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(57) ABSTRACT

A method and cast wear resistant component made of an alloy
that includes carbon, tungsten, chromium, and cobalt with the
balance essentially iron and other alloying components made
using waste, surplus or worn-out cemented carbide product,
such as cemented carbide cutting tool inserts. In one method,
the alloy further includes silicon, manganese, nickel, tita-
nium, and molybdenum. In practicing the method, pieces of
waste, surplus or worn-out cemented carbide product having
tungsten carbide (WC) are added to a castiron alloy melt. The
melt includes enough chromium to control solubility of the
WC. In one method, precipitated carbide structure having
chromium and carbon is produced with tungsten in the melt
being substitutionally dissolved. In one implementation,
tungsten is substitutionally dissolved in a lattice of the pre-
cipitated carbide structure. Carbide can be added to the melt
via super inoculation. The cast wear resistant component can
be a cutting tool.

1. Melting of a base metal comprising
alloying components A, B and C

2a, Addition and dissolution of alloying
component D

2b. Addition and dissolution of carbide
component E

2¢. Addition and dissolution of alloying
component F

3. Casting

4. Machining

5. Finished part
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IRON-BASE ALLOY CONTAINING
CHROMIUM-TUNGSTEN CARBIDE AND A
METHOD OF PRODUCING IT

FIELD OF THE INVENTION

[0001] The present invention relates to a wear resistant
metal material and a method for producing such a material, in
particular a material suitable for use in products such as tools,
machine elements or similar equipment, devised to be
exposed to abrasive wear or chemical exposure.

BACKGROUND

[0002] Tools and machine elements of various kinds are
used in a wide range of industries such as manufacturing,
pulp, forest and steel industries as well as in different vehicle
and defense applications.

[0003] Tool materials are usually divided into two groups
depending on field of use; material for cutting and material for
plastic and punching machining. Of the two fields of use,
cutting tools are faced with the highest demands, such as e.g.
cutting edge materials. This field of use demands a material
with high wear resistance in combination with high toughness
at elevated temperatures to obtain as high abrasion resistance
as possible for a tool, i.e. high resistance towards abrasive
wear.

[0004] Known tool materials are inter alia tool-steel, high-
speed-steel and various cemented carbides. Tool-steel is used
for simple hand held tools were only a good edge sharpness is
required since the tool-steel requires low temperatures and
reasonable forces during use.

[0005] High-speed-steel is alloyed steel with fairly high
contents of carbon, chromium and tungsten, molybdenum
and vanadium and in some cases even cobalt. High-speed-
steel has high wear resistance while maintaining high hard-
ness up to approximately 500° C., depending on the amounts
of vanadium and tungsten.

[0006] Cemented carbides are the most common tool mate-
rial because of the low production costs and are primarily
made of tungsten carbide bonded together by cobalt. By
varying the proportions of the constituents cemented carbides
with material properties suitable for different areas of appli-
cation can be obtained. By coating the cemented carbide with
e.g. titanium carbide the wear resistance and therefore the
tool life can be increased. Attempts to coat cemented carbides
with a thin layer of synthetic diamond have also been made.
To increase the properties of cemented carbides a material
called cermets has been developed, a material with nickel
instead of cobalt and titanium carbide or titanium-carbon-
nitride instead of tungsten carbide. Cutting tools used for
metal cutting have an optimal life span of 12-13 minutes, after
which the wear mechanisms affect the cutting process nega-
tively and the tool cannot live up to set requirements on
surface smoothness and tolerances. The cemented carbide
product can thereby be considered to have served its time.
Wear mechanisms that affect the life span of a cutting edge are
e.g. flank wear and chipping or nicking. Flank wear is a
continuous loss of tool material through abrasive and adhe-
sive wear. Chipping or nicking is a crack formation with
subsequent fracture of the cutting edge.

[0007] Various ceramic materials exist which have good
wear resistance and strength at elevated temperatures but
have the drawback that they are brittle.
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[0008] Material wise it has been impossible to manufacture
materials with both high wear resistance and combinations of
hardness and toughness, hence, compromises have been
made. Insimple applications the geometrical shape of the tool
may for instance be designed in such a way that the tool
exhibits acceptable wear resistance and strength.

[0009] Previous attempts have been made to design wear a
resistant material, like the one suggested by the present inven-
tion, in which tungsten and carbon have been added to a white
iron alloy. These attempts have however failed on account of
the fact that the right proportions between tungsten and car-
bon, which decides the final properties of the material, are
very difficult to obtain. Tungsten as a raw material is also
quite expensive, a fact that has limited the development.
[0010] A traditional approach for manufacturing tools or
other equipment includes the following steps:
Alloy=Casting=>Plastic = machining=>Cutting=>Harden-
ing+annealing=Grinding=Finished part

[0011] The Japanese patent JP 2301539 discloses a method
for manufacturing a

[0012] Ni—Cr white iron comprising TiC and TiCN at
which a material with high hardness and wear resistance is
obtained.

