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ABSTRACT: Production of adiponitrile by direct elec 
trochemical hydrodimerization of acrylonitrile in a medium 
which contains acrylonitrile, and electrolyte salt, water and, if 
desired, a solvent at a temperature of from 10° to 60°C. and a 
pH value of from 1 to 10 using liquid-impermeable electrodes. 
The medium is passed through the pairs of electrodes which 
are 0.05 to 2 mm. apart. Adiponitrile is an important inter 
mediate for synthetic fiber manufacture. 
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1. 

PRODUCTION OF ADIPONTRLE 
The present invention relates to a process for the produc 

tion of adiponitrile by electrochemical hydrodimerization of 
acrylonitrile, 
The production of adiponitrile by electrochemical 

hydrodimerization of acrylonitrile according to the empirical 
equation: 
2CH CH-CN-2H,0+2(-) NC-(CH)CN+20H 

is of great practical interest because the desired substance is 
obtained direct from an easily accessible starting material. In 
recent years quite a number of methods for carrying out this 
reaction have become known, for example direct electrolysis 
is a cell divided by diaphragms or in undivided cells or by in 
direct electrolysis by reaction of acrylonitrile with alkali metal 
amalgam and electrolytic production of the alkali metal amal 
gam. Undivided cells have the advantage over cells divided by 
diaphragms or being easier to operate industrially and of sim 
plicity in design. The amalgam method has the disadvantage 
that it is carried out in two stages and that large amounts of in 
organic salts are formed. 
A number of methods for electrochemical hydrodimeriza 

tion of acrylonitrile in undivided cells are known. In the 
method described in J. Electrochem. Soc., l l 1, 215 (1964), 
(1964), however, considerable anodic degradation is ob 
served of the organic salts which are used in high concentra 
tion. 

it is known from Belgian Pat. Specification No. 683,934 
that one or more pairs of liquid-permeable electrodes whose 
electrodes are only a short distance apart and which can be set 
in vibration can be used for electrochemical hydrodimeriza 
tion. This method enables the electrolysis to be carried out at 
industrially adequate current densities with only low concen 
trations of quaternary ammonium salts so that anodic 
degradation of the electrolytes is very slight. The method is 
however relatively expensive in terms of equipment. 

In Belgian Pat. Specification No. 684,436 it is disclosed that 
electrolysis can be carried out in a conventional undivided cell 
using graphite cathodes in the presence of high concentrations 
of alkali metal phosphates and small additions of quaternary 
ammonium salts. In this method the reaction mixture which is 
present as an emulsion has to be circulated very rapidly. 
Moreover the current/potential values are very unfavorable. 

It is known from Dutch Pat. Application No. 6704 123 that 
for the electrochemical hydrodimerization of acrylonitrile in 
undivided cells, reaction mixtures can be used which contain 
high concentrations of salts such as sodium perchlorate or 
potassium thiocyanate and high concentrations of aprotic sol 
vents such as dimethylformamide or dimethylsulfoxide. Our 
own experiments have shown that these solvents are however 
appreciably degraded anodically at the high concentrations 
used. 

It is an object of the present invention to provide a process 
for the electrochemical hydrodimerization of acrylonitrile 
which gives adiponitrile in very high yields and excellent puri 
ty. Another object of the invention is to provide a process of 
fering high space-time yields even at low current densities, 

In accordance with this invention these and other objects 
and advantages of the invention are achieved in a process for 
the production of adiponitrile by direct electrochemical 
hydrodimerization of acrylonitrile in a medium which contains 
acrylonitrile, an electrolyte salt, water and, if desired, a sol 
vent at a temperature of from 10 to 60° C. and a pH value of 
from 1 to 10 using liquid-impermeable electrodes which com 
prises moving the medium through one or more pairs of elec 
trodes which are 0.05 to 2 mm. apart and may be separated by 
liquid-permeable insulators, 
The low current densities which may be used in the new 

process result in very favorably cell potentials even at low con 
centrations of electrolyte salt, for example at concentrations 
of about 1 percent by weight. 

