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Description

[0001] The present invention relates to a fluorinated cation exchange membrane and an electrolytic soda process.
[0002] A method for electrolyzing an alkali metal chloride by an ion exchange membrane method is known wherein
an aqueous alkali metal chloride solution is electrolyzed by using a fluorinated cation exchange membrane as a diaphragm
to produce an alkali metal hydroxide and chlorine. In order to maintain a good operation performance for a long time in
an electrolytic soda process by an ion exchange membrane method, it is important to adjust and maintain the catholyte
concentration in the cathode compartment within a prescribed range and uniformly.
[0003] A common method for adjusting the concentration is to supply water into the cathode compartment. However,
this method has the following problem. Firstly, if the liquid circulation in the cathode compartment is inadequate, the
catholyte concentration decreases in the vicinity where water is supplied, and inversely, the catholyte concentration
tends to be high at a portion where dilution scarcely takes place. As a result, the current efficiency decreases. Further,
if supply of water to the cathode compartment stops by some trouble, the catholyte concentration rapidly increases, and
the current efficiency substantially decreases. In such a case, once the current efficiency decreases, it is difficult to return
it to the initial level, and change of the membrane will be required.
[0004] Some means have been proposed to improve the liquid circulation in the cathode compartment in order to
make the catholyte concentration uniform. They are, for example, a means wherein a conductive spacer is disposed
between an electrode plate and an electrode sheet to form a down flow path for the electrolyte (JP-A-61-19789), a means
having a cylindrical current distributing member attached to form a down flow path for the electrolyte (JP-A-63-11686),
a means having a cylindrical internal circulation duct which will be a circulation flow path for the electrolyte (JP-A-
4-289184), a means having an apparatus to uniformly distribute the electrolyte to anode and cathode compartments
(JP-A-4-289185) and others (JP-A-4-289186, JP-A-4-350189, and JP-A-4-350190). Bilayer fluorinated cation exchange
membranes are known from EP0192261 and US4,587,274. The present invention provides a fluorinated cation exchange
membrane comprising at least two layers, a first layer made of a fluoropolymer having sulfonic acid groups and a second
layer made of a fluoropolymer having carboxylic acid groups on the cathode side thereof, wherein when an electrolytic
soda process is conducted using the cation exchange membrane as a diaphragm between an anode compartment and
a cathode compartment, the water transport number through the cation exchange membrane is at least 4.8 mol/F (F:
Faraday) under operating conditions such that the brine concentration in the anode compartment is 200 g/L, the sodium
hydroxide concentration in the cathode compartment is 32 mass%, the current density is 5 kA/m2, and the temperature
is 90°C, wherein the second layer has a crystallinity of from 18 to 22% as obtained from the X-ray diffraction pattern,
and a thickness of from 2 to 15 mm, and wherein the first layer has a water content of at least 24 mass% in a 12 mass%
sodium hydroxide aqueous solution at 90°C.
[0005] Fig. 1 shows examples of X-ray diffraction patterns of membranes. In Fig. 1, the ordinate represents the intensity
(arbitrary unit).
[0006] In a case where the liquid circulation in the cathode compartment is inadequate, the catholyte concentration
in the vicinity where water is supplied will be locally low, and inversely, the catholyte concentration at a portion where
dilution scarcely takes place, will locally be high. As a result, the current efficiency will decrease.
[0007] The present invention has been made to solve the above problem, and it has been found possible to accomplish
the object by employing a membrane having a large water transport number as a membrane capable of suppressing
the amount of water supplied to the cathode compartment to the minimum level. Heretofore, it has been known that if
the brine concentration is lowered, the water transport number will increase, but it is not desirable to reduce the brine
concentration too low, since the current efficiency will decrease in a long time operation, or deterioration of the membrane
will result. Further, it is also known that if the current density is increased, the water transport number will increase.
However, it is not desirable to increase the current density too high, since the current efficiency will decrease in a long
time operation, or deterioration of the membrane will result.
[0008] With the fluorinated cation exchange membrane in the present invention, the water transport number through
the cation exchange membrane is required to be at least 4.8 mol/F under the above-mentioned operating conditions in
the electrolytic soda process employing the cation exchange membrane as a diaphragm between the anode compartment
and the cathode compartment. Hereinafter, the water transport number will be represented by a value measured under
the above conditions. It is more preferred that the water transport number is at least 4.9 mol/F. If the water transport
number is too large, the catholyte concentration is likely to decrease from the preferred range for the electrolysis.
Accordingly, it is preferable at most 6.4 mol/F.
[0009] A usual optimum catholyte concentration in brine electrolysis by an ion exchange membrane method, is from
28 to 35 mass%, although it depends also on the construction of the membrane. This catholyte concentration is considered
to be determined by the following factors. During the electrolysis, sodium ions will penetrate as hydrated ions from the
anode side into the membrane and will be transported to the cathode side. Namely, they pass through the membrane
as accompanied by water. The amount of penetrating sodium ions per unit time, depends on the electric current and
the current efficiency. The cathode compartment is usually in a high temperature state of from 60 to 90°C, whereby
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water will evaporate. Usually, the amount of accompanying water (hereinafter referred to as the water transport number)
is at a level of from 3 to 4.5 mol/F (18th Soda Industry Technical Discussion Meeting, summaries of reports, p. 90
(published by Electrolysis Chemical Technology Committee of Electrochemical Association in 1994)). The evaporation
amount of water exceeds such a water transport number. Accordingly, in order to control the catholyte concentration to
the optimum level, it is necessary to separately supply water to the cathode compartment.
[0010] The sodium hydroxide concentration in the catholyte is determined by a function of the electric current, the
current efficiency, the water transport number, the water evaporation amount and the amount of water supplied to the
cathode compartment and will be represented by the following formula. 

