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This invention is for improvements in or relat 
ing to the preparation of chromic acid and 
Sparingly Soluble chromates and is concerned 
With the type of process in which a solution is sub 
mitted to electrolysis and the Solution in the 
neighbourhood of the anode can be isolated from 
that in the neighbourhood of the cathode. 
The objects of the invention are, inter alia, the 

production from crude materials of solutions of 
chromic acid and of Sparingly soluble chromates 
free from hydrochloric, sulphuric and nitric acids 
and their Salts and which shall in consequence, be 
Suitable for use as anti-corrosion agents. 

It is known that sparingly soluble chromates 
are useful as inhibitors of corrosion in metals. 
For this purpose it has been found necessary that 
these chromates shall be substantially free from 
certain impurities such as chlorides, Sulphates 
and nitrates with which even the purest mate 
rials hitherto on the market have been found to 
be contaminated and which are themselves pro 
motors of corrosion, whereas other impurities 
such as oxides of the respective metals are inert. 
The present invention provides a process which 
enables chronates to be made from Crude mate 
rials and While the products are not necessarily 
chemically pure, they are free from those im 
purities which interfere with their anti-corro 
sive action. 

It has been proposed hitherto to carry out the 
electrolysis of an alkali carbonate or hydroxide 
using a chromium alloy such as ferrochrome as 
an anode, whereby the alkali chromate is formed, 
and also to continue the electrolysis until there is 
a complete transformation of the neutral alkali 
chromate into bichromate. In the process of the 
present invention the electrolysis is carried on 
still further, and, according to whether the metal 
of the anode is a chromium alloy or another metal, 
there is formed in the electrolyte chromic acid 
and/or a salt of chromic acid. 

It has also been proposed to prepare salts of 
heavy metals, including chromates, thereof, by 
employing the Said heavy metals (for example, 
lead) in an electrolyte containing in addition to 
the required salt, such as a chromate, a dissolving 
constituent such as a chlorate. In the process of 
the present invention, the dissolving constituent 
is not employed and is highly undesirable as 
tending to introduce impurities which it is an 
object of this invention to avoid. 
The present invention is for a process for pre 

paring chromic acid and/or metallic chromates 
which comprises submitting to electrolysis an 
aqueous solution of a chromate (for example, 
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Sodium bichromate) without the addition of salts 
of other acids and continuing the electrolysis 
until there is present in the electrolyte an amount 
of chromic acid above that required to form the 
alkali bichromate or alternatively, a salt of 
chronic acid with the metal of the anode. 
In One form the invention is directed to the 

preparation of chronic acid, in which case the 
metal Selected as anode is chromium or a chro 
mium alloy, or a chromium-containing material, 
and chromic acid is separated from the solution 
obtained. Where a chromium alloy is employed 
a suitable alloy is ferrochrome, and for the pur 
pose of the invention the ferrochrome ordinarily 
sold for the purpose of Steel making is suitable. 
The price of ferrochrome, however, depends large 
ly upon the carbon content, but for the purpose of 
the invention the carbon content is immaterial, 
so that the low grade alloy containing 60-70% 
chromium and up to 10% carbon is suitable. 
Other chromium alloys or materials may be em 
ployed where the ultimate product required ad 
mits of the presence of the alloying metal or 
materials in the final product. 

In carrying out the invention with a ferro 
chrome alloy, chromic acid is formed at the anode 
and caustic SOda at the Cathode. Where no 
porous diaphragm is employed the chromic acid 
content of the solution is continually increased, 
but the soda content remains stationary, and, 
as will be described hereinafter, may be elimi 
nated by the employment of a porous partition. 
In carrying out the process for the purpose of 

preparing a metallic chromate such as Zinc chro 
mate the anode selected is the metal the chro 
mate of which it is desired to prepaire. 
In preparing the chromate, for example, it is 

sufficient to carry out the electrolysis of sodium 
bichromate using a zinc anode without any po 
rous diaphragm. The zinc anode dissolves in 
the chromic acid as it is liberated, and is in 
mediately precipitated as a chromate of zinc ow 
jing to diffusion in the electrolyte and neutraliza 
tion by the soda liberated at the cathode. As 
the electrolysis proceeds, the chromate precipi 
tated will become more and more basic which 
will be observed by a change of colour of the pre 
cipitate formed, while the solution is getting 
more alkaline owing to the liberation of Sodium: 
at the cathode and precipitation of the chrom 3 
acid liberated at the anode. It is thus possile 
by separating the precipitate at intervals dur 
ing the electrolysis, to obtain a series of zinc 
chromates varying from the more acid to the 
more basic chromates. 
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It is, however, desirable to inhibit a free cir 