Starting materials, auxiliaries and reaction conditions do 
not differ from those of prior methods. 
An electrolysis mixture is generally used which contains 

from 10 to 90 percent by weight, advantageously from 15 to 
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65 percent by weight, of acrylonitrile. A mixture having a con 
tent of from 20 to 35 percent by weight of acrylonitrile may be 
used with particular advantage. 
Water is used as a proton donor, usually in a concentration 

of from 3 to 40 percent by weight; higher or lower water con 
tents may however be used, for example down to 1 percent or 
up to 94 percent by weight. It is advantageous to use mixtures 
which from a homogeneous liquid phase. Both acrylonitrile 
solutions in water and solutions of water in acrylonitrile may 
be used. Although the reaction may be carried out without a 
solvent or diluent, it may be advantageous to use polar sol 
vents in order to set up specific concentrations of acrylonitrile 
and water in the mixture. Such solvents may either be inert 
may to some extent undergo change during the reaction and 
they may also themselves act as proton donors. The following 
are particularly suitable as solvents: lower aliphatic alcohols 
such as methanol, ethanol, butanol and preferably 
isopropanol; acetonitrile; ethers which are wholly or partly 
miscible with water such as tetrahydrofuran, dioxane and 
glycol monomethyl ether; or open or cyclic amides or lower 
carboxylic acids which may be substituted by alkyl or dialkyl 
on the nitrogen atom, for example formamide, monomethyl 
formamide, dimethylformamide, dimethylacetamide, 
diethylacetamide, N-methylpyrrolidone, or also the end 
product adiponitrile. When solvents or diluents are used they 
are generally used in concentration of from 5 to 40 percent by weight. 

It is advantageous to add to the electrolysis mixture a small 
amount of a substance which is more easily oxidized anodi 
cally than the electrolyte salt, acrylonitrile or adiponitrile. 
Anodic oxidation of the starting material or reaction product 
which occurs as a secondary reaction and results in loss of 
yield is suppressed by such an addition. Examples of suitable 
substances are lower alcohols, particularly methanol, and 
lower aldehydes. The substance which is more easily oxidized 
is advantageously added to the reaction mixture in an amount 
of from 5 to 30 percent by weight. If the whole of the oxygen 
normally formed in the reaction was to be used up for oxida 
tion of methanol, about 100 g of methanol per kg of 
adiponitrile would be required. 

it is preferred to use quaternary ammonium salts of certain 
acids, preferably in concentrations of less than 5 percent by 
weight, as electrolyte salts. The salt may however be used in 
higher concentrations, for example up to 20 percent by 
weight. The cations of the salts have a very negative discharge 
potential. Those anions are particularly suitable which are 
only difficulty oxidizable or not at all, for example monoalkyl 
sulfates, sulfates, fluorides, tetrafluoroborates, fluorosul 
fonates, toluene sulfonates and benzene sulfonates. It is 
preferred to use tetramethylammonium and tetraethylam 
monium salts, particularly of ethyl sulfate and p-toluene sul 
fonate. Other salts which have proved to be suitable are for ex 
ample triethylmethylammonium methyl sulfate, bis 
tetraethylammonium sulfate, bis-tetrabutylammonium sulfate, 
tetramethylammonium methyl sulfate and tetramethylam 
monium fluorosulfate. Mixtures of salts may also be used, 
sometimes with advantage. 

Materials which do not pass into solution anodically under 
electrolysis conditions, for example platinum in the form of 
platinized titanium or in the form of platinum foil which has 
been struck by means of a conducting adhesive to graphite are 
suitable as anodes. Coatings of lead dioxide which may be ap 
plied to conducting materials such as graphite, nickel or titani 
um, for example in a thickness of from 20 to 200 microns, are 
particularly advantageous owing to their favorable price and 
high resistance in electrolytes containing acrylonitrile. A 
completely smooth and level anode surface can be prepared 
on lead dioxide by polishing with carborundum powder. Other 
suitable anodes consist of magnetite, graphite or gold. 
The cathode surface generally consists of lead, amalga 

mated lead, copper, electrolytically amalgamated copper, 
silver, amalgamated silver and preferably of graphite or 
plastics-bonded graphite. 
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The process according to the invention may be carried out 
advantageously when the anodes consist of lead dioxide and 
the cathodes of graphite. When using these electrodes the 
electrode arrangement to be used according to the invention is 
surprisingly insensitive to short circuits, in that the potential 
does not collapse upon slight contact of the electrodes. 

