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This invention relates to novel‘ ferrates of the alkali 
metals, to their preparation and to some of their uses. 

Heretofore, a few compounds have been reported in 
which iron exhibits a valence of four. Thus, Scholder, 
Angew. Chem, 66, 461-467 (1954), discloses BaFeO3. 
This compound is relatively inert towards water and, so 
far as known, possesses no uses. 

It has now been discovered that the corresponding 
ferrates of the alkali metals can be prepared, though by 
methods differing from those of Scholder, and that the 
compounds are soluble in and reactive towards water. 
The reaction with water yields the known ferrates in 
which iron has a valence of six. The novel alkali metal 
ferrates thus provide a simple route to the normal fer 
rates, useful oxidizing agents. 

Since this speci?cation considers several different va- ° 
lences of iron, one at least of which is unusual, conven 
tional nomenclature is generally dispensed with herein. 
Instead the Stock System, recommended by the Inter 
national Union of Chemistry, is adopted. This system 
is discussed, for example, in the J. Am. Chem. Soc. 63, 
889 (1941). I. U. C. terminology, including that for 
pentavalent iron no further mentioned, is listed in the 
following table: ' 

TABLE.—NOMENCLATURE OF THE FERRAT ES 

Valence Represen 
Common Name of Iron I. U. 0. Name tative ‘ 

Compound 

Ferrite ___________________ __ 3 Fcrrate?ll) _____ __ NaFeOz 

4 Ferrate?V) _____ ._ NayFeog 
5 Ferrate(V) ______ _. NazFeOr 

Fen-ate ___________________ __ 6 Ferrate(VI) _____ __ Nll2FeO-l 

Some objects of the invention may accordingly be listed 
as follows: 

(1) To provide new and useful compositions of mat 
ter; 

(2) To provide new alkali metal ferrates; 
(3) To provide alkali metal ferrates in which iron has 

a valence of four; 
(4) To provide a method for synthesizing an alkali 

metal ferrate(IV); and 
(5) To provide a novel method for making a ferrate 

(VI). Additional objects will be evident hereinafter. 
The ?rst four 'of the above-mentioned ‘ objects are 

achieved in accordance with this invention by a process 
of reacting the ferrate(III) of an alkali metal with the 
oxide of the same, or a different, alkali metal to yield 
the corresponding ferrate(IV). The ferrate?ll), used 
as a starting material may, alternatively, be replaced by 
its progenitors, as, for example, a carbonate andferric 
oxide. Either the oxide or the peroxide may be selected 
for reaction with the ferrate(lII), but the preferred 
choice depends ‘to some extent on 
metal involved. - I t 
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The reaction producing the ferrate(HI) is well known 

and may be represented by the equation: 

(a) Heat 
XzCOa + F6203 -—> 2XFeO2 + T002 

where X is an alkali metal such as potassium or sodium. 
The reaction yielding the ferrate(IV) may then be ex 
pressed, in theory, by the equation: ' 

where Y also stands for an alkali metal, the same as or 
different from that represented by X. 

Reaction b is accomplished by comminuting and inti 
mately mixing the solid reagents in sequential or simul-' 
taneous steps and then heating the mixture. In some 
cases it is found desirable to preheat the mixture in an 
inert atmosphere under controlled conditions. The pre 
heating serves to increase the yield when certain reactants 
are employed. No reaction occurs in the absence of free 
oxygen although the latter does not appear in the theoreti 
cal equation. 
Compounds of the type XYFeO3, such as Na2Fe03 or 

KNaFeO3, are black crystalline substances which dis 
solve readily in water to give the familiar red coloration 
of ferrate(VI). An equation for the dissolution of the 
sodium compound can be written as: 

A major utility of the ferrates(IV) is thus the preparation 
of the ferrates(VI), known oxidizing agents. The solu 
tions can be used directly as oxidants if it is so desired. 