[0013] In the European patent application EP 0 380 715 a
composite material with high resistance to abrasive wear is
disclosed. The composite material contains particles of
cemented carbide, of which at least 70% have a grain size in
the range of 2-15 mm, as well as white iron. The white iron
alloy contains a complex carbide component to which an
alloying element is added. Furthermore, the white iron alloy
comprises 2.5 to 4.0% carbon and exhibits a Cr to C relation
(Cr %/C %) in the range of 1-12. Furthermore, a way to
produce the above mentioned composite is disclosed in the
document, comprising the step of casting molten white iron
around the cemented carbide particles.

[0014] In the US patent U.S. Pat. No. 4,365,997 a com-
pound material and a way to produce such a material is
disclosed. The compound material contains a metal matrix,
which includes cemented carbide grains with a size of
between 0.1 mm and 5 mm. The metal matrix includes car-
bon, silicon, manganese, vanadium, chromium, tungsten. alu-
minum and iron. The cemented carbide comprises WC, W,C,
TiC, TaC or a mixture of these materials. The method for
producing the above mentioned compound material is to add
grains of cemented carbide to the molten metal matrix. The
grains are encapsulated in a polymer-based matrix, which
evaporates when the grains are added to the molten metal
matrix, and subsequently the molten material solidifies.
[0015] Patent application WO 94/11541 announces a
method for the manufacture of engineering ferrous metals
such as cast iron and steel, which method includes adding to
a molten engineering ferrous metal modified carbide par-
ticles, in solid state, and thereafter allowing the ferrous metal
to solidify. The carbide particles are modified in the sense that
they are covered with e.g. iron or a ferrous alloy so that the
modified carbide particles receive a density equal to or close
to the density of the ferrous metal. This density matching
results in a uniform distribution of the carbide particles in the
ferrous metal melt.

[0016] The Japanese patent JP 59104262 discloses a com-
posite material with an inner steel layer and an outer layer
comprising cast iron in which tungsten carbide particles or
similar hard carbide particles have been evenly distributed.
Furthermore, a method for producing such a material is dis-
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closed. The method includes adding pre-heated carbide par-
ticles to molten cast iron and then casting the molten material
around a pre-heated steel tube.

[0017] SE 185 935 relates to methods for alloying metal
melts, predominantly including cast iron. In the document, an
alloy, which can contain both chromium and tungsten, is
mentioned, but nothing about any carbide structure.

[0018] EP 571210 concerns the manufacture of a corrosion
resistant alloy based on vanadium carbide. The material is
created by e.g. the melting of a powder material.

[0019] SE 399 911 concerns the casting in of cemented
carbide particles in iron based cast iron alloys. The suggested
solutions is not intended to create melting and alloying, even
though it is mentioned that alloys between the cast metal and
the cemented carbide can occur and that these, generally
speaking, are non advantageous. The patent does not describe
the substitutional solution of tungsten in a chromium carbide
structure.

[0020] DE 649 622 describes an alloy, which can contain
both tungsten and chromium, but nothing of the interactions
between the two during the formation of carbides.

[0021] GB 348 641 describes an alloy, which can contain
both tungsten and chromium, but nothing of the interactions
between the two during the formation of carbides.

OBIJECT OF THE INVENTION

[0022] An object of the present invention is to provide a
material for use in products or applications subjected to abra-
sive wear, and in particular a material more resistant to wear
than previously known material in an unhardened state, as
well as a method for producing such a material.

[0023] Another object of the invention is to provide a mate-
rial in which the number of processing steps to finished prod-
uct can be reduced. Since the number of processing steps to
finished part is directly linked to the final cost of the product,
the invention presents a cost efficient method to produce a
wear resistant and high strength material.

[0024] Yet another object of the present invention is to
provide a method for reusing worn-out cemented carbide.

SUMMARY OF THE INVENTION

[0025] According to the present invention the above men-
tioned objects are fulfilled by a method for manufacturing a
metal material with high wear resistance, characterized by the
steps of melting a base metal comprising iron and carbon;
adding particles comprising a carbide component to the mol-
ten base metal, whereby said particles are dissolved in the
base metal melt by way of diffusion; and casting the melt.
Preferably the method includes the step of adding a solution
limiting alloying component to the melt, which alloying com-
ponent controls the solubility of the carbide component in the
melt. The alloying component is carbide forming, whereby
the properties in solid state for carbides based on said alloying
component are improved by substitutional solution of said
carbide component in the crystal formation for said carbides
based on said alloying component (D). The carbide based
alloying component (D) is however not soluble in the carbide
component (E).