It is an essential feature of the process according to the in 
vention that in each electrode pair to be used the electrodes 
are 0.05 to 2 mm. apart, preferably from 0.1 to 0.5 mm. Such 
a small gap may be provided most simply by using plate elec 
trodes having the smoothest possible surface. Electrodes hav 
ing other shapes may however be used, for example pairs of 
concentric cylindrical electrodes. It is not expedient to use 
gaps smaller than 0.05 mm. because the risk of contact is ap 
preciable with smaller gaps and the residence time of the elec 
trolytes in the capillary gap is too long. 
The reaction mixture is advantageously moved through in 

the form of a capillary flow between the anode and cathode. It 
is also possible however to pass the reaction mixture at such a 
rate between the electrodes that conveyance takes place in the 
form of a turbulent flow. 
The yield of adiponitrile is generally more or less indepen 

dent of the pH at values between 1 and 10. The addition of 
acids or bases during electrolysis for controlling the pH is 
therefore usually unnecessary. When carbon dioxide or boron 
trifluoride is added during electrolysis to the reaction mixture, 
a certain increase in yield is however obtained. These gaseous 
substances are advantageously added in an amount of from 
0.5 to 10 ml. perminute per ampere. 
Temperatures generally of from 10 to 60, preferably from 

20 to 50° C., particularly from 25 to 40°C., are used for the 
electrolysis. 

It is advantageous to carry out the process according to the 
invention at current densities of from 1 to 30 amperes per 
square decimeter, preferably from 3 to 10 a.fdm. Cell poten 
tials of from 3.8 to 6 volts are generally necessary to set up 
these current densities. 
Conversion of the acrylonitrile used is from 10 to 80 per 

cent. Electrolysis can be carried out batchwise or continu 
ously. The continuous method may be carried out by allowing 
the reaction mixture to circulate and after attainment of the 
desired conversion keeping this constant by metering in fresh 
reaction mixture with simultaneous withdrawal of reacted 
mixture from the cell. 
An apparatus for carrying out the process according to the 

invention is shown diagrammatically in FIGS. and 1a of the 
drawings. A plurality of flat plate bipolar electrodes 1 are con 
nected in series. The plates having a thickness of for example 
from 5 to 20 mm. may be consist for example of graphite, and 
the anode side can be coated with lead dioxide. The cathode 
side may be coated with lead or with copper in pure or amal 
gamated form. The electrodes have a slightly trapezoidal 
shape so that they have liquid tight contact with the sidewalls 
of the tank 2. The current leads 3 are connected to the end 
plates. To maintain a uniform spacing between the plates, 
small strips 4 of insulating material, for example plastic film, 
such as polyester film, may be arranged between the plates 
parallel to the flow. The thickness of the strips depends on the 
desired gap and may be from 0.05 to 2 mm. An offgas pipe 6 
passes through cover 5 of the cell. The reaction mixture sup 
plied through feed line 7 is moved through the pairs of elec 
trodes, leaves the cell through a discharge i5 and is circulated 
by means if a centrifugal pump 8, passing through a heat 
exchanger9 and a flowmeter 10, For continuous operation the 
cell is also fitted with an inlet 11 for fresh reaction solution 
and an outlet 12 for partly reacted mixture. The pH is mea 
sured at 13 and the temperature at 14. The process makes 
possible the use of low concentrations of salt. Particularly at 
ow concentrations of salt the discharge is very easy to 
process. It may be carried out for example by removing the 
components of low boiling point, namely unreacted 
acrylonitrile, any solvent present, propionitrile and water in a 
film evaporator. High-boiling components (adiponitrile and 
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4. 
cyanoethylation products of water and of the alcohol, if any 
are separated for example by fractional distillation. Oligomer 
ic acrylonitrile and salt remain as residue. 
The following examples will further illustrate the invention. 