I: electric current (A),
CE: current efficiency (%),
W: amount of water supplied (g/h),
V: water evaporation amount (g/h),
Tw: water transport number (mol/F).

[0011] The water transport number being 4.9 mol/F is the condition under which the sodium hydroxide concentration
in the cathode compartment can be maintained at a level of 35 mass% without supplying water to the cathode compart-
ment, although it may vary to some extent depending upon the amount of water evaporated from the catholyte. The
water transport number being 6.4 mol/F is the condition under which the sodium hydroxide concentration in the cathode
compartment can be maintained at a level of 28 mass% without supplying water to the cathode compartment.
[0012] The first layer to form the fluorinated cation exchange membrane is made of fluoropolymer having sulfonic acid
groups. The first layer itself may be a laminate of two or more layers made of a fluoropolymer having sulfonic acid groups.
[0013] The second layer to form the fluorinated cation exchange membrane is such that the crystallinity obtainable
from the X-ray diffraction spectrum is from 18 to 22%. If the crystallinity of the second layer exceeds 22%, the water
transport number may decrease, such being undesirable. If the crystallinity of the second layer is less than 18%, the
current efficiency during the electrolysis may decrease, such being undesirable. Here, the crystallinity is one defined by
the following formula based on the crystalline peak area (Ic) and the non-crystalline harrow area (Ia), obtained from the
X-ray diffraction pattern with respect to a dried membrane wherein the counter ions to the ion exchange groups are Na ions. 

