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(57) Abrege/Abstract:
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phosphorus, 14 percent to 18 percent chromium, 2 percent to 5 percent nickel, 2 percent to 4 percent copper, a maximum of 1
percent molybdenum, 1.5 percent to 5.0 percent niobium, a maximum of 1.5 percent vanadium, and a maximum of 0.5 percent
total of at least one element selected from elther rare earth metals and/or magnesium, the balance being iron. The niobium anad
temperatures during the melting process. The rare earth metals and/or magnesium

vanadium form discrete carbides at high
enhances the toughness of the disk by

carbides are preferably distributed ever

elpir

ly th

g to shape the carbides and control them as discrete particles. Upon cooling, the
roughout the structure. This resultant alloy provides toughness and corrosion

resistance like a lower carbon alloy plus Increased wear resistance due to the carbide formation. The alloy utilizes chromium to
iImpart corrosion resistance, the process of tying up carbon as discrete, non-chromium carbides increases the amount of chromium

present to provide corrosion resistance.
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STAINLESS STEEL ALLOY FOR PULP REFINER PLATE
ABSTRACT

A refiner disk (26) or disk segment (42) cast from a stainless steel alloy
having a composition of 0.2 percent to 0.6 percent carbon, 0.5 to 1.5 percent
manganese, 0.5 percent to 1.5 percent silicon, a maximum of 0.05 percent sulfur,
a maximum of 0.05 percent phosphorus, 14 percent to 18 percent chromium, 2
percent to 5 percent nickel, 2 percent to 4 percent copper, a maximum of 1
percent molybdenum, 1.5 percent to 5.0 percent niobium, a maximum of 1.5
percent vanadium, and a maximum of 0.5 percent total of at least one element
selected from either rare earth metals and/or magnesium, the balance being iron.
The niobium and vanadium form discrete carbides at high temperatures during the
melting process. The rare earth metals and/or magnesium enhances the toughness
of the disk by helping to shape the carbides and control them as discrete particles.
Upon cooling, the carbides are preferably distributed evenly throughout the
structure. This resultant alloy provides toughness and corrosion resistance like a
lower carbon alloy plus increased wear resistance due to the carbide formation.
The alloy utilizes chromium to impart corrosion resistance, the process of tying up
carbon as discrete, non-chromium carbides 1ncreases the amount of chromium

present to provide corrosion resistance.
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STEEL ALLOY FOR PULP REFINER PLATE

FIELD OF THE INVENTION

This invention relates in general to refiners for treating paper pulp fibers to
place the fibers in the desired condition prior to being delivered to a papermaking
machine, and relates in particular to metal alloys used for manufacturing refiner

plates.

BACKGROUND OF THE INVENTION

Disc refiners are used in the papermaking industry to prepare paper pulp
fibers for the forming of paper on a papermaking machine.

Paper stock containing two to five percent dry weight fibers is fed between
closely opposed rotating discs within the refiner The refiner discs perform an
abrading operation on the paper fibers as they transit radially between the opposed
moving and non-moving refiner discs. The purpose of a disc refiner is to abrade
the individual wood pulp fibers. A necessary corollary to that action is that a
certain amount of abrasive wear of the refiner plates must occur.

Processing of fibers in a low consistency refiner may be performed on both
chemically and mechanically refined pulps and in particular may be used
sequentially with a high consistency refiner to further process the fibers after they
have been separated in the high consistency disk refiner. In operation, a low
consistency disc refiner is generally considered to exert a type of abrasive action
upon individual fibers in the pulp mass so that the outermost layers of the
individual cigar-shaped fibers are frayed. This fraying of the fibers, which is
considered to increase the freeness of the fibers, facilitates the bonding of the
fibers when they are made into paper.

Paper fibers are relatively slender, tube-like structural components made up
of a number of concentric layers. Each of these layers (called "lamellae") consists
of finer structural components (called "fibrils") which are helically wound and
bound to one another to form the cylindrical lamellae. The lamellae are in turn

bound to each other, thus forming a composite which, in accordance with the laws
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of mechanics, has distinct bending and torstonal rigidity characteristics. A
relatively hard outer sheath (called the "primary wall”) encases the lamellae. The
primary wall is often partially removed during the pulping process. The raw fibers
are relatively stiff and have relatively low surface area when the primary wall is
intact, and thus exhibit poor bond formation and limited strength in the paper
formed with raw fibers.

