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ARTICLE HAVING MAGNETIC PROPERTIES AND PRODUCTION
THEREOF

This invention relates to a shaped article
having magnetic properties, particularly to a shaped
article comprising particulate material having
magnetic properties, to a process for the production of
said article, and to a composition for use in such
production.’ '

Within the scope of the terms shaped article
having magnetic properties, and particulate material
having magnetic properties, there are included articles
and materials whose properties may be described as
ferromagnetic or ferrimagnetic. Both these latter terms
include articles and materials which once'magnetised
remain magnetised when removed from the influence of a
magnetic field, and also articles and materials which
are capable of being magnetised but which do not remain
magnetised when removed from the influence of a
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magnetic field. Such articles and materials may be
considered to be, respectively, permanently and
temporarily magnetisable, and are frequently referred
to as "hard®™ and "soft" respectively.

The metals iron, cobalt, and nickel are all
ferromagnetic. They may be either permanently or
tempofarily magnetisable depending on the nature cf or

the amount of additional element or elements with which

“they may be alloyed.

Materials which are ferrimagnetic include Ba
Feg Oyq9, which is permanently magnetisable, and
(Mn, 2n) Fe,04, which is temporarily magnetisable.

Such examples of férrimagnetic materials are examples
of a class of materials referred to as ferrites. The
term ferrite is a term well known in the art. Ferrites
are magnetic oxides containing iron as a major metallic
component and in aadition another metal component, e.g.
manganese, zinc, lead, strontium, barium, lithium or
nickel. The term can include spinels, perovskites,
magnetoplumbites, and garnets.

Shaped articles of metals or alloys, for
example, iron, cobalt, and/or nickel and/or alloys
thereof, may be made by conventional metal shaping
techniques, for example, by powder compaction or by
casting at high temperature. The present invention
relates to the production of shaped articles from
particulate materials having magnetic properties, and
although it may be applied to the production of shaped
articles from metallic particulate magnetic materials,
it is also suitable for use in the production of shaped
articles from non-metallic particulate magnetic
materials, for example ferrites, which may not normally
be produced by metal shaping techniques.
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Shaped articles of ferrites may be made, for
example, by a powder compaction process in which the
powdered ferrite is compacted under pressure in a
suitably shaped mould aﬁd the powder is subsgsequently
sintered by heating at a high temperature which may be
in excess of 1200°C, Centrolled heating and cooling
rates may be required, as may be heating for scme hours
at the peak temperaturea. The presence of air or air

‘enriched with oxygen may also be required.

Shaped articles of ferrites may be made
from a composition comprising, ferrite powder and a
solution of a polymer binder. The article may be
shaped, for example, by extrusian, injectiam moulding,
or compressicn moulding, pyrolysing the polymer binder
and finally sintering the ferrite powder.

Shaped articles of ferrites may also be made by
£illing of plastics materials, although in this case
the article generally contains a relatively low
pProportiom of ferrite and thus possesses relatively
peor magnetic properties,

Permanently magnetisable materials are used in a
wide variety of applicatiems, for example, in motors
and in loud speakers. Temporarily magnetiéable
materials are used in transformers, in antennae rcds,
in recording heads and in memory cores,
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" furthermore, certain ferrites possess the .
unusuai_fea:ure of being able to damp vibratimns.
Articles made in the manner described later may have a
good combinaticn of high modulus and gocd vibration
damplng.

_ The present inventiai relates to shaped articles:
“of particulate materials having magnetic properties,
and to the productiom of such articles by a process
which does not involve a lengthy and expensive
sintering step, and which contain a high volume
proporticn of the particulate material.

According to the present invention there is.
provided a process for the producticn of a shaped
article of a particulate material having magnetic
properties which method comprises shaping a
homogeneous mixture of '

(a) at least cne particulate material hav1nq
magnetic properties,

(b) at least cne water-soluble or water-dispersible
organic polymeric material, and

(c) water,

and removing water frcm the thus formed shaped
article, in the composition the components (a), (b,

and (c) being present in a proportion by volume of the

composition of respectively, 40 to 90%, 2 to 25%, and
not more than 603.
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.. In a further embodiment of the preéeno inventicn
there is provided a shapeable composition comprising a
homogenecus mixture of _ .

(a)  at least one particulate material having
' magnetic properties, .
(b) “at least.one water-soluble'or water-dispersible

. organic polymeric material, and
(c) water '

in the composition the components (a), (b) and (¢)
being present in proportions by volume of the
composition of respectively 40 to 90%, 2 to 25%, and
not more than 60%.

