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[57] ABSTRACT 
A crystalline oxalate containing Al in addition to usual 
Fe, Co and/or Ni in an amount about l—20 mole% of 
the total metals is precipitated from a mixed aqueous 
solution of respective metal chlorides. The Al 
Containing oxalate gives a magnetic alloy powder hav 
ing a large coercive force and high residual magnetiza 
tion through reduction by H2 at a temperature be 
tween 300° and 400°C. 

10 Claims, 17 Drawing Figures 
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PROCESS FOR PREPARATION OF MAGNETIC 
ALLOY POWDER 

The present invention relates generally to a process 
for the preparation of magnetic powder materials com 
posed of Fe, Co and/or Ni, and more particularly to an 
improvement of a process of preparing such magnetic 
alloy powders by reduction of oxalates at elevated tem 
peratures. 
A magnetic material for use in recording media such 

as magnetic tapes is required to have a high residual 
magnetization and a large coercive force. In recent 
years, the familiar iron oxide powder has been gradu 
ally replaced by superior magnetic metal or alloy pow 
ders to meet growing requirements for magnetic tapes 
of higher recording densities. Typical examples of such 
magnetic powder materials are ferromagnetic metals 
such as Fe, Co and Ni, and their alloys. 
These magnetic metal and alloy powders are usually 

prepared by a reduction process, in which a crystalline 
powder of a single, binary or ternary oxalate (or for 
mate) is reduced through heating in a reducing atmo 
sphere. As is known, chemical and physical properties 
such as composition, mean particle size and particle 
size distribution of a magnetic powder material pro 
duced by such a process are dependent on reaction 
conditions used for the preparation of the oxalate or 
formate. It is also known that the magnetic properties 
of the obtain ed powder materials are greatly dependent 
of the reduction reaction conditions besides the above 
reaction conditions. In general, easiness of reduction of 
these oxalates and extent of sintering of unit particles 
are varied as the reduction reaction conditions are var 
ied. Until now, therefore, various reduction tempera 
tures and heating times have been tried to obtain an 
alloy powder of excellent and balanced magnetic prop 
erties. 
However, a problem in the art is that such reduction 

conditions have not similar but rather diverse in?u 
ences on the various magnetic properties of a magnetic 
alloy powder. For example, a set of conditions suitable 
for increasing the saturation magnetization causes the 
unit particles to grow excessively large. This is due to 
progress of sintering, and results in a decreased coer 
cive force. Under another set of conditions, which gives 
a large coercive force, saturation magnetization is 
greatly reduced because of insufficient progress of the 
reduction reaction and/or a partial oxidation of the re 
duced powder due to its relatively strong chemical ac 
tivity. Consequently, it has been next to impossible to 
obtain a magnetic powder material having both a high 
residual magnetization value and a large coercive 
force, no matter what set of reduction conditions might 
have be chosen. 

It is an object of this invention to provide such pow 
ders. 

It is therefore a general object of the present inven 
tion to provide a process of preparing a magnetic alloy 
powder having a high residual magnetization and a 
large coercive force with an extremely little sacrifice in 
satu ration magnetization. 

It is a more particular object of the invention to pro' 
vide a process of preparing an intermediate oxalate 
which gives such a magnetic powder material upon re 
duction. 
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2 
It is another object of the invention to provide an ap 

propriate temperature range for reduction of such an 
oxalate. 
According to the present invention, these objects are 

accomplished essentially by allowing Fe, Co and/or Ni 
ions to react with oxalic acid, in the presence of Al ion, 
to precipitate a crystalline oxalate powder containing 
Al and at least one of the above three ferromagnetic 
metals. The amount of Al is preferably from I to 20 
mole% of the total metal moles. The obtained crystal 
line oxalate powder is then reduced into a magnetic 
alloy powder in the usual way preferably at a tempera 
ture range between about 300°to about 400°C. 
The invention will be more clearly understood from 

the following detailed description with reference to the 
accompanying drawings, in which: 
FIGS. 1-4 are graphs showing variations of magnetic 

properties of a magnetic alloy powder prepared by a 
conventional process as function of reduction tempera 
tures; 
FIGS. 5-8 are graphs showing variations of similar 

properties of a magnetic alloy powder prepared by the 
process of the invention, as function of Al content; 
FIGS. 9-12 are graphs similar to FIGS. 1-4 for a 

magnetic alloy powder prepared by the process of the 
invention with 4 mole% Al; and 
FIGS. 13-17 are similar graphs to FIGS. 9-12 in the 

case of 7 mole% Al. 
As summarized above, the improvement according to 

the invention, by the introduction of Al into a starting 
solution is adaptable for the preparation of either any 
individual metal powder of Fe, Co and Ni with alumi 
num or any of their mixed alloys. Hereinafter, however, 
the description will concern only the preparation of Fe 
Co-Ni series ternary magnetic alloys with aluminum as 
a typical example to facilitate comparison of experi 
mental data. 