It is generally accepted that it is the purpose of a pulp stock refiner, which
is essentially a milling device, to partially remove the primary wall and break the
bonds between the fibrils of the outer layers to yield a frayed surface, thereby
increasing the surface area of the fiber multi-fold.

Disc refiners typically consist of a pattern of raised bars interspaced with
grooves. Paper fibers contained in a water stock are caused to flow between
opposed refiner discs which are rotating with respect to each other. As the stock
flows radially outwardly across the refiner plates, the fibers are forced to tlow
over the bars. The milling action is thought to take place between the closely
spaced bars on opposed discs. It is known that sharp bar edges promote fiber
stapling and fibrillation due to fiber-to-fiber action. To achieve this, an
advantageous method of fabricating bars which wear sharp has been utilized in the
construction of refiner plates such as disclosed 1n U.S. Patent 5,165,592 to
Wasikowski. It is also known that dull bar edges result in fiber cutting by fiber-to-
bar action.

Thus the material from which refiner disks are made should have high wear
resistance. Wear resistance is typically associated with hard brittle materials, for
example metal carbides. Refiner plates are subject to a corrosive environment. The
pulp fibers are often contained in a stock which 1s acidic or basic as a result of the
chemical processes used to free the wood fibers from the lignin which binds the
fibers together in unprocessed wood. In addition to abrasive wear and corrosion,
refiner plates can be subjected to 1impact loading as a result of opposed plates
coming into contact or a foreign object impacting the plates. Failure of the plate
due to lack of toughness can not only result in the destruction of the disk refiner

but can damage downstream equipment.
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A conflict is created by the need for both toughness and wear resistance 1n
refiner plate materials which is further complicated by the need for good corrosion
resistance. Low carbon stainless steel materials are normally used in refiner plate
applications that require toughness. The. properties of these stainless steel alloys
are greatly influenced by carbon. Very low carbon levels are required to develop
the excellent toughness and corrosion resistance that make stainless steels effective
as refiner plate materials. Low carbon content, however, also translates into low
hardness levels and poor resistance to abrasive wear. It has been a constant
dilemma trying to improve these properties without greatly affecting the material’s

ability to resist breakage.

SUMMARY OF THE INVENTION

A refiner disk or disk segment is cast from a stainless steel alloy having a
composition of 0.2 percent to 0.60 percent carbon, 0.5 to 1.5 percent manganese,
0.5 percent to 1.5 percent silicon, a maximum of 0.05 percent sulfur, a maximum
of 0.05 percent phosphorus, 14 percent to 18 percent chromium, 2 percent to 5
percent nickel, 2 percent to 4 percent copper, a maximum of 1 percent
molybdenum,

1.5 percent to 5.0 percent niobium, a maximum of 1.5 percent vanadium, and a
maximum of 0.5 percent of a rare earth metal, such as lanthanum (La), lutetium
(Lu), and/or magnesium, the balance being iron.

The niobium and vanadium form discrete carbides at high temperatures
during the melting process. Upon cooling, the carbides are distributed evenly
throughout the structure. This resultant alloy provides toughness like a lower
carbon alloy plus increased corrosion and wear resistance due to the higher carbide
formation. The alloy utilizes chromium to 1mpart corrosion resistance. The process
of tying up carbon as discrete, non-chromium carbides increases the amount of
chromium present to provide increased corrosion resistance.

The refiner disk or disk segment is soaked at a temperature of 1,600
degrees Fahrenheit to 1,800 degrees Fahrenheit for three to five hours. After high
temperature soaking the refiner disk segment is air cooled with fans until 1t

reaches room temperature. The disk segment is then age hardened at about 900 to
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about 1,050 degrees Fahrenheit for three to five hours to increase the disk’s
hardness.

A refiner disk formed of the disclosed composition and treated as suggested
has a toughness comparable to a conventional alloy, together with enhanced
corrosion resistance and significantly improved abrasion resistance.

It is a feature of the present invention to provide a refiner disk of improved
abrasion and corrosion resistance.

It is another feature of the present invention to provide a new alloy tfor use
in applications for machines for processing paper pulp fibers.

