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INTRODUCTICN

This work is concerned only with the measure-
ments of the permeabilities of the iron-manganese alloy
system prepared by methods of powder metallurgy. The
investigations are made for the alloys containing man-
ganese between zero and fifty percent, and it is not ap-
plied to the alleys of higher nanganese contents because
of the brittleness of n.

It was necessary to prepare the apparatus for
the magnetic measurements and the heat treatments.

To investigate the effects of some variables
of the method applied, preliminary work is done on an
alloy containing Fe, Cr, Co, lo, and kn, which gave a
good deal of practical and thecretical knowledge of ob=-
taining a satisfactory compact from thg powders of the
metals. For that reason, the effects of the variables
such as temperature, time, and the amount of pressing as
well as the effect of the heat treatment on the permea-
bilities of the products were measured carefully. Accord-
ing to this knowledge, the compacts of the series of the
lMn-Fe alloys are pressed at a temperature of 400°c under
a pressure of 50 tons per square inch and with a 2 min-
ute time for pressinge.

The permeabilities of these pellets which were
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3" in diameter and 3" high, are measured by marking off
the magnetic intensity of the materials and using the

formula of B Ky 47, /, /+ 4k

wherﬁ/ﬁ’: the permeability
I = the intensity.

After this was done, the pellets were annealed at 600~-
700--800--900%c, at each temperature about two hours;
and after each annealing the permeabilities were meas-
ured; then they were carried on the tables by taking
the permeability of the soft iron in the magnetic field
strength used as 100,

The reasons for the changes in the permeablil-

ities were carefully studied and theoretically explained.




Chapter 1

POWDER HETALLURGY
Definition:l)

Powder metallurgy is a branch of metallurgy
which produces metallic compacts in their final forms
by means of pressure and heat-treatment from the pow-
ders.

The products of powder metallurgy are being
used in our daily lives quite often. From the tungsten
wires in the electric bulbs to the silver-tin fillings
of our teeth, some small parts of automobile motors, and
oilless bearings are being produced by the methods of
powder metallurgy.

Historical:

At the beginning of the 19th century the tech-
nique and the material of the furnace construction did
not allow the acquiring of metals with high melting points,
such as platinum and tungsten, by the methods of pyro-met-
alluargy, in a pure state.2) It was necessary, for example,
to add some As into the platinum furnace in order to ob-
tain an As-Ag alloy with a lower melting point than the
pure platinum. This alloy, which had the composition of

1) Charles Hardy and Clarence W. Balke, Metals Handbook,
1939 edition, 104.
Richard Kieffer, Metall und Erz, Februar 1940, Band

37, No. 4, 67.
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As-Ag eutectic, was poured out of the furnace and solid-

ified. This bar was then heated to a red hot temperature
in an oxidizing atmosphere, usually in air, until all the
arsenic was volatilized. The platinum obtained was fair-
ly ductil. But it still did nct have the correct working
properties of pure platinum.

In 18263) another method of obtaining platinum
compacts was applied when the Czar issued the Russian
platinum coins. With a chemical method of precipitation
of the pure platinum metal from its solution, a platinum
powder was pressed to a metallic compact under a high
pressure which was heat-treated afterwards. In order to
increase the density and tightness of the product, it was
pressed again under a higher pressure and at a higher tem-
perature than before. The pellets obtained were cut and
minted as old Russian coins. These were used until 1865,

In 1829, Wallaston of England, explained the
theory of the sintering of platinum. He also obtained
some practical methods of pressing and sintering of the
metal powders which are even in use in the powdered met-
al production of the Ferrous metals of today. Wallaston
first p}oduced a finely divided powder of platinum by the
precipitation from its solution. Then he pressed this
powder wet in a steel mold. This product had a specific



gravity of 10. The same pellet was then annealed in a
furnace fired with charcoal, where its specific gravity
increased from 10 to 17.0 or 17.7. After forging it he
obtained a compact having a specific gravity of 21.44
which is the same as the theoretical.

The commercial application of powder metall-
urgy was started in the field of electrical industry.

It was necessary to have wires for many elect-
“rical purposes which should have high electrical resist-
ivity, a high melting temperature, good working properties
for drawing wires, and a high corrosion resistance at high
temperatures. Tungsten, tantalum, and molybdenum were the
only metals with these properties mentioned. Since the
ovens and crucibles could not resist the high melting tem-
peratures of these metals, it was necessary to melt first
an alloyj for example, a W-Cu-Ni alloy, by the additioﬁ of
amalgams which were drawn into wires. These wires were
refined of the impurities by heating these in an oxidiz-
ing atmosphere.;

In 1908, Coolidge4) discovered a process of ob-

2) Richardéhigéfer, Metall und Erz,Februar 1940, Band 37,
NO B 7"

3) Richard Yizgfer, Metall und Erz, Februar 1940, Band 37,
NO - 4 7-

4) C. Coolidge, Journ. Am, Inst. Eng., 29, 1910, 971.
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taining thin wires from the tungsten powders. The pow-
der of tungsten which was cbtained by the reducticn of
pewdered oxlde of the metal, was pressed at a relatively
high pressure -and the compact obtained was forged at
about 1500°c. This product then could be drawn into the
wires of 3mm dianeter.

