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(57) Abstract

An iron-based powder for making wear-resisting and heat-re-
sisting components by compacting and sintering contains, in addi-
tion to Fe, 3-15 % by weight of Mo and/or 3-20 % by weight of W,
the total amount of Mo + W being in the range of 3-20 % by weight;
0.2-1.0 % by weight of P; 0.5-1.5 % by weight of C, and less than 3.0
% by weight of other substances. A component is powder-metallurgi-
cally made of this iron-based powder by compacting the powder into
the desired shape and sintering the compact at a temperature below

about 1150 °C.
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IRON-BASED POWDER, 'COMPONENT MADE THEREOF, AND METHOD OF
MAKING THE COMPONENT

5 The present invention relates to an iron-based powder
for making wear-resisting and heat-resisting components by
compacting and sintering.

The invention also relates to a component which is
powder-metallurgically made of the inventive powder. Fi-

10 nally, the invention also relates to a method of powder-
metallurgically making such a component.

A well-known material in wear-resisting and heat-
resisting components is the so-called high-speed steel.
This is characterised by relatively high contents of

15 alloying materials which above all are carbide-forming
elements, i.e. provide wear resistance but also increase
the hardenability and high-temperature strength of the
component. Normal alloying materials in high-speed stéel
are Cr, Mo, W and V, but also Co and a number of other

20 substances can be used.

In order to achieve the purpose of high-speed steel,
i.e. a powder-metallurgical material which is as hard,
wear-resisting and heat-resisting as possible, a liquid
phase sintering is performed after the powder has been

25 compacted into the desired shape, whereby the component

attains a high density.
The high-speed steel powder itself is usually made by

water atomisation. The carbon content is selected so that a
subsequent soft annealing results in a powder in which the
30 carbon in mainly bound in the form of carbides. To give the
powder a desired compressibilty, a low content of dissolved

carbon is kept in the matrix.
By today's technique, a high density of the sintered

component is attained in that the sintering is carried out
35 at 1250-1300°C and the content of C is kept in a narrow

range. Generally use is made of vacuum sintering, but

sintering in reducing atmosphere with a low dew point is
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also applied. The sintering is carried out at these tem-
peratures in order to provide sufficient liquide phase and
thus cause shrinkage to the required high density.

The using of prior art combinations of alloying mate-
rials implies that the manufacture of a finished component,
all the way from annealing to sintering, is complicated and
expensive. Thus, the sintering temperature and carbon con-
tent must be carefully controlled to attain a sufficiently
high density in the sintered material. The sintering
temperatures used also render it impossible to perform the
sintering in a belt furnace in which sintering temperatures
above 1150°C normally cannot be achieved.

The object of the present invention therefore is to
provide an iron-based powder which allows simple and rela-
tively inexpensive manufacture of wear-resisting and heat-
resisting components by compacting and sintering.

In particular, it should be possible to perform the
sintering operation in a belt furnace, i.e. at lower tem-
peratures than about 1150°C.

According to the invention, this object is achieved
in that the iron-based powder contains, in addition to Fe,
3-15% by weight of Mo and/or 3-20% by weight of W, the
total amount of Mo + W being in the range of 3-20% by
weight; 0.2-1.0% by weight of P; 0.5-1.5% by weight of C,
and less than 3.0% by weight of other substances.

Preferably, the powder contains no, or just a small
amount of Cr and V which are sensitive to oxidation. The
maximum total amount of Cr and/or V should be less than 2%
by weight, preferably less than 1% by weight.

In a preferred composition, the powder contains 0.7-
1.3% by weight of C, suitably however at least the amount
which is required to form carbides with an included amount
of Mo and W. Further, P can be included in the form of a
phosphorous compound, suitably an iron phosphide, most
preferably Fe3P. Finally, the amount of Mo can be 5-14% by
weight, the amount of W 5-16% by weight, and the total
amount of Mo + W should be in the range of 5-16% by weight.
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Owing to the amount of P included, it has appeared
that the inventive powder can be liquid phase sintered at
the temperatures which are normally used for sintering in a
belt furnace. The sintered material also has properties

5 similar to those of high-speed steel, despite complete or
substantially complete absence of Cr and, above all, V
which is known to increase the heat resistance of the
sintered material.