It is a further feature of the present invention to provide a method of
treating a cast article of a particular alloy to maximize the toughness and abrasion
resistance of a component fabricated of the particular alloy.

Further objects, features and advantages of the invention will be apparent
from the following detailed description when taken in conjunction with the

accompanying drawings.



10

15

20

25

30

CA 02285869 1999-10-15

S
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a side-elevational view, partly cut away, of a low consistency
disc refiner.

FIG. 2 is a segment of a disc refiner plate of this invention.

FIG. 3 is a photomicrograph showing a 100X enlargement of a polished
etched as cast sample of the alloy of this invention.

FIG. 4 is a photomicrograph showing a 400X enlargement of a polished
etched as cast sample of the alloy of this invention.

FIG. 5 is a photomicrograph showing a 400X enlargement of a polished
etched heat treated sample of the alloy of this invention.

DETAILED DESCRIPTION OF THE INVENTION

Referring more particularly to FIGS. 1-5 wherein like numbers reter to
similar parts, the crystal structure of a stainless steel alloy particularly useful in
the fabrication of refiner plates 26 is shown in FIGS. 3 and 4. The alloys
hereinafter referred to as EXOS5, and EXO5-2 have the chemical composition as
shown in Table 1 (EXO5) and Table 2 (EXO5-2) with the balance of the alloy
consisting of iron with incidental impurities.

Table 1

Chemical Composition of EXOJ5

Percent by weight
0.20-0.40
051
0515
0.05 max
_ 0.05 max
14-18

> 050
2.0-4.0
1.0 max
152
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Chemical Composition Of EXQS5-2
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| C 0.30-0.40 ]
Mo 04006
Si 0.60-0.80 ‘
E 002 |
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[ Cr 15.5-17.5
| N1 3.5-4.5 l
' Cu - 2.53.5 ?‘
Mo - 0.50 - |
' Nb 2.8-3.2

K2 0.5-1.0

| Rare Earth Metals and/or Mg | 0.0-1.5 0.15-0.20 -

..

—
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Known stainless steel alloys used in the formation of refiner plates (see for
example Table 3) showing the chemistry for 1 7-4PH) have a low carbon content in
order to achieve high toughness and corrosion resistance. But, the low carbon content

results in a material having a low hardness level and poor resistance to abrasive wear.
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Table 3
Typical chemistries for 17-4PH

The carbon content in stainless steels influences both the matrix

microstructure and the formation of carbides. Stainless steels can be composed of
three basic crystalline phases of iron. Austenite has a face centered cubic
structure known as gamma iron, is produced by alloying iron with substantial
amounts of nickel, and is stable at high ternperatures. Ferrite has a body-centered
cubic structure and in stainless steel is an alloy of iron containing more than 12
percent chromium. Lastly, martensite is a metastable form of iron formed by
rapid cooling of iron containing a sufficient amount of carbon. The amount of
carbon available within a steel composition strongly influences the crystal form
which results when a melt is cooled. The presence of carbon also influences the
crystal structure which can be developed through heat-treating a particular alloy.
High toughness is achieved with very low carbon content which produces ferritic
stainless steel.

If the carbon content of stainless steel is increased, the carbon tends to
form carbides with the other elements present in the alloy. Chromium is added to
stainless steel for corrosion resistance, but tends to form carbides or eutectic
carbides, which form at the grain or crystal boundaries within the metal matrix 1if
sufficient carbon is present. The carbides at the grain boundaries weaken the
structure formed by the metal making it susceptible to mechanical failure.

The formation of carbides by the interaction of the carbon and chromium
present in the stainless steel tends to reduce corrosion resistance by locally
depleting chromium where the grain boundary carbides are formed.

Metal carbides are materials of high hardness and thus impart abrasion
resistance when contained by a stainless steel alloy. Thus carbides are desirable if
a way can be found to prevent their reducing the toughness of the stainless steel.

It has long been known to add small amounts of niobium--also known as
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columbium by metallurgists--to certain grades of stainless steel to improve
weldability by preventing embrittlement of the weld zone. Niobium forms a
carbide at high temperatures and thus removes the carbon from effective
interaction with the other constituents of the alloy, in effect making the carbon
unavailable. Thus if the amount of niobium and carbon are both increased
dramatically, the detrimental effects of adding carbon to the stainless steel are
prevented while at the same time the wear resistance of the alloy used 1s
dramatically improved by the formation of distributed niobium carbides.