In the examples: PN-propionitrile; AN=adiponitrile; 
CEE-biscyanodiethyl ether; HPN=3-hydroxypropionitrile; 
SN-succinonitrile; BPeother byproducts; R=residue; 
TEAES-tetraethylammonium ethyl sulfate. 

Yields are all given in percent with reference to acrylonitrile 
reacted. 

EXAMPLE 1 

Electrolysis is carried out in an apparatus as shown diagram 
matically in FIGS. 2 and 2a. 
The cell is built up from circular graphite discs it having a 

diameter of 17 mm. and a thickness of 10 mm. which have a 
central bore having a diameter of 30 mm. The area of the elec 
trode is exactly 1 square decimeter. The arrangement is 
located in a glass cell 2. The terminals are connected by leads 
3 with a source of direct current. Between each pair of elec 
trodes there are provided four small strips 4 of polyester film 
having a thickness of 0.2 mm. An offgas pipe 6 passes through 
the cover 5. The reaction solution is pumped through a feed 
line 7 by means of a circulating pump 8 into the cavity of the 
electrode system, flows through the capillary gaps and returns 
over a cooler 9 and a flow meter 10. The pH and temperature 
of the circulated mixture are measured with a glass electrode 
13 and a thermometer 14. The anode side of each graphite 
disc is covered with a layer of lead dioxide having a thickness 
of 190 microns which has been applied by electrolytic deposi 
tion from nitric acid lead nitrate solution at 65 C. and a cur 
rent density of 2 a.fdn. Both sides of each graphite disc are 
ground completely flat with fine carborundum powder. 
At the beginning of electrolysis 1,000 g. of a mixture of 55 

percent by weight of acrylonitrile, 28 percent by weight of 
isopropanol, 16 percent by weight of water and 1 percent by 
weight of TEAES is introduced into the cell. Electrolysis of 
the recirculating reaction mixture is carried out at 10 am 
peres, i.e. 10 a.fdm”. The temperature is kept at 30° C. by 
water cooling. A potential of 23.4 volts is set up at the six pairs 
of bipolar electrodes, equivalent to an average individual 
potential of 3.9 volts. After 1 hour and 23 minutes, i.e. 83.4 
ampere hours, and a theoretical conversion of acrylonitrile of 
30 percent the electrolysis is discontinued. The reaction mix 
ture is clear and colored quite pale yellow. The pH value if 3.5 
during electrolysis, 
The product worked up by distillation of the low-boiling 

components in a film evaporator followed by distillation of the 
high-boiling components at subatmospheric pressure. Analysis 
for sulfur and nitrogen are carried out in the residue and the 
content of oligomeric acrylonitrile is calculated therefrom; the 
PN is determined by gas chromatography in the low-boiling 
fraction and the AN, CEE, HPN, SN and BP in the high-boil 
ing fraction. 
The yields, together with three other experiments with 

lower salt concentrations are given in table 1. CS=concentra 
tion of salt in percent. 
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TABLE 

Current 
efficiency 

Yield (percent) (percent) w 

CS AN PN CEE+HPN SN BP R AN PN (volts 
1.0.... 8i. 1.4 2 0, 3 , , 4 80 3. 3. 
0.75- 82,2 0.6 0, 0,3 ... O 4.2 80 4.3 
i),50 8, , ) 1.0 0, 2 1.8 2. O. Sl ... 5 
0.25. 88, 0, 8 0.8 . . 0.8 . 80 5. 

When electrolysis is carried out for comparison under the 
same reaction conditions as in experiment 1 using the vibrat 
ing cell (electrode gap also 0.2 mm.) described in Belgian Pat. 
Specification No. 683,934 a cell potential of 4.5 volts (as com 
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pared with 3.9 volts in the present example) is necessary to set 
up the current density. 