In a process according to the invention, water-soluble 
salts such as chlorides of Fe, Co and Ni are dissolved in 
water together with a similar salt of Al. The aqueous 
solution is adjusted to a suitable acidity, preferably to 
about pI-I L5, and is then mixed and stirred with a solu 
tion of oxalic acid C2I-I2O, 2H2O in a water miscible 
solvent, preferably in acetone containing a small 
amount of toluene. The stirring is continued usually 
for about 10 min at room temperature or at a slightly 
elevated temperature to precipitate crystalline multi 
component Fe, Co, Ni and Al oxalates. The pre 
cipitate is considered not a simple mixture of four 
kinds of oxalates, but a crystalline four-component 
oxalate. A crystalline powder of this oxalate obtained 
through ?ltration, washing and drying of the precipi 
tate is heated for several hours in a reducing atmos 
phere, usually in a stream of hydrogen, at a tempera 
ture ranging from about 300° to 400°C to give a novel 
magnetic alloy powder. To accomplish the objects 
of the invention, it is necessary to establish a substan 
tial co-existence of Al ion with the other three metal 
ions; in other words, the amount of Al in the aqueous 
solution should be at least about 1 mole% ofthe total 
metals. Existence of only a trace of Al, for example, 
up to 0.] mole% has little effect on the magnetic 
properties of a resulting alloy powder. 
The introduction of Al into the intermediate oxalate 

crystal system contributes to remarkably augment both, 
the coercive force and residual magnetization of the 
produced alloy powder, but has little adverse effect on 
the saturation magnetization. Besides, an increase in 
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the amount of Al causes the coercive force to increase 
and the saturation magnetization to lower, while the re 
sidual magnetization reaches its maximum at a rela 
tively low A1 content, for example. less than 10 mole%. 
Therefore, the Al ion concentration in the aqueous so 
lution is preferably to be within a range between 1 to 20 
mole% of the total metal ions. 
The following examples are presented to further illus 

trate the invention, but not by way of limitation. 

EXAMPLE l 

An oxalic acid solution was prepared by dissolving 
252g of C2l-l2O4.2H2O in 200 ml of acetone followed 
by the addition of 5 ml of toluene. The temperature of 
the solution was kept at 35°C in a constant temperature 
bath. This kind of oxalic acid solutions were used 
throughout the succeeding examples. 
Meanwhile, 8.8g of FeCl2.nH2O, 8.6g of CoCl2.6H2O, 

0.4g of NiCl2.6l-l2O and 0.2g of AlCl3.6l-l2O were dis» 
solved in 75 ml of water. The aqueous solution was ad 
justed to pH L5 and was heated to 35°C. 
Then, the aqueous solution was poured into the ox 

alic acid solution all at once with vigorous stirring, and 
stirring was continued for 10 min, keeping the liquid 
temperature at 35°C, to allow the metal ions in the so 
lution to completely react with the acid. The resulting 
precipitate was ?ltered, washed and dried to give a 
crystalline powder of mixed Fe, Co, Ni and Al oxalates. 
This procedure for preparation of the oxalates was un~ 
changed throughout the succeeding examples. 
The obtained oxalate powder was reduced into an 

alloy powder under the following conditions, which 
where common to all examples except for temperature. 
80 mg of the oxalate powder was put in a platinum 

boat and was heated in a 0.5 I/min stream of hydrogen 
at 310°C for 6 hr. 
The resulting alloy powder showed the following 

magnetic properties: 

Coercive force 880 Oe 
Saturation magnetization l9] emy/g 
Residual magnetization 64 emu/g 

These values and those which were obtained in the 
following examples and references are shown together 
in a Table at the end of the Reference example 2. 
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EXAMPLE 3 

Example 2 was repeated except that the reduction 
was carried out at 330°C. 

EXAMPLE 4 

Example 3 was repeated except that the reduction 
temperature was 370°C. 

EXAMPLE 5 

The chloride solution was prepared by dissolving 
8.2g of FeCl2.nH2O, 8.0g of CoCl2.6H2O, 0.3g of 
NiCl-Z-6H2O and 1.3g of AlCl3'6H2O in 75 ml of 
water. The reduction temperature was 330°C. 

EXAMPLE 6 

Example 5 was repeated except that the reduction 
was carried out at 370°C. 

EXAMPLE 7 

The chloride solution was composed of 7.9g of 
FeCl2.nl-l2O, 7.9g of CoClzhHzO, 0.4g of NiCl2.6l-I2O, 
l.6g of AlCl3.6l-l2O and 75 ml of water. The reduction 
temperature was 300°C. 