culation of the electrolyte Sufficiently to main 
tain the solution in the immediate neighbour 
hood of the anode in an acid state otherwise a 
precipitate of zinc chromate which forms in the 
immediate neighbourhood of the anode may build 
up and form a thick coating on the surface of 
the anode and interfere with the passage of the 
current. For this purpose, however, it is not nec 
essary to inhibit circulation of the electrolyte to 
the extent to which a porous earthenware dia 
phragm will limit it. A loosely woven fabric will 
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form a very suitable diaphragm and for this 
purpose we have found that woven asbestos cloth 
is suitable. The cathode is also liable to become 
coated, but this may be prevented by providing a 
suitably high current density at the cathode. 
In the preparation of chromic acid the en 

ployment of a porous partition or diaphragm is 
desirable at some stage in the electrolysis in . 
order to remove the soda originally present in 
the form of sodium bichromate. 

Accordingly, the invention further comprises 
a process for preparing chromic acid and/or me 
tallic chromates as hereinbefore described where 
in the solution in the neighbourhood of the anode 
is separated from that in the neighbourhood of 
the cathode during electrolysis by One or Inore 
porous partitions (for example porous earthen 
ware or woven asbestos) placed between the elec 
trodes, and the product produced at the anode is. 
separated before a substantial diffusion of the 
cathode liquor in the anode liquor has occurred. 
In the preparation of chromic acid by the 

process of the invention a convenient Way of 
working is to carry on the electrolysis of sodium 
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bichromate using a ferrochrome anode without a 
diaphragm until a sufficient concentration of 
chromic acid has been obtained in the solution. 
The solution can then be transferred to a cell 
divided into two compartments by a sheet of 
woven asbestos, and the electrolysis continued. 
Chromic acid will then concentrate in the anode 
liquor and soda in the cathode liquor. Some of 
the iron obtained from the ferrochrome sepa 
rates out in the first stage of the electrolysis 
(when working without a diaphragm) and the 
remainder of the iron is carried by the electrolysis 
into the cathode liquor where it collects as a mud 
consisting of ferric chromate and hydroxide. If 
a pure chromium anode or inert anode, such as 
lead, is used for this part of the electrolysis a 
practically pure solution of chronic acid can be 
obtained in the anode. compartment. 
The invention also comprises, therefore, a 

process for preparing chromic acid which in 
cludes a combination of the following steps:-- 

(a) Submitting to electrolysis an aqueous so 
lution of a chromate (for example sodium bi 
chromate) using ferrochrome as anode. 

(b) Submitting the chronic acid-containing 
liquor obtained from (a) to further electrolysis 
in a cell provided with one or more porous par 
titions (for example woven asbestos) between the 
anode and the cathode using pure chromium or 
an inert conductor, such as carbon or lead, as 
anode. 

(c) Separating the anode liquor before sub 
stantial diffusion therein of the solution in the 
neighbourhood of the cathode, with or without 
the further step of crystallizing chromic acid 
from the anode liquor. 

In the preparation of zinc and other metallic 
chromates using a soluble anode it is desirable 
from the outset, in order to obtain a more und 
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form product, to separate the cell into anode and 
cathode compartments by a porous diaphragm. 
In this way an anode liquor is obtained which 
contains a solution of the zinc or other metal 
chromate is chromic acid. By pouring the anode 
liquor into a solution of sufficient alkali con 
centration, according as to whether a more acid 
Or more basic chromate is required, the chromate 
is obtained as a precipitate, which may be easily 
filtered from the alkaline sodium chromate. The 
necessary alkali for precipitating the chromate 
may be obtained from the cathode liquor. 
Another way of effecting precipitation of the 

metal chromate is to transfer the cathode to 
the anode compartment and the anode to the 
cathode compartment and continue electrolysis. 
In this way the cathode liquor, which now con 
tains the anode, is re-converted first into bi 
chromate and then into a chromic acid solution 
of the metal of the anode, while the anode liquor, 
which now contains the cathode, is first neu 
tralized and then made alkaline, which effects 
the precipitation of the metal in solution therein. 

In a modification, a plate of zinc, or other 
metal the chromate of which is desired, may be 
lised as an anode and a similar plate as a cath 
Ode, both being disposed vertically in a solution 
of sodium dichronate and in proximity to, but 
not touching, orie another. When the chromate 
Settles on the face of the anode its removal can 
be effected by reversing the current and this re 
Versal can be maintained and repeated as re 
quired, either plate functioning as the anode 
accordingly as the current is directed. 