EXAMPLE 2 

The reaction is carried out in the cell described in example 5 
1 under the conditions specified therein but with the dif 
ference that the pH is kept at a value between 1 and 8 during 
the electrolysis by adding 1.6 M of tetramethylammonium 
hydroxide solution or concentrated sulfuric acid. The concen 
tration of salt is 0.75 percent by weight. The results are col 
lected in table 2. 

O 

TABLE 2 

Current 15 
efficiency 

Yield (percent) (percent) V 

AN PN CEE+HPN sn BP RAN PN (volts 
80, 6 1 4 0.5 - 0 1 2 15.3 75 2 
82.2 0.8 0. 5 13 0.8 1. 4. 78 2 
82.7 0.7 0.5 0,5 .9 3.7 80 2 
82.2 0.6 0.7 0.3 1.9 14.2 80 
8. 0.3 0.6 0.3 1.7 12.0 82 1 
8.3 0.5 O. : 0.0 . 8 16.0 80 1. 
8.7 0.6 0.4 0.0 1.9 15.4 80 
84.7 0.3 0.3 0.3 0. 6 13.8 80 1. 

With only 0.5% of salt. 

EXAMPLE 3 

The reaction is carried out in a cell as described in example 
under the conditions therein specified but at different cur 

rent densities. The concentration of salt is 0.75 percent by 
weight. The results obtained are collected in table 3 where j is 
measured in amperes per square decimeter. 

35 
TABLE 3 

Current 
efficiency 

Yield (percent) (percent) w 

ANPN cee HPN sn BP R AN PN (volts 40 
5- - - - - 85.7, 0.3 0.3 0.3 2.0 ll. 4 80 3.8 
----- 85.3 l.2 1.5 0.7 .. 8 9.5 8. 2 4.0 

10---- 82.2 0.6 0.7 0.3 l.9 14.2 80 l 4.3 
3---. 83.6 0.9 9 O. 4 34 9.8 8. 2 4, 8 
20. --- 80.4 0.3 2.3 0.0 2.7 14.3 80 1 5.5 

45 

EXAMPLE 4 

The reaction is carried out in the cell described in example 
1 under the conditions described therein but with higher con 
versions. The concentration of salt is 0.75 percent by weight. 
The results are collected in table 4 - 
TCC=atheoretical current conversion in percent. 

55 

TABLE 4 

Current 
efficiency 

Yield (percent) (percent) W 60 
TCC AN PN CEE--HPN SN BP R AN PN (volts 

30--- 82.2 0.6 0.7 0.3 9. 14.2 80 4.3 
40---- 80. 6 1.2 .5 0.3 1.9 14, 5 83 2 4.5 
50--- 82.5 1.8 0.6 0.2 2.0 12.9 80 3 4.3 
60---- 82.0 2.4 0.6 0.2 2.4 12.6 78 4 4.5 
70---- 80, l i. 3 0, 6 0.3 2.8 11.9 70 7 4.2 65 

EXAMPLE5 

The reaction is carried out in the cell described in example 70 
1 under the conditions specified therein but using other 
cathodes. The metals used are applied direct to the graphite 
by electrolytic deposition in a layer thickness of 100 microns. 
Amalgamation takes place in the case of lead by treatment 
with a nitric acid solution of mercury(II) nitrate and in the 75 
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6 
case of copper by electrolytic deposition from a sulfuric acid 
solution of mercury(II) sulfate. The concentration of salt is 
0.75 percent by weight and the current density is 7 amperes 
per square decimeter. The results are collected in table 5. In 
the table: 
Cat-cathode 
A=scraped lead 
B=amalgamated lead 
C=amalgamated copper 
DFA graphite-filled phenol-formaldehyde resin known under 
the registered trademark Bascodur. 