There is also provided a shaped article of a
particulate material having magnetic properties
produced by removing water from the composition
hereinbefore described.

The particulate material having magnetic
properties will generally be referred to herelnafter as
the particulate material. _

In producing the shapeable composition the
components thereof should be thoroughly mixed so as to
form a homogeneous mixture.

For example, the components of the composition
are preferably mixed under conditions of high shear,
for example in a bladed high shear mixer. If desired,
and where‘the composition has a suitable consistency, a
composition so formed may be further mixed under
conditions of high shear by passing the composition
repeatedly through the nip between a pair of rollers
which may be rotating at the same or at different
peripheral speeds.
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The mixing may be effected at elevated
temperature in order, for example, to reduce the
viscosity of the composition and thus aid the mixing.
However, the elevated temperature, should not be such
as to result in premature drying of the composition by
loss of water nor in excessive loss of water from the
composition by evaporation.

The homogeneous: composition of the invention may
be shaped by a variety of techniques, depending on the
consistency of the composition. Thus where the
composition comprises a relatively large proportion of
water in-the range up to 60% by volume of the
composition the composition may be sufficiently f£luid
as to be capable of being cast in a suitably shaped
mould.

The composition of the invention may contain a
proportion of water, e.g. up to 30% by volume, such
that the composition has a dough-like consistency, and
the composition may be shaped by techniques known in
the plastics or rubber processing art. For example,
where the composition has a dough-like consistency it
may be shaped by extrusion, e.g. into a rod or tube
shape or by injection moulding intoc a desired shape, or
it may be calendered to broduce a sheet-like form. The
composition may also be shaped by compression moulding
of the composition in a suitably shaped mould.

Compositions having a dough-like consistency are
preferred as it is generally possible to use plastics
or rubber processing equipment with such compositions,
such compositions generally contain a relatively low
proportion of water and thus there is a reduced amount
of water to remove from the composition, and the shaped
articles produced from such compositions are generally
of higher flexural strength.
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The temperature'é£ which shaping of the
compositicn may be effected may depend con the nature of
the compeonents of the composition and their relative
proportions. Where the composition is to be shaped -
under relatively high pressure the composition may be
shaped at or near ambient temperature. However, we have
found that, particulary where the ccmposition has the

characteristics of a thermoplastic, it may be

desirable, or even necessary, in order to readily
effect the shaping process, to use an elevated
temperature in order effectively to shape the
composition. A suitably elevated temperature may be
chosen by means of simple experiment.

In the final step of the process for the
production of the shaped article water is removed frcm'
the shaped composition, that is it is dried. Drying may
be effected merely by allowing the water to evaporate.
However, in order to speed up the drying process it is
preferred to dry the shaped composition at elevated
temperature, for example at a temperature greaﬁer than
50°C. A temperature of 100°C or greater may be used.
However, the elevated temperature, and the length of
time at the elevated temperature, should not be such as
to result in substantial reduction in the strength of
the shaped article, which may be brought abecut, for
example, by degradation of the polymeric material at
elevatgd temperature.

The shaped article of the invention may have a
high flexural strength, for example, a flexural
strength in excess of 40 MPa. The shaped article may
have a flexural strength in excess of 100 MPa.
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As the shaped article comprises an organic
polymerlc material which is water-soluble or water-
dispersible the article will be sensitive to water.
Indeed, it may lose dimensional stability when
contacted with water, particularly when soaked in
water, and in a preferred embodiment of the invention
the composition also comprises at least one additive
which is capable of reacting with the polymeric
material to insolubilise the material with respect to
water. Use of‘such.an additive substantially increases
the dimensional stability of the shaped article when

~ the artlcle 15 contacted with water.

where the composition contains such an additive
the final step of the process for the production of the
shaped article comprises drying of the shaped
composition to remove the water from the composition
and reacting the additive with the organic polymeric
material in order to insolubilise the latter material
with respect to water. In this case this final step is
referred to as setting. '

The conditions under which setting of the shaped
composition may be effected will depend on the nature
of the components of the composition, and in particular
on the nature of the organic polymeric material and on
the nature of the additive reactive therewith. Suitable
conditions for use in effecting the setting reaction
will be disclosed hereafter in respect of compositions
containing specific organic polymeric materials and
additives reactive therewith. Setting of the shaped
composition may be effected at or near ambient
temoerature or it may be effected at elevated
temperature, for example at a temperature in excess of

50°C. A temperature of up to 100°C or even greater
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may be uééd. Elevated temperétdres may be desirable in
order to initiate reaction of the additive with the
organic polymeric material;'or at least to increase the
rate of this reaction. The elevated temperature, and
the length of time at such elevated temperature shculd

not be such as to result in substantial reductlon in

the strength of the product.

