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This invention relates to improvements in puri 
fying alkali metal hydroxide solutions. 
When sodium or potassium hydroxide is pro 

duced by electrolysis of the corresponding chlo 
ride, and is subsequently concentrated by evapo 
ration in the usual manner, the caustic solutions 
contact with iron or other metallic surfaces and 
Consequently small quantities of ferric or other 
metal compounds are formed, some of which are 
soluble in the caustic Solutions and are conse 
quently difficult to remove. The presence of 
even small quantities of iron or other metal com 
pounds in caustic solutions is very objectionable 
When these solutions are used for certain pur 
pOSes. 

Alkali metal hydroxide solutions when pro 
duced by electrolysis of the corresponding chlo 
rides also generally contain some chlorine com 
pounds, such as the chloride, hypochlorite, or 
chlorate, of the corresponding alkali metal, and 
for certain purposes, these chlorine compounds 
are objectionable in the alkali metal hydroxides. 
One of the objects of this invention is to pro 

vide an improved process of purifying alkali 
metal hydroxide solutions for removing impuri 
ties in the form of metal compounds therefron. 
Another object of this invention is to provide a 
process for removing chlorine compounds from 
alkali metal hydroxide solutions. It is also an 
object of this invention to provide a proceSS 
whereby metallic impurities and chlorine Com 
pounds may be simultaneously removed from al 
kali metal hydroxide solutions. A further ob 
ject of this invention is to provide an improved 
process of purifying alkali metal hydroxide SO 
lutions by Subjecting the same to electrolysis. 
Other objects of this invention will appear from 
the following description and claims. 
In the accompanying drawing: 
Fig. 1 is a perspective view of an electrolytic 

cell by means of which the process embodying 
this invention may be carried out. 

Fig. 2 is a transverse Sectional elevation 
thereof. 

In accordance With my process, Subject an 
alkali metal hydroxide solution to electrolysis for 
a period of time under conditions which permit 
the removal of impurities in , the form of metal 
compounds from the solutions by depositing the 
metal to be removed on the cathode of the elec 
trolytic cell. 
ried out in any suitable or well known form of 
electrolytic cell and in the accompanying draw 
ing, I have illustrated by way of example a cell 
which may be used for this purpose, it being un 
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derstood, however, that it is not intended to lim 
it this invention for use in connection with the 
particular cell shown. This cell may be in the 
form of a vessel C, in which the solution may be 
contained while subjected to electrolysis. The 
vessel C is preferably made of iron or other suit 
able current conducting material and forms the 
cathode of the electrolytic cell. The anode may 
be in the form of one or more plates A of any 
Suitable current conducting material which does 
not become decomposed by the electrolytic action 
taking place within the cell. Platinum, for ex 
ample, may be used for this purpose, and in the 
construction shown a plurality of sheets of plati 
num A are suspended by means of suitable wires 
5 from a bus bar 6 which may be of copper or 
other current conducting material, and which is 
arranged above the top of the tank C. The ends 
of the bus bars 6 are, of course, insulated from 
the tank C in any suitable manner for example 
by means of insulating plates or devices ar 
ranged at opposite ends of the tank and upon 
which the bus bar is supported. The tank may 
have a Substantially semi-cylindrical bottom, SO 
that all parts of the tank will be equally spaced 
from the anode plates A. The tank or vessel C 
may be suitably mounted in any desired manner 
and in the construction shown, is provided with 
feet or legs 8 which preferably rest on suitable 
insulating blocks 9. O represents a valved pipe 
or conduit by means of which material may be 
admitted to or discharged from the tank or 
container C. 
In the carrying out of my process, a quantity 

of alkali metal hydroxide solution may be placed 
into the tank as indicated in Fig. 2 and current 
may be supplied to the cell by suitable conduc 
tors and 2. The positive conductor if is con 
nected to the bus bar 6 on which the anode 
plates are suspended and the negative conductor 
connects with the cathode or vessel C. 
Current is supplied to the electrolytic cell at a 