One very important feature of the alloy is that by adding carbon the fluidity
of the melt is increased. Fluidity is important in being able to cast the detailed
bars 1 2 of the refiner plate segment shown in FIG. 2. For example, in the casting
of one refiner segment using a low carbon alloy, 5.5 percent of the castings were
defective due to miss-run. The low carbon alloy failed to fill the mold and thus
failed to completely form the refiner bars, due to a lack of fluidity of the casting
alloy. When a test run of the same parts was cast with the EXOJ alloy there were
no defects attributable to miss-run or the lack of fluidity. Carbon normally
increases fluidity but results in a brittle alloy. The addition of niobium prevents
the increased carbon content from forming embrittling carbides. At casting
temperatures the carbon is available to increase the fluidity of the melt. After
casting the niobium carbide precipitates at very high temperatures and is therefore
evenly distributed throughout the cast article. This early formation of niobium
carbide also advantageously reduces the carbon available to precipitate from the
eutectic materials late in cooling, reducing the formation of metal carbides at the
crystal grain boundaries which would tend to embrittle the alloy formed.

Table 4 shows the relative toughness, abrasion resistance, and corrosion
resistance of each of the existing 17-4PH alloy and the EXOJ5 alloy containing
0.28 percent carbon, 1.5 percent manganese, 1 percent silicon, a maximum of
0.05 percent sulfur, a maximum of 0.05 percent phosphorus, 16.5 percent

chromium, 3.5 percent nickel, 3 percent copper, a maximum of about 1 percent

molybdenum, and 2 percent niobium, the balance essentially iron with incidental
impurities. Table 3 also shows these same properties for the EXOS5-2 alloy

containing the element within the preferred ranges shown in Table 2.
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Table 4

Properties for 17-4PH, EXO5 and EXOS-Z

The EXO5 alloy has comparable toughness, slightly improved corrosion

o
0 0

resistance, and over 50 percent improved abrasion resistance compared to a typical
stainless steel used in refiner plates.

The EXO5-2 alloy has comparable toughness to the 17-4PH alloy and
slightly better toughness than the EXO5 alloy. The EXOS5-2 alloy also has
significantly improved corrosion resistance and greatly improved abrasion
resistance compared to both the 17-4PH and EXO5 alloys. Property enhancement
comparing the EX05-2 alloy to the EXOS5 alloy is a result of the additional
volume of carbide formed by a higher content and higher amount of carbide
forming elements. The elements include niobium and the additional element
vanadium. The higher content produces improved abrasion resistance. Toughness
is slightly improved over the EXOS5 alloy by the addition of the rare earth metals
and/or magnesium. This helps refine the shape of the carbides and control them
as discrete as particles.

The magnesium may be added alone as this additional element. Similarly,
one rare earth element may be used as this additional element. Alternatively, two
or more of any of these elements may be added in combination to achieve the
desired percentage, not to exceed 0.5 percent. Rare earth metals typically include
the lanthanide series of elements from lanthanum (La) to lutetium (lL.u).

Referring to FIG. 4, the structure shown by a polish etched but not heat
treated sample of the EXOS alloy includes major gray areas of the photo which are

martensite and some retained austenite. The niobium carbide are the small
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discrete distributed grains having a generally triangular or polygonal shape. The
somewhat dendritic linear features of the photomicrographs of FIGS. 3 and 4 are
delta ferrite materials. The EXOS alloy appears similar.

A refiner plate segment 42, as shown in FIG. 2, 1s a typical structure
which can be formed from EXOS5 or EXO5-2. The segment 42 is cast of the
EXOS alloy using one of the more modern sand casting methods which employs a
fine grain sand with an organic binder. Such a process can produce features more
precisely than a typical green sand casting provided the casting metal has sufficient
fluidity. The disk plate segment 42 thus formed 1s soaked at a temperature of
1,600 degrees Fahrenheit to 1 ,800 degrees Fahrenheit for three to five hours.
After high temperature soaking the refiner disk segment 42 is air cooled with fans
until it reaches room temperature. The disk segment 42 is then age hardened at
about 900 to about 1,050 degrees Fahrenheit for three to five hours to increase the
disk’s hardness.