In the preparation of alkaline earth metal 
chromates, the alkaline earth oxides or carbon 
ates may be insufficiently soluble in chromic acid 
to enable solutions of these chromates in chromic 
acid to be precipitated at the cathode during the 
production of chromic acid at the anode. Thus 
in the preparation of these chromates, it has 
been found preferable to surround the anode in 
a sodium dichromate electrolytic cell with the 

O 

15 

20 

25 

30 

40 

oxide or carbonate of the alkaline earth metal by 
Suspending the latter in the anode liquor sepa 
rated from the cathode liquor by a porous dia 
phragm. When the anode liquor has become 
sufficiently acid with chromic acid, the alkaline 
earth oxide or carbonate will have become con 
verted into the chromate and may be filtered off. 
The free chromic acid washed out of the alkaline 
earth chromate may be used again in preparing 
the anode liquor for a further batch by mixing 
it with sodium dichromate. The anode in this 
case may be either of lead or chromium or if 
the presence of iron in the final chromate is per 
missible, it may be of ferro-chrome. 

Lead chromate may be prepared in the same 
way as the alkaline earth chromates by suspend 
ing lead oxide or carbonate in the anode liquor. 

In all these processes the alkaline sodium 
chromate obtained from the cathode liquor may 
be readily reconverted into sodium dichromate 
by electrolysis, using low grade (high carbon) 
ferro-chromium, as anode without any dia 
phragm. The iron will be mostly precipitated 
as hydrated oxide and chromate, and may be 
filtered off. It is not necessary for this purpose 
for the ferro-chromium anode to be in the form. 
of a rod or plate, which would be expensive and 
difficult to produce, but the ordinary commercial 
product sold for metallurgical purposes in lumps 
or granular form may be assembled on a hori 
Zontal lead plate forming the anode at the bot 
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tom of an electrolytic bath containing the 
Sodium chromate. 
The same apparatus and anode will be found 

Suitable for the preparation of chromic acid. 
When a sufficient concentration of chromic acid 
has been obtained it may be separated from the 
dissolved iron and sodium bichromate by crys 
tallization. It is preferable, however, to trans 
fer the solution after filtering of ferric chromate 
to another vessel provided with a partition of 
Woven asbestos and using a lead or pure chro 
mium anode and a sheet iron Cathode, and con 
tinue the electrolysis until the bulk of the iron 
has been assembled in the cathode liquor. This 
also removes the sodium from the anode liquor, 
which remains as a practically pure solution of 
chromic acid. 
Chromium chromate may be prepared by the 

process according to the invention by submitting 
chromic acid to cathodic reduction in an acid 
electrolyte, but in order that the chromate shall 
be free from undesirable impurities neither hy 
drochloric, Sulphuric, nor nitric acid should be 
used as the acid electrolyte. A convenient way 
of preparing chromium chromate according to 
the invention is to carry Out the electrolysis of 
chromic acid in a cell provided with a porous 
partition using chromium electrodes. The solu 
tion in the cathode compartment is preferably 
a concentrated solution of chromic acid to allow 
for the transference of CrO3 ions to the anode 
compartment. If the presence of iron in the 
chromium chromate is permissible ferrochrome 
may be used for both electrodes. 
The following examples illustrate the princi 

ples on which the present invention is based. 
Eaample I 

Two porous pots standing in an open glass 
trough were filled with 50 per cent. sodium bi 
chromate, and the glass trough was filled with 
the same solution up to a level of about 1 cm. 
below the tops of the porous pots. A rod of 
chromium metal was placed in one porous pot 
and a rod of stainless steel in the other, and the 
chromium was connected with the positive pole 
of a battery of accumulators and the stainless 
steel was connected to the negative pole. A cur 
rent of about 5 amps. was passed through the 
electrolytic cell thus formed until the solution in 
the cathode pot had changed colour to the char 
acteristic yellow of sodium chromate. The elec 
trodes were then lifted out and the solutions in 
mediately withdrawn from the porous pots. The 
solution in the anode pot was found to consist 
substantially of chromic acid containing a Small 
proportion of sodium bichromate and that in the 
cathode pot was found to consist of sodium 
chromate containing a slight amount of silicious 
impurity from the porous pots. 

Eacample II 

The experiment described in Example I was 
repeated except that instead of a chromium rod 
as anode a zinc rod was used. The zinc rod was 
partly dissolved in the chromic acid produced 
at the anode, the reduction in Weight being Sub 
stantially equivalent to the amount of zinc in 
the chromic acid. 

Eacample III 
The solution obtained from the anode pot of 

Example II was filled into a porous pot into which 
a cathode of stainless steel was inserted. A 
fresh amount of 50 per cent. Sodium bichromate 
Solution was filled into another porous pot into 

3 
which a zinc anode was, inserted. Electrolysis 
Was then carried Out as in Example II and in 
this case as the colour of the solution in the 
cathode pot gradually changed to the character 
istic light yellow of sodium chromate, there was 
also produced a precipitate of zinc chromate in 
the cathodepot, while in the anode pot a further 
quantity of zinc dissolved in chromic acid was 
produced. 

