
phragm a binder consisting of a fluorinated polymer 
employed in the form of an aqueous dispersion. The 
diaphragm thus obtained must subsequently be heated 
to a high temperature to melt the polymer (at least 295 
C. according to the examples), and this is a disadvan 
tage. 

In a variant of this known process, described in Bel 
gian Pat. No. 809,822 of Diamond Shamrock Corpora 
tion, filed on Jan. 16, 1974, an aqueous suspension of 
asbestos fibres and of particles of a thermoplastic, gen 
erally fluorinated, polymer is formed, and the suspen 
sion is sucked through the perforated cathode in order 
to deposit thereon a diaphragm consisting of a substan 
tially homogeneous mixture of asbestos fibres and the 
polymer, and the diaphragm is heated to a high temper 
ature, for example above 300 C., to melt the polymer 
and to allow it to bond the asbestos fibres to one an 
other. 

However, the difficulty which arises in these two 
known processes is to ensure effective adhesion of the 
molten polymer to the asbestos fibres. The use of the 
process described in the abovementioned Belgian Pat. 
No. 809,822 presents the additional difficulty of ensur 
ing homogeneous dispersion of the polymer particles in 
the aqueous suspension of asbestos and polymer. 
To reduce this disadvantage, the abovementioned 

Belgian Pat. No. 809,822 proposes to add a surfactant to 
he aqueous suspension of asbestos and polymer. 
Though it noticeably improves the dispersion of the 
polymer particles in the aqueous suspension, and the 
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2 
adhesion of the polymer to the asbestos fibres, the use of 
a surfactant suffers from the disadvantage of causing 
substantial foaming in the cell at the start of the electrol 
ysis, principally in the cathode chamber. 
The Applicant has now found that by using particular 

polymers it is possible to obviate the abovementioned 
disadvantages of the known processes. 

Hence, the invention relates to a process for the man 
ufacture of a permeable diaphragm for a cell for the 
electrolysis of aqueous solutions of alkali metal halides, 
in which a sheet comprising inorganic fibres and a poly 
mer in the form of a finely divided solid is formed and 
the sheet is heated so as to melt the polymer; according 
to the invention the polymer is selected from amongst 
the polyelectrolytes which are insoluble in aqueous 
solutions of alkali metal halides. 

In the process according to the invention, the inor 
ganic fibres are selected so as to resist the corrosive 
action of the electrolysis baths. They consist advanta 
geously of asbestos fibres such as fibres of chrysotile 
asbestos or fibres of amphibole asbestos, especially of 
crocidolite or of anthophylite. 
By polyelectrolyte there is understood any polymeric 

substance which comprises monomer units possessing 
ionisable groups, in accordance with the generally ac 
cepted definition (Encyclopedia of Polymer Science 
and Technology, Volume 10, page 781, 1969, John 
Wiley and Sons). 
Within the scope of the invention, it is preferred to 

use polyacids, which are polyelectrolytes containing 
acidic groups which, on dissociation, give rise to poly 
meric anions (polyanions) and to elementary cations 
(counter-ions) such as protons or monovalent cations. 
Examples of acid groups which can be present in the 

polyacids usable according to the invention are sul 
phonic acid groups and phosphonic acid groups. In 
general, it is preferred to use polyacids possessing from 
0.1 to 50, and more particularly from 1 to 20, acid 
groups per 100 carbon atoms. 

Particularly suitable polyacids are carboxylic polyac 
ids, in which the ionisable groups are carboxylic acid 
groups. Advantageously, these polyacids contain mono 
meric units comprising one or more carboxylic acid 
groups, which monomeric units can be derived from 
unsaturated carboxylic acids, such as acrylic acid, al 
pha-chloroacrylic acid, methacrylic acid, alpha 
hydroxyacrylic acid and fumaric acid, containing up to 
10 carbon atoms per molecule. The best results are 
obtained with the polyacids containing units derived 
from maleic acid. 