Where particularly high flexural strength shaped
articles are to be produced it is preferred that the
compohents of the compositidn of the invention are
selected such that a test composition comprising
63% by volume of particulate material,

7% by volume of watef-soluble or water-dispersible
organic polymeric material and

30% by volume of water, )

when extruded in a capillary rheometer at an extrusion
pressure up to a maximum of 500 atmospheres undergoes
and increase of at least 25%, and preferably at least
50%, in shear stress when a ten-fold increase in the
shear rate of the test composition is effected when the
shear rates as measured are within the range 0.1 to 5
second™ 1.

A capillary rheometer in which the test
composition is extruded comprises a piston in a
cylindrical barrel and a capillary orifice through
which the test composition may be extruded.

The shear stress in kN cm™2 is defined by
F d

L p?
and the shear rate in second™?! by 2 v D2
15 43
where D is the diameter of the barrel of the rheometer

in cm, v is the rate of travel of the piston in the
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" barrel of the rheometer in cm min‘l, d is  the

diameter of the capillary of the rheometer in cm, L is
the length of the capillary of the rheometer in cm, and
F is the force in kN applied to the piston of the
rheometer. In'general, D will be in the range 1 to 3 cm,
d in the range 0.2 to 0.5 cm, and L in the range 3d to
20d. _

The particulate material in the test composition
should not be of a size so great nor of such a shape
that the particulate material itself inhibits passage
of the composition through the capillary of the
rheometer. For use in the capillary rheometer test
particulate.materiél having a size which results in a
readily extrudable composition will be chosen, and a
size in the range 10 to 100 microns will generally be
suitable. The composition, and shaped article, of the
invention are not limited to particulate material
having a size in this range.

A shaped article produced from the composition
of the invention will be of higher flexural strength
where the particulate material and organic polymeric
material together are selected so that the test
composition satisfies the aforementioned criteria of
the capillary rheometer test than is the case where the
particulate material and the organic polymeric material
selected are such the the test composition does not
satisfy the aformentioned criteria. .

For example, where the organic polymeric
material and the particulate material are selected so
that the test composition satisfies the aforementioned
criteria a shaped article produced from a composition
containing these materials will have a flexural

strength higher than that of
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(1) a shaped article produced from a composition
containing the same organic polymeric material and a
different particulate material which in combination do
not satisfy the criteria of the capillary rheometer
test, and '

(2) 2 shaped article produced from a coﬁposition
containing the same particulate material and a
different organic polymeric material which in
combination do not satisfy the criteria of the
capillary rheometer test. _

Suitable combinations of particulate material
and organic polymefic material which in the test
composition satisfy the afbrementioned;capillary
rheometer test will be disclosed hereinafter.

In general, the greater is the change in shear .
stress observed when the shear rate is increased ten-
fold the greater will be the flexural strength of the
shaped article produced from the composition of the
invention, and for this reason it is preferred that the
test composition undergoes an increase of at least 75%
in shear stress when a ten-fold increase in shear rate
of the test composition is effected.

The test composition for use in the capillary
rheometer test should of course be thoroughly mixed and
be sufficiently fluid that the composition itself is
capable of being extruded in the capillary rheometer.
In order thét the test composition should have
sufficient fluidity that shear rates in the range of
0.1 to 5 second™! are obtained it may be necessary to
carry out the test at elevated temperature, for example
at a temperature greater than 50°C, e.g. at about
80°C. On the other hand, it may be necessary,

particularly where the test composition is of high
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fluidity, to carry out the capillary rheomater test at
a temperature below ambient temperature. In effecting
the extrusion the composition should not separate into
its component parts, for example, water should not tend
to separate from the composition. '

In order to produce an extrudable composition it
may be necessary to select a suitable molecular weight
of organic polymeric material for use in the test
composition. The composition of the invention is not of
course limited to use of a material of the selected
molecular weight. The molecular welght is merely
selected for ‘the purposes of the test..