[0026] In one embodiment of the invention said particles
are waste or surplus products originating from the production
of cemented carbide products, which waste or surplus prod-
ucts comprise said carbide component. In a preferred embodi-
ment said particles are added from a piece of worn-out
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cemented carbide product, comprising said carbide compo-
nent, e.g. a worn-out cemented carbide cutting tool or a
cemented carbide roller. The possibility to use worn-out
cemented carbide products follows from the fact that the
particles are dissolved by diffusion in the melt, whereby no
machining of the particles which are to be added is required,
in order to obtain a particular size or surface finish. Conse-
quently, whole cemented carbide tools in size up to 40 mm
and above can be added directly into the melt. This is eco-
nomically advantageous, on the one hand because cemented
carbide tools are worn-out quickly and are thus available in
abundance, and on the other hand because this requires a
minimum of processing steps. Another advantage with the
use of waste or worn-out cemented carbide pieces is that the
desired cemented carbide, e.g. WC, comprising tungsten and
carbon, already is available in a balanced proportion, since
they form molecular pairs in the carbide component.

[0027] In the added particles said carbide component is
usually included witha grain size =10 pum, preferably 1-5 um.
If complete dissolution by diffusion of grains of said carbide
component has not occurred, grains with a size of =10 pm
may exist in the final material.

[0028] Before the dissolution of the particle in the melt said
carbide component is prefarably bonded in said particle, or
piece, by a metal material which gives melting at a lower
melting point than the base metal. This material is preferably
cobalt, but can also include nickel. The added solution limit-
ing alloying component preferably includes chromium but
can also include vanadium or molybdenum, and gives the
final alloy an increased corrosion resistance as well as low-
ering the melting point of the melt in its molten state and
lowering its surface tension. The base metal preferably
includes stabilizing and supplementing alloying components
like Si and Mn and constitutes in one embodiment white cast
iron.

[0029] In a preferred embodiment of the invention said
carbide component consists of tungsten carbide but can also
include titanium carbide or niobium carbide. In one embodi-
ment said carbide component is added to the melt in a melting
furnace, in an amount of >5 weight-% of the final material,
and is dissolved therein. In another embodiment said carbide
component is added to the molten alloy, so that it comprises
<15 weight-% of the final material, immediately prior to
casting by an inoculation process, so-called super inocula-
tion. This procedure differs from ordinary inoculation, where
a material, arranged not to affect the constitution of the final
material, is added in a very small dose. An inoculation sub-
stance can, for example, according to well-known technol-
ogy, be added to a cast iron melt to act as nucleation points in
order to achieve a finer grain microstructure. According to the
super inoculation procedure of the invention a material,
which is an essential part of the final alloy is added, and in an
amount, which is of considerable importance for the final
composition of the alloy. Said carbide component is included
in the final material with between 5-40 weight-%, preferably
10-20 weight-%.

[0030] In one embodiment of the invention an additional
alloying component is added to the melt, which additional
alloying component facilitates the dissolution of said carbide
component in the melt and decreases the carbon affinity. The
additional alloying component is easily dissolvable in the
molten alloy and does not affect the application properties of
the final material. Furthermore, said additional alloying com-
ponent contributes to an increased ability to anneal the final
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material by meta-stable states after casting. Preferably said
additional alloy includes cobalt or nickel.

[0031] The final material is usable for the manufacture of
compound materials by die casting or on casting on a core
material. During on casting a protective gas or active gas is
preferably provided in order to obtain a solution hardening
effect. According to the invention, one way to achieve on
casting is the use of induction heating of the core material
prior to casting, and to carry out the on casting in a shell
mould.

[0032] A product manufactured by the final material is,
according to the present invention, usable in arecycling cycle,
in which the product or a part of the product is added and
dissolved in a melt of a base metal.

BRIEF DESCRIPTION OF THE DRAWINGS

[0033] Preferred embodiments of the present invention are
described in detail below with reference to the accompanying
drawings, in which:

[0034] FIG.1shows a flow chart of a first method according
to the invention.

[0035] FIG. 2 shows a flow chart of a second method
according to the invention, comprising a super inoculation
process.

[0036] FIG. 3 shows the microstructure for one embodi-
ment of the material according to the present invention.
[0037] FIG. 4 shows a cutting element, which may advan-
tageously be manufactured in the material according to the
present invention.