In addition to the carboxylic acid monomer units, the 
carboxylic polyacids, the use of which is preferred, 
advantageously contain olefinic monomer units derived 
from unsubstituted alpha-olefines containing from 2 to 
10 carbon atoms and preferably from 2 to 6 carbon 
atoms in their molecule. Preferably, the carboxylic pol 
yacids contain at least 50% by weight of such olefinic 
monomer units. The best results are obtained with car 
boxylic polyacids which only contain such olefinic 
monomer units and carboxylic acid monomer units. As 
examples of alpha-olefines from which the olefinic mon 
omer units can be derived, there may be mentioned 
ethylene, propylene, 1-butene, 4-methyl-1-pentene and 
1-octene. Amongst these, propylene and more particu 
larly ethylene are very particularly advantageous be 
cause they give carboxylic polyacids of low melting 
point. 
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As explained above, the carboxylic polyacids prefera 
bly used in the process according to the invention are, 
advantageously, copolymers of unsubstituted alpha-ole 
fines and of unsaturated carboxylic acid monomers. 
These copolymers can be of the random, block or graft 
type. The latter, in which the main chain is a polyole 
finic structure and the side chains carry carboxylic acid 
groups, are preferred. m 
Though the carboxylic polyacids can be employed in 

any ionisable form, and in particular in the form of salts, 
during manufacture of the diaphragm, it is preferred to 
use them in the form of acids or of anhydrides. 

Polymers which are particularly suitable are the 
polyolefines containing from 0.3 to 1% by weight of 
carboxylic acid monomer units, especially polyethylene 
and polypropylene containing from 0.3 to 1%, prefera 
bly approximately from 0.5 to 0.7%, of maleic anhy 
dride. 

In the process according to the invention, it is desir 
able to incorporate into the sheet a sufficient amount of 
polyelectrolyte for the latter to be able to become inter 
posed between the individual inorganic fibres and to 
bond them effectively to one another once it has been 
melted, so as to resist swelling of the diaphragm during 
its use in an electrolysis cell. The minimum amount of 
polyelectrolyte required depends on the nature of the 
polyelectrolyte and can easily be determined by experi 
ence. In general terms, at least 1%, preferably at least 
5%, by weight of polyelectrolyte is incorporated into 
the diaphragm sheet. It is preferable not to exceed 70% 
by weight of polyelectrolyte in the diaphragm. In gen 
eral, good results are obtained by preferably incorporat 
ing into the sheet from 5 to 20% by weight of polyelec 
trolyte. 
As a variant, it is also possible to incorporate into the 

diaphragm sheet other usual constituents of permeable 
diaphragms, such as organic fibres or additives intended 
to impart particular properties to the diaphragm. In the 
particular case where the process according to the in 
vention is applied to the manufacture of an asbestos 
based diaphragm, it is for example possible to incorpo 
rate into the diaphragm, by way of an additive, particles 
of iron, iron oxide, of copper or of copper oxide, as 
described in Belgian Pat. No. 773,918, of Oct. 14, 1971. 
According to the invention, the polyelectrolyte can 

be incorporated into the diaphragm sheet in any finely 
divided solid form, for example in the form of particles 
such as granules, flakes or short fibres. Preferably, the 
polyelectrolyte is incorporated in the form of fibrids. 
By fibrids there is understood a specific structure 

consisting of an aggregate of a multitude of very thin 
filaments, of film-like appearance, connected to one 
another so as to form a three-dimensional network. The 
fibrids have a flake-like appearance and are oblong in 
shape; their length varies approximately from 0.5 to 55 
mm and their diameter approximately from a few mi 
crons to 5 mm. They are characterised by a high spe 
cific surface area, greater than 1 m2/g and in many cases 
even greater than 10 m2/g. 
The polyelectrolyte fibrids used in accordance with 

this variant of the invention can be manufactured by 
any process which is in itself known, in particular by 
grafting monomer units containing ionisable groups 
onto thermoplastic polymers and more particularly 
onto polyolefines derived from ethylene or propylene. 
The process described in Belgian Pat. No. 847,491 of 
Oct. 21, 1976 can be used advantageously; according to 
this process, the monomers units containing ionisable 
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4. 
groups are grafted onto a molten thermoplastic polymer 
in a solvent, after which the mixture of solvent and 
grafted polymer is subjected to an abrupt pressure re 
lease, capable of causing the instantaneous vaporisation 
of the solvent and the solidification of the polymer in 
the form of fibrids. 