For particularly high flexural strength shaped
articles it is preferred that not more than 2%, and
more preferably not more than 0.5%, of the total volume
of the article comprises pores having a maximum
dimension exceeding 100 microns, preferably 50 microns,
and more preferably 15 microns, as measured by the
method of quantitative microscopy. These pore size
criteria do not include pores which may be present in
the particulate material, for example, where the
partlculate material comprises hollow particles.

The production of such a preferred shaped
article is assisted by application of high shear during
mixing of the composition, which may be effected in the
substantial absence of air, for example, under vacuum
and/or by application of at least a moderate pressure,
e.g. an applied pressure of 1 to 5 MPa in the shaping
step, particularly with a dough-like composition.

Quantitative microscopy is a technique well
known in the art. A surface of a sample of the shaped
article is polished to produce a plane surface on the

sample, the sample is washed to remove the polishing
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debris fgomvthe surface, and thé surface is illuminated
to ensure that the holes in the surface are contrasted
with the plane parts'of the surface, and the surface is
viewed by means of an optical microscope, typically -at
a magnification of x100, and the holes exceeding 100
micrqﬁs, or 50 microns or 15 microns in size, are
determined, as described in "Quantitative Microscopy™
by De Hoff and Rhines, McGraw Hill 1968. Sufficient
area of the surface of the sample should be viewed to
reduce the étatistical‘error, and usually, 1000 holes
are counted. The sample is then subjected to further
polishing in order tqiexpose another surface and the
optical examination is repeated. In general ten such
surfaces are examined.

It is also preferred, for additional
improvements in flexural strength, that the total
volume of pores in the shaped article expressed as a
proportion of the apparent volume of the article,
including the pores, does not exceed 20%. Porosities
not exceeding 15%, and even porosities not excéeding
10% are more preferred. The porosity may even be less
than 2%. These porosity criteria exclude pores which
may be present in the particulate material, for
example, where the particulate material comprises
hollow particles. .

Low porosity is a feature of shaped articles
produced from compositions in which the organic
polymeric material and the pérticulate material are
selected so as to satisfy the criteria of the
capillary rheometer test. |

In the composition of the invention the
particulate material is insoluble in water and is
substantially unreactive with water, although we do not
exclude use of particulate material which may be very
slightly reactive with water.
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The dimensions of the particles of the
particulate material may vary over a broad range.
wWhere the particulate material has a small size,
however, undesirably large proportidns of water may be

_required in order to produce a compesition which is

readily shapeable, and for this reason it is preferred,
although not essential, that the median particle size
is greater than 0.3 micreon, more preferably greater
than 3 microns.

The particulate material may comprise a
plurality of particle sizes. For example, the
particulate material ‘may comprise a first fraction and
a second fraction of size less than that of the first
fraction.

The use of such a plurality of particle sizes.
results in good packing of particles in the product and
also may lead to a reduction in the proporticn or
organic polymeric material which otherwise may be
required.

Mixtures of different particulate materials
having magnetic properties may be used.

The particulate material having magnetic
properties may be for example a metal cr allocy, e.g.
iron, nickel, and/or cobalt, and/or alloys thereof.

Shaped articles made of ferrites have a wide
variety of applications, and for this reason the
particulate material having magnetic properties may
suitably be a ferrite.

Ferrites are magnetic oxides containing iron as
a'major metallic component and in additien another
metal component. The other metal component may be, for
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example, manganese, zinc, lead, strontium, barium,
lithium or nickel. Examplesrof ferrites incilude
(Mn, 2Zn) Fe,04, BaFej3039, MnFej04 and (Ni, 2Zn) Fes04.

Many other examples of ferrites are described in
the art. _

The compesition, and the shaped article precduced
therefrom, may comprise particulate material other than
a particulate material having magﬁetic properties,

The compesition, and the shaped article produced
therefrom, may include fibrous material. Although the
fibrous material may be in the form of random, chopped
fibre, difficulty may be eipe:ienced-in incorporating |
such fibrous material into the compositien. For this
reason the fibrous material is preferably in the form
of a mat, which may be woven or non-woven. The mat may
be pressed into the composition of the invention, or it
may be formed in situ, e.g. by filament winding.

The particulate material may be present in the

90% by volume. It is preferred to use a relatively high
proportion of particulate material, for example a
proportion in the range 60 to 90% by volume.

Such preferred compositions may contain a
relatively low proportion of organic polymeric
material, which material will generally be inflammable,
and it is thus of-advantage that the shaped article of
the invention contains a relatively low proportion of
such material. Also, compositions containing a high
proportion of particulate material will generally
contain a relatively low proportion of water. This is
of advantage as there is then a lower proportion of
water to remove from the composition during production
of the shaped article.