In practice an excess of iron oxide or ferrate(III) does 
not interfere with the yield of ferrate(VI). The ?fth 
object of the invention disclosed above can, therefore, be 
simply accomplished by adding the product of the reaction 
between ferrate(III) and peroxide to water without sepa 
rating the ferrate(IV). Since peroxide destroys‘ some 
of the ferrate(VI), it should be held to a minimum in 
the product to be dissolved. Some peroxide is, how 
ever, almost always found in the ferrate(IV) even when 
an alkali metal monoxide and an oxygen-containing gas 
are employed as starting materials. 
The most important variables encountered in producing 

ferrate(IV) by the process described are the reactants, 
the reaction temperature, the contact time, the mole ratio 
of the reactants and the pressure of the gas utilized. 
When a pretreatment of the reactants is employed the 
conditions therefor are also important. 
The choice of alkali metal for use in Reaction b, the 

central feature of the invention, is, of course, optional 
and determined by the product desired. A slight dif 
ference, however, appears in the reactivity of sodium and 
potassium ferrites. When sodium ferrite is utilized, the 
best yields are obtained with the peroxide as the other 
reactant. Potassium ferrite, on the other hand, gives the 

While the reaction has 
been practiced only with sodium oxides, the more ex 
pensive potassium compounds can probably be substituted 
for these if it is so desired. The formation of interfering 
superoxide is, however, more di?‘icult to suppress with 
potassium than with sodium. 
As noted above, free oxygen is necessary for the reac 

tion to proceed with either the monoxide or the peroxide. 
The role of theoxygen when the monoxide is a reactant , 
can readily be explained, since it enters directly into the 
reaction. When the peroxide is used, oxygen probably 
acts as a catalyst. Almost any gas which contains free 
oxygen and is otherwise compatible with the reactants 
can be used as a source of oxygen. Puri?ed air, for 
example, is perfectly satisfactory. Oxygen gas is another 
source. Arti?cial atmospheres inert except for the oxygen 
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contained can also be employed but are unnecessarily 
expensive. ‘ 

In addition to, or in substitution for, the oxide or 
peroxideof sodium, compounds which generate the oxide 
on heating may be used as reactants. Such compounds 
include sodium carbonate, bicarbonate, nitrate, nitrite 
and the like. It will be understood that evolved gases 
should be removed from the reactant mixture as fast as 
possible in each case. The presence of free oxygen is 
necessary with these substitutes as with the peroxide or 
monoxide. 
At atmospheric pressure, the preferred temperature 

range for Reaction b is about 300-500° C. Reaction 
does not occur below 275° C. and remains slow up to 
about 300° C. Decomposition of the ferrate(IV) be 
gins at about 500° C. Generally a temperature of above 
about 400° C. is unnecessary but the range 400—500° C. 
can be used. 
At atmospheric pressure, a temperature of 300-500° C. 

and with preferred quantities of reactants, formation of 
the ferrate(IV) is virtually completel in 1/2—l hour. If 
an excess of peroxide is used to increase the yield, it is 
generally necessary to'destroy this excess to preserve the 
ferrate(VI) formed in aqueous solution. Periods much 
longer than 1 hour are required to‘ eliminate the excess, 
around 16—24 hours being necessary for best results. 
The peroxide:ferrate(lII) mole ratio has a marked ef 

fect on the yield of ferrate(IV). When sodium com 
pounds alone are employed, the preferred ratio is around 
2:1, both higher and lower ratios giving reduced yields. - 
In general, yields are much better at ratios between 1:1 
and 3:1 than at lower values and somewhat better than 
at higher values. The effect of changes in monoxidezfer 
rate(III) ratios is about the same where monoxide is 
used as it is where peroxide is used. Best yields are ob 
tained at an oxide:ferrate(lIl) ratio of about 1:2 when 
potassium ferrite is substituted for its sodium analogue. 

It might be expected that, at increased oxygen pres 
sures, a purer ferrate(IV) would be formed. Unless 
special precautions are taken as noted below, increased ‘ 
purity is, however, not found. No effect at all is ob 
served on sodium peroxide:ferrate(III) mixtures when 
the pressure of pure oxygen is increased from one atmos 
phere to 1000 p. s. i. As the oxygen pressure passes 
1000 p. s. i. a superoxide, NaO2 being representative, is 
formed. The superoxides do .not react as the peroxides 
and decrease the yield of ferrate(IV). Pressures greater 
than about one atmosphere cannot be used'with potas 
sium compounds because of the formation of the super 
oxide. 
The formation of sodium superoxide is avoided by sub 