In the process according to the invention, the dura 
tion of heating, and the heating temperature, to which 
the sheet is subjected, depend on the nature of the poly 
electrolyte and on the form in which it is incorporated 
into the diaphragm sheet. They must be chosen so as to 
result in sufficient melting of the polyelectrolyte for the 
latter to coat the inorganic fibres partially and to weld 
them to one another. Usually, temperatures between 
130' and 250 C. suffice, as do periods of time of be 
tween l and 60 minutes. 
The process according to the invention is equally 

applicable to the manufacture of preformed permeable 
diaphragms, obtained, for example, in accordance with 
papermaking techniques, and to the manufacture of 
diaphragms in situ on a perforated support (which can 
for example be the perforated cathode of a diaphragm 
cell), applying the technique described in U.S. Pat. No. 
1,865,152 in the name of K. E. STUART, of June 28, 
1932, or in U.S. Pat. No. 3,344,053 in the name of NEIP 
ERT et al., of May 4, 1964. 
Thus, a plane coherent sheet can for example be man 

ufactured from inorganic fibres and a polyelectrolyte, 
for example in the form of fibrids, in accordance with a 
technique used in papermaking. The sheet is subse 
quently drained, for example by calendering, dried and 
then heated to a sufficient temperature, and for a suffi 
cient length of time, to melt the polyelectrolyte. 
According to another embodiment, a sheet of inor 

ganic fibres and of polyelectrolyte can be manufactured 
on a perforated support by sucking through the support 
an aqueous suspension of inorganic fibres and of polye 
lectrolyte, so as to form a felt which matches the con 
tours of the perforated support. Preferably, an aqueous 
medium is used to disperse the inorganic fibres and the 
polyelectrolyte, which aqueous medium advanta 
geously consists of an aqueous sodium hydroxide solu 
tion; preferably, a sodium hydroxide brine obtained by 
electrolysis of a sodium chloride brine in a diaphragm 
cell is used. To ensure efficient dispersion of the inor 
ganic fibres and of the polyelectrolyte in the aqueous 
medium, the latter can advantageously be subjected to a 
beating treatment whilst introducing the fibres and the 
polyelectrolyte, using for this purpose the process and 
the device described in French Pat. No. 2,308,702, filed 
on Apr. 25, 1975. 
The sheet thus obtained is then dried and thereafter 

heated on its support to a sufficient temperature, and for 
a sufficient length of time, to melt the polyelectrolyte, at 
least superficially, so as to weld the inorganic fibres to 
one another. 

In this preferred embodiment of the process accord 
ing to the invention, the polyelectrolyte is advanta 
geously used in the form of fibrids. 

All other things being equal, the choice, according to 
the invention, of a polyelectrolyte as the polymer in the 
diaphragm greatly improves, at one and the same time, 
the homogeneity of the diaphragm, its stability of shape 
and dimensional stability, and its wettability by aqueous 
electrolytes during its use in an electrolysis cell. The 
invention thus has the advantage of improving the per 
meability of the diaphragms. It furthermore provides 
the considerable advantage that a surfactant is no longer 
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necessary for the manufacture of the diaphragms and 
thus foaming in the electrolysis cells is avoided. Finally, 
it does not entail heating the diaphragm to high temper 
atures. 
The value of the process according to the invention 

will be clear on reading the examples of its application 
which follow. 

In the application examples which follow, some elec 
trolysis tests were carried out in a cell with vertical 
electrodes separated by a diaphragm. The anode con 
sisted of a titanium plate carrying an active coating of 
mixed crystals consisting of 50% by weight of ruthe 
nium dioxide and 50% by weight of titanium dioxide. 
The cathode consisted of a mild steel network of 

which the face located opposite the anode was covered 
with a diaphragm. 

EXAMPLE 1. 

A diaphragm manufactured in accordance with the 
process of the invention was applied to the cathode of 
the cell. For this purpose, an aqueous suspension of 
chrysotile asbestos fibres and of fibrids of polyethylene 
grafted with about 0.6% of maleic anhydride was first 
prepared. The fibrids used had a length not exceeding 2 
mm and their mean specific surface area was 14 m/g. 
To prepare this aqueous suspension, 200 g of fibrids 

were first dispersed in 70 l of an alkaline brine contain 
ing approximately 8% by weight of sodium hydroxide 
and 16% by weight of sodium chloride. The resulting 
suspension was then stirred for 5 minutes, after which 
2,440 g of asbestos were dispersed therein, and stirring 
was continued for 9 seconds. The homogeneous suspen 
sion thus obtained was then diluted to a total volume of 
525 l by adding a supplementary amount of alkaline 
brine. 