RUREA
OMFPI

AN, WTDA



10

15

20

25

30

ULV Ve

A AT, v s aa

-16-

The crganic polymeric material in the
ccmpcsiticn of the invention should be water-scluble or
water-dispersible. The functioen of the organic
pclymeric material is to aid in the processing of the
compesition, e.g. to aid in the production of a

. composition which is readily shaped, e.g. a composition

of dough-like consistency, and to provide shape-
retaining properties to the shaped article of the
invention.

It is preferred that the organic polymeric
material is soluble in water, rather than water-
dispersible, and that the polymeric material is film-
forming and contains>groups, for example, hydroxyl or
carboxylic acid groups, which have an affinity for the
particulate material. ,

Examples of organic polymeric materials include
hydroxy prbpyl methyl cellulose, polyethylene oxide,
polyethylene glycol, polyacrylamide, and polyacrylic
acid. A particularly preferred organic polymeric N
material which, with a number of different particulate
materials having magnetic properties in the form of a
test composition satisfies the criteria of the afore-
mentioned capillary rhecmeter test, is a hydrolysed
polymer or copeclymer of a vinyl ester, e.g. a
hydrolysed vinyl acetate polymer or copelymer. The
polymer may be a copclymer of vinyl acetate and a
moncmer copolymerisable therewith, but it is preferably
a hydrolysed poly(vinyl acetate).

The degree of hydrolysis of the vinyl acetate
(co)polymer has a bearing on whether or noct the
(co)polymer in ccmbinaticn with a particulate material
in the test composition satisfies the aforementioned

criteria of the capillary rheometer test. In order that
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in the capillary rheometer test an increase of at least
25% in shear stress should be produced by the ten-fold
increase in shear rate, it is preferred that the degree
of hydrolysis of the vinyl acetate (co)polymer be at
least 50% but not more than 97%, and more preferably in '
the range 70 to 90%, that is, it is preferred that at
least 50% but not more than 97%, and more preferably

70% to 90% of the vinyl acetate units in the polymer or
copolymer, are hydrolysed to the alcohol form.

For a given proportion of hydrolysed vinyl
acetate (co)polymer in the composition of the invention
the properties of the shaped article produced therefrom
are relatively insensitive to variations in the molecular
weight of the hydrolysed vinyl acetate (co)polymer.

In general, however, the molecular weight of the
hydrolysed vinyl acetate (co)polymer will be at leat
3000, e.g. in the range 5000 to 125,000. Such
(co)polymers are readily available. The {co)polymer may
have a higher molecular weight.

In the composition of the invention there is
present 2 to 25% of organic polymeric material by
volume of the composition. The ease of shaping of the
composition generally improves with increase in the
proportion of polymeric material in the composition,
and a proportion of at least 7% by volume is preferred.
On the other hand as the polymeric material is generally
capable of burning a proportion of not more than 20% by
volume of polymeric material is preferred.‘

The proportion of water in the composition has
an effect on the properties of the shaped article
produced from the composition. In order to produce an
article of particularly high flexural strength the
composition should contain no more than 30% by volume
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of water. It is preferred to use as low a proportion of
water as possible consistent with producing a

. composition which is shapeable. We prefer to use less
than 20% by volume of water. In general it will be
found necessary to use at least 5% be volume of water.
However, a proportion of water may be used in the
composition which is greater than that which would
result in production of a very high strength article
and' some strength may be sacrificied in order to
produce a composition which is more readily shaped.

where the high green strength is desired in the

moulded composition of the invention, that is before
settiné of the composition, the composition may
suitably comprise a gélling agent for the organic
polymerlc material, that is a compound which forms
labile bonds with the organic polymeric material.

An alternative way of achieving high green
strength in the composition is to include in the
composition a proportion of an organic polymeric
material which is soluble in the water of the
composition at elevated temperature but which forms a
gel at low temperature, e.g. at or near ambient
temperature. For example the composition may also
comprise a proportion of a substantially fully
hvdrolysed poly(vinyl acetate) which is soluble in the
water of the composition at elevated temperature but
which forms a gel at ambient temperature.

It is a preferred feature of the lnventlon that
the composition comprises an additive capable of
reacting with the organic polymeric material to

insolubilise the material with respect to water.
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The nature of this additive will depend on the
particular organic polymeric material in the
composition.