EXAMPLE 8 

Example 7 was repeated except that the reduction 
temperature was 330°C. 

EXAMPLE 9 

7.0g of FeClz.nl-l2O, 6.9g of CoCl2.6H2O, 0.3g of 
NiClzbl-lzo and 3.6g of AlCl3.6H2O were dissolved in 
75 ml of water, and the reduction was carried out at 
330°C. 
For comparison, two reference examples will be pres 

ented, in which no Al and only about 0.1 mole% of Al 
were used, respectively. The reduction was carried out 
at 330°C, and the remaining conditions were similar to 
those in the above examples. 

REFERENCE EXAMPLE 1 

8.8g of FeCl2.nl-l2O, 8.7g of CoCl2.6H2O and 0.4g of 
NiCl2.6H2O were dissolved in 75 ml of water. 

REFERENCE EXAMPLE 2 

The chloride solution was similar to that in Example 
1 except that AlCl3.6l~l2O was decreased to 0.02g. 

Table of the experimental data 

Reduction Coercive Saturation Residual 
Al Tern peraturc Force Magnetization Magnetization 

(mole%) PC) (0e) (emit/g! (emu/g1 

EX. l about 1 3H] 880 I9] 64 
EX. 2 " 4 3l0 980 I80 67 
EX. 3 ' 4 330 ‘)ll) I90 66 

EX . 4 4 370 750 l 90 54 

EX 5 7 330 900 190 63 
EX. 6 7 370 800 190 S7 
EX. 7 8 300 I020 [45 54 
EX. 8 8 330 930 I94 70 
EX. 9 I8 330 960 I73 64 
REF. l 0 330 700 200 50 
REF 2 about 0.l 330 700 203 55 

EXAMPLE 2 
It will be apparent from the above Table that an Al 

Example 1 was repeated except that the chloride so- 65 containing Fe-Co-Ni alloy powder prepared by a pro~ 
lution was prepared by dissolving 8.5g of FeCl2.nl-I2O, 
8.2g of CoCl2.6H2O, 0.3g of NiCl2.6H2O and 0.7g of 
AlCl3.6l-l2O in 75 ml of water. 

cess of the invention shows a remarkable increase both 
in coercive force and residual magnetization accompa 
nied with only a slight decrease in saturation magneti 
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zation as compared with analogous alloys containing no 
or only a trace of Al. " ,l 

Such advantages of the‘ inventioriiar‘e illustrated in 
the graphs of the accompanying drawings‘to'gether with 
in?uences of the Al content in the mixed crystal and 
the reduction temperature on the magnetic properties 
of the resulting alloy powders. 
The graphs of FIGS. 1, 2, 3 and 4 show the effect of 

the reduction temperature in a conventional process on 
the coercive force, saturation magnetization, residual 
magnetization and the rectangular ratio (residual mag 
netization/saturation magnetization), respectively, of a 
Fe-Co-Ni alloy powder. The abscissas represent the re 
duction temperature, and the ordinates the relative val 
ues of the above properties, in which 1.0 represents the 
value obtained through reduction at 330°C. 
Referring to FIG. 1, the coercive force increases as 

the reduction temperature is decreased. If a coercive 
force about 1.2 times as large as that attained through 
the reduction at 330°C (which is commonly employed 
in conventional methods) is desired, the reduction tem— 
perature must be lowered to about 280°C. Such a low 
temperature, however, causes the reduction reaction to 
proceed very slowly or not at all, and hence requires an 
extremely long reaction time and/or the use of a cata 
lyst. Besides, even if the desired increase in the coer 
cive force is attained by reduction at a temperature 
below 300°C, both the saturation and residual magneti 
zation values decrease sharply at such a temperature as 
seen from FIGS. 2 and 3. FIG. 4 also indicates that a 
signi?cant increase in the coercive force is impossible 
when reduction is carried out at about 300°C. 
FIGS. 5-8 show the effect of the Al introduction into 

a Fe-Co-Ni alloy having a composition substantially 
equal to that obtained by reduction of the oxalates of 
Example 2 at 330°C. The abscissas represent the 
amount of the introduced Al in mole% of the total met 
als, and the ordinates represent the relative values of 
the magnetic properties being scaled by the same stan 
dard as in FIGS. 1-4. 
As seen from FIG. 5, the coercive force increases re— 