After having prepared the aqueous suspension as 
described above, the cathode of the cell was immersed 
therein and the said aqueous suspension was sucked 
through the network of the cathode by setting up a 
uniformly increasing suction up to a value correspond 
ing approximately to a 500 mm column of mercury, for 
about 10 minutes. The cathode was then removed from 
the suspension and the diaphragm was successively 
dried at 90° C. for one hour and heated at 160 C. for 
one-hour to melt the fibrids. 
The diaphragm obtained at the end of the treatment 

weighed 1.42 kg/m2. 
For the electrolysis test, the anode-cathode distance 

was adjusted to 6 mm. 
An aqueous solution containing about 250 g of so 

dium chloride per liter was electrolysed in the cell at 
80' C., with an anode current density of 2 kA/m2. An 
electrolysis potential of 3.2 V was measured at the ter 
minals of the cell, and the yield of chlorine from the 
electrolysis amounted to 93.5%. The energy consump 
tion per tonne of chlorine produced was 2,580 kWh. 

EXAMPLE 2 

By way of comparison, the experiment of Example 1 
was repeated, but omitting the introduction of the poly 
mer fibrids into the aqueous asbestos suspension used to 60 
produce the diaphragm. The heat treatment at 160 C. 
was also omitted. 
For the electrolysis test, an anode-cathode distance of 

6 mm was used, as in the experiment of Example 1. The 
diaphragm swelled from the start of the electrolysis 
until it occupied virtually the whole space separating 
the anode from the cathode, so that it was impossible to 
reach a stationary operating state of the cell. 
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EXAMPLE 3 
The experiment of Example 2 was repeated, but this 

time employing an anode-cathode distance of 12 mm to 
compensate for the swelling of the diaphragm. The 
following electrolysis results were measured: 

potential at the terminals: 3.45 V 
current efficiency: 95.7% 
energy consumption: 2,726 kWh/tonne of 

chlorine. 

A comparison of the results of Example 1 (according 
to the invention) with those of Examples 2 and 3 shows 
the advantage of the diaphragms obtained by the pro 
cess according to the invention in respect of the bulki 
ness, and the energy yield, of the electrolysis cells. 
Compared to the process described in the abovemen 

tioned Belgian Pat. No. 809,822, Example 1 furthermore 
shows that in the process according to the invention the 
heating of the diaphragm can be run at a much lower 
temperature. 

I claim: 
1. Process of manufacturing a liquid permeable dia 

phragm for a cell for the electrolysis of aqueous solu 
tions of alkali metal halides, which comprises forming a 
sheet comprising inorganic fibres and a polymer in the 
form of finely divided solid dispersed in said sheet, said 
polymer being selected from amongst the polyelectro 
lytes which are insoluble in aqueous solutions of alkali 
metal halides, and heating said sheet to at least partially 
melt said polymer sufficiently for said polymer to coat 
said inorganic fibres partially and to weld them to one 
another. 

2. Process according to claim 1, in which said polye 
lectrolyte is selected from amongst the polyacids hav 
ing from 1 to 20 acid groups per 100 carbon atoms. 

3. Process according to claim 1, in which said polye 
lectrolyte comprises a carboxylic polyacid containing 
monomer units derived from unsaturated carboxylic 
acids containing up to 10 carbon atoms in their mole 
cule. 

4. Process according to claim3, in which said carbox 
ylic polyacid contains units derived from maleic acid. 

5. Process according to claim3, in which said carbox 
ylic polyacid contains at least 50% by weight of mono 
mer units derived from unsubstituted alpha-olefines 
containing from 2 to 6 carbon atoms in their molecule. 

6. Process according to claim 5, in which said carbox 
ylic polyacid is a graft copolymer of ethylene or of 
propylene. 

7. Process according to claim 1, in which said sheet 
contains from 1% to 20% by weight of said polyelectro 
lyte. 

8. Process according to claim 1, in which said polye 
lectrolyte is employed in the form of fibrids. 

9. Process according to claim 1, in which said inor 
ganic fibres are asbestos fibres. 

10. Process according to claim 9, in which said asbes 
tos fibres are of amphibole asbestos. 

11. Process according to claim 1, in which said sheet 
is formed by dispersing said inorganic fibres and said 
polyelectrolyte in particulate form in an aqueous me 
dium, filtering the resulting aqueous suspension through 
a perforate support to form a sheet of said inorganic 
fibres and polyelectrolyte, and thereafter drying said 
sheet. 

12. Process according to claim 11, in which said poly 
electrolyte is in the form of fibrids. 

: sk sk : 
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