[0014] Three examples of X-ray diffraction patterns of membranes are shown in Fig. 1. As shown in the Fig., a peak
in the vicinity of 18° (crystalline peak) attributable to the crystalline portion and a broad peak having an apex in the vicinity
of 16° (non-crystalline harrow) attributable to the amorphous portion, are observed. Accordingly, on the basis that only
these two types of peaks are present in the range of 2θ being from 11 to 24° in the diffraction pattern, the peak separation
is carried out to obtain Ic and Ia. In Fig. 1, examples are given so that the crystallinity lowers from the top to down.
Further, 0.661 in the formula is an empirically known constant.
[0015] The thickness of the second layer is from 2 to 15 mm. If the thickness exceeds 15 mm, the water transport
number may decrease, such being undesirable. If the thickness is less than 2 mm, the current efficiency may decrease
in a long time operation, such being undesirable. A preferred thickness of the second layer is from 4 to 12 mm.
[0016] As a membrane having a specific construction, a fluorinated cation exchange membrane comprising at least
two layers, a first layer made of a fluoropolymer having sulfonic acid groups and a second layer made of a fluoropolymer
having carboxylic acid groups on the cathode side thereof, wherein the second layer has a crystallinity of from 18 to
22% as obtained from the X-ray diffraction pattern, and a thickness of from 4 to 12 mm, has a high water transport number
as compared with conventional membranes and thus provides an excellent effect such that even when it is installed in
an electrolytic cell having no special liquid circulation means, a uniform catholyte concentration can be maintained.
[0017] The second layer is preferably a polymer film made of a copolymer of CF2=CFOCF2CF2CF2CO2CH3 or
CF2=CFOCF2CF2CO2CH3 which have relatively short side chains with at least one type of other monomers. If the second
layer substantially contains long side chains or side chains having branched structures, for example, if it contains a
substantial amount of a monomer such as CF2=CF(OCF2CF(CF3))nOCF2CF2CO2CH3 (n is at least 1), the crystallinity
is likely to be low. Specifically, the second layer is preferably a copolymer of CF2=CFOCF2CF2CF2CO2CH3 with CF2=CF2.
[0018] The first layer to form the fluorinated cation exchange membrane has a water content of at least 24 mass%. If
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the water content is less than 24 mass%, the water transport number is likely to decrease, such being undesirable. The
water content is preferably at least 26 mass%, whereby the water transport number will be in a more preferred range.
However, if the water content (W) becomes too high, the membrane strength tends to decrease, and the water content
is preferably at most 44 mass%. The water content is obtained by the following formula, wherein W1 is the mass of a
film made of an ion exchange resin constituting the first layer, as measured at room temperature, as withdrawn after
immersing it in a 12 mass% sodium hydroxide aqueous solution for 16 hours, and W2 is the mass of the film as measured
at room temperature, as withdrawn after vacuum drying the measured film at a temperature of 150°C for 16 hours. 

[0019] The thickness of the first layer is preferably from 20 to 300 mm. If the thickness is less than 20 mm, the strength
of the membrane tends to decrease, such being undesirable. If the thickness exceeds 300 mm, the resistance of the
membrane tends to increase, such being undesirable. A preferred thickness of the first layer is from 30 to 100 mm.
[0020] The fluorinated cation exchange membrane of the present invention may be used as it is. However, it is preferred
to apply treatment to release chlorine gas, to at least one surface of the cation exchange membrane, particularly preferably
to at least the anode side surface of the cation exchange membrane, whereby the long term stability of the current
efficiency can further be improved.
[0021] The method for applying the treatment to release the gas to the surface of the cation exchange membrane
may, for example, be a method of imparting fine irregularities to the membrane surface (JP-B-60-26495), a method of
supplying a liquid containing an iron compound, zirconium oxide, etc. to the electrolytic cell to deposit a gas-releasing
covering layer containing hydrophilic inorganic particles on the membrane surface (JP-A-56-152980) or a method of
forming a porous layer containing particles having gas and liquid permeability and no electrode activities (JP-A-56-75583
and JP-A-57-39185). The gas-releasing covering layer on the surface of the cation exchange membrane provides not
only an effect to improve the long term stability of the current efficiency but also an effect whereby the voltage during
the electrolysis can further be reduced.
[0022] The fluorinated cation exchange membrane of the present invention may be reinforced by e.g. woven fabric,
non-woven fabric fibril or porous body made of a fluoropolymer such as polytetrafluoroethylene, as the case requires.
[0023] By using the fluorinated ion exchange membrane of the present invention as a diaphragm between an anode
compartment and a cathode compartment, brine electrolysis can be carried out under a stabilized condition for a long
period of time. In such a case, the electrolytic cell may be of a monopolar type or a bipolar type. With respect to the
material to constitute the electrolytic cell, in the case of an anode compartment, a material resistant to the brine and
chlorine, such as titanium, may be used, and in the case of a cathode compartment, stainless steel or nickel which is
resistant to sodium hydroxide and hydrogen, may be used. When an electrode is installed in the present invention, a
cathode may be disposed in contact with the ion exchange membrane or with a proper distance therefrom.