FIG. 5 shows the structure of the EXQOJ alloy after 1t has been heat soaked
and precipitation hardened. The structure shown by a polish etched and heat
treated sample of the EXOS5 alloy includes major gray areas of the photo which are
martensite and some retained austenite. The niobium carbide grains are somewhat
larger as a result of the heat treating but are still discrete and still have a generally
triangular or polygonal shape. The somewhat less dendritic linear features of the
photomicrograph of FIG. 5 are delta ferrite materials. Heat treating the EXOS
alloy increases its Rockwell hardness (Rc) from approximately thirty-five in the as
cast condition to about 42 Rc after heat treating. The heat treating, as shown by
the differences between FIG. 4 and FIG. 5 improves the grain structure at the
same time hardness is increased. The niobium carbide granules are increased in
size by precipitation hardening which allows the niobium carbide grains to grow In
size. The high temperature soaking serves to better distribute the carbon within
the alloy but is not essential to the precipitation hardening. Producing the segment
42 from the EXQOS5-2 alloy produces very similar physical properties to those of
the EXOS alloy segment shown and described herein.
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The segment 42 has bars 12 which form passageways 40 through which
stock containing fibers is caused to flow. The refiner plates are used to refine
fibers 1n a disc refiner 20.

The disc refiner 20, as shown in FIG. 1, has a housing 29 with a stock
inlet 22 through which papermaking stock, consisting of two to five percent fiber
dry-weight dispersed in water, is pumped, typically at a pressure of 20 to 40 psi.
Refiner plates 26 are mounted on a rotor 24. Refiner plates 27 are also mounted to
a non-moving head 28 and to a sliding head 30. The refiner plates 27 which are
mounted to the non-moving head 28 and the sliding head 30 are opposed and
closely spaced from the refiner plates 26 on the rotor 24.

The rotor 24 is mounted to a shaft 32. The shaft 32 is mounted so the rotor
24 may be moved axially along the axis 34 of the shaft. The rotor has
passageways 36 which allow a portion of the stock to flow through the rotor 24
and pass between the refiner plates 26, 27 which are opposed between the rotor
and the stationary head 28. A portion of the stock also passes between the refiner
plates 26 mounted on the rotor and the refiner plates 27 mounted on the sliding
head 30. After being refined by the rotor the stock leaves the housing 29 through
an outlet 23.

In operation, the gaps between the refiner plates 26 mounted on the rotor
24, and the refiner plates 27 mounted on the non-rotating heads 28 and 30, are
typically three to eight thousandths of an inch. The dimensions of the gaps
between the refiner plates 26, 27 are controlled by positioning the rotor between
the non-moving head 28 and the sliding head 30. Stock is then fed to the refiner
20 and passes between the rotating and non-rotating refiner plates 26, 27
establishing hydrodynamic forces between the rotating and non-rotating refiner
plates. The rotor is then released so that it is free to move axially along the axis
34 by means of a slidable shaft 32.

The rotor 24 seeks a hydrodynamic equilibrium between the non-rotating
head 28 and the sliding head 30. The sliding head 30 1s rendered adjustable by a
gear mechanism 38 which slides the sliding head 30 towards the stationary head
28. The hydrodynamic forces of the stock moving between the stationary and the

rotating refiner plates 26, 27 keeps the rotor centered between the stationary head
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28 and the sliding head 30, thus ensuring & uniform, closely spaced gap between
the stationary and rotating refiner plates 26, 27. The close spacing between the
refiner plates 26, 27 presents the possibility that the plates will occasionally collide
or a foreign object will become jammed between the plates. In such circumstances
the ductility of the EXOS5 and the EXO5-2 alloys reduces the possibility of failure
of the plates. At the same time the EXO5 and EXO5-2 alloys tend to be wear
resistant, thereby increasing the lifetime of the retiner disks.

The longer life of the disks 26, 27 helps to lower the cost of operating the
refiner 20. Long life results in fewer disks being used up but also saves costs
through reduced down time necessary to replace worn disks.

