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3 Claims, 
1. 

This invention relates to the manufacture of 
magnetic bodies from compressed powdered 
materials. 
The principal object, of the invention is to, ef 

fect a reduction in the energy losses in Such 
bodies. 

In an article in the Bell System. Technical 
Journal, volume 15 (1936)., entitled “Magnetic 
Measurements at LOW Flux lensities it is. ShoWill 
(page 49) that the losses in a coil core 3, re rep 
resented by an equation 
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wherein R is the resistance in ohms due to Cole 
and Winding only and , is the indi ci3 (ce in 
henlies due to core, and residual air Si3Ce Only. 
The terms on the right hand side of this eqLa 

tion may be considered as different loss coeffi 
cients, and as proportional to constantS Y.1, E2 
and Ee Where 

(a B m -- c)f-- uef? 

K1-u.cx108 
K2=uax 103--Ke=ue X106 

where u is the permeability of the body, G, is the 
hysteresis resistance coefficient, c is the resid: 
resistance coefficient and e is the eddy client 
resistance coefficient of the core, as defined in the 
aforesaid article. K1 is known as he ZeSidZal 
loss coeffigient, Ka the hysteresis coreiicient, and 
Ke the eddy current coefficient. 

efficient K2 more particularly, though it 
Sively, in magnetic bodies th&t are used i 
current transmission Systeins, especial; 
frequencies. The presence of the Eystei'es 
coefficient, K2 causes the gerreiration of hars; onic 
voltages and this a reduction thiereof ille3.5 
reduction of the intermodulation between dif 
ferent channels of transnissioi, and a singii 
cation of circuit, problers arising for resist 
ances which vary with energy level. 
ent invention has also been fou'd to provide 
Soine reduction in the dai loss coefficient E.1. 
The eddy current coefficient Ks is solely de 

pendent on the particle size of the iiagnetic 3OW 
der and providing the particles are adequately 
inSuiated froin one another it cannot be aliered 
for a given particle size. Hence fo: a, given par 
ticle size the Oniy variales that, can be altered 
are Ki as 2. 
According to the present invention the hyste 

resis loss coefficient is reduced considerably be 
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low values previously attained by the use of silica, 
Sol as a primary insulating layer for the magnetic 
particles. 

It is preferable to use as a secondary insulating 
layer applied outside the primary insulating 
layer a hard dense non-plastic insulant such as 
titanium dioxide. 

ille best iesults have been obtained by the use 
of an insulation that consists of three layers ap 
plied SLCCessively to the particles the first con 
prising silica, Sol, the Second magnesium hy 
droxide and the tird titanium dioxide. The use 
of the titaniuin dioxide forms the Subject matter 
of our co-pending Application No. 717,329, filed 
December 19, 1946. 
It is believed that these results may be ex 

plained on the theory that the mininuin hyste 
resis coefficient is obtained when the magnetic 
particles have been subjected to the maximuln 
plastic deformation without the particles having 
been brought into contact with one another. 
Silica sol forms a primary insulating layer which 
has the property of flowing under the pressure 
Which is used to contp:ess the particles into core 
form whilst retaining an enveloping insiiating 
film over each particle. 
The plastic deformation takes place inder the 
reSSure USed for the purpose of Coirpressing the 

insulated magnetic particles into a Solid aid 
an annealing of the solid body is necessay to 
CauSe re-crystallisation if the Yaagetic nate 
rial. The greate; the plastic deformatio; the 
lower the re-eiystallisation tenpeatire for 
given magnetic nate;ial and the greater is the 
freedoin fron Strain in the agaic in 38ia, 
Which is well known to be desirae. 
The primary layer of silica, Soi is of Such 

character that rainium vonnetric change oc 
curs during SL Secent, joceSSes so that, the 

3, 

raginetic particies are not in a e Ci stain 
after heat-treatient. Aoreover Cilica, Sei i3S 
a low power factor and this assists in lowering 
the Kia constait. 

the folio Wing description relates to eribofi 
tients of tie invertion. ii. Which the Inaginetic 
particles corisist of a; alloy Costairigg i8%-32% 
tickel, 16%-1.9% iron aid tip to 3% Iraolybden, 
2nd aire of Such size as to 430 linesh Scree 
When Sci pairticles are to be congressed it to 
Gdies for se with Carrier citie:S w 

of insulation Sed orally Such that the per 
meability of the finished core is about 14. 

The best results litherto yi cores of per 
neability 14, made from powder of the above 
composition and fineness have been obtained by 
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means of insulation consisting of colloidal clay, 
such as kaolin, magnesium hydroxide and Sodiurn 
silicate as described and claimed in British Speci 
fication No. 438,803, with the addition of a Small 
percentage of a phenol formaldehyde resin a C 
cording to British application No. 16407/44. The 
insulated particles are pressed into Cores under 
a pressure of 45 tons per square inch and then 
annealed in an inert atmosphere at 630 C. for 
40 minutes. 
The properties obtained from the finished 

cores are a permeability of 14, K2=0.10, Ki=2.70 
and Ke-0.07. In the following examples the 
cores are manufactured in the Sane mannel Save 
for the nature of the insulation used. 