EXAMPLES

EXAMPLE 1

[0024] Resin A made of a CF2=CF2/CF2=CFO(CF2)3CO2CH3 copolymer and having an ion exchange capacity of 0.95
mmol/g and resin B made of a CF2=CF2/CF2CF2CF(CF3)OCF2CF2SO3F copolymer and having an ion exchange capacity
of 1.13 mmol/g were prepared. Then, resin A and resin B were subjected to coextrusion to obtain film A of a two layer
structure comprising a layer of resin A having a thickness of 7 mm and a layer of resin B having a thickness of 65 mm.
Further, resin B was subjected to melt-extrusion to obtain film B having a thickness of 22 mm.
[0025] On the other hand, monofilament PTFE yarns obtained by rapidly stretching a polytetrafluoroethylene (PTFE)
film, followed by slitting into 100 denier, and multifilament PET yarns obtained by drawing and twisting six polyethylene
terephthalate (PET) filaments of 5 denier, were subjected to plain weaving in an alternating arrangement of two PET
yarns to one PEFE yarn, to obtain a reinforcing woven fabric having a yarn density of 30 yarns/cm. This woven fabric
was flattened by a roll press so that the thickness of the woven fabric became about 80 mm.
[0026] The woven fabric and films thus obtained were overlaid in the order of from B, the woven fabric, film A (so that
the layer of resin A would be on the releasing PET film side) and the releasing PET film (thickness: 100 mm) and laminated
by means of heating rollers. Then, the releasing PET film was peeled to obtain a reinforced laminated membrane.
[0027] Then, a paste comprising 29.0 mass% of zirconium oxide having an average particle size of 1 mm, 1.3 mass%
of methyl cellulose, 4.6 mass% of cyclohexanol, 1.5 mass% of cyclohexane and 63.6 mass% of water, was transferred
by a roll press on the film B side of the laminated membrane to attach a gas-releasing covering layer. The attached
amount of zirconium oxide at that time was 20 g/m2.
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[0028] Then, CO2CH3 groups and SO3F groups were hydrolyzed by immersion in an aqueous solution containing 30
mass% of dimethylsulfoxide and 15 mass% of potassium hydroxide. Then, the counter ions of the ion exchange groups
were converted to Na ions by immersion in a 4 mass% aqueous solution of sodium hydrogen carbonate.
[0029] Further, a dispersion having 13 mass% of zirconium oxide having an average particle size of 5 mm dispersed
in an ethanol solution containing 2.5 mass% of an acid-form polymer of resin B, was prepared, and this dispersion was
sprayed to the film A side of the above laminated membrane to attach a gas-releasing covering layer. The attached
amount of zirconium oxide at that time was 10 g/m2.
[0030] Separately, resin A was formed into a film, subjected to the hydrolysis as described above, and the crystallinity
was measured and found to be 19.3%. Likewise, resin B was formed into a film and subjected to hydrolysis as described
above, and the water content was measured and found to be 31 mass%.
[0031] The fluorinated cation exchange membrane thus obtained, was disposed in an electrolytic cell so that film A
faced the cathode, and electrolysis of a sodium chloride aqueous solution was carried out. For the electrolysis, an
electrolytic cell (height: 5 cm, width: 30 cm) having an effective current-carrying area of 1.5 dm2 was employed, wherein
the inlet of water to be supplied to the cathode compartment was disposed at a lower part of the cathode compartment,
and the outlet of the formed sodium hydroxide aqueous solution was disposed at an upper part of the cathode compart-
ment, so that there would be a site where the catholyte would be hardly circulated within the cathode compartment
frame. As the anode, one having a titanium punched metal (short diameter: 4 mm, long diameter: 8 mm) coated with a
solid solution of ruthenium oxide, iridium oxide and titanium oxide, was used, and as the cathode, one having ruthenium-
containing Raney Nickel electrically deposited on a SUS304 punched metal (short diameter: 5 mm, long diameter: 10
mm) was used.
[0032] Further, the electrolysis was carried out for one week by bringing the cathode side in a pressurized state so
that the anode and the membrane would be in contact with each other, while supplying 290 g/L of an aqueous sodium
chloride solution and water to the anode compartment and the cathode compartment, respectively, and maintaining the
sodium chloride concentration discharged from the anode compartment to be 200 g/L and the sodium hydroxide con-
centration discharged from the cathode compartment to be 32 mass%, under such conditions that the temperature was
90°C and the current density was 5 kA/m2, whereby the current efficiency was 97.0%, and the water transport number
was 5.0 mol/F.