TABLE 5 

Current 
efficiency 

Yield (percent) (percent) v 

Ca AN PN CEE--HPN SN BP R AN PN (volts 
A - - - - 83.8 2.0 - -- 0, 3 2.3 11, 6 80 4. 4.2 

- 8.0 2.4 6 0, 3 4. , 6 82 5 4. 
- 80, l 9.8 -------. 0.4 3.9 5.8 64 16 4.0 

... --- 83.6 i. 3 0.3 ------ 2.3 12.5 76 2 4.2 

EXAMPLE 6 

The reaction is carried out in the cell described in example 
1 under the conditions specified therein, but during electroly 
sis carbon dioxide is passed at a rate of 20 ml. per minute or 
boron trifluoride at a rate of 5 ml. per minute is passed into the 
reaction mixture at the lower end of the cooler in FIG. 2. The 
concentration of salt is 0.75 percent by weight. The yield of 
AN can thus be raised to 86.8 percent and 87.5 percent, 
respectively, at current efficiencies of 80 percent and 82 per 
cent. 

EXAMPLE 7. 

In a cell as described in example 1 at the beginning of the 
electrolysis 1,000 g. of a mixture of 25 percent by weight of 
acrylonitrile, 30 percent by weight of acetonitrile, 28.5 by 
weight of isopropanol, 16 percent by weight of water, 0.35 
percent by weight of TEAES and 0.15 percent by weight of 
tramethylammonium methyl sulfate is fed in. Electrolysis is 
carried out at 7amperes (=7 a./dm ), 30° C. and a pH of about 
3. During the electrolysis, nothing is added to control the pH. 
The cell potential per pair of electrodes is 4.3 volts. After 1 
hour 48.5 minutes, (i.e. 75.9 ampere hours and a theoretical 
current conversion of acrylonitrile of 60 percent) the electrol 
ysis is discontinued. The discharge from the electrolysis is 
quite clear and pale yellow in color. After conventional distil 
lation the following yields are determined: 

Yields with reference to acrylonitrile reacted: 

AN 92.09. 
PN 4.5% 
CEE 
HPN 
SN 
BP 1,79. 
R 1.8% 

Current efficiencies: PS 
AN 82.0% 
PN 8.0% 

Energy yield: 

2.6 kwh. per kg. of AN 
We claim: 
1. In a process for the production of adiponitrile in an elec 

trolytic cell undivided by diaphragms by direct electrochemi 
cal hydrodimerization of acrylonitrile in a medium which con 
tains acrylonitrile, an electrolyte salt, water and, if desired, a 
solvent at a temperature of from 10 to 60° C. and a pH value 
of from 1 to 10 using at least one pair of liquid-impermeable 
electrodes, the improvement which comprises: passing the 
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medium in the form of a capillary flow through a uniform area 3. A process as in claim 1 wherein a plurality of pairs of 
separating the anode and cathode of said paired electrodes, electrodes is used. 
said electrodes being for 0.05 to 2 apart. 4. A process as in claim 1 wherein in each electrode pair the 

2. A process as in claim 1 wherein the electrodes of each anode consists of lead dioxide and the cathode consists of gra 
pair are separated by a liquid-permeable insulator. 5 phite. 
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Patent No. 3,616, 32O Dated October 26, 197l 

Inventor(s) Fritz Beck and Hans Leitner 

It is certified that error appears in the above-identified patent 
and that said Letters Patent are hereby corrected as shown below: 

- First page, left-hand column, seventh line, "Amlin-' should 
read -- Anilin - - -. 

Column l, line 8, "2CH2 CH-CN+2H2O+2 (-) NC-(CH2)CN+2OH" 
should read -- 2CH2=CH-CN-I-2H2O+2(-)->NC-(CH2)CN+2OH --; 
line 24, delete "(1964)"; line 69, "favorably" should read 
-- favorable --. 

Column 2, line 8, "from' should read -- form - -; line l3, 
"inert" should read -- inert or --; line 63, "struck" should 
read -- Stuck --. 

Column 4, line 23, "off gas pipe" should read -- offgas gap pipe 

Column 6, line 39, "28.5" should read -- 28.5 percent --. 

Column 7, line 3, Claim l, '2 apart" should read -- 2 mm. apart 

Signed and sealed this 9th day of May 1972. 

(SEAL) 
Attest : 

EDWARD M.FLETCHER, JR. ROBERT GOTTSCHALK 
Attesting Officer Commissioner of Patents 