[0038] FIG.5 shows a diagram showing the wear resistance
for different embodiments of the present invention, as well as
for some known materials.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0039] The method according to the invention for produc-
ing a wear resistant and durable material, so-called carbide
steel, can be described in the following steps (FIGS. 1 and 2):

1. Alloying

[0040] a. production of a base alloy; including

[0041] a base metal containing
[0042] an alloying component A, such as iron;
[0043] an alloying component B comprising stabiliz-

ing and supplementing alloying components, such as
silicon and manganese;
[0044] an alloying component C, such as carbon;
[0045] an alloying component D comprising a solution
limiting alloying component, such as chromium, vana-
dium or molybdenum; and
[0046] b. melting and adding of a carbide component E,
such as tungsten carbide, titanium carbide or niobium car-
bide, and possibly adding of an other alloying component F,
such as cobalt or nickel;

3. Casting: and
4. Machining.
1. Alloying

[0047] The base material in the method according to the
invention is a base metal including iron A, stabilizing and
supplementing alloying component B, e.g. silicon and man-
ganese and an alloying component C, e.g. carbon. A base
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alloy is obtained by complementing the base metal with a
solution limiting alloying component D, preferably chro-
mium, but vanadium or molybdenum can be used.

The alloying component D should fulfill the following func-
tions:

[0048] in molten state, to lower the melting point and
lower the surface tension of the base alloy and limit the
solubility of other materials in the base alloy; and

[0049] in solid state, to be a property enhancing compo-
nent of the final alloy, the so-called carbide steel, by the
formation of carbides so that carbides with desired prop-
erties are formed, having an electrochemical potential
contributing to corrosion limiting properties.

[0050] During the alloying stage alloying component D is
devised to limit the solubility and the speed of dissolution of
carbide component E in the molten base alloy. The carbide
component E is preferably added as tungsten carbide, but also
e.g. titanium carbide or niobium carbide can be added. The
carbide component E is pre-heated to minimize under-cool-
ing of the base alloy before more than 5-% by weight of the
carbide component E is added to the molten base alloy.
Because of alloying component D the added carbide compo-
nent E is only dissolved to such an extent permitted by alloy-
ing component D. This way the manufacturer can control the
solubility of the carbide component E and a desired part of
carbide component E can therefore constitute un-dissolved
particles in the final alloy. With regard to desired properties of
the finished carbide steel more than one carbide component
can be added.

[0051] Carbide component E is soluble in alloying compo-
nent D, but the reverse relation does not apply, i.e. single sided
solubility exists. This is especially advantageous since the
carbide steel then exhibits a large eutectic interval, i.e. an
interval within which the carbide steel exhibits a lower melt-
ing point than the pure metals each do. The size of the interval
depends on chosen carbide component and base alloy. As the
molten alloy solidifies two or more solid phases simulta-
neously precipitate which gives an alloy with very good mate-
rial properties and castability. Thus, the single sided solubility
enhances the castability within a large interval of composi-
tion.

[0052] Anadditional alloying component F can be added to
the molten alloy to further ease the dissolution of the added
carbide component E in the molten alloy. Components that
decrease the carbon affinity can for example be preferred.
Preferably cobalt is used, but also nickel or aluminum can be
suitable. The alloying component F should only be added to a
limited extent and be easily dissolvable in the molten alloy in
order not to affect the unique properties of the final alloy too
much. The alloying component F further adds to an increased
hardenability by meta-stable conditions after casting.

[0053] Under controlled conditions there are no obstacles
against integrating steps 1a and 1b above for the manufactur-
ing of the carbide steel according to the invention. Some
weight-%, less than 15 weight-%, of carbide component E,
e.g. tungsten carbide, is advantageously added to the molten
alloy immediately prior to casting. This inoculation process,
so-called super inoculation, then takes place to such an extent
that notable changes in composition as well as extra grain
formation points are obtained, for the purpose of giving a finer
microstructure as well as improving the material properties
by an increased amount of carbides.

[0054] Anexampleofasuitablebase alloy forstep 1aabove
is a white cast iron alloy type SS0466. A typical white cast
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iron alloy can in its original composition consist of at least 2.9
weight-% carbon, 0.7 weight-% silicon, 0.4 weight-% man-
ganese, 18 weight-% chromium, 1.0 weight-% nickel. 0.3
weight-% titanium and the remaining part iron.

[0055] White cast iron can then be alloyed with a worn-out
cemented carbide component which has served its time (step
1b above), in which the carbon balance for the modified white
iron alloy is not changed compared with its original compo-
sition, since the method according to the invention allows a
release of the carbon content for the alloying components
bonded to re-created carbides during the solidification of the
molten alloy.

