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ABSTRACT OF THE DISCLOSURE 
Electrochemical conversion of an ole?n to ole?n oxide 

in which an electric current is passed from aicathode to 
an anode through an aqueous electrolyte and the ole?n 
to be converted is introduced into the electrolyte adjacent 
the anode and in which a diaphragm of polyacrylonitrile 
?bers is maintained in the electrolyte separating the anode 
from the cathode during the electrochemical conversion; 
and electrochemical oxidation cell containing an aqueous 
electrolyte, an anode and a cathode spaced from each 
other, means for introducing an ole?ne adjacent the 
anode, and a polyacrylonitrile diaphragm separating the 
anode and cathode. 

This invention relates to a process for the prepara 
tion of ole?ne oxides. 

It is known to prepare ole?ne oxides from ole?nes 
by an electrochemical process in which an aqueous solu 
tion of a metal halide is electrolysed in an electrochemical 
system in which the ole?ne is introduced into the reac 
tion near the anode and the primarily formed halohydrin 
is then dehydrohalogenated in an electrochemical system 
with formation of the ole?ne oxide (cf. Belgian patent 
speci?cation 637,691 and French patent speci?cation 
1,375,973). In particular, the process is carried out in 
that the electrolyte is transferred from the anode cham 
her into the cathode chamber through a diaphragm and 
oli?ne halohydrin is formed by electrochemical action 
from the ole?ne introduced into the anode chamber, 
and this ol?ne halohydrin, dissolved in the electrolyte, 
is transported through the diaphragm and is converted 
into ole?ne oxide in the cathode chamber due to the al 
kalinity in the cathode chamber. Several of the aforesaid 
systems consisting of an anode, a diaphragm and a cath 
ode can be combined to form a cell aggregate. 

In this known process, the diaphragm which separates 
the anode chamber from the cathode chamber may be 
made of an inert permeable or porous material such as 
asbestos, Te?on, polyethylene etc. 

It has now been found that the electrochemical prep~ 
aration of ole?ne oxides from ole?nes in a system consist 
ing of an anode, a cathode and a diaphragm situated be 
tween, using an aqueous electrolyte and introducing the 
ole?ne near the anode, can be carried out particularly ad 
vantageously if the diaphragm used is a web of woven 
polyacrylonitrile ?bres. ‘ 

The web may be made exclusively from mono?ls or 
it may be made from yarns produced from endless 
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?laments or staple ?bres. Different forms of polyacrylo 
nitrile ?bres may be used in the warp and weft, e.g. the 
warp may be made of mono?ls and the weft of yarn 
spun from ?bres. Suitable thicknesses for the fabric of 
the diaphragm are for example 0.1 to 1.5 mm., especially 
0.2 to 1 mm. It may be advantageous to shrink the fabric 
by heat before it is used in accordance with the inven 
tion. Furthermore, the fabric may be subjected to a swell 
ing process before it is used, for example with the use 
of organic solvents, e.g. those formed in the course of 
the electrochemical process. 
The fabrics used according to the invention may be 

made of pure polyacrylonitrile or of copolymers con 
taining at least 85% of bound acrylonitrile. The remain 
ing constitutents may consist of the usual components 
used for copolymerisation, e.g. vinyl acetate or methyl 
acrylate. 

It is advantageous to bring the diaphragm of poly 
acrylonitrile fabric as close to the cathode as possible. 
In a preferred form the cathode is a wire mesh and 
the polyacrylonitrile fabric is adhered to it. When used 
as diaphragms, these polyacrylonitrile fabrics are distin 
guished by great stability, ‘both as regards the constancy 
of the operating results and as regards the chemical and 
mechanical resistance. The polyacrylonitrile fabric can 
be produced very uniformly and hence provides a dia 
phragm which is uniform in its permeability over its 
whole surface. This factor also contributes to the advan 
tageous effect. 
As mentioned before it is known that abestos may be 

used as a diaphragm for the process of the invention. In 
practical use the asbestos proves to ‘be unsatisfying since 
the asbestos ?bers can be used only for a short period 
of time since the separation of the cathode chamber and 
anode chamber is insu?icient after a few days. This 
causes a recirculation between both chambers which leads 
to a formation of by-products such as glycol. 

If other diaphragm materials are used, e.g. materials 
from polyethylene or ?uor hydrocarbons the na similar 
effect is noticed since these materials are insufficient to 
withstand the mechanical stress to which they are sub 
jected. Furthermore these materials have the disadvan 
tages that they are not sufficiently wettable which is of 
importance for the passage of current. 