jecting the intimately mixed reactants, i. e., sodium fer 
rate(III) and a sodium oxide, to a pretreatment. This 
pretreatment consists in heating the reactants to a high 
temperature, around 550-650“ C. with 600° C. being pre 
ferred, in nitrogen or a truly inert gas such as neon, 
helium, argon or the like. An ill-de?ned mixture of 
compounds is thus formed which contains no free oxide 
of sodium and cannot be oxidized to superoxide. The 
mixture can, nevertheless, be oxidized to ferrate(IV) at 
about 1000-3500 p. s. i. with a higher yield than is ob 
tained at atmospheric pressure. Either air or oxygen 
under pressure is a convenient source of oxygen under 
these conditions. ' 

From the principles of the foregoing‘ paragraphs, the 
preferred embodiments of the invention are apparent. For 
the preparation of sodium ferrate(IV)‘, sodium peroxide, 
mixed with sodium ferrite in an oxidezferrate??) 'mole 
ratio of about 2:1 may be heated at atmospheric pressure 
at 275~500° C. for 1/2-16 hours. If pressure ‘is available, 
improved yields of ferrate(IV) are obtained by mixing 
sodium_ monoxide with sodium~ ferrate(III) and pre 
heating the mixture in an inert atmosphere and; then‘ 
heating it at 275-500° C. in oxygen at 1000-3500 p. s. i. 
for several hours‘. The best yield of sodium ferrate(IV) 
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4 
has been obtained with a 1:1 mixture of Na?O and 
NaFeOz heated at 600° C. in nitrogen for several‘ hours 
and then oxidized at 350° C. in pure oxygen at 3000 
p. s. i. for 4 hours. 
The preferred embodiment for producing KNaFeO3 is in 

general similar to that for preparing Na2FeO3 at atmos 
pheric pressure but differs somewhat in details. Thus, 
the preferred ratio of KFeO2:Na2O is between about 1:1 
and 2:1. Almost 100% conversion of ferrate(III) to 
ferrate(IV) can be obtained by heating a mixture of 
KFeO2 and Na2O having a mole ratio of 2:1 at 300-450” 
C. in air under atmospheric pressure for several hours. 
This conversion, higher than any obtained with sodium 
compounds alone, is obtained without increaed pressure 
or pretreatment of the reactants. 

There follow some examples which illustrate the inven 
tion in more detail. In these examples all percentages 
are by weight. 

Example 1 
A series of preparations was made in carbon dioxide 

free air at atmospheric pressure by heating comminuted 
and intimately mixed sodium peroxidc and preformed so— 
dium ferrate(III) at 400° C. In each case the product, 
containing NaFeO3, gave the characteristic red color of 
ferrate(VI) when dissolved in water. In 1/z—l hour a 
mixture having initially a NazozzNaFeoz mole ratio of 
1:2 contained about 26% of ferrate(IV). 72% of the 
desired product was formed at a mole ratio of 4:2 and 
61% at a mole ratio of’ 6:2. A sample with a 3:2 
NazozzNaFeoz mole ratio gave 543% ferrate(IV) after 
1/2 hour and 57.5% after 16 hours. The corresponding 
?gures for peroxide in the product are 19.0% and 2.8%. 

Example 2 

An intimate mixture of sodium monoxide and sodium 
ferrate(III) with a mole ratio of 1:2 was heated at 400° 
C. for 2 hours. The weight of ferrate(IV) in the prod 
uct was 20%. A similar run using sodium peroxide 
showed 26% of ferrate (IV) in the product. 

Example 3 

An intimate mixture of sodium oxide and ferrate([ll ) of 
a mole ratio of 1:2 was heated at 400° C. in dry nitrogen 
at atmospheric pressure for 19 hours. It was then heated 
at 350° C. for four hours under 3100 p. s. i. of oxygen. 
The product contained 55.2% of ferrate(IV) and sub 
stantially no peroxide or superoxide. The yield was in 
creased to 72.3% by preheating an identical mixture in 
nitrogen at 600° C. and then heating it under oxygen. A 
1:1 mixture gave a product containing 83.7% ferrate(IV) 
when preheated in nitrogen at 600° C. and then heated 
under 3100 p. s. i. of oxygen at 350° C. 

