
May 13-1969 - sHOTARro sHuMizu ET AL 3,444,012 . . . . 
PROCESS FOR TREATING PLATI NU-I RoN PERMANENT MAGNET ALLoys • X • 

FOR IMPROVING THEIR NAGNETIC PERFORMANCE . » : , , Filod June 22, 1965 . . . . . . . * . . . Sheet : / of 2 

01 * (S3SSMYO) 
co D- Un º Nt CYn . . crN - lo . . . . 

| N 

. . " INVENTORS - 
sawora ao saw/Awzaz mraMww&MMY Mwiraw 

  



May 13, 1969 sho??ro sHIM?zu ET AL 3,444,012 
PROCESS FOR TREAT ING PLAT IN UM-IRON PERMANENT MAGNET ALLOYS 

FOR IMPROVING THEIR MAGNETIC PERFORMANCE 
Filed June 22, 1965 Sheet K3 of 2 

F|| G. 2 

8 | 
20 40 6O BO 100 

REDUCTION IN AREA (%) 

INVENTOR 
savo7ra ao sayVM7 vzw M MrwYos?w wazaw 

PY 4/MY/7a 
1477a7aRMYery 

  



United States Patent Office 3,444,012 
Patented May 13, 1969 

3,444,012 
PROCESS FOR TREATING PLATINUM-IRON PER 
MANENT MAGNET ALLOYS FOR IMPROVING 
THEIR MAGNETIC PERFORMANCE 

Shotaro Shimizu and Kuniyoshi Watai, Tokyo, Japan, as 
signors to Citizen Tokei Kabushiki Kaisha, Shinjuku, 
Tokyo, Japan, a corporation of Japan 

Filed June 22, 1965, Ser. No. 465,894 
Claims priority, application Japan, July 10, 1964, 

39/39,397 
Int. Cl. H01f II/04; C22c 5/00; C22f I/14 

U.S. CL. 148-101 8 Claims 

ABSTRACT OF THE DISCLOSURE 
A process for treating platinum-iron alloys of the Super 

lattice type for improving their magnetic characteristics 
comprising the steps of cold working a platinum-iron 
alloy body, to transform it from an ordered crystalline 
state to a substantially fully disordered state, and then 
subjecting said body to aging at a temperature between 
400° C. and 500° C. during a predetermined period to 
produce in said body a final state which is partially ordered 
and partially disordered. Said body may include from 
1-8% by weight of one or more of the elements selected 
from the group composed of Li, Os, Pd, Rb, Ni, Co, Au, 
Ag, Cu and H. Comminuting said body into a powder, 
forging, rolling, and swaging are disclosed as methods 
of cold working. 

The invention relates to a process of treating platinum 
iron permanent magnet alloys for improving their mag 
netic performance. 

It is common knowledge of those skilled in the art 
that platinum iron as well as platinum-cobalt alloys 
possess superior magnetic characteristics of the super 
lattice type permanent magnet alloys. In practice, how 
ever, the first kind of alloys referred to above have been 
found as inferior in view of their reduced magnetic per 
formance in comparison with the said second kind of 
magnetic alloys. 

It is further commonly known that platinum-cobalt 
alloy of equiatomic composition has an order-disorder 
transition point at about 825 ° C., above which the alloy 
is in the disordered state. On the other hand, this alloy 
may be transferred into an ordered state by aging for 
a certain time duration at temperatures lower than the 
above-specified value. When the alloy is in an inter 
mediate state between the above-mentioned extreme states, 
more specifically in a partially ordered state, it possesses 
a high magnetic characteristic. Thus, it will be clear that 
the super lattice type permanent magnetic alloys must be 
quenched substantially completely to the disordered state 
from a proper temperature higher than the transition 
point in order to achieve optimum, magnetic character 
istics by way of the aging process above referred to. 
Although the platinum-iron alloy above-referred to has 

a high value of magnetic moment, it is inferior in com 
parison with platinum-cobalt alloys in that it cannot be 
effectively subjected to the heat disordering treatment 
used in connection with platinum-cobalt alloy by quench 
ing in the disordered state at higher temperatures on 
account of its higher rate of transformation from on 
to the other state. 

It was now found that the platinum-iron alloy having a 
disordered state can be satisfactorily produced, when the 
alloy is quenched from higher temperatures and then 
subjected to a cold plastic deformation such as, for in 
stance, by rolling, forging, swaging, or the like, or alter 
natively to mechanical size-reducing treatment such as, 
for instance, filing, ball-milling or the like. When the 
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thus obtained platinum-iron alloy having a disordered 
state is further subjected to a proper aging treatment, as 
will be specifically described hereinafter by way of ex 
amples, it shows a remarkably high magnetic perform 
ance. Thus realized magnetic characteristics are superior 
to than those of platinum-iron alloys which have been 
subjected to a conventional treatment comprising both 
a quenching and a subsequent aging step. The magnetic 
performance of the platinum-iron alloy treated according 
to this invention is comparable to or even higher than 
that of conventionally used platinum-cobalt alloys. 