It was surprising that the polyacrylonitrile ?ber mate 
rials could be used for the process of the invention since 
it was to be expected that the nitrilo groups would be 
saponi?ed in the very strong alkaline medium which oc 
curs at the cathode. It has been found that very surpris~ 
ingly the diaphragms of the invention are very durable 
for long reaction times. 

Suitable ‘materials for use in the preparation of the 
ole?ne oxides are in particular gaseous Inonoole?nes such 
as ‘ethylene, propylene and butylene as well as halo 
genated monoole?nes, for example allyl chloride. Aque 
ous solutions of sodium chloride or potassium chloride 
or mixtures thereof may for example be used as elec 
trolyte. The concentration of the salts in the electrolytes 
may be, for example, 2 to 20% and preferably 3 to 15%. 
The anodes and cathodes may be rectangular and placed 
parallel to each other. The anode should preferably be 
porous so that the gaseous raw material introduced can 
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pass through the pores of the anode into the anode cham 
ber. On the other hand, the gaseous ole?nes may be in 
troduced through a frit or similar distributor means ar 
ranged below the anode. Other methods of introducing 
the ole?nes may also be employed provided they ensure 
?ne distribution of the gas in the anolyte. 
A suitable material for the anode is, for example, 

graphite, but platinum-plated titanium may also be used. 
The aqueous electrolyte is introduced into the anode 
chamber and transferred through the diaphragm and the 
cathode into the cathode chamber, the electrolyte being 
transferred at a rate of between 10 and 100 cc./min. 
through 1 square decimetre of the cathode surface. The 
catholyte leaving the cathode chamber may be freed from 
the ole?ne oxide contained in it, e.g. by distillation, and 
returned to the anode chamber, thereby completing the 
cycle. When by-products formed in the course of elec 
trolysis have accumulated to a certain concentration in 
the circulating electrolyte, it is advantageous to remove 
a part of the electrolyte from the cycle and replace it by 
fresh electrolyte. The process may be carried out e.g. 
with current densities of 2 to 50 amp/100 cm.2 of elec 
trode surface, voltages of 3.2 to 5 volts and temperatures 
of 20 to 90° C. It is advantageous to work at ordinary 
pressure but a slightly elevated pressure may be employed. 
The rate of throughput of ole?ne through the anode cham 
ber is preferably so chosen that 5 to 95% of the ole?ne 
is converted in a single passage through the chamber. 

It is also possible to arrange that the anolyte charged 
with halohydrin is reacted outside the cell with the 
catholyte to form the ole?ne oxide and that the reacted 
mixture of anolyte and catholyte is reintroduced into the 
anode and cathode chamber respectively. 
The following examples illustrate the invention: 

EXAMPLE 1 

An electrolytic cell containing a porous graphite anode 
having an area of 150 cm.2 and a wire mesh cathode of 
the same surface area arranged opposite it is used. A 
cloth of polyacrylonitrile fabric made from threads of a 
thickness of 0.2 mm. was applied to the cathode on the 
side facing the anode. The entire thickness of the cloth 
was 0.5 mm. The electrolyte was a 9.3% solution of com 
mon salt. This was passed from the anode chamber into 
the cathode chamber through the diaphragm at a rate of 
2 l. per hour. The temperature of the electrolyte was 52° 
C. The operation was carried out at ordinary pressure and 
a voltage of 3.5 volts between anode and cathode. Pro 
pylene was passed through the porous anode at the rate of 
25 l. per hour. 20% of this propylene was converted and 
80% left the anode chamber in a gaseous state. The elec 
trolyte passed through the diaphragm and the cathode, 
and the propylene chlorohydrin formed in the anode 
chamber and dissolved in the electrolyte was converted 
into propylene oxide in the cathode chamber. The catho 
lyte contained 0.35% of propylene oxide. The propylene 
oxide dissolved in the catholyte can easily be recovered 
from the electrolyte ‘by distillation before the electrolyte 
is returned to the anode chamber. 

