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1
COMPOSITE WEAR COMPONENT

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions 5
made by reissue.

SUBIJECT OF THE INVENTION

The present invention relates to a composite wear com-
ponent produced by casting and consisting of a metal matrix 10
whose wear face comprises inserts which have good wear
resistance properties.

TECHNOLOGICAL BACKGROUND
UNDERLYING THE INVENTION

The mvention relates especially to wear components
employed 1n plants for grinding, crushing and conveying
various abrasive materials which are encountered 1n indus-
tries such as cement factories, mines, metallurgy, electricity
generating stations or various quarries. These components 20
are olten subjected to high mechanical stresses in the bulk
and to a high wear by abrasion at the working face. It 1s
therefore desirable that these components should exhibit a
high abrasion resistance and some ductility, to be able to
withstand the mechanical stresses such as impacts and to be 25
capable optionally of being mechanical.

15

Given that these two properties are dithcult to reconcile
with one another in the same material, composite compo-
nents have already been proposed which have a core made
of relatively ductile alloy in which isolated inserts which Y
have a good wear resistance are embedded.

Document EP-A-0476496 proposes this technique for the
production of grinding wheels whose working face has
set-1n 1nserts made of chrome pig 1ron.

: c : : 35
Since 1t 1s known that ceramic materials have good

abrasion resistance properties, it 1s also known to employ
these materials for improving the abrasion resistance of wear
components.

Document EP-A-0575685 proposes the use of ceramic ,,
materials in a moulding by lost-wax precision casting of
small wear components.

This well-known process employs wax models which
must be melted to obtain the mould cavity which must be
filled with metal; this mould itself 1s made of ceramic and 45
not of a conventional sand.

According to this document a ceramic pad (wafer core) 1s
formed first, with a spongy structure which has a three-
dimensional network of open pores all of which communi-
cate with one another. This ceramic pad 1s formed by sg
pouring grains of ceramic materials mmto an approprate
mould and, next, a liquid adhesive with a good fluidity, for
example a liquid resin which, after curing, retains the grains
to form the ceramic structure. The ceramic material may
consist of aluminium oxide or of zirconium oxide. After 55
having been pre-impregnated with wax, this pad 1s placed in
a mould intended to produce the wax model of the compo-
nent. The wax model 1s then case and, lastly, the ceramic
mould 1s produced by dipping the wax model 1n a ceramic
slurry. The ceramic mould containing the wax model 1s then 0
heated so as to melt the wax model. The wax thus flows from
the ceramic mould but the pads inserted beforehand in the
wax model remain adhesively bonded to the walls of the
ceramic mould.

For the casting of metal in the ceramic mould the latter 1s 65
preheated to a temperature of the order of 1130° C., gener-
ally under vacuum.

2

This known technique 1s limited, however, to lost-wax
precision moulding. Moreover, the compatibility between
the metal matrix and the ceramic structure, especially in
terms of temperature behaviour, presents hardly any prob-
lems 1n the case of the applications mentioned 1n this
document, given that, when the metal 1s being cast, the
mould and the ceramic structure are preheated to a high
temperature. In addition, the technique 1s limited to the
production of very precise special components, which are
sold at a very high price because the lost-wax moulding
process itsell 1s very costly.

The document “Ullmann’s Encyclopedia of Industrial
Chemistry” (1985), W. Gerhartz, VCH Verslagsgesellschatt,
57 Edition XP002023826, page 5 mentions compositions
based on Al,O,—Z7rO, for grinding devices intended for
conditioning cast products (billets and slabs).

PROBLEMS UNDERLYING THE INVENTION

i

T'he technique described above cannot as such be adapted
to the manufacture of wear components of larger dimensions
for application such as those encountered in plants for
egrinding, crushing or conveying abrasive materials, where
the components generally have sections of at least 25 mm
and often larger than 40 mm.

In addition, 1mn accordance with the technique of the
present invention 1t 1s not possible to cast, or at least it 1s
diflicult to envisage casting, components with thin sections,
for example of less than 25 mm, because neither the mould
nor the ceramic insert 1s preheated to high temperature
before the metal 1s cast.