markably as the Al content is increased up to about 5 
mole% and continues to slightly increase thereafter. 
Augmentation in the residual magnetization is also at 
tained in a wide range of Al content, but a peak exists 
in FIG. 7 at about 4 mole% Al content. Although the 
saturation magnetization in FIG. 6 decreases gradually 
as Al is increased, the rate of drop is very low, and FIG. 
8 shows that the rectangular ratio is increased in a man 
ner similar to the coercive force in FIG. 5. To put these 
data together, it is apparent that the introduction of Al 
into a Fe-Co-Ni alloy powder in an amount from about 
1 to about 20 mole% of the total metals brings about a 
surprising improvement in the coercive force and resid 
ual magnetization of the alloy with only an insignificant 
reduction of the saturation magnetization. Even when 
only 1 mole% of Al was added as illustrated in Example 
1, the coercive force and residual magnetization in 
creased by about 40 percent and about 30 percent, re 
spectively, and the rectangular ratio was increased by 
about 50 percent compared with a corresponding con 
ventional alloy containing no Al, while decrease in the 
saturation magnetization was limited to about 5 per 
cent. When a great importance is attached to the satu 
ration magnetization, the Al content is preferably lim 
ited to about l0 mole% at the most. 
FIGS. 9-16 show the effect of the reduction tempera 

ture in the process according to the invention, in which 
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6 
the ordinates are scaled by. the same standard as in 
FIGS. 1-4. FIGS. 9-12 and 13-17 stand for 4 mole% A] 
content and 7 mole%, respectively. 
As seen from these Figures, the augmentation in the 

coercive force and‘ residual magnetization by the intro 
duction of Al can be attained when the reduction of the 
crystalline oxalate is carried out at a temperature from 
about 300°to about 400°C. When a maximum augmen 
tation is wanted, the reduction temperature is prefera 
bly kept within a range between about 3 l0°and about 
350°C. 

In addition to the above described merits of a process 
of the invention, the simplicity and ease of practical ap 
plication should be noted as important advantages of 
the process. 
What is claimed is: 
1. A process for the preparation of an aluminum-con 

taining magnetic alloy powder, comprising iron and at 
least one of cobalt and nickel, the process comprising 
the steps of: 
preparing an aqueous solution of water-soluble salts 
of the respective alloy component metals and a 
water-soluble salt of aluminum, the amount of said 
salt of aluminum being such that the amount of alu 
minum ion in said solution is between I and 20 
mole % of the total metal ions; 

regulating pH of said solution to about 1.5; 
preparing a solution of oxalic acid in a mixture of a 
major amount of acetone and a minor amount of 
toluene; 

mixing said aqueous solution and said solution of ox 
alic acid with stirring to precipitate a crystalline 
powder consisting of the oxalates of said alloy com 
ponent metals and aluminum; and 

heating said crystalline powder in a hydrogen atmo 
sphere at a temperature between 300 and 400°C 
until said powder is reduced to powdered metal 
magnetic alloy. 

2. A process according to claim 1, wherein said mix 
ture consists of about 200 parts by volume of acetone 
and about 5 parts by volume of toluene. 

3. A process according to claim 2, wherein said solu 
tion of oxalic acid is prepared by dissolving about 25 
parts by weight of oxalic acid as Cid-{20421120 in about 
165 parts by weight of said mixture. 
4. A process according to claim 1, wherein said 

water-soluble salts of the respective alloy component 
metals and said water-soluble salt of aluminum are 
chlorides. 

5. A process according to claim 1, wherein said heat 
ing step is continued for about 6 hr. 

6. A process according to claim 1 for the preparation 
of a magnetic alloy powder of Fe, Co, Ni and Al, com 
prising the steps of: 
preparing an aqueous solution of FeCl2, CoCl2, NiCl2 
and AlCl3, the amount of AlCls being such that the 
amount of aluminum ion in said solution is between 
1 and 20 mole % of the total metal ions; 

regulating pH of said solution to about 1.5; 
preparing a solution of oxalic acid in a mixture of 
about 200 parts by volume of acetone and about 5 
parts by volume of toluene by dissolving about 25 
parts by weight of oxalic acid as C2H2O4.2I~I2O in 
about 165 parts by weight of said mixture; 

mixing said aqueous solution with said solution of ox 
alic acid with stirring to precipitate a crystalline 
powder of the oxalates of Fe, Co, Ni and Al; and 
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heating said crystalline powder in a stream of hydro- 8. A process according to claim 6, wherein said tem-_ 
gen gas at a temperature between 300°and 400°C peramre is between 3lO°and 350°C. 
for about 6 hr to form said magnetic alloy powder. 9- A magnetic metal alloy powder prepared accord 

7. A process according to claim 6, wherein said 5 ing to the Proms5 of claim " 
amount of aluminum ion is between I and 10 mole % of . 10‘ A magnet“: metal *?"°Y powder prepared accord' 

_ mg to the process of claim 8. 
the total metal IOIIS. * * 4r * t 
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