The next products of powder metallurgy were
the contact alloys of non—alloyingg) elements., It was
possible to produce aggregates6) ¢f non-alloying ele-
ments, which have the physical properties of their com-
ponents. The contact alloys c¢f W-Cu are belng used for
electrical switches, while the aggregate of Cu-graphite
is the most common material of dynamo brushes.

The production of materials of the desired
porousity was the next and one of the largest applica-
tions of powder metallurgy of the 20th century. Cllless
bearings and filters belong to this group.

In the last ten or fifteen years the methods
of powder metallurgy has been proved cn such & large
scale that 1ts application in the metallurgical process-
es of obtaining small particles of machinery is almost

5) Richard Kiffer, Metall und Erz, Band 37, Fo. 4, Feb-
ruar 1940,

6) Charles Hardy and Clarence W. Balke, lMetals Handbook,
1639 edition, 104.



equal to the application of diecasting.7)

Advantages and Disadvantageg of Powder Metallurgya)
The advantages are:

1. Obtaining of refractory metal in useful
forms.

2. Form obtalned has a difinite accuracy.

3. Ko waste of scrap.

4, DNone or a relatively low cost of machining.

5. Exact composition of alloys obtained.

6. No impurities in the products which is very
common for the conventional methods of pyro-
metallurgy.

7. Aggregates of non-alloying elements can be

obtained.

Parallel to these advantages are some disadvantages which
limitate the application of powder metallurgy:

1., High pressure is required which increases
the cost of equipment and tools.

2e .Hany metal powders have a tendency to cling
to the walls of the die which gives an uneven distribution
of pressure throughout the mass. This fact limitates the
size of the product.

3. Another limitation might be the production

of metal powders for some particular.cases.9)

- -



Theory of Sinterigg:

The products of powder metallurgy depending
upon the theory of sintering may be classified into two
ma jor groups;lo) :

l. The prcéuéts which afe cemented by

meansvof a formed liquid phase.,

2. Those products which are cemented

by means of cohesive forces, availl-

able petween the surface crystals

of the particles without the form-

ation of any liquid phase.
The examples for the firsf group are the hard carbide
-tools and sintered contact alloys and dental alloys.
The examples for the second class of production are the
wires of tungsten, molybdenum, titanium, tantalum and
the compacts of the ferrous metals.

The most satisfactory theory of cohesion of
today can be summerized as follows: ‘

It has been discovered that the particles hav~

ing a grease film on their surfaces cannot be pressed

g) Barl S. Patch, Iron Age Magazine, December 19, 1540.

) Charles Hardy ’and Clarence W. Baike, Metals Handbook.
1939 edition, 104-105.

9) Earl 8. Patch Iron Age Magazine, December 19, 1940.

10) Richard Kieffer, Metall und. Erz, "Februar 1940 Band

37, No. 4 69-
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into compacts as well as clean particles can be. It is
claimed that the pressure applied brings the clean sur-
faces of the particles to such a small distance from each
other that the molecular forces would be effective. The
thermal agitation of atoms increase with the temperature
and probably the atoms on the surfaces of the particles
enter the crystal space lattice of neighboring atoms.ll) .
This fact can be proved by the occurrence of grain growth
in the pressed powders.
The effects of different variables may be sum~
merized as follows:
1. The metals with clean surfaces ad-
here strongly by means of a. rela-
tively low pressure.
2. By the increase of the plasticity of
the metals by means of higher tem-
peratures, the force of adhesion in-
creases strongly.
3« A slight film of grease prevents
c¢ohesion entirely.
4, The oxide film mostly decreases the
force of adhesionj therefore, it is
undesirable; but 1n some cases, such
as by the pressing of molybdenum pow=-

ders, an oxide film is highly favorable.

e



In practice some products would be obtalned
at a temperature at which about 5--20% of the entire
mas s liquifies. A typical example for this class of
sintering is the product of the tungsten carbide and
cobait, which results in a very hard material. For
this purpose, the mixture of cobalt and tungsten car-
bide is pressed at a temperature 6f about 1400°c, which
forms a liquid of the ternary eutectic of tungsten, co-
balt, and carbon. This liquid fills each capillary and
results in a shrinkage of 20% of the entire length.

: Another example for this class of sintering
is the production of heavy metalsl?) which contain 0%
tungsten, 6% nickel, and 4% copper. In this case, a
ternary eutectic of tungsten, nickel, and copper forms

which melts at 1400°c, at which the mixture is pressed.

11) Richard Kieffer, Metall und Erz, Februar 1940, Band
37, No. 4, 70.

12) Riehard Kleffer, Metall und Erz, Band 37, No. 4,
Februar 1940, 70. .



The Production of Metal Powders:l3)

: The production of metal powders with an econ-
omical method of a sufficient purity Ras been a very
important factor of powder metallurgy. One of the old-
est known methods of metal powder production was the
chemical process of precipitation of metals from their
solutions which was applied to the preciéus metals.
Also, the methodlof the reduction of metals from their
poidered salts by means of an alkaly or earth alkaly,
is.being used at the present time only for the production
of rare metal powders.