Although the alloys subjected to the treatment accord 
ing to this invention contain in general two specific elle 
ments, platinum and iron, in a substantially equiatomic 
ratio, they may include 1—8% in toto of one or more addi 
tives such as Co, Ni and/or H for improving the quench 
ability of the alloys. 
To the platinum-iron alloys, one or more further speci 

fic elements such as Au, Ag and Cu may be added in 
quantities of 1—8% in toto, separately from or in com 
bination with the said quenchability-improving additives, 
for the purpose of improving the plasticity of the alloys 
to be treated according to the novel technique. 

Separately from or in combination with the above 
mentioned additives, a small quantity, say, 1-7% in total 
including the above-additives, of one or more selected 
members from the group consisting of Ir, Os, Pd and Rh, 
may be added to the alloys to be treated according to the 
novel process of the invention. 
As for the composition of the basic elements of the 

platinum-iron alloys, optimum results can be obtained 
with an equiatomic composition. 

For better and clearer understanding of the present in 
"Vention, several numerical examples will be given herein 
below for the purpose of illustration, but not in a limit 
ing sense. At the same time, the obtained specific results 
are shown in the accompanying drawings, in which: 

FIG. 1 is a diagram showing magnetic properties of 
selected nine alloys treated according to the present novel 
technique, with two conventional alloys being included 
for comparison; and 

FIG. 2 is a diagram showing the improved effects ac 
cording to this invention as a function of the reduction 
in areas as caused by the cold plastic deformation. 

Example 1 
1 kg. of a platinum-iron alloy having an equiatomic 

composition, that is a ratio of 77:23 by weight was melted 
in an induction melting furnace and pour d into a mold 
so as to produce ten cylindrical ingots, 10 cm. long and 
having a diameter of 10 mm. By means of a file, one of 
these cylindrical ingots was transformed into a coarse 
powder of a mean particle size of about 150 microns. The 
filing powder was then compressed in a press under a 
pressure of 10 tons per Square centimeter so as to form 
a solid cylinder of the same size as above specified. This 
compacted cylinder was then Subjected to an aging treat 
ment at 400° C. for about an hour. This formed and 
treated sample possessed high and favorable magnetic 
characteristics as shown in first line of the Table 1 and 
illustrated by curve 1 in FIG. 1 of the accompanying 
drawings. 

Example 2 

100 grs. of the filing powder prepared in Example 1 
was further subjected to a ball-milling operation so as to 
produce a still finer powder having a mean particle size 
of about 2-5 microns. This powder was then compacted 
in the same way as described in Example 1, aged at 500° 
C. for an hour. The resultant product showed magnetic 
performance as listed in the second line of the Table 1 
and illustrated by curve 2 in FIG, 1. 
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Example 3 
One of the cylindrical ingots prepared in Example 1 

was subjected to a cold forging step so as to produce a 
solid square bar of 8 x 8 mm. cross-section. By this 
deforming treatment, the alloy showed magnetic proper 
ties as listed in the third line of the Table 1, and illus 
trated by curve 3 in FIG. 1. 

Example 4 
A plate, 5 mm. thick, was machined out of an ingot ob 

tained in Example 1 and rolled to reduce the thickness to 
2.5 mm. The rolled sample was then subject to an aging 
treatment at about 500° C. for about an hour. The pro 
cessed product showed magnetic characteristics as shown 
in the fourth line in the Table 1 and illustrated by curve 
4 in FIG. 1. 

Example 5 
One of the ingots prepared in Example 1 was covered 

with a thin non-magnetic sleeve and the assembly was 
swaged to reduce the diameter thereof from 11 to 7.5 
mm. The thus mechanically reduced sample produced by 
cold working of the material showed superior magnetic 
properties as shown in the fifth line of the Table 1 and by 
curve 5 in FIG. 1. 

Example 6 
An alloy comprising 72 wt. percent platinum, 23 wt. 

percent iron and 5 wt. percent palladium, was melted im 
a high frequency induction furnace and poured into molds 
so as to form 10 mm.-cylindrical solid ingots. These ingots 
were water-quenched from 1300° C. and then swaged 
to 7 mm. diameter. These swaged and reduced products 
were aged at 500° C. for an hour. The final products 
showed superior magnetic properties as shown in the sixth 
line of the Table 1 and by curve 6 in FIG. 1. 

Example 7 
A mass of an alloy comprising platinum 73 wit. percent, 

iron 21 wt. percent and gold 3 wt. percent was melted 
similarly as before and poured into ingots of a diameter 
of 10 mm. These ingots were water-quenched from 1300* 
C., swaged to solid cylinders of a diameter of 6 mm. and 
aged at 500° C. for an hour. These products showed su 
perior magnetic properties as shown in the seventh line of 
the table and by curve 7 in FIG. 1. 

Example 8 
A mass of platinum 77 wit, percent, iron 13 wit, percent 

and cobalt 10 wit. percent was melted similarly as before 
and poured into ingots of a diameter of 10 mm. Several 
of these ingots were water-quenched from 1300° C. andi 
swaged to reduce their diameter to 7 mm., and then 
aged at 400° C. for an hour. The final products showed 
superior magnetic properties as shown in eighth line of 
the table and by curve 8 in FIG. 1. 