Where the organic polymeric material comprises a
plurality of reactive functional groups the additive
may be a material reactive with the functional groups
under the conditions used in forming the shaped article
of the invention from the composition. In this case the
insolubilisation of the organic polymeric material with
respect to water may be achieved by cross-linking of
the material. For example, where the polymeric material
comprises a plurality of hydroxyl groups, e.g. as in a
hydrolysed vinyl ester polymer or copelymer such as
hydrolysed poly(vinyl acetate), the additive may be a-
compound of a polyvalent metal capable of reacting with
the hydroxyl groups. Particular examples of suitable
compounds of a polyvalent metal include compounds of
aluminium, Al,(OH)gNO3, and Al;(CH)g halide, for
example, Al,(OH)gCl. Other examples of compounds
of a polyvalent metal include Zr (OH), Cl,,

(NH4)2Cro07 and Cr(OH)p g(NO3)i o«

Selection of suitable combinations of water-
soluble or water-dispersible organic polymeric
materials and insolubilising additives may be made by
reacting mixtures of such materials and additives and
testing the product of reaction for water
insolubility.

In effecting setting of the composition comprising
such an additive the additive in the composition is
reacted with the polymeric material to insolubilise the
material and water is removed from the composition. Where
the additive is a polyvalent metal compound reaction is

suitably effected at elevated temperature. For example,
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the temperature may be greater than 100°C, which
temperature serves to remove the water in the
composition. A temperature of, for example, up to 250°C
may be used.

Where the polymeric material comprises a
plurality of hydroxyl groups the additive capable of

reacting with the polymeric material to insolubilise

" the material with respect to water may itself be an

organic compound reactive with the hydroxyl groups, for
example, a dialdehyde, e.g. glyoxal. .

In this case a suitable reaction temperature is
ambient temperature. However, elevated temperatures are
suitably'used,.e.g. up. to about 100°C, in order to
remove the water from the composition and to accelerate
the reaction.

In the composition of the invention the
proportion of additive capable of reacting with the
polymeric material will depend on the particular
organic polymeric material and the particular additive
in the composition.

In general the composition will contain a
proportion of additive in the range 5 to 100% by volume
of the organic polymeric material in the composition
e.g. 10 to 50% by volume.

It is preferred to select a proportion of
additive which is sufficient not merely to insolublise
the organic polymeric material with respect to water
but which reacts with the polymeric material to produce
a polymeric product which swells at most only to a
limited extent in water, for example, which takes up
not more than 50% by weight of water when the product
of reaction of the organic polymeric material and the

insolubilising additive is soaked in water. Suitable
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bfoportions may be selected by test on mixtures of
organic polymeric material and insolubilising
additive.

‘ In a particularly preferred embodiment of the
invention the composition of the invention also
comprises an additive capable of effecting coupling
between the polymeric material and the surface of the
particulate material having magnetic properties in the -
composition. o

Although shaped articles having high flexural
stfength_may be produced from compositons which do not

contain such an additive capable of effecting coupling

it has been found that such articles may'suffer a
substantial loss in flexural modulus when contacted
with water. Where the composition from which the shaped
article is produced contains such an additive capable

of effecting coupling the loss of flexural modulus of

the article when the article is contacted with water,
if any, is very much reduced.

The coupling additive which may suitably be used
in a composition will depend on the nature of the
particulate material and the organic polymeric material
in the compositién.

It is preferred that the additive capable of
insolubilising the organic polymeric material be the
same as the additive capable of effecting coupling
between the polymeric material and the particulate
material. .

For example, where the additive capable of
reacting with the organic polymeric material to
insolubilise the latter with respect to water is a
polyvalent metal compound certain of the latter

compounds are also capable of effecting coupling
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betﬁeeen ferrite particulate materials and the organic
polymeric material. Suitable additive to fulfil both
these functicns include Al,(OH)sCL, (NHg)2 Crq09, Cr
(OH)p,g(NO3)1,2 and Alp (OH)s NO3.

In general the additive capable of effecting
coupling, when different from the additive capable of
reacting with the organic polymeric material to
insolublise the latter material with respect to water
will be preéent in the compositicn in a relatively low
propertion, although the propdrtion required may depend
on the particle size of the particulate material. For
example, the additive may be present in a proportion of

" 0.01 to 3% by volume of the particulate material in the
composition. 7 '

The invention is illustrated by the following
examples in which all parts are parts by volume, unless
otherwise stated.