Furthermore, the component usually undergoes a subse-
quent heat treatment. There must therefore be some com-
patibility from the viewpoint of temperature behaviour
between the ceramic material and the metal, to avoid crack-
ing due to the thermal shocks when liquid metal 1s being cast
over the ceramic inserts, and those that can be produced
during the subsequent heat treatment and caused by the
different expansion coeflicients of both these matenals.

It 1s necessary, furthermore, that the mechanical proper-
ties of the ceramic material should be adapted to those of the
metal 1n order to produce a component whose properties
correspond to the requirements of the specific application for
which 1t 1s itended.

The aim of the present invention 1s to provide a composite
wear component with ceramic inserts satisfactorily corre-
sponding to the requirements listed above.

A second problem arises from the fact that, above a
thickness of 25 mm of the ceramic matenal, poor infiltration
of the metal 1s observed. Another objective of the present
invention 1s to solve this second problem by proposing
specific geometries of the composite wear component.

MAIN CHARACTERISTIC ELEMENTS OF TH.
INVENTION

T

To meet the first objective the invention proposes a
composite wear component produced by conventional or
centrifugal casting. It consists of a metal matrix whose wear
surface comprises inserts which have good abrasion resis-
tance properties, these inserts being made of a ceramic
material, 1tsell composite, consisting of a solid solution or
homogeneous phase of 20 to 80% of Al,O, and 80 to 20%
or /Zr0O,, the percentages being expressed by weights of
constituents.

The ceramic material may additionally contain other
oxides whose proportion by weight does not exceed 3 to 4%.
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According to a first preferred embodiment of the present
invention the composition of the ceramic material 1s the
following:

55-60% by weight of Al,O,, and

38—42% by weight of ZrO,.

According to another preferred embodiment the compo-
sition of the ceramic material 1s the following:

70-77% by weight of Al,O;, and

23-27% by weight of ZrO,.

According to another preferved embodiment, the compo-
sition of the cervamic material consists of the following:

33 to 60% by weight of Al,O and from 40 to 45% by
weight of ZrQ..

According to another preferved embodiment, the compo-
sition of the ceramic material consists of the following:

70 to 77% by weight of Al,O, and from 23 to 30% by
weight of ZrQ,,.
The content of ceramic materials 1n the 1nsert 1s between

35 and 80% by [weight]volume, preferably between 40 to
60% and advantageously of the order of 50%.

This composite ceramic material 1s produced from an
aggregate ol ceramic grains which have a particle size
within the range F6 to F22 according to the FEPA standard,
that 1s to say a diameter of between approximately 0.7 mm
and 5.5 mm. These ceramic grains are manufactured 1n a
conventional way, by electrofusion, by sintering, by flame
spraying or by any other process allowing the two constitu-
ents to fuse.

The ceramic grains are aggregated with the aid of an
adhesive, the proportion of which does not exceed 4% by
welght relative to the total weight of the pad and is prefer-
ably between 2 and 3% by weight. This adhesive may be
inorganic or organic. An adhesive based on a silicate or an
adhesive which 1s 1n the form of epoxy resin may be
mentioned by way of example.

The invention 1s based on the finding that aluminium
oxide (corundum) and zirconium oxide have relatively dii-
terent properties and this makes it possible, by a judicious
choice within the abovementioned ranges, to adjust the
hardness, the toughness and the thermal expansion coetli-
cient of the ceramic composite so as to combine a good
hardness and a good toughness; and to make 1t compatible
with the precise application for which the component i1s
intended, on the one hand, and to obtain, on the other hand,
an expansion coellicient of the composite ceramic which 1s
close to that of the casting metal chosen, that is to say of the
pig 1ron or of the steel which has an expansion coetlicient of

between 10x107° and 11x107°.

Zirconium oxide has the advantage of having an expan-
sion coeflicient which 1s close to that of the metal. In
addition, 1t contributes to good toughness, that 1s to say that
it reduces the risks of breakage.

Aluminium oxide, for its part, contributes to good hard-
ness. Within the pads the zirconium particles present 1n the
alumina make it possible to increase the resistance of the
latter to cracking and thus to obtain a toughness greater than
that of each of the components considered 1n 1solation,
namely ZrO, or Al,Os;.