The reduction of powdered metallic oxides, es-
pecially the oxides of tungsten, molybdenum, and cobalt
with hydrogen, is also a common process.,

The mass production of Iron and Nickel powders
will be carried on by the carbonyl process. This pro=-
cess depends upon the fact that nickel forms a carbonyl,
K1(C0), and iron Fe(CO)y or Fe(C0)7 when C0 gases are
sent through. The carbonyls formed are unstaple above
a definite temperature; for example, N1(CO)z; 1s unstable
above 180° at which they are in a gasous state. The de-

formation of this gas in the pure metal and the CO gas
13) A summary of Metalls Handbock and Metall und Erz.



makes it possible to obtain as fine particles of nickel
or of iron as is desired. Today this process is being
applied for the production of metallic powders of iron,
nickel, cobalt, tungsten, molybdenum, and chromium.

The electrolytic process of metal powder prod-
uction by the addition of a reagent to the electrolyte
is a very commonly applied method. The powders of cop-
per14) and iron are being prepared by this method. These
powders are especially good because of their porous sur-
faces.

A mechanical method of metal powder production
is the grinding of‘pure metals or their alléys. This
" method today is the most widely used process of tﬁe pPOW=
der production of bronze, brass, aluminum, and mégnetic
alloys}5)

Another way of obtaining powders is the gran-
ulation of the melted metals. This 1s one of the most
economical processes of producing the powders of the metals
with low melting temperatures. This method makes it pos-
sible to cbtain the powders of very ductil metals, which
cannot be ground easily.

The method of volatilization or evaporation and
the condensing of metals is being applied to those which
have a higher vapor pressure at relatively lower temper-

atures. The zinc powders are being produced by this process.

-]l2=



The powders of very hard metals or metallic
compounds, which have high melting points such as the
carbides of molybdenum, tungsten, titanum, and tantalunm

are being produced by heating the powders of these met-

als ér their oxides with finely ground carbon.lé)

14) Claus G. Goetzel, Metals and Alloys, July and Aug-
ust 1940, ;
;i:hard P. Seeling, Metal and Alloys, December 1940,

15) V.E. Legg and F.J. Given, The Bell System Technical
Journal, July 1940.

16) Richard Kieffer, Metall und Erz, Band 37, No. 4,
Februar 1940.



The.Products of Powder Metallurgy and their Uses:

_ The materials with very high melting points
were the first groupé produced by the methods of pow-
der metallurgy. .The tungsten wires, for example, are
being used for many electrical purposes because of thelr
high electrical resistance, high fusing temperature, and
relatively good mechanical properties at very high tem-
peratures., Today the wires in electric light bulbs, in
radio tubes, anti-cathodes in X-ray tubes, and contact
interrupters 15 the benzine morors are made of tungsten,
Furthermore, tungsten is utilized as electrodes for
arcatom—arc-welding17) purposes where by means of nascent
hydrogen, a temperature of 4,000°c can be obtained.
Arcatom-arc-welding is used in the light metal indust-
ries, especially in the manufacturing of airplanes.

The products made of molybdenum are also very
important. They are used for particular purposes, prefer-
ably the tungsten products because of their higher flex-
ibility. The heating bodies for high temperature furnaces
are made of molybdenum.

The products of powder metallurgy from tantalum
are used in the chemical industry because of their high
resistivities against the acids and against high temper-
atures.

Cne of the most important products of powder

«l4-



metallurgy are the oilless-bearings, which are in use
in the U.S.A. of more than one-billion at the pres-
ent time}s) In order to produce these bearings, 20%
of graphite and some organic substances are added to
the mixture of copper and tin powders. The whole mix-
ture is then pressed into the forms of bearings at a.
temperature at which a liquid phase cof tin-copper al-
loy forms, containing mostly tin. The evaporation of
of the organic substance added, produces pores in the
body of the bearing which can be controlled exactly.
This porous product which is in the shape of bearings
is dipped into the oill in order to fill the pores, and
then it is placed in the machinery. The increase in
temperature, because of the friction of the shaft, brings
the 0il out of the pores which forms a grease film be-
tween the shaft and the surfaces of the bearing.

The productiocn of the hard materials of tung-
sten carbide have been discussed previously. In the
- U.S.A., however, the compacts of the following coupos=
itions are obtainedjby the methods of powder metallurgy:

1) W 90%, Fe 10%

2) w 8o%, Co 15%, Cr 5%

3) W 80%, Cr 19.5% C.0.5%

Another group in the preduction of powder met-

allurgy are the compacts of non-alloying elementslg)

-15=



which are called contact-alloys.2o) It is, for example,
impossible to obtain an alloy of copper containing 5-20%
graphite since carbon is insoluble in liquid copper.

But the fact that such a mixture would have easy slid-
ing properties of graphite and the high electrical con-
ductivity of copper, it 1s an ideal material for dynamo
brushes, In order to increase the hardness of the cop-
per, from 5 to 10% of Sn, Zn or lead powder is added to
the powdered copper-graphite mixture and then it is press-
ed into the forms of dynamo brushes at a temperature, at
which a liquid phase of Cu-Sn-2n-Fb is formed. The con-
tact alloys of W-Cu, W-Ag, W-Mo are produced with the
same methods; they are used for e}ectrical switches and

circuit breakers.