[0056] In one embodiment of the final material, i.e. the
alloy according to the invention, the alloy comprises, in
weight-%, 1-5% carbon, 10-40% chromium, 2-40% tungsten
and the balance iron and other alloying components. Prefer-
ably said other alloying components comprise, in weight-%,
0.5-2% silicon, 0.3-10% manganese, 0-7% nickel, 0-2.5%
titanium, 0-5% molybdenum and 0.1-15% cobalt.

[0057] In one embodiment of the alloy according to the
present invention the alloy includes, in weight-%, 2-3.5%
carbon, 20-30% chromium, 5-20% tungsten and the balance
iron and other alloying components. The mentioned other
alloying components are preferably, in weight-%, 0.8-1.2%
silicon, 0.4-2% manganese, 0.8-2% nickel, 0.2-0.5% tita-
nium, 0-1% molybdenum and 0.5-5% cobalt.

[0058] In one embodiment of the alloy according to the
invention, said other alloying components amount to, in
weight-%, 0-5%. The final material predominantly comprises
a structure of chromium carbide, which has been formed
during the solidification of the melt by the strongly carbide-
forming chromium atoms, which have bonded carbon atoms
in alattice structure. Since these chromium carbides dissolves
tungsten carbide, a material according to the invention is
obtained in which tungsten is substitutionally dissolved in the
lattice crystal of the chromium carbide structure, wherein
complex carbides based on chromium and tungsten are
obtained.

[0059] Intable 1 below the chemical composition, the bulk
analysis, of one embodiment of the carbide steel according to
the present invention, comprising 15 weight-% cemented car-
bide (WC—Co), is shown. The presented level reflects the
chemical composition of the particular sample exhibited at
the analysis.

TABLE 1
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embodiment comprising 15 weight-% cemented carbide
(WC—Co), is shown. The arrows in the figure indicate:
30—eutecticum, 31—chromium carbide, 32—complex car-
bide with tungsten dissolved in the chromium carbide and
titanium carbide, and 33—matrix. From the figure it is evi-
dent that the WC particles or pieces added to the melt cannot
be localized in the microstructure of the material according to
the present embodiment, because of the dissolution obtained
of said particles or pieces in the melt, e.g. in an induction
melting furnace.

[0062] InFIG. 4 anapplication of the material according to
the present invention is shown, in a product shaped as a
granulator knife 40, devised with a cutting edge 41. Industrial
trials with granulator knifes cast in an alloy according to the
present invention, in an embodiment comprising 5 weight-%
and 15 weight-% cemented carbide (WC—Co), have shown
large differences in wear resistance, compared to a standard
tool material SS2310 (SS indicates Swedish Standard). Also
the weight-% WC has been shown to affect the wear resis-
tance. FIG. 5 illustrates a diagram showing the results from
granulation of PVC during one month of production condi-
tions. In the diagram the wear resistance is shown as the
change in volume of the cutting edge of the knife compared
with reference SS2310, a common tool material. On the hori-
zontal axis different knife materials are indicated, were Ref'is
the standard tool-steel SS2310. Furthermore, 1 is a white iron
alloy SS0466, a well known material. Knife material 2 indi-
cates an alloy according to the present invention, called car-
bide steel KS5(1), with 5 weight-% cemented carbide (WC—
Co). Knife material 3 is another alloy according to the
invention, called carbide steel KS15(1), manufactured with
15 weight-% cemented carbide (WC—Co). Both material 3
and 4 are based on said white iron alloy SS0466. The differ-
ences between the materials according to the invention, in the
embodiments 2 and 3, and the known-materials Ref. and 1,
are striking.

[0063] Furthermore,in FIG. 5 the result of a more advanced
white iron 4, SS0466BTI, containing a certain amount of
titanium, is shown. This material is considerably more wear
resistant than the reference. Despite this, an alloy according to
the invention based on this titanium containing white iron
alloy SS0466BTI will have an even more increased wear
resistance. Knife material 5 indicates an alloy according to
the invention called carbide steel KS(BTI)5(1), manufactured

Chemical composition in weight-%, the bulk analysis, of one embodiment

KS15(3) of the material according to the present invention.

Fe Cr W* C Si Mn Ni Ti Mo Co

P S

62.0 23.97 9.30 2.70

1.76 0.255 0.341 0.115 0.085 0.760 0.010 0.044 0.048

* Analyzed with XRF

[0060] However, during casting, iron scrap comprising
more or less of certain alloys, is advantageously used,
wherein the above mentioned material can be considered a
sample of an embodiment with 15 weight-% WC—Co, char-
acterized by the range of composition, in weight-%, 2.5-3.5%
carbon, 8-12% tungsten, 20-28% chromium, 1.6-2.0% sili-
con, 0.2-0.4% manganese, 0.3-0.5% nickel, 0.1-0.2% tita-
nium, 0-0.7% molybdenum and 0.5-1.0% cobalt.

