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ABSTRACT OF THE DISCLOSUIRE 
A method is disclosed for coprecipitating chemical con 

stituents of ferrites as intimately mixed, finely divided par 
ticles which may be readily calcined to form ferrimag 
netic bodies. In a preferred embodiment, iron is pre 
cipitated as its hydroxide from aqueous solution and 
barium, strontium or lead is coprecipitated therewith as 
the respective laurate salt. The finely divided precipitated 
particles are intimate mixtures of the iron and copre 
cipitated element so that upon the drying and calcining 
a dense, hexagonal ferrite of single domain size is formed. 

This invention relates to the manufacture of ferrites 
and more particularly it is related to a method of 
chemically coprecipitating iron hydroxide and a long chain 
fatty acid salt of barium, strontium or lead as finely 
divided particles which may be readily converted into 
dense, highly efficient ferrites. 
While ferromagnetism is commonly recognized as a 

property of certain metals, a similar effect known as 
ferrimagnetism has been observed in certain compounds 
of metals. Such as the ferrites. It is known that the re 
action products of oxides of iron and oxides of other 
suitable metals possess ferrimagnetic properties. These 
complex oxides are known as ferrites and, depending 
upon the composition and particular treatment of the 
ferrites, their magnetic properties may be either soft or 
hard. Since some commercially important ferrite compo 
sitions do not occur in nature, it is necessary that they 
be manufactured. Ferrites have been formed by mechani 
cally mixing powders of Fe2O3 and oxides or carbonates 
of other metals such as cobalt, manganese, zinc, magne 
sium, barium, and strontium and lead. If mixed in the 
proper known proportions and suitably sintered, the re 
sulting particles are ferrimagnetic. However, it is realized 
that the method of forming ferrites by mechanically 
mixing the oxide constituents produces a product having 
magnetic properties less desirable than those theoretically 
obtainable. This has been attributed, in part, to incom 
plete mixing which may cause a product of slightly 
low density to be formed. Moreover, it is quite difficult 
to produce ferrite particles uniformly of single domain 
size by mechanical means. Although the mechanically 
formed powders may be milled, it is extremely difficult 
to achieve uniform powder mixture of about one micron 
particle size which is approximately the single domain 
size of hexagonal ferrites. 
A very useful and commercially important class of 

ferrites are the hexagonal ferrites such as barium ferrite, 
ideally BaFe2O19 (or BaO 6FeO) strontium ferrite 
(SrfeO1) and lead ferrite (PbPe12O1). They are hard 
ferrites which means that they are difficult to demag 
netize. In order for these hexagonal ferrites to possess 
near optimum magnetic properties the individual particle 
size must closely approximate the single domain size 
which is believed to be approximately one micron. Un 
fortunately, a domain size of this dimension is within the 
range where hard ferrite precursor powders fabricated by 
conventional mechanical techniques normally have their 
mean particle diameter. In the fabrication of highly 
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effective permanent ferrite magnets it is important to be 
below this critical diameter in the preparation of the 
ferrite precursor powders because of subsequent grain 
growth during the sintering operation. Since it is ex 
tremely difficult to classify or separate particles of micron 
size, commercial sintered hexagonal ferrites typically con 
tain grains which are larger than the single domain size 
and therefore leave something to be desired as far as 
magnetic properties are concerned. 

It is an object of the present invention to provide a 
useful, readily performed chemical coprecipitation process 
yielding finely divided ferrite precursor powder contain 
ing an intimate mixture of a suitable compound of iron 
and of an element selected from the group consisting 
of barium, strontium and lead. The precipitated powder 
is calcined to form ferrite particles of substantially critical 
domain size or slightly smaller. 

In accordance with a preferred embodiment of my 
invention a hexagonal ferrite such as barium ferrite, 
strontium ferrite or lead ferrite is formed by a chemical 
coprecipitation technique. An aqueous solution of suit 
able proportions of a suitable iron salt and a suitable 
Salt of barium (or strontium or lead) is prepared. A 
Second aqueous solution of ammonium hydroxide and 
the ammonium salt of a fatty acid such as lauric acid 
or Stearic acid is formed. The composition of the ammo 
nium hydroxide-ammonium salt of fatty acid solution is 
adjusted so that there is just enough of the fatty acid 
Salt present to precipitate barium, the iron being pre 
cipitated by the ammonium hydroxide. The two solu 
tions are mixed at room temperature and a very finely 
divided precipitate is formed. The precipitate particles 
each contain an intimate mixture of iron hydroxide and 
barium-fatty acid salt. The proportion of iron and barium 
in the precipitate is the same as that initially present 
in the Solution. The precipitate is filtered from the mother 
liquor, washed with water and dried. The precipitated 
powder is heated to decompose the barium-fatty acid 
salt and yields barium oxide. The burned out powder 
is then calcined to form ferrite particles which are sub 
stantially uniformly one micron particle size. These par 
ticles are found to have excellent magnetic properties 
very closely approaching those determined theoretically 
obtainable in dense crystals of the ferrite of domain size. 