17) Richard Kieffer, Reutte(Tirol), Metall und Erz,
Band 37, No. 5, Marz 1940, 88,
lgg Earl S. Patch, Iron Age Magazine, December 19, 1940.
19) Charles Hardy and Clarence W. Baike, Metals Hand-
book, 1939 edition, 104, :
20) Richard Kieffer, Metall und Erz, Band 37, No. 5,
Marz 1940, &9. ~
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Chapter 2

MAGNETISH -
Historica1:23)

The ancient Creeks and Romans discovered an
iron orey magnetite, in the lagnesia (Magnisa) district
in Asia Einor; 'hich'had the propertlies of attracting
small pieces of iron. This property of attraction was
called magnetism, while the substances which had the
magnetic propérties were named magnets.

As egrly_as 1100 B.C. the Chinese were famil-
jar with the fact that a plece of magnetite suspended
on a needle which could swing freely on a horizontal
plane would set itself in a definite direﬁtion, which
is now known ‘as the magnetic south and the magnetic
north of tho'emrﬁh. It is even known that the Chlnese
led their ships usihg a plece of magnetite suspended on
a needle. %his was known by the Europeans 2000 years
later, when they named the magnetite the lodestone (lead-
ing stone). Later, a thin iron rod was used for the
same purpose which was magnetized with a lodestone.
When the properties of electricty were discovered, the
name of lodestone was entirely forgotten; while it was
posgible to magnetize a plece of iron by means of an

electrical current.



The Properties of Magnets

Hagnetic Poles:z‘)

When we take a magnetized thin iron rod sus-
pended on a needle and mark one of the ends showing the
north with "N” and the other end with "S" and bring 1t
near to another iron rod which is prepared the same way,
we then discover that the ends of the rods marked with
the same letters repel each other while the different
named ends attract each other. The force of repulsion
and attraction seem to be concentrated near the ends of
the rods, which are called magnetic poles.
Magnetization:

When an iron rod shows the properties of a
magnet it is magnetized. This rod does not show any
change in its weight before and after the magnetization.
It has been discovered that in a pilece of iron an in-
crease in length occurs parallel to the magnetization,
which indicates some rearrangement of the particles in
the body of the iron barj when the same bar is cut into
small pieces, each particle would still have magnetic
properties. These facts might give us an idea about
the architecture of the iron bar which i1s formed by small

permanent magnets.
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The Strength of Poles:

| Coulombzs} discovered in 1765 that the fore-
ces of repulsion and attraction between the two poles
of two different magnets are in reverse proportion with
the square of distance between the poles. He also dis-
co&ered that different magnets have different aﬁtraction
or repulsion forces against one anotﬂer from the same

distance. These facts were expressed in a formula

X Fgmlxmz
a2

where d = the distance between the poles
' ~concerned;

my and mp = the strength of the m;ggz:ic

But each medium between these two poles does not have
the same characteristics of behavior to the magnetic
fbrces which is expressed with the Grgek letter/A/
and called the magnetic permeability. Thus the form-~

ula would be

F=m1xm2

T

where 1is practically equal to 1, for gases.

23) Poor, Electricity and Magnetism, 1931 Chapter 2.
24) Duff, Physies, Eighth Edition, 346.
25) Hausmann-Slack, Physies, Fourth printing, Chap. 2.



From this formula we can define the unit polej a unit
pole is one, which repels another similar pole of the
same strength with a force of one dyne when placed cne
centimeter apart from it.

A magnet forms a magnetic field whose unit
is named one Oersted which is the intensity of a field
that would exert unit force on a unit pole. The strength
of the field expelled by a magnetic pole of strength (m)
is given by the formula of

He _nm ' ‘ . .
_;%77 Oersted's per sq. in

and H is called fluxdensity or magnetic in=-

duction which is measured in Gausses and 1s shown:

B=s H

When a coil of a substance having a permeabil-
ity o;/ﬁ’ is put into a selenoid which has a magnetic
field strength of H Oersteds, the field strength of the
selencid increases. The excess magnetic force produced
by the iron coil collectively with the magnetic forces
of selenoid is called magnetic induction or magnetic fluxj;
and the strength of it is called fluxdensity which is also
measured in Gausses and shown with B.

When an area of A sq. cm, has an equally divid-
ed magnetic strength of H Gausses, the flux of this field

-20-



is equal to % = B x A Haxwells.
The ratio between the flux density B and the
field strength H which produces this fluxdensity is call-

ed the permeability of the substance concerned.
= B
e e
The intensity for magnetization, I, which is

the pole strength of a unit area produced in a magnetiz-
ed bar by a field of H is equal to

- R

Since the forces produced by a pole of m strength is

equal to 4 m, we would find for a unit area,

F _— -—._,_4'm - 4‘10
a

While the magnetic induction B is equal to the fleld
strength H collectively with the field strength by the
magnetized metal then

Be Hﬂ’ 4nl.,
The ratio of I = K is called magnetic susceptibility.