In other words, in the wear components which are sub-
jected to strong abrasion it 1s advantageous to increase the
proportion of aluminium oxide, not exceeding, however, a
certain limit beyond which the abrasion resistance and the
toughness begin to decrease. In this case the second range 1s
rather chosen for the ceramic composition.
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4

On the other hand, 1n the case of the components which
are subjected to considerable impacts or to high pressures, 1t
1s advantageous to give preference to the expansion coetl-
cient at the expense of hardness and to increase the propor-
tion of zirconium oxide in order to decrease the stresses in
the component and, consequently, the risks of breakage.

In the case of the components where there 1s a risk of
cracking during the casting or during the subsequent heat
treatment 1t 1s also advantageous to increase the proportion
ol zirconium oxide, to bring the expansion coeflicient of the

insert nearer to that ot the metal matrix.

The choice of the proportions of the constituents of the
composite ceramic insert may, of course, also take into
account the composition of the casting metal with a view to
the properties required by the application for which the
component 1s intended. Similarly, the choice of the compo-
sition of the casting metal may be adapted to the nature of
the composite insert.

Various geometries are proposed within the scope of the
present mvention in order to solve the problem of the poor
infiltration of the liquid metal within the ceramic phase.

In the particular case where the thickness of the pad made
of ceramic material becomes considerable, two or more
superposed pads made of ceramic material will be proposed,
according to a first embodiment, these being kept separated
by a minimum gap of the order of 10 mm 1n order to permit
the arrival of the liquid metal. This makes it possible thus to
obtain correct infiltration of the various pads. In this way an
appreciable increase 1n the proportion of the ceramic phase
within the isert 1s obtained without being confronted with
the problem of the poor infiltration by the metal.

According to another embodiment 1t will be proposed to
produce the pad rather in the form of a “honeycomb”
structure which includes various elementary cells exhibiting
a polygonal or circular shape within the ceramic phase. The
thickness of the walls of the various cells constituting the
ceramic phase preferably varies between 5 and 25 mm.

Once again, this embodiment makes 1t possible to
increase the quantity of the ceramic phase without, however,
risking the problem of poor nfiltration of the liquid metal in
the case of a component whose wear takes place more
particularly in depth.

Once again, the advantage lies 1n the fact that the walls do
not exceed the limiting thickness for infiltration of the liquad
metal, which 1s approximately 25 mm, but with a height that
1s practically equal to the height of the composite compo-
nent. In addition, on proposing this second embodiment of
the pad 1n the “honeycomb™ form, the improvement 1n the
grinding process 1s observed. In fact, after a certain period
of service, hollow pits are created 1n the cellular metal part,
which then fill with material to be ground and thus ensure
that they play a part in self-protection against wear. This
proflle advantageously makes 1t possible to avoid the cre-
ation ol preferential wear paths by the ground matenal,
reflected in a drop in output rate 1n the case of the mills. It
1s noted, moreover, that this structure in the “honeycomb”™
form according to the second preferred embodiment makes
it possible to reduce the risk of propagation of the cracks that
could develop 1n the infiltrated pad during the production of
the component. In fact, the splits which might be formed are
then closed onto themselves and do not propagate within the
whole component.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 describes a composite wear component according,
to a first preferred embodiment of the present inventionwit/
FIG. 1 being a sectional view.
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FIGS. 2A and 2B describe a composite wear component
according to a second embodiment of the present invention

with FIG. 2B being a sectional view taken along line
[2B—2B]< 2/—21 of FIG. 2A.

FIG. 3 describes a particular application for a composite
wear component according to the present invention.

EXAMPLES

Example 1
Manufacture of an Ejector for a Crusher with a Vertical Shaftt

A mixture of 75% of Al,O; and 23% of ZrO, 1s made up,
the two constituents of which are fused by electrofusion to
form composite grains of a particle size included 1n the
categories F6 to F20 of the FEPA standard. These grains are
then poured 1into a mould of appropriate shape with a liquid
adhesive which, after curing, holds the grains together to
form a ceramic pad.