[0061] InFIG. 3 the microstructure and the structural com-
ponents of an alloy according to the present invention, in an

with 5 weight-% cemented carbide (WC—Co), and knife
material 6 indicates an alloy carbide steel KS(BTI)15(1) with
15 weight-% cemented carbide (WC—Co). The later alloy in
particular has a wear resistance, which is 5-6 times better than
the reference, and SS0466BTI.

[0064] The alloying levels can under certain conditions be
adjusted so that a toughness adjustment can be carried out by
the precipitation of secondary complex carbides by means of
annealing. Trials have also shown that it is possible to carry
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out a localized heat treatment based on induction technology.
A toughness optimization of e.g. the edge or other areas of the
tool or product can therefore be carried out. For known heat
conduction properties and known transformation conditions
localized heat treatment can be realized by controlling the
cooling gradient by control of boundary conditions. For more
complicated devices a technology based on finite element
analysis (FEA) can provide an important tool for this type of
heat treatment.

[0065] Studies carried out unambiguously show that as-
cast products of the final alloy, the carbide steel, according to
the invention, can be machined with modern and advanced
cutting tool material at most competitive prices in comparison
with martensitic materials, on condition that optimal cutting
data combination are chosen. Already at rough machining a
unique surface finish has been obtained.

[0066] The method according to the invention makes it
possible to reuse a worn-out product, made of the alloy
according to the invention. This recycling system can on the
one hand be based on a direct re-melting and recasting of the
product for use in new products, and on the other hand as a
base alloy, in which further amounts of the alloying compo-
nents can be added for the manufacture of a new melt accord-
ing to the invention. Furthermore, a return system can be
based on worn-out tool material, preferably cemented car-
bide, included in a recycling cycle for the manufacture of an
alloy according to the invention. This recycling procedure is
possible because the molten alloy, completely or partly is
saturated with carbides or carbide forming alloying elements
DandE.

[0067] For example, a white iron alloy modified according
to the invention, can obtain a hardness of 660 hardness Brinell
(HB) at an addition of 15 weight-% carbide component E and
650 HB at an addition of 5 weight-% carbide component E.
These hardness values should be compared with the maxi-
mum hardness of 550 HB, which a white iron alloy can obtain
in its as-cast state.

[0068] According to the present invention an extremely
wear resistant material, so-called carbide steel, can be
obtained from a white iron alloy according to the above with
a suitable portion of carbide component E. The carbide steel
has for its field of use a favorable ratio between hardness and
toughness, and wear resistance, without the need of subse-
quent heat treatment. The favorable properties of the carbide
steel are received after controlled solidification and cooling.
Inthe applications for which the carbide steel according to the
invention is adapted, no annealing is necessary. If the carbide
steel is annealed a tougher material is obtained.

[0069] By the term high alloy white iron is here meant a
castable iron alloy including more than 3 weight-% of other
alloying components than those that made part of the base
metal. Such high alloy white irons are well suited for use in
applications exposed to abrasive wear. The reason for this is
that alarge portion of the carbon is bonded as carbides, giving
the alloy a high hardness and good chances to withstand
degradation concerning both geometry and structure. The
carbides are imbedded in a matrix with a structure which,
depending on the composition, can be adjusted to achieve
optimum relation between wear resistance and toughness.
High alloy white iron contains high levels of chromium,
which stabilises the carbides in the microstructure of the
matrix and prevents graphite from being precipitated during
solidification. White cast iron is characterised by a chemical
compound of iron carbide, such as cementite, Fe;C, in a base
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material of, depending on the amount of chromium, ferrite,
pearlite, austenite and/or martensite. High levels of chro-
mium in high alloyed white iron means complete or partly
pearlitic matrix, where the amount of complex carbides con-
trols the wear resistance of the alloy. The micro hardness for
the chromium carbide is between 840 and 1400 hardness
Vickers (HV) (HV50), depending on the chromium to carbon
relation in the composition of the alloy. Present chromium
carbides in white iron alloys having a high amount of chro-
mium may include M;C 840-1100 HV (HV50), M,C; 1200
to 1800 HV (HV50) and/or Mo,C 1500 HV (HV50). Low
ratios between chromium and carbon result in a matrix of
austenite that can be transformed into pearlite during cooling.
The wear resistance can be further increased by heat treat-
ment of several white iron alloys so that the matrix is trans-
formed into martensite.