voltage in excess of the polarization voltage of 
the iron or other metal compounds which are 
contained as impurities in the alkali metal hy 
droxide solution. Generally in caustic Soda or 
potash solutions, iron is present in the forms 
of sodium or potassium ferrate or ferrite, which 
are soluble in concentrated solutions of caustic 
potash or soda. The fact that these materials 
are soluble has heretofore made it difficult to 
remove them economically from the hydroxide 
solutions. In addition to iron compounds, other 
metallic impurities equally well may be removed 

metal hydroxide Solutions. 



2 
Among the metallic impurities which are SOme 
times found in hydroxide solutions and which 
may be removed by my process are aluminum 
and manganese compounds. 
In accordance with my invention, the metal 

compounds present as impurities in the caustic 
potash or soda solutions are removed by a de 
posit of the iron or other metal on the cathode 
or vessel C and by the liberation of oxygen at 
the anode plates. The reaction which takes 
place in the electrolytic cell is probably a double 
one due to the fact that the voltage necessary for 
the decomposition of the metal compounds to be 
removed is higher than the polarization voltage 
of caustic potash or soda in Solution. This fact 
probably results, in the case of iron compounds, 
in a reaction in which the potassium or Sodium 
ferrate or ferrite is initially broken up into potas 
sium or sodium, liberated at the cathode and 
ferric oxide which takes on a negative charge. 
The alkali metal immediately reacts with the 
water in the solution to form alkali metal hy 
droxide. This negative charge of the ferric oxide 
is changed to a positive charge by hydrogen or 
oxygen released through the disassociation of 
caustic soda, or potash, and this causes the iron 
to be deposited at the cathode after this OXi 
dation has taken place. Similar reactions prob 
ably take place when other metal compounds 
are present as impurities in alkali metal hydrox 
ide solutions under treatment according to my 
process. Regardless of theories as to the nature 
of the reaction, it has been found by actual use 
of this invention that iron and other metals pres 
ent in the solution as impurities are deposited 
upon the cathode and that after a period of 
treatment, the caustic solution can be freed of 
all detectable traces of iron. The electrolytic 
action also has the property of preventing the 
hydroxide solution from attacking the iron of 
the Wessel or Cathode. 
During the treatment of the alkali metal hy 

droxide solution in the electrolytic cell to re 
move metallic impurities from the Solution, an 
other reaction takes place which also helps to 
purify the Solution. Because of the nature of 
the electrolytic cells in which the brine solu 
tions are broken up by electrolysis to produce 
alkali metal hydroxides, some chlorine com 
pounds are generally present in the hydroxide 
solutions. These compounds may be in the form 
of chlorides or hypochlorites of the alkali metal, 
which are readily soluble in the alkali metal hy 
droxide Solutions, and consequently difficult to 
remove. I have found that by treating alkali 
metal hydroxide solutions in accordance With 
this process, any chlorides and hypochlorites of 
the alkali metal are converted into chlorates, 
probably due to the presence of nascent oxygen 
resulting from the decomposition of the metallic 
inapurities or the alkali metal hydroxide solution. 
The chlorates may also be changed into perchlo 
rates. Both of these chlorates are only very 
slightly soluble in an alkali metal hydroxide solu 
tion at room temperatures, and consequently, will 
precipitate or settle out of the solution at normal 
atmospheric temperatures to a very large degree 
and can be practically completely removed from 
the solution by moderately cooling the alkali 
metal hydroxide solution slightly below room 
temperatures, for example, to about 50 F. The 
alkali metal hydroxide solution can then be 
drawn off from the precipitate or otherwise sepa 
rated from the insoluble chlorates. 
During electrolysis of the alkali metal hydrox 
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2,270,876 
ide solutions in accordance with this process, a 
considerable amount of water is decomposed and 
consequently my improved process also results in 
a concentration of the solution to some extent. 
As has been stated, the voltages and current 