The above formula then can be written

N = 1+ anK,

This formula gives the relation between the permeability



and susceptibility which may be used to indicate the
permeability of the metals.

The permeability and susceptibility of the
of the magnetic substances depends upon their temper-
atures and the field strength applied. For example,
the permeability of iron increases with increasing H
up to a certain point, then decreases. When we exam-
ine the relation between B and H, first the magnetic
induction B increases very rapidly with the increasing
strength of the magnetic field applied; then it re-
mains constant; thus the iron is at this point satur-
ated, According to thelr permeabilities, the substances
are classified into three groups:

l. Ferromagnetic substances; these have a
permeability much greater than unity at ordinary con-
ditions. Iron, cobalt, and nickel belong to this group.

2., Paramagnetic substancesj; these have a
permeability slightly greater than unityj they are feeb-
ly attracted by a magnet. Aluminum, chromium, manganese,
s odium, and platinum are some of the 20 paramagnetilc
elements.

3. Diamagnetic substancesj mostly gases have
a permeability slightly smaller than unity, which are
called diamagnetic substances. Bismuth 1s also diamag-
netic, having a permeability éf 0.999€. These elements
are repelled by a magnet.

20w



The Physical Basis of Magnetism

There has been many theories advanced in order
to explain the physical basis of magnetism. The latest
theory which has been the most accurate explanation of
magnetism depends upon the connection between magnetism
and the atomic structure of the magnetic metals, To
make our explanations understandable, it is necessary
to give a short review about the atomic structure of the
elements,

Structure of an Atomzaé)

The static electricity of an atom which is
neutralized by positive and negative elegtricity, was
known in the 18th century, but the distribution of this
electricity in an atom was not yet discovered. In the
18€th century physicists accepted the theory of Thomson
who described an atom as an area of positive electricity
in which negative electricity was moving. In 1903 Len-
ard bombarded the atom with cathodic rays and found that
positive electricity did not cover all the body of an
atom. MNore exact experiments were carried on by Ruther-
dorf in 1911 which had already been made by Geiger and
Marsten by using alpha-rays.

It was disclosed tha; the positive electricity

of an atom was concentrated in the center of the atom
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forming a nucleus arqund which the negative electricty
or electrons were moving. The nucleus of an atom had
a size from 10733 to 10'11cm, depending upon the kind
of the atom. For example, hydrogen has a nucleus of

a 2110°l3cm diameter. The nucleus never occurs free
of the matter, while the electrons which are only as
big as a E%Z?th part of a hydrogen atom can be free of
the matter.

Bohr's Theory327)

In 1913 Niels Bohr, a Danish physicist, dev-
eloped the latest theory of atom-structure connected
with the atomic numbers of the elements in the periodie
system., According to this theory, an atom consists of
a nucleus which has a net positive charge and a number
of electrons which are in orbital motions around the
nucleus. The distance between the nucleus and electrons
are very large compared to their sizes.

The nucleus is formed of positive charges or
protons and some negative charges containing positive
electricity in excess. It is connected to the matter

and never occurs freely.

26) H. Remy, Lehrbuch der Anorganischen Chemie 1937,
Band 1l 0-80.
ﬁh sics, eighth edition, g 4-396.
27) Duff Physics, eighth edition, 394-
H. Remy, Lehbruch der Anorganlschen Chemie, 1937
Band 1.



The electrons are negative charges which have
an orbital motion around the nucleus and spin around
their own axis. The hydrogen atom is the lightest atom
whose nuecleus consists only of one unit positive charge
around which an electron is moving on an orbit. This
orbit is called the "K" orbit. The next element with
the atomic number 2 is helium, which has two electrons
on the "K" orbit while its nucleus contains 2 negative
and 4 positive charges. The next atom contains three
free electrons; two of them on the "K" crbit and the
third one on another larger orbit, which is called the
"L" orbit. This orbit is completed with & electrons in
neony then the "M" orbit starts to form. So from the
hydrogen with an atomic number "1" to uranium with the
atomic number "92" new shells are formed and completed
periodically. These shells are named with the letters
alphabetized from "K" to "P" and are completed by 2, 8,
18, and 32 electrons.

In some cases a new shell may be formed be-
fore the outer shell of the atom has been completed.
This ocecurs in the ferromagnetic elements which inter-
ests as being one of the causes of ferromagnetism.

The Iron Atom and Ferromagnetism:ZB)

In the periodic systém iron has an atomic num-

ber 26. The figure on page 26 shows that the electrons
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ELECTRON SHELLS IN AN ATOM OF IRON*

(The arrow indicates the incomplete sub-shell that is re-

sponsible for ferromagnetism., The numbers specify how

many electrons with each snin are in the corresponding
sub-shells.)

sBogorth, op. cit., pecs
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are moving in four groups of shells which are divided
into sub-shells. The "K" shell has been completed from
two electrons as the "L" shell is with & electrons.

But on the "M" shell, which is sub-divided into three
orbits, there are only 14 electrons; and although it
has not yet been completed the other two electrons of
the iron atom has started another "N" shell.