In a disk refiner 20 the refining action 1s thought to take place along the
edges of the bars 1 2 on the disks 26, 27. To the extent the niobium carbide grain
in the metal from which the refiner plates are tabricated causes the bar edges to

wear rough, the bar edges will hold the fibers on the edges and increase the

amount of refining which takes place as the fibers pass through the refiner 20.
Because the niobium carbide grain increases the wear resistance by
presenting distributed grain of high hardness material in a matrix of softer tougher
material it is expected that the grains will tend to stand out from the surface of the

bar as the softer matrix is worn away from between the niobium carbide grains.
This wear pattern produces a rough surface along the bar edges. A rough wearing
surface can be particularly effective in promoting fiber stapling and fibrillation due
to fiber-to-fiber action between opposed refiner plates. Wear resistance of the
edges of the refiner bars 12 is beneficial in keeping the edges sharp--not so the
bars can cut the fibers but so the fibers are held on the edges where the refining
action takes place.

It should be understood that refiner plates or segments could be produced
by various casting technidues including green sand casting and techniques using
dry or baked molds.

[t is understood that the invention is not limited to the particular
construction and arrangement of parts herein illustrated and described, but

embraces such modified forms thereof as come within the scope of the following

claims.
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CLAIMS

[ claim:

1. A portion of an apparatus for processing papermaking fibers comprising
a refiner disk having a composition consisting of, in percent by weight: carbon in a
range between 0.2 percent and 0.6 percent; manganese in a range between 0.4 and 1.5
percent; silicon in a range between 0.5 percent and 1.5 percent; sulfur at a maximum of
0.05 percent; phosphorus a maximum of 0.05 percent; chromium in a range between 14
percent and 18 percent; nickel in a range between 2 percent and 5 percent; copper in a
range between 2 percent and 4 percent; molybdenum at a maximum of 1 percent;
niobium in a range between 1.5 percent and 5.0 percent; vanadium 1n a range between
about 0.5 percent and 1.5 percent, elements selected from at least one of: rare earth
metals and magnesium in a range between about 0.15 percent and 0.5 percent total, and

a balance of 1rron with incidental impurities.

2. The portion of the apparatus of claim 1, wherein the refiner disk has a
composition consisting of, in percent by weight: 0.28 percent carbon, about 1.5 percent
manganese, about 1 percent silicon, a maximum of 0.05 percent sulfur, a maximum of
0.05 percent phosphorus, about 16.5 percent chromium, about 3.5 percent nickel, about
3 percent copper, a maximum of about 1 percent molybdenum, and about 2 percent
niobium, a maximum of 1.5 percent vanadium, and a maximum of 0.5 percent

magnesium, the balance of iron with incidental impurities.

3. The portion of the apparatus of claim 1, wherein the refiner disk has a
composition consisting of, in percent by weight: carbon in a range between 0.3 percent
and 0.4 percent; manganese in a range between 0.4 percent and 0.6 percent; silicon in a
range between 0.6 percent and 0.8 percent; about 0.02 percent sultur; about 0.02 percent
phosphorous, chromium in a range between 15.5 percent and 17.5 percent; nickel in a
range between 3.5 percent and 4.5 percent; copper 1n a range between 2.5 percent and
3.5 percent; about 0.5 percent molybdenum; niobium 1n a range between 2.8 percent and

3.2 percent; vanadium in a range between 0.5 percent and | percent; elements selected
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from at least one of rare earth metals and or magnesium, in a range between 0.15

percent and 0.2 percent total, the balance of iron with incidental impurities.

4. The portion of the apparatus according to claim 1, wherein the refiner
disk has a composition further comprising a maximum of 0.5 percent by weight of a

combination of magnesium and at least one rare earth metal.

5. A cast component ot an apparatus for processing papermaking fibers
comprising a metallic portion having a composition consisting of, in weight percent:

carbon 1n a range between 0.2 percent and 0.6 percent;

manganese 1n a range between 0.4 and about 1.5 percent;

silicon 1n a range between 0.5 percent and 1.5 percent;

a maximum of 0.05 percent sulfur;

a maximum of 0.05 percent phosphorus;

chromium 1in a range between 14 percent and 18 percent;

nickel 1n a range between 2 percent and S percent;

copper 1n a range between 2 percent and 4 percent;

a maximum of 1 percent molybdenum;

niobium in a range between 1.5 percent and 5.0 percent;

vanadium 1n a range between 0.5 percent and 1.5 percent;

between 0.15 and 0.5 percent total of elements selected from at least one of* rare
carth metals and magnesium; and

a balance ot iron with incidental impurities.