densities under which my improved process may 
be carried out may vary considerably. By Way 
of example, if the tank C be made of a size to 
contain approximately 900 gallons of alkali metal 
hydroxide solution, by subjecting the solution in 
the electrolytic cell shown to a current of about 
seven volts, it is found that a current density at 
the anode of about .625 ampere per square inch 
results. Under such conditions, if the electrol 
ysis is carried out for a period of about forty 
eight hours, the iron or other metal compounds 
present in the solution as impurities are removed 
to Such an extent that no traces of them can be 
found by analysis, and furthermore, the chlorine 
compounds are to a large measure converted in 
to insoluble chlorates which can be separated 
from the solution by crystallization. Further 
more, the electrolysis results in a concentration 
of the solution by approximately 4%. It is, of 
course, not intended to limit this invention to the 
particular example given, since wide variations in 
Voltage and current density can be employed so 
long as the voltage employed is at least equal to 
the polarization voltage of the metal compounds 
which are to be removed from the Solution. 
The term “metallic impurities' as herein used 

is intended to include such metal compounds 
other than alkali metal compounds which may 
be present in alkali metal hydroxide solutions, 
particularly compounds of iron, manganese and 
aluminum. 

I claim as my invention: 
1. A process of removing dissolved chlorine 

compounds from an alkali metal hydroxide Solu 
tion containing the same, which includes sub 
jecting said Solution to electrolysis at a voltage in 
excess of the polarization voltage of the alkali 
metal hydroxide solution to liberate oxygen, re 
acting on said chlorine compounds with said oxy 
gen to form chlorates which are substantially in 
Soluble in said Solution, and separating said chlo 
rates from said solution. 

2. A process of removing from an alkali metal 
hydroxide solution chlorides and hypochlorites 
dissolved therein, which includes subjecting said 
Solution to electrolysis to liberate oxygen, react 
ing on said soluble chlorides and hypochlorites 
with said oxygen to produce chlorates which are 
Substantially insoluble in said solution and re 
moving the Crystallized chlorates from said solu 
tion. 

3. A process of removing dissolved chlorine 
Compounds from an alkali metal hydroxide solu 
tion containing the same, which includes sub 
jecting said solution to electrolysis to liberate 
Oxygen, reacting on said chlorine compounds 
with said oxygen to form chlorates, cooling the 
solution to cause crystallization of said chlorates, 
and Separating said chlorates from said solution. 

4. A process of purifying alkali metal hydrox 
ide solutions which includes subjecting a solution 
of alkali metal hydroxide containing metallic im 
purities and chlorine compounds to electrolysis 
at a voltage in excess of the polarization voltage 
of the alkali metal hydroxide solution, depositing 
metallic impurities on the cathode and liber 
ating oxygen at the anode, reacting on chlorides 
and hypochlorites contained in said solution with 
said oxygen to form chlorates which are substan 
tially insoluble in said hydroxide solution, and 
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separating said undissolved chlorates from said 
Solution. - 

5. A process of removing metallic impurities 
and chlorine compounds from an alkali metal 
hydroxide solution, which includes subjecting 
said solution to electrolysis at a voltage in excess 
of the polarization voltage of the alkali metal 
hydroxide solution, depositing the metal constit 
uents of said impurities on the cathode, liber 
ating oxygen by said electrolysis, oxidizing, said 
chlorine compounds to form substantially insolu 
ble chlorates, and separating said chlorates from 
said solution. 

6. A process of removing metallic impurities 
and chlorine compounds from an alkali metal 
hydroxide solution, which includes subjecting 
said solution to electrolysis at a voltage in excess 
of the polarization voltage of the alkali metal hy 
droxide solution, depositing the metal constitu 
ents of said impurities on the cathode, liberating 
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oxygen by said electrolysis, oxidizing said chlo 
rine compounds to form chlorates, cooling said 
solution to crystallize said chlorates, and sepa 
rating said chlorates from said solution. 