A further object of the invention is to provide a

10 powder-metallurgically manufactured component, and this is
achieved in that the component contains, in addition to Fe,
3-15% by weight of Mo and/or 3-20% by weight of W, the
total amount of Mo + W being in the range of 3-20% by
weight, 0.2-1.0% by weight of P, 0.5-1.5% by weight of C

15 and less than 3.0% by weight of other substances.

Finally, one more object of the invention is to pro-
vide a method of powder-metallurgically making iron-based
components, said method being characterised in that an
iron-based powder is used, which contains, in addition to

20 Fe, 3-15% by weight of Mo and/or 3-20% by weight of W, the
total amount of Mo + W being in the range of 3-20% by
weight, 0.2-1.0% by weight of P, 0.5-1.5% by weight of C
and less than 3.0% by weight of other substances; that the
powder is compacted into the desired shape, and that the

25 compact is sintered at a temperature below about 1150°C.

in the inventive method, first a prealloyed powder can
be made which consists of Fe, Mo and/or W and, optionally,
C and/or P, and then the prealloyed powder thus made can be
mixed with a lubricant, such as zinc stearate, and op-

30 tionally graphite and/or P before compacting. Both P and C
can thus be excluded from the prealloyed powder.

Like conventional high-speed steels, the material
produced according to the invention can be used for com-
ponents for use in metal-cutting, which requires excellent

35 high-temperature strength, and for components subjected to

wear, e.g. in motor-car engines.
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The inventive iron-based powder is preferably made by

water atomisation and is suitably soft annealed in a sub- '

'sequent operation. The powder thus obtained is then mixed

with graphite, P, most preferably in the form of Fe3P, and *

5 a lubricant. Finally, compacting is effected and also

liquid phase sintering at a temperature which preferably is

below about 1150°C, thereby making it possible to use a

conventional belt furnace.

By using, according to the invention, P and especially

10 Fe3P, the liquid phase in the compacted material is already
attained at a temperature below about 1150°C, and the com-
pact shrinks to a high density of the component
manufactured.

The addition of P gives, in addition to the liquid

15 phase, a solution-hardening effect in the sintered com-
ponent. The amount of P, especially FesP, is at the lower
limit selected so that a sufficient amount of liquid phase
for attaining the high density is obtained. The upper limit
for the amount of P is justified by the fact that brittle

20 phosphides tend to be formed and reduce the strength.

The amount of C should be selected so that at least a
sufficient amount of carbides for improved wear resistance
is formed. However, an excess amount of C should suitably
be present in order to provide a sufficiently hardenable

25 material. The presence of C is also important since it
contributes to the liquid phase.

Mo and W are added to form carbides, which improves
the high-temperature strength and wear resistance. More-
over, the hardenability is increased by adding Mo and W.

30 The lower limit of Mo and W is selected in view of the fact °
that a sufficient amount of carbide-forming elements is
required to provide the desired wear resistance and high- )
temperature strength.

By means of the invention, hardnesses and densities

35 are attained which are on a level with those of conven-
tional high-speed steel, and thus a corresponding wear

resistance and high-temperature strength are also attained.
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The invention is illustrated below by a number of
Examples in which reference is made to the diagrams in Figs
1-8 in the accompanying drawings.

Example 1

Iron-based powders of the compositions shown in Table
1 were produced and compacted at a pressure of 589 MPa into
test bars according to Swedish standard SS 11 21 23 and
sintered at 1150°C for 1 hour. The values of quantity

stated in Table 1 relate to % by weight.