In this particular example it 1s recommended to employ
the configuration shown 1 FIG. 1, which takes two ceramic
pads / which are superposed and leaving a 10 mm gap
between them. [These] Ceramic pads I are placed in an
appropriate mould, preferably made of sand, into which 1s
next cast a liquid pig 1ron 2 including 3% or carbon, 26% of
chromium and other conventional elements in a small pro-
portion which 1s always encountered in alloys of this type.
A wear component 1s thus produced with ceramic inserts /
with a hardness of the order of 1600 Hv with an expansion
coeflicient close to 8x107°, held in a pig iron matrix 2 with
a hardness close to 750 Hv.

Example 2
Manufacture of a Crusher Rotor

The ceramic material 1s prepared as 1n Example 1 but this
time choosing a composition which gives preference to the
expansion coellicient at the expense ol hardness, that 1s to
say by taking 40% of ZrO, and 60% of Al,O,.

Given that the thickness 1s particularly considerable in
this kind of component, a “honeycomb” form configuration
1s employed, as shown 1n FIG. 2, which is formed of ceramic
inserts 1 and cast metal 2. In this case the structure 1s in the
form of a “honeycomb” whose cells have walls the thickness
of which 1s approximately 20 mm and the height of which
1s practically equal to the height of the composite compo-
nent. This structure 1s produced with the aid of a manganese
steel with a composition of 1% of carbon, 14% of manga-
nese and 1.5% of molybdenum.

A composite component 1s thus produced with a hardness
of approximately 1350 Hv with an expansion coetlicient
close to 9x107°. The objective here is to decrease the risk of
splits 1n the component because of the high impact level to
which this type of component 1s subjected.

Example 3
Beater

FIG. 3 shows an example of a ceramic pad employed for
an application 1n beaters, which allows the three wear phases
of the beater to be strengthened. The ceramic pad 7 1s a
single component situated within the metal phase 2.

What 1s claimed 1s:

1. Composite wear component produced by classical or
centrifugal casting and consisting of a metal matrix having
a working face or faces including inserts which have wear
resistance, wherein the inserts consist of a porous ceramic
pad, the porous ceramic pad consisting of a homogeneous
[solid solution] ceramic composite of 20 to 80% of Al,O,
and 80 to 20% of ZrO,, the percentages being expressed by
weights of the constituents, and the porous ceramic pad
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being integrated into the metal matrix by impregnation of a
liquid metal in the porous ceramic pad during the casting.

2. Composite wear component according to claim 1,
wherein the ceramic material includes from 35 to 60% by
weight of Al,O; and from [38 to 42%] 40 to 45% by weight
of ZrO,.

3. Composite wear component according to claim 1,
wherein the ceramic material includes from 70 to 77% by
weight of Al,O; and from 23 to [27] 30% by weight of ZrO,.

4. Composite wear component according to claim 1,
wherein the content of ceramic materials 1n the insert 1s
between 35 and 80% by [weight] volume.

5. Composite wear component according to claim 1,
wherein the inserts consist of an aggregate of composite
ceramic grains which have a particle size within the range F6
to F22 according to the FEPA standard.

6. Composite wear component according to claim [1] 5,
wherein the ceramic grains are manufactured by one of
clectrofusion, sintering and flame spraying.

7. Composite wear component according to claim [1] 5,
wherein the ceramic grains are joined integrally with the aid
of an 1norganic or organic liquid adhesive prior to the casting
with the liquid metal [with a view to the production of the
ceramic pad].

8. Composite wear component according to claim 7,
wherein the pad does not contain more than 4% of adhesive.

9. Composite wear component according to claim [
produced by casting and composed of a metal matrix includ-
ing [at least one ceramic pad, and] at least two ceramic pads
[are placed side by side] superposed, leaving a gap of the
order of 10 mm 1n order to permit the arrival of the liquid
metal.

10. Composite wear component produced by classical or
centrifugal casting according to claim 1 and made up of a
metal matrix including a wear-resistant ceramic pad,
wherein the ceramic pad 1s 1n the form of a honeycomb
structure 1 which the various cells are of polygonal or
circular shape within the ceramic phase.

11. Composite wear component according to claim 10,
wherein a thickness of walls of the various cells constituting
the ceramic phase varies from 5 to 25 mm.