It has been stated that the electrons have
two kinds of motion, one of them a spinning motion, and
the other an orbital motion. Both of these motions
could give magnetic properties to the atom. The spin-
nings of the electrons on a completed shell neutralize
each other in such a manner that half of thenm spin in
one direction while the others spin in the opposite
direction. But this is not the case for iron. A4s it
is shown on the figure of page 26, the third shell of
the atom has only 14 electrons which are moving on three
sub-shells. The outer sub-shell contains 6 electrons,
five of which are spinning in one direction, while only
ocne of them spin in the opposite direction. This incom-
plete sub-shell is considered as a cause of magnetism,
Because of the unbalanced spinning on this orbit, the
atom acts as a permanent magnet.

The orbital motion of the electrons also con-

tribute to the magnetic moments, but some gyro-magnetic
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experimentsae) show that there is no change in orbital
moments when the intensity of hagnetism changes. It is
supposed that the orbital moments of the electrons in
various atoms neutralize ohe‘another.29)

The phenomena that the atom itself might be
the cause of magnetism was invented first by Weber.
Fifty years ago, Ewing attempted to explain the ferro-
magnetic phenomena In terms of the forces between the
atoms. But his model and caleculations did not clearly
define the forces which maintain parallel the dipole
moments of neighboring atoms, Heisenberg3°) suggested
that these forces were powerful enough to align element-
ary magnets below a certain temperature which is called
Curie temperature., Above this temperature the forces
which maintain the dipoles of the atoms parallel to each
other are over-forced by the thermal agitation of the
atoms. This means that the energy of thermal agitation
of the atoms at Curie temperature is equal to the force
which keeps them parallel to each other.

It has been discovered that there is an elect-
ro-static and a much weaker electro-magnetic force exist-
ing in an atom. In addition to these two forces, a force
of interaction exists between the atoms., But this force

is negligible when two atoms are two or three times as
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far apart as they are in crystals, But it is supposed
that when twec atoms are brought nearer to each other
gradually, these forces cause the electron spins in the
two atoms to become parallel (positive interaction).
But this fact occurs only to a certain distancej it then
diminishes gradually and becomes zero, When the dis-
tance is decreased further, the spins set themselves
anti-parallel(negative interaction). It has been dis~
covered that different relations exist between the ra-
dius of unbalanced orbits and the radius of the atoms
for different elements.31)

When R = the atomic radius of the element
concerned

r = the radius of the shell on which
the spinnings are not balanced

then it is shown that:

-%— is larger than l#{(positive interaction)
for the magnetic substances of Fe, Ni,
Co and gadolium;

and -%— is smaller than l}(negative interaction)

for paramagnetic substances.
This theory has been proved that when a ferromagnetic
nickel alloy was held under a pressure of 10,000 atmos-
pheres it loses its ferromagnetic properties.
According to this theory the assumption of the

molecular field explains the formation of the domains
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readily. To give an ;dea about the size of the volumes
in which this force seems to be effective, we take lce
iron which contains about 10;000 single erystals; each
erystal containing about 100,000 domains, then each
domain is formed from 10™* to 1015 atonms.

28), 29) R.M. Bosorth, The Bell System Technical
Journal, January 1940, 1-40.
30) W. Heisenberg, Z.J. Physik, 1938, 619-636.
31) R.M. Bosorth, The Bell System Technical Journal
January 1940, 24-25.



Chapter 3

APPARATUS

In order to obtain a pellet from the powders
of the metals and to measure it permeability, the mater-
ial was brought into different apparatuses in the follow=-
ing order.

Mixer: |

The powders of different metals were welghed
in the desired ratio and put into a mixer in order to
obtain an aggregate of uniform composition. The mixer
itself consisted of a simple tin box, cublie in shape,
whichrhad an axis that goes through the box from the
center of one edge and continued through fhe center of
the opposite parallel edge. This axis was connected to
a small electric motor by means of a narrow rubber belt,
as it is shown in picture 1, and was driven with about
40-60- returns per minute.
lold:

After the powder was mixed, a definite weight
of it was put into the mold, picture 2. This mold which
is shown on page 32, in its actual size was cylindrical
in shape and was connected to various apparatuses which
gave the opportunity of controlling different variables

of powder metallurgy.
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Picture of the lold

Assembled

Apart

Picture 2
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1. Atmosphere Oontrol Apparatus:

In order to remove the oxide film from the
particles, 1t was necessary to reduce the powder mix-
ture in the reducing chamber of the mocld which was con-
nected to the natural gas source and to a hydrogen gener-
ator. As it 1s shown on the flow-sheet of page 37 and
plcture 3, between the reducing gas scurces and the mold
there were some flasks containing concentrated H,S504,
CaCl2 and Caso4 for the drying and purification of the
gases. The hydrogen and natural gas could be sent into
the reducing chamber separately or mixed which were bur-
ned after leaving the ﬁold. The natural gas was taken
from the eity gas lines, while hydrogen was produced by
using zinc and H2804.

2. Heating Unit:

The mold was heated electrically by means of a
heating unit, as it is shown on page 32, around the mold.
The temperature was measured with a thermocouple which
was regulated before the pressings had been started. The
temperature of the mold was increased or decreased by
changing the resistance of the circuit.