Example 4 

A 2:1 molar mixture of sodium carbonate and ferric 
oxide was heated at 1100“ C. for 16 hours in nitrogen. 
The preheated mixture was then heated at 400° C. in 
oxygen at 1 atmosphere for one hour. A 9.4% content 
ofVferrate(IV) was found in the product. In a repeti 
tion of this experiment, using, however, oxygen at 2000 
p. s. i. in the ?nal step, 166% ferrate(IV) was obtained. 

Example 5 

Intimate mixtures of KFeOg and Nazo having a mole 
ratio of 2:1 were heated at various temperatures "in car 
bon dioxide free air 'at atmospheric pressure. At 350° 
C. the product was found to comprise 86% KNaFeoa. 
At 450° C. and also at 300° C. the product contained 
725%C of the ferrate(IV). No reaction occurred at 
1 ° . - - 

‘Other mixtures having KFeozzNazO mole ratios of 2:1 
showed 89% ‘of ferrate(IV) in the product after 16 hours 

The 96% ?gure represents almost 
100% conversion of ferrate(III) to ferrate(IV). 
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Having described our invention, we claim: 
1. The method of preparing the ferrate (IV) of an 

alkali metal of the group consisting of sodium and p0 
tassium which comprises heating to a temperature of at 
least about 275° C. the ferrate (III) of an alkali metal 
of said group admixed with a member of the group con 
sisting of the monoxide, peroxide, carbonate, bicarbonate, 
nitrate and nitrite of an alkali metal of the aforesaid 
group in the presence of gaseous oxygen. 

2. The method of preparing disodium ferrate (IV) 
which comprises heating sodium ferrate (III) at a tem 
perature of about 300-500“ C. with a member of the 
group consisting of monoxide, peroxide, carbonate, bi 
carbonate, nitrate and nitrite of sodium in the presence 
of gaseous oxygen. 

3. The method of preparing disodium ferrate (IV) 
which comprises heating an admixture of sodium per 
oxide and sodium ferrate (III) with a Na2O2:NaFeO2 
mole ratio of between about 1:1 and 3:1 at a tempera 
ture of about 300-500° C. in the presence of gaseous 
oxygen. 

4. The method of claim 3 in which the heating is car 
ried out for between about V2 and 16 hours. 

5. The method of preparing disodium ferrate (IV) 
which comprises heating an admixture of sodium monox 
ide and sodium ferrate (III) with a NagOsNaFeOz mole 
ratio of between about 1:1 and 3:1 at a temperature 
of about 300-500” C. in an atmosphere containing gase 
ous oxygen. 

6. The method of claim 5 in which the admixture is 
preheated at around 550-650° C. in an inert gas for about 
1-4 hours before heating in the oxygen-containing at 
mosphere. 

7. The method of claim 6 in which the atmosphere is 
substantially pure oxygen supplied at a pressure of 1,000 
3,500 p. s. i. 
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8. The method of preparing disotiium ferrate (IV) 

which comprises heating an intimate mixture of sodium 
monoxide and sodium ferrat; (III) with a mole ratio of 
about 1:1 in nitrogen at atmospheric pressure for 2-4 
hours and sequentially heating said mixture at about 
600° C. for about 4 hours in oxygen at a pressure about 
3,000 p. s. i. 

9. The method of preparing potassium sodium fer 
rate(IV) which comprises heating an intimate mixture of 
potassium ferrate (III) and sodium oxide with a 
KFeO2:Na2O mole ratio of between about 1:1 and 2:1 
at a temperature of about 300-500" C. maintained for 
about l/z~16 hours in the presence of gaseous oxygen. 

10. The method of preparing the ferrate (VI) of an 
alkali metal of the group consisting of sodium and po 
tassium which comprises dissolving in water the reaction 
mixture obtained by heating the ferrate (III) of the metal 
at a temperature of at least 275° C. with a member of the 
group consisting of the monoxide, peroxide, carbonate, 
bicarbonate, nitrate and nitrite of an alkali metal of the 
group consisting of sodium and potassium in the presence 
of gaseous oxygen. 
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