EXAMPLE 2

[0033] Using the membrane of Example 1 in the above electrolytic cell, electrolysis was carried out while supplying
290 g/L of an aqueous sodium chloride solution to the anode compartment and not supplying water to the cathode
compartment, and maintaining the sodium chloride concentration discharged from the anode compartment to be 180
g/L under such conditions that the temperature was 90°C and the current density was 6 kA/m2, whereby the concentration
of sodium hydroxide discharged from the cathode compartment was 32.8 mass%, the current efficiency was 96.5%,
and the water transport number was 5.3 mol/F.

EXAMPLES 3 to 9

[0034] Using the same film-forming method and electrolysis conditions as disclosed in Example 1, electrolysis was
carried out by changing only the ion exchange capacity and thickness of the layer of resin A of film A, and/or the ion
exchange capacity of the layer of resin B of film A. Further, for film B, resin B having a thickness of 22 mm was employed.
Among these Examples, Examples 6 to 9 are Comparative Examples. The ion exchange capacity is changed as the
monomer ratio in the CF2=CF2/CF2=CFO(CF2)3CO2CH3 copolymer or the CF2=CF2/CF2CF2CF(CF3)OCF2CF2SO3F
copolymer is changed. In any case, the ion exchange capacity decreases as the ratio of CF2=CF2 increases. The results
are shown in Table 1. In Table 1, AR means the ion exchange capacity.

EXAMPLE 10

[0035] Using a CF2=CF2/CF2=CF2/CF2CF2CF(CF3)OCF2CF2CO2CH3 copolymer having an ion exchange capacity
of 0.94 meq/g as resin A for film A and a CF2=CF2/CF2CF2CF(CF3)OCF2CF2SO3F copolymer as resin B, electrolysis
was carried out by using the film forming method and electrolysis conditions as disclosed in Example 1. The results are
shown in Table 1.
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[0036] Examples 6 and 10 are Examples in which a cation exchange membrane was employed wherein the crystallinity
of film A was low, and the water transport number was less than 4.8 mol/F. Example 7 is an Example wherein a cation
exchange membrane was employed wherein the crystallinity of film A was high, and consequently, the water transport
number of the cation exchange membrane was less than 4.8 mol/F. Example 8 is an Example wherein a cation exchange
membrane was used wherein the thickness of film A was thick, and the water transport number of the cation exchange
membrane was less than 4.8 mol/F. Example 9 is an Example wherein a cation exchange membrane was employed
wherein the water content of film B was low, and the water transport number was less than 4.8 mol/F. In Examples 6 to
9, the catholyte concentration at a portion hardly diluted by water supplied, became locally high, and the current efficiency
decreased.
[0037] The fluorinated cation exchange membrane for electrolysis of the present invention provides an excellent effect
such that even when it is installed in an electrolytic cell having no special liquid-circulation means, a uniform catholyte
concentration can be maintained. Particularly, an operation is possible even when supply of water is stopped, whereby
it is possible to eliminate incidental facilities such as a purification apparatus for water, piping to the electrolytic cell, a
valve for adjustment, a flow rate meter, a means to uniformly disperse the catholyte in the cathode compartment, etc.
Further, the decomposition rate of the brine can be increased, whereby the amount of the raw material salt can be reduced.

Claims

1. A fluorinated cation exchange membrane comprising at least two layers, a first layer made of a fluoropolymer having
sulfonic acid groups and a second layer made of a fluoropolymer having carboxylic acid groups on the cathode side
thereof, wherein when an electrolytic soda process is conducted using the cation exchange membrane as a dia-
phragm between an anode compartment and a cathode compartment, the water transport number through the cation
exchange membrane is at least 4.8 mol/F (F: Faraday) under operating conditions such that the brine concentration
in the anode compartment is 200 g/L, the sodium hydroxide concentration in the cathode compartment is 32 mass%,
the current density is 5 kA/m2, and the temperature is 90°C, wherein the second layer has a crystallinity of from 18
to 22% as obtained from the X-ray diffraction pattern, and a thickness of from 2 to 15 mm, and wherein the first layer
has a water content of at least 24 mass% in a 12 mass% sodium hydroxide aqueous solution at 90°C.