3. Pressing Apparatus:

For pressing the powders in the mold a hydraul-
ic jack was placed below the mold as it is shown in pie-
ture 4. The presser was made by Blackhawk MFG. Co., Kil-

waukee, Wisconsin, and had a capacity of 20 tons pér a
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ecircular area having a diameter of 2.562 inches. Since

the diameter of the ram which transferred this pressure

to the powder was only 0.5 inches, its area was calcul=-

ated 0.1965 sq. in. or practically 0.2 sq. in., then the
pressure recorded on the scale of the hydraulic Jack was
divided by 0.2 in order to find the actual pressure per

sqg. inch.

Heat-treatment Furnace:

There were two multiple unit electric combus-
tion furnaces for the heat-treatment of the pellets as
shown in picture 5. The information about these furn-
aces and their prices is given in the catalog ¢-227, of
the Central Scientific Co., page 349.

Two of the different variables of heat-treat-
ing, such as the temperature and the atmosphere was con-
trolled by means of a thermocouple and by using natural
gas., Both of the furnaces were similar in their construc-
tion, having a heating unit in which a quartz pipe was
placed. The end of the thermocouple was inserted into
this pipe through a cork which had another hole for the
entering of natural gas. The other end of the pipe was
also closed with a rubber cork which had a glass pipe in
order to let out the gases coming through the furnace.

The gases, leaving the furnace were burned immediately.

-36-
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Picture of Atmosphere
Control Apparatus

Picture 3
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Picture of the Pressing Apparatus
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Picture 4
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Picture of the innealing Furnace

Picture 5
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Circuit for Measuring Hagnetic Susceptibility:

In order to find the magnetic permeability of

the pellets, the circuit on page 42 is used. This method
of measuring was similar to Faraday's experiment.32)
This apparatus was used by Faraday in order tc investigate
the relation of B and Hj but it also could be applied for
the measuring of magnefic susceptibility k, and the rela-
tion between k and is given by the formula

=1 4vk

which is demonstrated in chapter 2.

The circuit on page 42 consisted of two coils
which are marked on the figure with P (primary coil) and
S (secondary coil). The primary coil was.connected to a
direct current source. In order to regulate the current,
an ampermeter and a variable resistance was connected
to this ecircuit.

The secondary coily; which was in the same sele-
noid of the primary coil, was connected to a galvanometer
in order to record the changes of the magnetic fleld in
the selenoid.

For the demagnetizing of the pellets before
dropping them into the selenoid, a demagnetizer was used
which was connected to the alternating current line of

Butte.
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The whole set-up for the magnetic measurements

1s shown in picture 6.

Picture 6

32) BE. Heyn--A. Grossman, Physical Metallurgy, 1935,

Chapter €.
Duff, Physics, Eighth Edition, 439.
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Chapter 4

PROCESS OF PRODUCTICN AND MEASUREHERTS
Mixing:

In order to obtain an evenly divided powder
mixture of the desired composition, the powders of the
metals were weighed in calculated proportions and put
into the mixer. After a half an hour of mixing, the pow-
der was put into a beaker and then it was taken out in
portions of about § grams to obtain a pellet of 0.5" in
diameter and 0.5" in height.

Pressings

The ram of the pressing machine was lifted up
to the lower gas hole of the reduction chamber of the
mold and the powder previously weighed was put into 1it.
After the 1ié of the mold was made gas-proof by means of
heavy grease and was securely tightened, by connecting
the switches the temperature was increased to a deslired
point; and in the meantime, elther natural gas or hyd-
rogen or both was sent into the mold which passed through
the powder and was burned after leaving the reducing cham-
ber. After the powder particles had been reduced for a
desired length of time and the temperature reached the
desired point, the ram was dropped so that all the powders
from the reducing chamber could fill the pressing chamber
of the mold. The 1id of the mold was then twisted lower

A




to prevent the reentering of the powder back into the
reducing chamber when it was being pressed. The next
step was the increasing of pressure up to a certain
point by means of the jack mentioned in chapter 3. The
pressure was then removed 2 minutes later, and the pel-
let was taken out of the mold. After this, the mold was
cleaned and greased in order to be prepared for the next
pressing. :

Measuring the Magnetic Permeability:

After a number of pellets had been produced,
their magnetic susceptibilities were measured by drop~-
ping the pellets into the selencid and by comparing the
readings for a soft iron pellet and for the pellets pro-
duced. |

The primary coil which contained about 100 re-
turns, produced a magnetlic field in the selenocid by using
a direct current of 1.5 amps. which was much higher than
the magnetic saturation point of iron. The galvanometer

for iron measured about 19.5. From the formula of

/‘/z 1+ 47k for soft iron and
/AZ = 1+-4ﬂk;for the pellet was compared as




from the equations

k @ readings for soft iron . permeabllity of soft iron-1
k, readings for pellet permeability of pellet « 1

The permeability for soft iron was taken 100 and
for the pellets which were pressed from the powders were
calculated, and the records were carried on the tables as
they are shown on the following pages.