7. A process of purifying an alkali metal hy 
droxide solution, which comprises subjecting said 
Solution to electrolysis by introducing an elec 
tric current into said solution through an anode 
which is unattacked by said solution during elec 
trolysis and at a voltage sufficient to decompose 
Water, liberating nascent oxygen at said anode 
during the electrolysis, and reacting on dissolved 
impurities in said solution with said oxygen to 
form Substantially insoluble crystalline com 
pounds, and removing undissolved crystalline 
compounds from said solution. 

8, A process of purifying and concentrating al 
kali metal hydroxide solutions which includes 
Subjecting a solution of an alkali metal hydrox 
ide containing alkali metal ferrites and ferrates 
and chlorine compounds in solution to electrol 
ysis at a voltage at least equal to the polarization 
voltage of said iron compounds, by introducing 
an electric current into said solution through an 
anode which is unattacked by said solution dur 
ing electrolysis, depositing iron on the cathode, 
decomposing water of said solution and discharg 
ing hydrogen and oxygen from the electrodes, 
reacting on chlorides and hypochlorites con 
tained in said solution with some of the oxygen 
resulting from said decomposition of water to 
form chlorates which are substantially insolu 
ble in said hydroxide solution, and separating un 
dissolved crystalline chlorates from said solution. 

9. A process of removing alkali metal Com 
pounds of metallic impurities electrolytically 
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from solutions of alkali metal hydroxides, said 
process including Subjecting the solution to elec 
trolysis at a voltage in excess of the polarization 
voltage of the alkali metal hydroxide solution, 
electrolytically depositing on the cathode the al 
kali metal of alkali metal compounds of said 
metallic impurities, to reduce said impurities to 
the oxides of said metal impurities, changing the 
negative charge of said impurities to a positive 
charge, and depositing the metal impurities elec 
trolytically on the cathode. 

10. A process of removing alkali metal com 
pounds of metallic impurities electrolytically 
from solutions of alkali metal hydroxides, said 
process including subjecting the solution to elec 
trolysis at a voltage in excess of the polarization 
voltage of the alkali metal hydroxide solution, 
electrolytically depositing on the cathode the 
alkali metal of alkali metal compounds of said 
metallic impurities, to reduce said impurities to 
the oxides of the metal impurities, simultaneous 
ly liberating hydrogen gas and oxygen gas from 
said hydroxide Solution, reacting on said metallic 
oxide impurities with a liberated gas to change 
the negative charge of said oxide to a positive 
charge, and depositing the metal of said posi 
tively charged metal oxide impurity at the cath 
Ode. 

11. A process of removing alkali metal ferrates 
and ferrites electrolytically from solutions of al 
kali metal hydroxides, including subjecting an 
alkali metal hydroxide solution to electrolysis 
at a voltage in excess of the polarization volt 
age of the alkali metal hydroxide solution, elec 
trolytically breaking up the alkali metal ferrates 
and ferrites by depositing the alkali metal of said 
ferrates and ferrites at the cathode, forming a 
hydroxide of said alkali metal at the cathode, 
changing the polarity of the iron oxides resulting 
from said deposit of Said alkali metal on said 
cathode from a negative charge to a positive 
charge, and depositing iron from said oxides 
electrolytically on the cathode. 

12. A method of treating an alkali metal hy 
droxide solution produced by electrolysis of an 
alkali metal salt solution and containing chlo 
ride impurities, which method includes subject 
ing said alkali metal hydroxide solution to elec 
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trolysis at a voltage sufficient to decompose wa 
ter, reacting on chloride impurities contained in 
said solution with oxygen produced by electrol 
ysis to form chlorine compounds which are sub 
stantially insoluble in said solution, said solution 
being concentrated by the decomposition of wa 
ter of said solution. 

EDWARD THORNDIKELADD. 

  