2. The fluorinated cation exchange membrane according to claim 1 comprising two layers, the first layer made of the
fluoropolymer having sulfonic acid groups and only one second layer made of the fluoropolymer having carboxylic
acid groups on the cathode side thereof.

3. The fluorinated cation exchange membrane according to Claim 1 or 2, wherein the water transport number through
the cation exchange membrane is from 4.9 to 6.4 mol/F.

Table 1

Ex. 
No.

Layer of resin A in film A Resin B Current 
efficiency 
(%)

Water transport 
number (mol/F)AR 

(mmol/g)
Film 
Thickness 
(mm)

Crystallinity 
(%)

AR 
(mmol/g)

Water 
content 
(mass%)

1 0.95 7 19.3 1.13 31 97.0 5.0

2 0.95 7 19.3 1.13 31 96.5 5.3

3 0.95 4 19.3 1.13 31 97.0 5.1

4 0.95 7 19.3 1.10 28 97.0 4.9

5 0.90 7 21.0 1.13 31 96.2 4.9

6 1.00 7 17.7 1.13 31 89.0 4.4

7 0.85 7 22.7 1.13 31 94.4 4.6

8 0.95 20 19.3 1.13 31 88.4 3.8

9 0.95 7 19.3 0.95 18 92.9 4.4

10 0.94 7 15.5 1.10 28 91.5 4.5
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4. The fluorinated cation exchange membrane according to any one of Claims 1 to 3, wherein the first layer has a
thickness of from 20 to 300 mm.

5. The fluorinated cation exchange membrane according to any one of Claims 1 to 4, wherein the second layer has a
thickness of from 4 to 12 mm.

6. The fluorinated cation exchange membrane according to any one of Claims 1 to 5, wherein the first layer is a laminate
of two or more layers made of a fluoropolymer having sulfonic acid groups.

7. An electrolytic soda process characterized in that the fluorinated cation exchange membrane as defined in any
one of Claims 1 to 6 is used as a diaphragm between an anode compartment and a cathode compartment.

Patentansprüche

1. Fluorierte Kationenaustauschmembran, umfassend mindestens zwei Schichten, einer ersten Schicht hergestellt
aus einem Fluorpolymer mit Sulfonsäuregruppen und einer zweiten Schicht hergestellt aus einem Fluorpolymer mit
Carbonsäuregruppen auf der Kathodenseite davon, wobei, wenn ein elektrolytisches Sodaverfahren unter Verwen-
dung der Kationenaustauchmembran als ein Diaphragma zwischen einem Anodenabteil und einem Kathodenabteil
durchgeführt wird, die Wassertransportzahl über die Kationenaustauchmembran mindestens 4,8 Mol/F (F: Faraday)
unter Betriebsbedingungen derart beträgt, dass die Salzkonzentration in dem Anodenabteil 200 g/L ist, die Natri-
umhydroxidkonzentration in dem Kathodenabteil 32 Masse-% ist, die Stromdichte 5 kA/m2 ist, und die Temperatur
90°C ist, wobei die zweite Schicht eine Kristallinität von 18 bis 22%, erhalten durch das Röntgendiffraktionsmuster,
und eine Dicke von 2 bis 15 mm aufweist, und wobei die erste Schicht einen Wassergehalt von mindestens 24
Masse-% in einer 12 Masse-% wässrigen Natriumhydroxidlösung bei 90°C aufweist.

2. Fluorierte Kationenaustauschmembran gemäß Anspruch 1, umfassend zwei Schichten, einer ersten Schicht her-
gestellt aus dem Fluorpolymer mit Sulfonsäuregruppen und nur einer zweiten Schicht hergestellt aus dem Fluorpo-
lymer mit Carbonsäuregruppen auf der Kathodenseite davon.

3. Fluorierte Kationenautauschmembran gemäß Anspruch 1 oder 2, wobei die Wassertransportzahl über die Katio-
nenaustauschmembran von 4,9 bis 6,4 Mol/F ist.