Example 1 l : )
128 pafts of a particulate ferrite, BaFe; 5019, - -
having a particle size of 10 microns, and 22.8 parts of
hydrolysed poly(vinyl acetate) (Gohsenol GH17S Nippon
Gohsei, degree of hydrolysis 88% degree of |
- polymerisation 2000) were thoroughly mixed in a bladed
mixer. 4 parts of resorcinol in 15 parts of water were
mixed with 4D_parts of an aqueous solution containing ,
30 parts‘pf water and 10 parts of aluminium hydroxy
chloride containing 12.1% w/w Al, 8.75 & w/w Cl, the
latter solution having a viscosity of 18 cps, and the
resultant solutién added to the mixed solids in the
bladed mixer to form a crumble.

The crumble was then charged to a twin-roll mill
the rollers of which were heated to a temperature of
70°C and the crumble was formed into sheet on the mill,
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the sheet being pésséd repeétedly through the nip
between the rolls. The milling was continued for .

5 minutes during which time some of the water
evaporated, and the resultant sheet was removed from

- the mill. _ o

The sheet contained 128 parts of particulate
ferrite, 22.8 parts of hydrolysed poly(vinyl acetate),
.10 parts of aluminium hydroxy chloride, 4 parts of
resorcinol, and 45 parts of water.

' The sheet was then placed between two sheets of
polyeth}lene terephthalate the faces of which were
coatéd with mould release agent and the sheet was
pressed in a hydraulic press at a temperature ofVBO'C
and a pressure of 10 MPa for 10 minutes.

~ The platens of the press were then cooled by
flowing cold water through the platens, the sheet was
removed from the press, and the sheets of polyethylene

'terephthalate were remcved from the sheet.

‘Setting of the sheet was completed by plaéing
the sheet between two flat pieces of wood, the sheet
was allowed to stand for’l day at 20°C, it was then
heated at 80°C for 1 day, and finally it was heated at
180°C for 1 hour.

The sheet had a flexural strength of 112.6 MPa
and a flexural modulus of 48.3 GPa, and contained 78%
by volume of ferrite.

The sheet had the following magnetic

properties,
Remenance (Br) 1430 Gauss
Coercivity (Hc) 750 Oersteds
BHp.x Droduct | 0.30 x 108 gauss Qersteds

saturation magnetisation 2720 gauss.
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Example 2 ,
The mixing, shaping, and setting procedure cf

Example 1 was repeated on a compesition comprising
(Mn, 2n) ferrite 150 micron mean size 669.6 parts
(Mn, 2n) ferrite 1 micron mean size 224.l1 parts

5 Hydrolysed poly(vinyl acetate)
Gohsenol GE 17S ' 115.8 parts
Polyviol VQO3-140 (Wacker-Chemie) 21.0 parts

degree of hydrolysis 86-89%, degree
, of polymerisation 300
. 10 Aluminium hydroxy chloride solution 203.3 parts
(as used in Example 1)
Watér 140 parts
The sheet, which contained 83% by volume of
ferrite, had a flexural strength .of 106 MPa and a
15 flexural modulus of 44.7 GPa.
The sheet had the following magnetic properties

Remenance 355 gauss
Coercivity (Hc) 9.85 Oersteds
Initial permeability N 19.8

20 : Maximum permeability 26.0
Saturation magnetisation 4480 gauss

A ring was cut from the sheet and the low field
permeability of the ring was measured by cemparing the
inductance of a coil wound on the ring with the

25 thecretic inductance for an air-cored coil. The low
field permeability was 19.1.
_ Example 3
’ The mixing, shaping, and setting procedure of
Examples was repeated on a composition comprising
30 (Mn, 2Zn) ferrite 150 micron mean size 54.2 parts
(Mn, 2n) ferrite 1 micron mean size 18.1 parts
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Hydrolysed poly(vinyl acetate) .

Gohsenol GH 17S , 129.3 parts

Polyviol V03~-140 L 5.4 parts
5 "~ Aluminium hydroxy chloride solution

(as used in Example 1) = 42.7 parts

Water : : 14.3 parts

The sheét' which was produced contained 61% by
volume of ferrite and had a low field permeability,
10 measured as described in Example 2, of 7.2.
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CLAIMS .
1. shapeable composition comprising a ‘homogeneous -
mixture of
(a) at least one particulate ferrite material having