2. Casting

[0070] When carbide steel is manufactured according to the
method according to the invention the material is cast in order
to obtain a final product with desired shape. By controlling
the cooling of the molten alloy the hardness of the carbide
steel can be controlled, i.e. rapid cooling results in lower
hardness whereas a lower cooling speed gives a carbide steel
with higher hardness. This property is unique for the carbide
steel according to the invention with the consequence that the
carbide steel exhibits unique heat-treating properties, i.e. an
adjustment of hardness and toughness can be done depending
on application. The carbide steel according to the invention
exhibits a case depth, which is essentially identical through a
section of a cast product. Normally a thick cast white iron
alloy would exhibit a lower hardness at the center of the
material, as this solidifies last, compared with the hardness of
the surface because of different cooling speeds. This may
mean that a desired microstructure (with accompanying
mechanical properties and hardness) is not achieved through-
out the entire cast product.

3. Machining

[0071] A finishing cut of the final product is carried out by
machining of the surfaces of the final product in order for it to
fulfill the tolerances that the application demands.

[0072] The carbide steel manufactured according to the
invention has, when used in tools, exhibited a life expectancy
range of up to five times the life expectancy range of compa-
rable materials.

Further Developments

[0073] A further development of the method according to
the present invention applies to the use of the carbide steel
during the manufacture of so-called compound materials. The
carbide steel is then cast in or on together with a light alloy or
a steel alloy in which the carbide steel basically maintains its
mechanical properties in contrast to martensitic steel. This
means that the carbide steel can be used in hot applications or
methods of production up to 900° C. without any mentionable
change in the microstructure due to the stable microstructure
of the carbide steel. In casting in a light metal can be carried
out for example by die-casting, whereas on casting with steel
with higher toughness can be carried, inter alia, out by casting
with shell moulds. On casting can be carried out by pre-
heating of e.g. steel plates in a cast mould by induction heat-
ing followed by the filling of the mould by the carbide steel.
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This casting can be carried out with various types of sur-
rounding protective atmospheres, e.g. protective gas or active
gas, which can give a solution hardening effect and thereby
creating a more even transition between a though and hard
material.

[0074] The proposed technology for the manufacture of
so-called compound steel components is of great interest
within different fields of applications where a combination of
toughness and hardness, alternatively toughness and high
wear resistance is desired. Such a compound material solu-
tion can be of interest also with respect to following machin-
ing. For example, the wheel center of a pump wheel can be
manufactured by tool steel with good machinability while the
rest of the pump wheel is manufactured from carbide steel
according to the invention. In the same fashion can e.g. the
“core material” in a stirrer (pump wheel/impeller) be manu-
factured by choosing a tougher steel, while the parts exposed
to abrasive wear are made of carbide steel according to the
present invention.

[0075] By in casting of carbide steel reinforcements can be
received in a light metal alloy. Parts of the reinforcements can
extend to the edge of the light metal component whereby a
high wear resistance or load-bearing ability is obtained. This
design is not possible in a martensitic steel alloy because of
the annealing effects, which arise during casting.

[0076] In FIG. 1 the process steps according to the inven-
tion are illustrated by in flow chart. In step 1 a melt of a base
metal is provided, which base metal includes iron A, stabiliz-
ing component B, e.g. silicon and/or manganese, and carbon
C

[0077] In what is described as step 2 more additives are
added. In step 2a a solubility limiting alloying component D.
e.g. chromium, is added. The melt of the base metal and
alloying component D is referred to as the base alloy, and in
the case that an already existing material has the desired
composition of components A-D according to the base alloy,
step 2a can be excluded.

[0078] Component D is arranged to limit the solubility of
carbide component E, which is added to the melt in step 2b.
The carbide component E is e.g. tungsten carbide bonded by
cobalt, and can be added as powder or as pieces of used or
worn-out cemented carbide products.

[0079] In step 2c an additional alloying component F, e.g.
cobalt or nickel with advantageous properties according to
the above. can be added if so desired. It is obvious that the
order of steps 2a-2c is not critical and they can be carried out
simultaneously since the added components are to be dis-
solved in the melt.

[0080] According to the embodiment described in FIG. 1,
the final material, also called the final alloy, is then cast in step
3. After cooling, the material is ready to be machined, in step
4, into a final part, step 5.

[0081] Another embodiment of the invention, illustrated in
FIG. 2, includes the steps described in FIG. 1 and with step 2d
added. In this step the new super inoculation step is carried
out during which a to the composition significant component,
carbide component E, is added in an amount of considerable
importance to the composition of the final material, immedi-
ately prior to casting. This amount can correspond to a part of
the final alloy of up to 15 weight-%, but preferably <5 weight-
%.

[0082] The present invention has been described by means
of preferred embodiments, and it is evident for a person
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skilled in the art that modifications thereof can be carried out
without leaving the scope of the attached claims.
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35. A cast wear resistant component comprised of an alloy
made with waste, surplus or worn out cemented carbide prod-
uct and having an as-cast composition consisting essentially
of 2-3.5% weight percent carbon, 5-20% weight percent
tungsten, 20-30% weight percent chromium, and 0.5-5%
weight percent cobalt, with the balance essentially iron and
other alloying components.