Example 9 
Several ingots prepared in Example 8 were heated to 

1300° C. in hydrogen atmosphere so as to absorb hydro 
gen to a saturating degree, water-quenched as before, 
swaged to reduce their diameter to 5 mm. and aged at 
400° C. for an hour. The final products showed superior 
magnetic properties as shown in the ninth line of the 
table and by curve 9 in FIG. 1. 
The range of the degree of cold plastic deformation 

of the material according to the foregoing, being ex 
pressed in terms of reduction in cross-sectional area, is 
shown by Table 2 and illustrated by FIG. 2. From these 
data, the obtained improvements in magnetic properties 
will be obvious. In the evaluation of the data correspond 
ing to foregoing Examples 1 and 2, the reduction in area 
was estimated from the values of residual stress as ob 
served after the deformning treatment. 
As will be noted, the larger the reduction in area, the 

greater the improvement of magnetic properties of the 
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products obtained. The least improvement could be ob 
served with 20% of the reducing value, yet higher values 
than 50% appreciably contribute to the desired results 
In Examples 1 and 2, the improvements are rather low 
on account of lower density values of the samples under 
test. In Table 2 and FIG. 2, sample No. 10 is of a con 
ventional platinum nickel alloy. 

TABLE 1 

Sample Br. Hic, Hici, (BH)X108 Density, 
No. gausses oersteds Oersteds Gh.max. Oe, g.fcm.3 

6, 200 4, 600 7,400 7. 6 3. 0) 
3, 500 3,000 8,800 2. 7 9. 2 
6,400 2, 300 3,200 4. 0 14. 9 
6, 700 2, 500 3, 500 4. 9 i4. 8 
5, 700 4, 300 7,700 7. 2 4. 0 
5,900 4, 100 7,300 7. 0 4. 6 
5, 000 3,900 6,800 5. ö 4. 5 
6, 500 5, 200 7,200 9, 7 4. 8 
7, 100 5, 200 7, 300 | 0 14. 8 
5,830 1, 570 1,800 3. Li 5. 0 
6,400 4,800 6, 500 9. 2 15. 5 

* Samples 10 and 11 are conventional platinum-cobalt as described in 
“Material in Design Engineering”, July 1959, page 110. 

TABLE 2 

Reduction in area, , 
Sample No. percent (BH) max 
1- - --------------------- *70 7. 6X105 G. Oe. 
2- - *90 2. 7 
3- - 20 4. 0 
4- - 50 4. 9 
5- - 50 7.2 
6- - - - - - ----------------- 50 7. 0 
7- - --------------------- 65 5. 5 
8- - 50 9. 7 
9- - - ---- - - - - - ----------- 75 11. () 
10- ---- 0 3. 1 

*Estimated values inversely from obtained magnetic properties. 

It is to be understood that the treating steps disclosed 
in the several foregoing examples are illustrative of the 
application of the principles of the invention. 
What is claimed is: 
1. A process for treating platinum-iron alloys of the 

super lattice type for improving their magnetic charac 
teristics comprising the steps of cold working a platinum 
iron alloy body to transform it from an ordered crystal 
line state to a substantially fully disordered state, and 
then subjecting said body to aging at a temperature be 
tween 400° C. and 500° C. during a predetermined period 
to produce in said body a final state which is partially 
ordered and partially disordered. 

2. A process as claimed in claim 1, said body having 
an equiatomic composition and said aging period being 
about one hour. 

3. A process as claimed in claim 1, said body including 
from 1—8% as to weight of one or more of the elements 
Selected from the group composed of Li, Os, Pd, Rh, 
Ni, Co, Au, Ag, Cu and H. 

4. A process as claimed in claim 1, said body being 
produced by melting and castnig of the initial alloys of 
equiatomic composition, and said cold working step con 
sisting of comminuting said body into a powder having a 
mean particle size of the order of 100-200 microns and 
compacting said powder into a solid body prior to subject 
ing the same to said aging step. 

5. A process as claimed in claim 1, said body being 
produced by melting and casting of the initial alloy of 
equiatomic composition, and said cold working step com 
prising initially comminuting said body by file treatment 
into a powder having a mean partical size of 100—200 
microns, further comminuting said powder by ball mill 
ing to a final particle size of 2—5 microns, and compact 
ing the final powder into a solid body prior to subject 
ing the same to said aging step. 

6. A process as claimed in claim 1, said body being 
produced by melting and casting of the initial alloy of 
equiatomic composition, and said cold working step con 
sisting of substantially reducing the size of said body by 
cold forging prior to subjecting the same to said aging 
Step. 
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7. A process as claimed in claim 1, said body being pro 
duced by melting and casting of the initial alloy of equia 
tomic composition, and said cold working step consisting 
of cold rolling said body into sheet form prior to subject 
ing the same to said aging step. 

8. A process as claimed in claim 1, said body being 
produced by melting and casting into a rod of the initial 
alloy of equiatomic material, and said cold working step 
consisting of inserting said rod in a sleeve of non-magnetic 
material and reducing the diameter thereof by swaging 
prior to subjecting the same to said aging step. 
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