Annealing:

When the magnetic permeabilities of the pellets
were recorded, they were put into the annealing furnaces
under a reducing atmesphere and were heated to a certain
temperature and annealed for two hours., After the alloted
time the furnace was disconnected of the electrical current
and was cocoled slowly until next day. The pellets were
remové@ after cooling the furnace and thelr permeabllit-
ies were measured as before. The same pellets were then

annealed at higher temperatures.
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Chapter §

EXPERIKENTAL RESULTS

The experiments made can be classified into two
different groups:

1. Those which are practiced in order to inves-
tigate the effects of some variables of powder metallurgy
on the permeability of the pellet obtained. This group
work was done to become acquainted with powder metallurgy
and with the apparatus used. |

2. The investigations of the permeabilities of
the Fe-kn alloy system produced by the methods of powder
metallurgy.

The investigations for group 1 1s made for an

alloy containing

Fe 73.4 %
Cr 9.0
Co 16.0
¥n 0.3
Yo 1e3

and the effects of some variables recorded as follows:
Time of Pressing:

Only a few pressings of a various length of
time have shown that the pressing longer than two and
a2 half minutes does not effect the permeability of the
material to a large extent.

Temperature of Pressing:

For this group of investigations the powder of
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the above composition was pressed. It was first reduced
for a half an hour while the temperature of the mold was
increased up to a certain point desiredj then the powder
was pressed for two minutes at a pressure of 30 tons per
sq. inch. After the pellets were produced, their magnet-
ic permeabilities were measured as it is shown 1in chapter
4, Table 1 shows the variation in permeabilities parallel
to the different temperatures of pressing.

Table 1 ‘
Temp. of Fressing Permeability Permeability after
in %¢ Iron = 100 Annealing Iron=100
Room temp. 76 78
70 78 : 78
100 78 80
150 83 90
200 &8 90
250 93 93
300 98 100
350 99 100
400 100 100
450 100 100

Annealing:
When the permeabilitlies had been recorded, the

pellets were put into the annealing furnace and annealed
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for about two hours at 700°c¢c under a reducing atmosphere
of natural gas. After cooling slowly, the permeabilities
were measured again, Table 1 shows that the annealing at
700%¢ did not affect the permeabilities to a large degree.
As it was mentioned before, these experiments
were made only to become acquainted with the equipment

and with the methods of powder metallurgy.

The investigations for group 2 were made in or-
der to find the magnetic permeabllities of the Fe-lin alloy
system of powder metallurgy. The powders of iron and man-
ganese were mixed in different compesitions containing
from zero to fifty per cent manganese and balance iron.
From each composition two pellets were pressed at 400%¢
and 40 tons per sq. inch pressure for two minutes. After
their permeabilities were recorded, one pellet of each
composition was annealed at 600°¢ in a reducing atmosphere
for approximately two hours. After cooling slowly, their
permeabilities were measured and the same pellets were
again annealed at 700°¢ for two more hours. In this or-
der the permeabilities were carried on the tables as it
is shown in table 2.

Figure 1, which is taken from table 2, shows the
effect of the annealing temperature when the composition

is held constant. The decrease in the permeability bj ine-
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cereasing the temperature of annealing can be explained
by the fact that the diffusion of manganese is increas-
ed with the temperature which decreases the permeability
cf the product. Figure 2 i1s alsc taken from table 13
here the temperature of the heat-treatment is constant
while the percentage of manganese is varied. As we can
see from this figure, the increasing content of mangan-
ese decreases the permeability. The explanation can be
only the paramagnetism of manganese. Another particular
fact' in this curve is the steep slope which results when
the al;oy contains more than 15% ¥n. The reason for this
can be explained as follows: Manganese depresses the
critical temperatures of ironj and iron is Austenitic at
ordinary conditions when an iron manganése steel contains
more than 12% manganese. Since Austenite is paramagnetie,
the formation of Austenite decreases the permeability of

the product.
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Table 2

Per cent Mn Before after a ling at:

annesal.
600°c 700% 800%¢ 900°%e

0 97 100 100 100 100

98 100 100 100 99
10 100 100 100 100 97
15 100 100 100 97 92
20 100 100 93 82 73
25 100 100 76 63 53
30 99 97 63 48 39
35 23 68 50 33 27
40 8% 78 37 22 19
45 82 68 34 18 14
50 80 61 32 17 13
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CORCLUSIOR

These experiments have shown that it is pos-
sible to’produce a manganese~-iron aggregate by the
methods of powder metallurgy with a magnetic permeabil-
ity of a desired degree. The experiments made could
not be applied to the lMn-Fe alloy system containing
more than 50% Mn because of the necessity of a higher
pressure and temperature for inereasing the plasticity
of manganese which could not be practiced in the appar-
atus used.

The metallic compacts obtained could not be
annealed at higher temperatures because of the decom-
position of natural gas which decomposes to carbon and
hydrogen. The danger of carborizing the metal with this
carbon at higher temperatures did not allow the use of:a
higher annealing heat. It was possible to have a reduc-
ing atmosphere with hydrogen for higher temperatures;
but it was not practiced because of the danger of ex-
plosion. Thus these factors limited the extension of
the experiment; the results obtained were satlsfactory,
and changes in the permeabilities could be explained
depending upon the theory of diffusion or the depress-
ing effect of manganese upon the critical temperatures

of iron.
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