12. Composite wear component produced by classical or
centrifugal casting, said composite wear component com-
prising

a metal matrix having a working face or faces including

inserts which have wear resistance, the inserts include
a porous ceramic pad, the porous ceramic pad com-

prises a homogeneous solid solution of 20 to 5§0% of
Al, O, and 80 to 20% of ZrO.,, the percentages being
expressed by weights of the constituents, and the porous
ceramic pad being integrated into the metal matrix by
impregnation of a liquid metal in the porous cervamic
pad during the casting.

13. Composite wear component according to claim 12,
wherein the ceramic material includes from 55 to 60% by
weight of Al,O, and from 38 to 42% by weight of ZrQ.,,

14. Composite wear component according to claim 12,
wherein the ceramic material includes from 70 to 77% by
weight of AL,O5 and from 23 to 27% by weight of ZrO.,.

15. Composite wear component according to claim 12,
wherein the content of ceramic materials in the insert is
between 35 and 80% by weight.

16. Composite wear component according to claim 12,
wherein the inserts include an aggregate of composite
ceramic grains which have a particle size within the range
F6 to F22 according to the FEPA standard.

17. Composite wear component according to claim 16,
wherein the ceramic grains are manufactured by one of
electrofusion, sintering and flame sprayving.
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18. Composite wear component according to claim 16,
wherein the ceramic grains arve joined integrally with the aid
of an inorganic or organic liquid adhesive prior to the
casting with the liquid metal.

19. Composite wear component accorvding to claim 18,
wherein the pad does not contain more than 4% of adhesive.

20. Composite wear component produced by classical or
centrifugal casting according to claim 12 and made up of a
metal matrix including a wear-vesistant ceramic pad,
wherein the cervamic pad is in the form of a honeycomb
structure in which the various cells are of polvgonal or
circular shape within the cevamic phase.

8

21. Composite wear component accorvding to claim 20,
wherein a thickness of walls of the various cells constituting
the ceramic phase varies from 5 to 25 mm.

22. Composite wear component accordint to claim 12

> produced by casting and composed of a metal matrix includ-

10

ing at least two ceramic pads superposed, leaving a gap of
the ovder of 10 mm in ovder to permit the arrival of the liquid
metal.
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EX PARTE

REEXAMINATION CERTIFICATE
ISSUED UNDER 35 U.S.C. 307

THE PATENT IS HEREBY AMENDED AS
INDICATED BELOW.

Matter enclosed in heavy brackets [ ] appeared in the
patent, but was deleted by the reissue patent; matter
printed in italics was added by the reissue patent. Matter
enclosed in heavy double brackets [[ ]] appeared in the
reissue patent but is deleted by this reexamination cer-
tificate; matter printed in boldface is added by this reex-
amination certificate.

AS A RESULT OF REEXAMINATION, Il HAS BEEN
DETERMINED THATI:

The patentability of claims 1-22 1s confirmed.

New claims 23-28 are added and determined to be
patentable.

23. Composite wear component produced by classical
or centrifugal casting, said composite wear component
comprising

a metal matrix having a working face or faces including

inserts which have wear resistance, the inserts
include a porous ceramic pad, wherein the porous
ceramic pad comprises a homogeneous ceramic com-
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posite of 20 to 80% of Al,O, and 80 to 20% of ZrQO,,
the percentages being expressed by weights of the
constituents, and the porous ceramic pad being inte-
orated into the metal matrix by impregnation of a
liquid metal in the porous ceramic pad during the
casting;

wherein the inserts include an aggregate of composite

ceramic grains aggregated with an adhesive that
does not exceed 4% by weight relative to the total
weight of the pad.

24. Composite wear component according to claim 23,
wherein the ceramic material includes from 53 to 60% by
weight of Al,O, and from 38 to 42% by weight of ZrQO,.

25. Composite wear component according to claim 23,
wherein the ceramic material includes from 70 to 77% by
weight of Al,O, and from 23 to 27% by weight of ZrQ,.

26. Composite wear component according to claim 23,
wherein the content of ceramic materials in the insert is
between 35 and 80% by weight.

27. Composite wear component according to claim 23,
wherein the inserts include an aggregate of composite
ceramic grains which have a particle size within the range
6 to K22 according to the FEPA standard.

28. Composite wear component according to claim 23
produced by casting and composed of a metal matrix
including at least two ceramic pads superposed, leaving a
ogap of the order of 10 mm in order to permit the arrival of
the liquid metal.
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