0. The cast component of claim 5, wherein the metallic portion has a
composition consisting of, in percent by weight:

about 0.28 percent carbon;

about 1.5 percent manganese:;

about 1 percent silicon;

a maximum of 0.05 percent sulfur;

a maximum of 0.05 percent phosphorus;
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about 16.5 percent chromium;

about 3.5 percent nickel;

about 3 percent copper;

a maximum of about 1 percent molybdenum, and about 2 percent niobium;
a maximum of 1.5 percent vanadium;

a maximum of 0.5 percent magnesium; and

the balance of 1ron with incidental impurities.

7. The cast component of claim 4, wherein the metallic portion has a
composition consisting of, in percent by weight: about 0.28 percent carbon; about 1.5
percent manganese; about 1 percent silicon; a maximum of 0.05 percent sulfur; a
maximum of 0.05 percent phosphorus; about 16.5 percent chromium; about 3.5 percent
nickel; about 3 percent copper; a maximum of about 1 percent molybdenum, and about

2 percent niobium; the balance of iron with incidental impurities.

8. The cast component of claim 5, wherein the metallic portion has a
composition comprising a maximum of 0.5 percent total of a combination magnesium

and at least one rare earth metal, in percent by weight.

9. The cast component of claim 8, wherein the metallic portion has a
composition consisting of, in percent by weight, about 0.28 percent carbon, about 1.5
percent manganese, about 1 percent stlicon, a maximum of 0.05 percent sulfur, a
maximum of 0.05 percent phosphorus, about 16.5 percent chromium, about 3.5 percent
nickel, about 3 percent copper, a maximum of about 1 percent molybdenum, and about 2

percent niobium, the balance of 1iron with incidental impurities.

10. A method of making at least a part of a disk for use in a refiner for
processing papermaking fibers, the method comprising the steps of, in percent by
weight:

melting a quantity of metal having a composition consisting of from about 0.2

percent to about 0.6 percent carbon, from about 0.4 to about 1.5 percent manganese,
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about 0.5 percent to about 1.5 percent silicon, a maximum of 0.05 percent sulfur, a
maximum of 0.05 percent phosphorus, from about 14 percent to about 18 percent
chromium, from about 2 percent to about 5 percent nickel, from about 2 percent to about
4 percent copper, a maximum of about 1 percent molybdenum, trom about 1.5 percent
to about 5.0 percent niobium, 0.5 percent to 1.5 percent vanadium, and 0.15 percent to
0.5 percent total of elements selected from at least one of rare earth elements and
magnesium, and a balance of iron with incidental impurities; and

forming a casting of at least a part of a disk for use in a retiner.

11.  The method of claim 10, further comprising the steps of: soaking the
casting at a temperature of about 1600 to about 1800 degrees Fahrenheit; and thereafter

rapid air quenching the casting to room temperature.

12. The method of claim 11, further comprising the step of age hardening the
casting at a temperature of about 900 to about 1050 degrees Fahrenheit to increase the

size of niobium carbide grains within the casting.

13.  The method of claim 10, wherein the quantity of metal has a composition
consisting of, in weight percent, about 0.28 percent carbon, about 1.5 percent
manganese, about 1 percent silicon, a maximum of 0.05 percent sultur, a maximum of
0.05 percent phosphorus, about 16.5 percent chromium, about 3.5 percent nickel, about
3 percent copper, a maximum of about 1 percent molybdenum, about 2 percent niobium,
a maximum of 1.5 percent vanadium, and a maximum of 0.5 percent magnesium, the

balance being of iron with incidental impurities.

14. The method of claim 10, wherein the quantity of metal has a composition
consisting of, in weight percent, about 0.28 percent carbon, about 1.5 percent
manganese, about 1 percent silicon, a maximum of 0.05 percent sulfur, a maximum of
0.05 percent phosphorus, about 16.5 percent chromium, about 3.5 percent nickel, about
3 percent copper, a maximum of about 1 percent molybdenum, and about 2 percent

niobium, the balance of iron with incidental impurities.
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15, The method of claim 10, wherein the quantity of metal has a composition

further comprising a maximum of, in weight percent, 0.5 percent total of a combination

of magnesium and at least one rare earth metal.
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