Table 1
Mixture Mo W P C Fe Fig.
a 3 3 0-0.55 1 balance 1
b 5 5 0-0.5 1 balance 2
o] 8 8 0-0.9 1 balance 3
d 11 0] 0-0.95 1 balance 4

Figs 1-4 show the shrinkage AL in % during sintering
of the compact, said shrinkage being a measure of the final
density of the compact, as appears from the density values
(g/cms) stated under the diagrams. Figs 1-4 also show the
hardness (HV10) at room temperature of the material in the
sintered compact. As is apparent, an increasing amount of P
results in a substantially increasing shrinkage and in-
creasing hardness. According to the intended field of
application for the finished component, the amount of P can
according to the invention be selected somewhere in the
range of 0.2-1.0% by weight. The lower limit can also be

set at 0.3% by weight.
Example 2

Iron-based powders of the compositions shown in Table 2
below were produced as well as compacted and sintered like
in Example 1. The values of quantity stated in Table 2
relate to % by weight.
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Table 2

Mixture Mo W P c Fe Fig.

5 e 3 3 0.6 0.7-1.0 balance 5
f 5 5 0.6 0.65-0.9 balance 6

g 8 8 0.6 0.55-0.95 balance 7

h 11 0 0.6 0.5-1.05 balance 8

10 As appears from Figs 5-8 which also show on the one

hand the shrinkage AL in % during sintering of the compact
and the corresponding final density (g/cm3) and, on the
other hand, the hardness (HV10) at room temperature of the
material in the sintered compact, a substantially
15 increasing shrinkage and increasing hardness are obtained
as the amount of C increases. According to the intended
field of application for the finished component, the amount
of C can according to the invention suitably be selected
somewhere in the range of 0.5-1.5% by weight, most prefer-
20 ably in the range of 0.7-1.3% by weight.
In both Examples above, the particle size of the
powder was smaller than 150 pm, the average size being 70-
80 pm.
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CLAIMS

1. Iron-based powder for making wear-resisting and

heat-resisting components by compacting and sintering,

characterised in that said powder contains, in

addition to Fe, 3-15% by weight of Mo and/or 3-20% by
weight of W, the total amount of Mo + W being in the range
of 3-20% by weight; 0.2-1.0% by weight of P; 0.5-1.5% by
weight of C, and less than 3.0% by weight of other
substances.

2. The powder as claimed in claim l, charac-
terised in that P is included in the form of a

phosphorous compound.

3. The powder as claimed in claim 2, charac-
terised in that P is included in the form of an iron
phosphide.

4. The powder as claimed in claim 3, charac-
terised in that the iron phosphide is FesP.

5. The powder as claimed in any one of claims 1-4,

characterised in that C is included at least

in the amount required for forming carbides containing Mo
and W.

6. The powder as claimed in any one of claims 1-4,
characterised in that the amount of C is
0.7-1.3% by weight.

7. The powder as claimed in any one of claims 1-6,
characterised in that the amount of P is
0.3-1.0% by weight.

8. The powder as claimed in any one of claims 1-7,
characterised in that said powder contains
Cr and/or V in a total amount which is smaller than 2%
by weight, preferably smaller than 1% by weight.

9. The powder as claimed in any one of claims 1-8,
characterised in that it contains 5-14% by
weight of Mo and/or 5-16% by weight of W, the total
amount of MO + W being in the range of 5-16% by weight.

10. Powder-metallurgically manufactured component,
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8
characterised in that in addition to Fe, it
contains 3-15% by weight of Mo and/or 3-20% by weight of
W, the total amount of Mo + W being in the range of 3-20%
by weight; 0.2-1.0% by weight of P; 0.5-1.5% by weight of
C and less than 3.0% by weight of other substances.

11. Method of powder-metallurgically making iron-
based components, characterdised in that an
iron-based powder is used, which in addition to Fe con-
tains 3-15% by weight of Mo and/or 3-20% by weight of W,
the total amount of Mo + W being in the range of 3-20% by
weight; 0.2-1.0% by weight of P; 0.5-1.5% by weight of C,
and less than 3.0% by weight of other substances; that
said powder is compacted into the desired shape, and that
the compact is sintered at a temperature below about
1150°C.

12. The method as claimed in claim 11, charac -
terised in that first a powder is made, which con-
sists of Fe, Mo and/or W, and optionally C and/or P, and
that the powder made is mixed with a lubricant and, op-
tionally, graphite and/or P before compacting.
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