4. Fluorierte Kationenautauschmembran gemäß einem der Ansprüche 1 bis 3, wobei die erste Schicht eine Dicke von
20 bis 300 mm aufweist.

5. Fluorierte Kationenautauschmembran gemäß einem der Ansprüche 1 bis 4, wobei die zweite Schicht eine Dicke
von 4 bis 12 mm aufweist.

6. Fluorierte Kationenautauschmembran gemäß einem der Ansprüche 1 bis 5, wobei die erste Schicht ein Laminat
von zwei oder mehreren Schichten, hergestellt aus einem Fluorpolymer mit Sulfonsäuregruppen, ist.

7. Elektrolytisches Sodaverfahren, dadurch gekennzeichnet, dass die fluorierte Kationenaustauschmembran, wie
in einem der Ansprüche 1 bis 6 definiert, als ein Diaphragma zwischen einem Anodenabteil und einem Kathodenabteil
verwendet wird.

Revendications

1. Membrane d’échange de cations fluorée comprenant au moins deux couches, une première couche constituée d’un
fluoropolymère ayant des groupes d’acide sulfonique et une seconde couche constituée d’un fluoropolymère ayant
des groupes d’acide carboxylique sur le côté cathode de celle-ci, dans laquelle lorsqu’un processus de soude
électrolytique est réalisé en utilisant la membrane d’échange de cations comme diaphragme entre un compartiment
d’anode et un compartiment de cathode, le nombre de transport d’eau à travers la membrane d’échange de cations
est d’au moins 4,8 mole/F (F : Faraday) dans des conditions de fonctionnement telles que la concentration en
saumure dans le compartiment d’anode est de 200 g/l, la concentration en hydroxyde de sodium dans le compartiment
de cathode est de 32 % en masse, la densité de courant est de 5 kA/m2 et la température est de 90°C, dans laquelle
la seconde couche a une cristallinité de 18 à 22 % telle qu’obtenue à partir du diagramme de diffraction de rayons
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X et une épaisseur de 2 à 15 mm, et dans laquelle la première couche a une teneur en eau d’au moins 24 % en
masse dans une solution aqueuse d’hydroxyde de sodium à 12 % en masse à 90°C.

2. Membrane d’échange de cations fluorée selon la revendication 1 comprenant deux couches, la première couche
constituée du fluoropolymère ayant des groupes d’acide sulfonique et une seule seconde couche constituée du
fluoropolymère ayant des groupes d’acide carboxylique sur le côté cathode de celle-ci.

3. Membrane d’échange de cations fluorée selon la revendication 1 ou 2, dans laquelle le nombre de transport d’eau
à travers la membrane d’échange de cations va de 4,9 à 6,4 mole/F.

4. Membrane d’échange de cations fluorée selon l’une quelconque des revendications 1 à 3, dans laquelle la première
couche a une épaisseur de 20 à 300 mm.

5. Membrane d’échange de cations fluorée selon l’une quelconque des revendications 1 à 4, dans laquelle la seconde
couche a une épaisseur de 4 à 12 mm.

6. Membrane d’échange de cations fluorée selon l’une quelconque des revendications 1 à 5, dans laquelle la première
couche est un stratifié de deux couches ou plus constituées d’un fluoropolymère ayant des groupes d’acide sulfo-
nique.

7. Processus de soude électrolytique, caractérisé en ce que la membrane d’échange de cations fluorée selon l’une
quelconque des revendications 1 à 6 est utilisée comme diaphragme entre un compartiment d’anode et un com-
partiment de cathode.



EP 1 398 397 B1

9



EP 1 398 397 B1

10

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• JP 61019789 A [0004]
• JP 63011686 A [0004]
• JP 4289184 A [0004]
• JP 4289185 A [0004]
• JP 4289186 A [0004]
• JP 4350189 A [0004]
• JP 4350190 A [0004]

• EP 0192261 A [0004]
• US 4587274 A [0004]
• JP 60026495 B [0021]
• JP 56152980 A [0021]
• JP 56075583 A [0021]
• JP 57039185 A [0021]


	bibliography
	description
	claims
	drawings
	cited references