36. The cast wear resistant component of claim 35 wherein
the component is machinable.

37. The cast wear resistant component of claim 36 wherein
the component is heat treatable.

38. The cast wear resistant component of claim 35 wherein
the component comprises a tool.

39. The cast wear resistant component of claim 38 wherein
the component comprises a cutting tool.

40. The cast wear resistant component of claim 35 wherein
the component has an as-cast composition consisting essen-
tially of 2-3.5% weight percent carbon, 5-20% weight percent
tungsten, 20-30% weight percent chromium, 0.8-1.2%
weight percent silicon, 0.4-2% weight percent manganese,
0.8-2% weight percent nickel, 0.2-0.5% weight percent tita-
nium, 0-1% weight percent molybdenum.

41. The cast wear resistant component of claim 35 wherein
the component is comprised of chromium carbide arranged in
a lattice structure having tungsten substitutionally dissolved
therein.

42. A method for making a wear resistant component com-
prising the steps of:
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(a) melting a quantity of metal comprised of castiron alloy;

(b) adding to the melt, pieces of waste, surplus or worn-out
cemented carbide product comprised of tungsten car-
bide wherein there is chromium in the melt in an amount
sufficient to control the solubility of tungsten carbide;
and

(c) casting a wear resistant component consisting essen-

tially of 2-3.5% by weight carbon, 5-20% by weight
tungsten, 20-30% by weight chromium, and 0.5-5% by
weight cobalt, with the balance essentially iron.

43. The method of claim 42 wherein the pieces of waste,
surplus or worn-out cemented carbide product added to the
melt during step (b) comprises cemented carbide cutting tool
inserts.

44. The method of claim 42 wherein the pieces of waste,
surplus or worn-out cemented carbide product added to the
melt during step (b) comprise tungsten carbide.

45. The method of claim 42 wherein the wear resistant
component cast during step (¢) comprises a cutting tool.

46. The method of claim 42 wherein the wear resistant
component formed during step (¢) is comprised essentially of
2-3.5% carbon, 5-20% tungsten, 20-30% chromium, 0.8-1.
2% silicon, 0.4-2% manganese, 0.8-2% nickel, 0.2-0.5% tita-
nium, 0-1% molybdenum, 0.5-5% cobalt, and the balance
essentially iron.

47. The method of claim 42 wherein chromium is added in
a further step.

48. The method of claim 42 wherein the cast iron alloy
comprises white cast iron.

49. The method of claim 42 comprising a precipitated
carbide structure comprised of chromium and carbon and
wherein tungsten in the melt substitutionally dissolves in a
lattice of the precipitated carbide structure.

50. The method of claim 42 wherein before step (c) adding
carbide to the melt via super inoculation.

51. The method of claim 50 wherein the carbide added to
the melt via super inoculation comprises tungsten carbide.
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52. A method for making a wear resistant component com-
prising the steps of:

(a) melting a quantity of metal comprised of cast iron alloy;

(b) adding to the melt pieces of waste, surplus or worn-out

cemented carbide product comprised of tungsten car-
bide wherein chromium is provided in the melt in an
amount sufficient to control the solubility of tungsten
carbide; and

(c) forming a wear resistant component consisting essen-

tially of 2-3.5% carbon, 5-20% tungsten, 20-30% chro-
mium, 0.8-1.2% silicon, 0.4-2% manganese, 0.8-2%
nickel, 0.2-0.5% titanium, 0-1% molybdenum, 0.5-5%
cobalt, and the balance essentially iron with incidental
impurities.

53. The method of claim 52 wherein the pieces of waste,
surplus or worn-out cemented carbide product added to the
melt during step (b) comprises cemented carbide cutting tool
inserts.

54. The method of claim 52 wherein the pieces of waste,
surplus or worn-out cemented carbide product added to the
melt during step (b) comprise tungsten carbide.

55. The method of claim 52 wherein the wear resistant
component cast during step (¢) comprises a cutting tool.

56. The method of claim 52 wherein chromium is added in
a further step before step (c).

57. The method of claim 52 wherein the cast iron alloy
comprises white cast iron.

58. The method of claim 52 comprising a precipitated
carbide structure comprised of chromium and carbon and
wherein tungsten in the melt substitutionally dissolves in a
lattice of the precipitated carbide structure.

59. The method of claim 52 wherein before step (¢) adding
carbide to the melt via super inoculation.

60. The method of claim 59 wherein the carbide added to
the melt via super inoculation comprises tungsten carbide.
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