Eacample 1 
100 parts of the magnetic dust are thoroughly 

mixed with 10 parts of silica sol; and the mix 
ture dried at 50° C. and passed through a 120 
mesh sieve. The insulated dust that passes the 
sieve is thoroughly mixed with 2/2 parts of mag 
nesium hydroxide in aqueous Suspension. The 
resulting mixture is evaporated at 130 C. to dry 
ness with continuous mixing and Screened 
through a 30 mesh sieve. The material passing 
the sieve is compressed into a core which has a 
permeability of 14.05 and a K2 of 0.07. 

Eacample 2 
Same as Example 1 except that 5 parts of Inag 

nesium hydroxide are used. The permeability is 
decreased to 10.9 and the K2 also increased to 
0.11. 

It appears that there is an upper limit to the 
quantity of magnesium hydroxide that can be 
used without unduly increasing the factor K2. 

Eacample 3 
100 parts of magnetic dust are mixed with 10 

parts of silica sol, dried at 50° C. and passed 
through a 120 mesh sieve. 1.25 parts of mag 
nesium hydroxide in aqueous Suspension are 
thoroughly mixed with the material passing the 
sieve and the mixture evaporated to dryness at 
130° C. 4.6 parts of titanium dioxide are dry 
mixed thereWith and the result Screened through 
a 30 mesh sieve. Cores made from this COIn 
pressed material have a permeability of 13, a 
factor K2 of 0.064; a factor K1 of 1.2 and a factor 
Ke of 0.06. 
The use of titanium dioxide is described and 

claimed in our co-pending application No. 717,329 
of even date hereWith. 
The results obtained by Example 3 are consid 

ered to be the best obtained for a permeability in 
the neighbourhood of 14, as all loss factorS ShoW 
Some decrease, and that in the factor K2 ShoWing 
a 40% decrease. 
The following examples relate to cores in 

tended for use at still higher frequencies than 
the foregoing and thus intended to have a per 
meability in the neighbourhood of 6. 

Eacample 4 
100 parts of magnetic dust are thoroughly 

mixed with 10 parts of silica sol, dried at 50° C. 
and Screened through a 120 mesh sieve. The ma 
terial passing the sieve is mixed with 5 parts of 
magnesium hydroxide in Water suspension and 
the mixture dries at 130° C. The dried material 
is thoroughly mixed with 6 parts of magnesium 
oxide powder and 2 parts of a phenol formalde 
hyde resin. This mixture is heated at 40° C. for 
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4. 
half an hour and screened through a 30 mesh 
sieve. The material passing the Sieve is Com 
pressed into cores. The permeability is 6.9 and 
the factor K2 0.062. 

Eacample 5 
Same as Example 4 as regards the first two 

coatings. The dried mixture with magnesium 
hydroxide is mixed with 15 parts of titanium di 
oxide and 2 parts of a phenol formaldehyde resin. 
The mixture is passed through a 30 mesh Sieve, 
semi-cured at 40° C. and the material passing 
the sieve compressed into cores. The perme 
ability was 5.8 and the factor K2 was 0.046. The 
factor K1 was 2.0 and Ke was 0.045 thus showing 
a decrease in all three loss factors compared With 
normal type insulation. 
One method of preparing the silica, Sol was to 

hydrolise a commercial form of silicon ester in 
methylated spirits by means of hydrochloric acid 
solution (0.5 N in distilled water). In the foll 
lowing claims this type of silica, Sol is referred to 
as acid hydrolyzing silicon ester which will be 
understood by those skilled in the art to which 
this invention relates as being that type of Sub 
stance produced by acid hydrolysis of an alkyl 
Orthosilicate, for instance ethyl Orthosilicate, 
hydrolyzed With methyl alcohol or a similarlower 
alcohol containing an aqueous acid Solution. 
What is claimed is: 
1. Method of manufacturing a body having low 

hysteresis loss factor from compressed insulated 
magnetic particles of high permeability Which 
comprises first insulating the particles with a pri 
nary insulating layer consisting of an acid hy 
drolyzed silicon ester, subsequently insulating the 
particles with at least one further layer of in 
sulation comprising an intermediate layer of at 
least one substance chosen from the class con 
sisting of magnesium oxide and magnesium hy 
droxide, and an outermost layer comprising 
titanium dioxide, compressing the particles So 
insulated into core form to cause plastic de 
formation of the magnetic particles and then 
annealing the finished core to recrystallise the 
magnetic particles. 

2. A magnetic body composed of magnetic par 
ticles insulated from one another by a plurality 
of Separately applied individually distinct layers 
of insulation compressed into a Solid body in 
which the outermost layer comprises titanium 
dioxide an underlying intermediate layer com 
prises magnesium oxide and the inner layer com 
prises an acid hydrolyzed silicon ester. 

3. A magnetic body composed of magnetic par 
ticles insulated from one another by a plurality 
of Separately applied layers of insulation on said 
particles compressed into a solid body, said layers 
comprising titanium dioxide as the outermost 
layer, Silica, Sol as the innermost layer and mag 
nesium hydroxide as the intermediate layer. 
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