Other objects and advantages of my invention will 
become more apparent from a detailed description thereof 
"which follows. 
The drawing is a flow diagram depicting basic steps 

in a preferred embodiment of the process which have 
been described briefly and will now be described in 
more detail. 
A specific example of the invention will more clearly 

describe a preferred technique of carrying out my method. 
A Water Solution of reagent grade barium nitrate and 
ferric nitrate of the correct molar ratio Batt to 12Fett 
was prepared. The solution comprised 155 grams of 
Fe(NO3)39H2O, 8.55 grams of Ba (NO3) and sufficient 
distilled water to provide a total solution volume of 500 
ml. A second water solution of lauric acid dissolved in 
ammonium hydroxide was prepared. Twenty (20) grams 
of lauric acid and 100 grams (112 ml.) of reagent grade 
ammonium hydroxide solution (28%-30% NH3) were 
added to a sufficient quantity of distilled water to provide 
a clear solution having a total volume of 2000 ml. and 
a pH of about 10.8. The water solution of barium nitrate 
and ferric nitrate was added to the ammonium laurate 
ammonium hydroxide solution to completely precipitate 
all the barium and iron. The solution of ammonium 
laurate-ammonium hydroxide was rapidly stirred during 
the precipitation and the pH accurately monitored. The 
precipitation should not be continued below a pH of 8 
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2. A method of forming a ferrite comprising prepar 
ing a first aqueous solution comprising a suitable salt 
of iron and of at least one element selected from the 
group consisting of barium, strontium and lead, 

preparing a second aqueous solution comprising a fatty 
acid containing from ten to twenty carbon atoms in 
its molecule in aqueous ammonium hydroxide, 

mixing said first and said second aqueous solutions to 
coprecipitate iron hydroxide with a fatty acid salt 
of said element to form a finely divided precipitate 
wherein said iron hydroxide and said fatty acid salt 
are intimately mixed, 

filtering said precipitate from the mother liquor, 
drying the precipitate, 
burning out the fatty acid organic material from said 

particles, the residue comprising an intimate mixture 
of ferric oxide and the oxide of said element, and 

calcining said particles to form a crystalline ferrite 
composition comprising iron, oxygen and an element 
taken from the group consisting of barium, strontium 
and lead, said particles being of substantially the 
single domain size of the desired ferrite composition 
or smaller. 

3. A method of forming a hexagonal ferrite compris 
ing preparing a first aqueous solution containing a suit 
able ferric salt and a salt of at least one element selected 
from the group consisting of barium, strontium and lead, 

preparing a second solution comprising a fatty acid 
containing from ten to twenty carbon atoms in its 
molecule in aqueous ammonium hydroxide, the 
amount of said fatty acid in said second solution 
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being substantially chemically equivalent to the 
amount of said element in said first solution, the 
amount of said ammonium hydroxide being in excess 
of the amount which is chemically equivalent to said 
ferric salt, 

mixing said first and said second aqueous solutions to 
coprecipitate iron hydroxide with the fatty acid salt 
of said element to form a finely divided precipitate 
wherein said iron hydroxide and said fatty acid salt 
are intimately mixed, 

filtering said precipitate from the mother liquor, 
drying the precipitate, 
burning out the fatty acid organic material from said 

particles at a temperature of about 200-250° C., 
the residue comprising an intimate mixture of ferric 
oxide and the oxide of said element, the particle size 
of said particles being 500 angstroms or less, and 

calcining said particles to coreact said ferric oxide and 
the oxide of said element to form a hexagonal ferrite 
and to effect the growth of said particles whereby 
particles of substantially the single domain size of 
the desired hexagonal ferrite composition are ob 
tained, said single domain size being in the order of 
one micron. 
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