Eacample IV 

A 50 per cent. solution of chromic acid was pre 
pared and filled into porous pots in the same 

0. 

way as the Sodium bichromate of Example I. In 
this case both anode and cathode were made of 
chromium, and a current of five amps. Was passed 
through the electrolytic cell thus formed until 
a precipitate was formed in the cathode compart 
ment. On examining this precipitate it was 
found to consist of chromium chromate pro 
duced by electrolytic reduction of chromic acid 
at the cathode while in the anodepot a more con 
centrated solution of chronic acid was produced. 

Eacample V 
A solution of lime in chromic acid was produced 

by dissolving calcium hydroxide in chromic 
acid and filled into a porous pot. Another porous 
pot was filled with fifty per cent. Sodium bi 
chromate, and the two pots were stood in a bath 
of fifty per cent. Sodium bichromate in the same 
way as in Example I. A chromium anode was 
inserted into the pot containing the Sodium bi 
chromate and a stainless steel cathode into the 
pot containing the solution of lime in chromic 
acid. A current was passed until the colour of 
the solution in the cathode pot changed from 
deep red to the characteristic colour of sodium 
chromate when there was found to be a precipi 
tate in suspension which consisted of calcium 
chromate, the anodepot containing chromic acid. 
The chromates produced by precipitation at 

the cathode as above described are in a very 
finely divided form and the precipitate dries to 
a very fine soft powder which is particularly suit 
able for incorporating with a vehicle for use in 
anti-corrosion preparations, 
What we claim is:- 
1. A process for preparing compounds of chro 

mium which comprises in combination the foll 
lowing steps in the Order named:- 

(a) Submitting to electrolysis an aqueous solu 
tion of an alkali bichromate without the addition 
of Salts of other acids, using a chromium con 
taining anode, 

(b) Submitting the chromic acid liquor from 
(a) to further electrolysis in a cell provided with 
a porous partition between the anode and the 
cathode, using pure chromium as the anode, and 

(c) Separating the anode liquor before sub 
stantial diffusion therein of the Solution in the 
neighborhood of the Cathode. 

2. A process for preparing compounds of chro 
mium which comprises in combination the fol 
lowing steps in the Order named:- 

(a) Submitting to electrolysis an aqueous solu 
tion of an alkali bichronate Without the addition 
of Salts of other acids, using a ferrochrome an 
Ode, 

(b) Submitting the chromic acid liquor from 
(a) to further electrolysis in a cell provided with 
a porous partition between the anode and the 
Cathode, using pure chromium as anode and, 

(c) Separating the anode liquor before sub 
stantial diffusion therein of the solution in the 
neighborhood of the cathode. 
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3. A process for preparing compounds of chro 
mium which comprises in combination the foll 
lowing steps in the order named:- 

(a) Submitting to electrolysis an aqueous solu 
5 tion of an alkali bichromate without the addi 

tion of salts of other acids, using a ferrochrome. 
anode, (b) Submitting the chromic acid liquor from . 
(d) to further electrolysis in a cell provided with 

10 a porous partition between the anode and the 
cathode, using an inert conductor as anode, and 

(c) Separating the anode liquor before sub 
stantial diffusion therein of the solution in the 
neighborhood of the cathode. ..., 

15 4. A process for preparing compounds of chro 
mium which comprises in combination the fo-. 
lowing steps in the order named:- 

(a) Submitting to electrolysis an aqueous solu 
20 tion of an alkali bichromate without the addition 

of salts of other acids, using a ferrochrome anode, 
(b) . Submitting the chromic acid liquor from 

(a) to further electrolysis in a cell provided 
with a porous partition between the anode and 

25 the cathode, using pure chromium as anode, 
(c) Separating the anode liquor before sub 

stantial diffusion therein of the solution in the 
neighborhood of the cathode, and 
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... (d) Crystallizing chromic acid from the anode 
liquor. r: . . . . . 

5. A process for preparing zinc chronate by 
electrolysis of an alkali chromate solution with 
out the addition of salts of other acids and utiliz- 6 
ing zinc as the anode whereby a precipitate of 
the metal chromate is formed in the electrolyte, 
characterized by the separation of the precipi 
tate from time to time during progressive con 
centration of acid by electrolysis, whereby chro 
mates of different chronic acid concentration 
are isolated. 

- 6. A process. for preparing metallic chronate 
by electrolysis of an alkali bichromate solution 
without the addition of salts of other acids, chair- 5 
acterized by selecting as anode a metal which 
dissolves under anodic action and separating the 
solution in the neighborhood of the anode from 
that in the neighborhood of the cathode by a 
porous partition, the cathode and anode being 
of the same metal, and precipitating the chro 
mate in the anode solution simultaneously with 
the production of fresh anode liquor by trans 
ferring the cathode to the anode compartment 
and the anode to the cathode compartment and 25 
continuing the electrolysis. 

RCBARD EDGAR, PEARSON. 
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