magnetic properties,
(b) . at least one water-soluble or water-dispersible
organic polymeric material, and
(c) water, .
~ in the composition the components (a), (b) and (c)
‘be1ng present in a progortlon by volume of the
composition of respectively, 40 to 290%, 2 to 25%, and
3”not more than 60%.
2. . A ahapeable composition as claimed Claim 1
' characterised in that the particulate ferrite material
~having maghetic properties has a median particle size
of greater than 0.3 micron. .
3. A shapeable composition as claimed in
Claim 1 or Claim 2 characterised in that the
particulate ferrite material having magnetic properties
comprises a plurality of particle sizes.
4. - A shapeable composition as claimed in any one of
Claims 1 to 3 characterised in that the composition
comprises particulate ferrite material having magnetic
properties in a proportzon of 60% to 90% by volume.
5. A shaoeabie composition as claimed in any one of
Claims 1 ﬁo 4 characterised in that the components of
tho,composition,are selected such that a test
composition comgrising 63% by volume of particulate
ferrite material having magnetic properties; 7% by
volume of water-soluble or water-dispersible organic
polymeric material, and 30% by volume of water, when
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extruded in a capillary rheometer at an extrusion
pressure up to a maximum of 500 atmospheres undergoes
an increase of at least 25% in shear stress when a ten-
fold increase in the shear rate of the test composition
is effected when the shear ritea as measured are
within the range 0.1 to 5 second-l. _
6. A'shapeable composition as claimed in any one of
Claims 1 to 5.characterised in that the organic
‘pPolymeric material"comprises a hydrolysed polymer or
copolymer of a vinyl ester. 7
7. A shapeable composition as claimed in Claim 6
_characterised in that the organic ‘polymeric material

‘ cgmprises hjhrolfsed poly(vinyl.acetate).‘
8. A shapeable composition as claimed in any one of
Claims 1 to 7 characterised in that the organic

- polymeric material is present in a proportion of 7% to’
20% by volume.
9. A shapeablélcomposition as claimed in any one of
Claims 1 to 8 characterised in that the compos;tlon
contains not more than 30% by volume of water. )
10. A shapeable composition as claimed in Claim 8
characterised in that the composition contains 5% to
20% by volume of. water.
11. A shapeable composition as claimed in any one of
Claims 1 to 10 characterised in that the composition
comprises an additive capable of reacting with the
organic polymeric material to insolubilise the material
with respect to water. .
12, A shapeable'cqmposirion as claimed in Claim 11

characterised in that the additive is aluminium hydroxy
chloride.
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13.- A shapeable composition as claimed in Claim 11
or Claim 12 characterised in that the additive is
present in a proportion of 5% to 100% by volume of the
organic polymeric ‘material in the composition.

14. - A shapeable composition as claimed in any one of
Claims 1 to 13 characterised in that the composition
comprises an additive capable of effecting coupling
between the organic polymeric material and the surface
of the particnlate ferrite material having magnetic
properties. o - '

15. A shapeable composition as claimed in Claim 14
characterised in that the additive capable of
insolubilising the organic polymeric material is the
same as the additive capable of effecting coupling.

16. A process for the production of a shaped article
having magnetic properties which process comprises
shaping aicomposition as claimed in any one of Claims 1
to 15, and removing water from the thus shaped
composition. o

17. A process as claimed in Claim 16 characterised =~
in that the composition is shaped by calendering,
injection moulding, compression moulding, or by
extrusion. .

18. A process as claimed in Claim 16 or Claim 17
characterised in that water is removed from the shaped
composition by heating at a temperature of 100°C or
greater.'it_ . '

19. ‘A process as claimed in any one of Claims 16 to
18 characterised in that water is removed from the
shaped composition, and the additive capable of
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insolubilising the organic polymeric material with
respect to water, when said additive is present, is
reacted with said material by heating at a temperature
of 100°C or greater. :
20. - A shaped article of a particulate material
having magnetic properties characterised in that said
article is produced by removing water from a shaped
composltion as claimed in any one of Claims 1 to 15.
2. A shaped articlé as claimed in Claim 20
characterised in that there is presenﬁ an additive
capable of insolubilising the organic polymeric -
material with respect to water, and in that said
~additive is reacted with said material.
. 22.° A shaped article as claimed in Claim 20 or
‘Claim 21 characterised in that not more than 2% of the
» total volume of said article comprises pores having a
maximum dimension exceeding 100 microns.
23. A shaped article as claimed in Claim 22
characterised in that not more than 0.53% of the total
volume of said article comprises pores having a max:.mum
dimension exceeding 15 microns.
24. A shaped article as claimed in any one of Claims
20 to 23 characterised in that the total volume of
pores in the shaped article does not exceed 208%.
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