EXAMPLE 2 

An electrolytic cell ‘having an anode of 175 cm.2 of‘ 
titanium sheet covered with a thin layer of platinum was 
used. Opposite the anode was a wire mesh cathode of the 
same surface area. On the side of the cathode facing the 
anode was applied a cloth of polyacrylonitrile fabric made 
from threads of 0.2 mm. in thickness. The total thickness 
of the cloth was 0.5 mm. In the anode chamber of the 
cell, a frit plate of ceramic material was arranged below 
the anode, through which plate the ole?ne that was to be 
reacted was introduced in a ?nely divided form into the 
anode chamber. The electrolyte was a 5% aqueous po 
tassium chloride solution. This was passed from the anode 
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4 
chamber into the cathode chamber through the diaphragm 
at the rate of 2 l. per hour. The temperature of the elec 
trolyte ‘was 52° C. Normal pressure was employed. 25 l. 
of propylene were passed per hour through the frit. 20% 
of this propylene underwent reaction and 80% left the 
anode chamber in the gaseous state. The electrolyte passed 
through the diaphragm and the cathode, and in the cathode 
chamber the propylene chlorohydrin, formed in the anode 
chamber and dissolved in the electrolyte, was converted 
into propylene oxide. The catholyte contained 0.42% of 
propylene oxide. The current yields of main products and 
by-products were as follows. 

Product: Current, percent 
Propylene oxide ________________________ __ 87.7 
1,2-dichloropropane _____________________ __ 8.0 

Propylene glycol _______________________ __ 2.0 
Propylene chlorohydrin _________________ __ 0.7 
Other organic compounds containing 

chlorine and oxygen __________________ __ 0.9 

Oxygen _______________________________ __ 0.4 

Carbon dioxide ________________________ __ 0.3 

EXAMPLE 3 

The electrolytic cell described in Example 2 was used. 
The current density was 11.1 amp./ 100 cm.2. The electro 
lyte was a 5% aqueous potassium chloride solution. This 
was passed at the rate of 4.1 per hour from the anode 
chamber to the cathode chamber through the diaphragm. 
The temperature of the electrolyte was 52° C. Ordinary 
pressure was employed. Ethylene was charged through the 
frit at the rate of 45 l. per hour. 20% of this ethylene 
was converted and 80% left the anode chamber in a 
gaseous state. The electrolyte passed through the dia 
phragm and the cathode, and the conversion of the ethyl 
ene chlorohydrin formed in the anode chamber and dis 
solved in the electrolyte into ethylene oxide took place 
in the cathode chamber. The catholyte contained 0.3% of 
ethylene oxide. 82% of the total current yield was ethyl 
ene oxide, 8% ethylene chlorohydrin and 6% dichloro 
ethane. 

EXAMPLE 4 

The electrolytic cell described in Example 2 was used 
under the experimental conditions described in Example 
3. A gaseous mixture consisting of 50% allyl chloride 
and 50% nitrogen was introduced into the anode cham 
ber through the frit at the rate of 45 l. per hour. 40% 
of the allyl chloride was converted, 60% left the anode 
chamber in the gaseous state. The electrolyte passed 
through the diaphragm and the cathode, and in the cath 
ode chamber the propylene-dichlorohydrin formed in the 
anode chamber and dissolved in the electrolyte was con 
verted into epichlorohydrin. The catholyte contained 
0.55% of epichlorohydrin and the total current yield of 
epichlorohydrin was 70% . 
What we claim is: 
1. In the process for electrochemically converting an 

ole?n to ole?n oxide in which an electric current is passed 
from a cathode to an anode through an aqueous electro 
lyte and the ole?n to be converted is introduced into 
the electrolyte adjacent the anode, the improvement which 
comprises maintaining a diaphragm of polyacrylonitrile 
?bers in the electrolyte separating the anode from the 
cathode during the electrochemical conversion. 

2. A process as claimed in claim 1 in which the thick 
ness of the fabric of the diaphragm is from 0.1 to 1.5 mm. 

3. A process as claimed in claim 2 in which said thick~ 
ness is from 0.2 to 1 mm. 

4. A process as claimed in claim 1 in which the fabric 
is shrunk before use. 

5. A process as claimed in claim 1 in which the di 
aphragm is positioned as close to the cathode as possible. 

6. A process as claimed in claim 1 in which the elec 
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trolyte is an aqueous solution of a chloride selected from 
the group consisting of sodium chloride, potassium chlo 
ride, and mixtures thereof. 

7. A process as claimed in claim 6 in Which the concen 
tration of the chloride solution is from 2 to 20%. 

8. A process as claimed in claim 7 in which said con 
centration is from 3 to 15%. 

9. A process as claimed in claim 1 in which the ole?n 
is selected from the group consisting of a gaseous mono 
ole?n and a halogenated monoole?n. 

10. A process as claimed in claim 1 in which the ole?n 
is selected from the group consisting of ethylene, propyl 
ene and butene. 
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