Method for Producing a Steel Material, and Steel Material

To produce pumps and the like that are exposed to powerfully corrosive environments, it is
known to use steels from which the corresponding blocks for the pumps are produced, which
are then used to produce the pumps and pump parts, often by means of material-removing

machining.

The steels used for this are in particular standardized and the above-mentioned
subassemblies are chiefly made using the steels DIN 1.4542, DIN 1.4418, and also DIN
1.4313.

Because of the considerably low price level on the one hand and also because of the very
high demand on the world market, these steels are, to the greatest extent possible, melted

conventionally.

Due to the low price level and the global demand, materials that are produced with
corresponding remelting methods (Electroslag Remelting, ESR or Vacuum Arc Remelting,
VAR) cannot be used in all countries.

In order to produce pump blocks, very large block formats are required so that the cast
weights are often greater than 10 t. This means that a suitable material must be designed so
that even when using conventional block formats and conventional melting, the most uniform
possible product properties can be achieved due to the low segregation tendency.
Segregations are basically unwanted here because segregations can be the starting point
for mechanical inhomogeneities and possibly cracking. In addition, deviations in corrosion

resistance properties can also occur in the vicinity of segregations.

The steel DIN 1.4418 has a high yield strength (Rp0.2%) of approximately 1000 MPa; the
steel DIN 1.4418 can achieve a very high low-temperature toughness, which typically lies in
the range between 50 and 150 J (Charpy V notch) of notched bar impact work at -40°C. This

high level of toughness is required due to the cavitation that occurs in pumps.

The material DIN 1.4542 with the same yield strength cannot come anywhere close to
achieving this level of toughness and usually remains at only single-digit notched bar impact

work values at -40°C.



The steel DIN 1.4313 is also used for pump blocks, but because its alloy level is lower than
that of DIN 1.4418, can only achieve yield strengths of between 900 and 1000 MPa when
tempered to its maximum strength level. When this material is used with its maximum
strength level, however, it is only possible to achieve a low toughness level at low
temperatures; in addition, the corrosion resistance by the alloy is significantly lower in
comparison to the other two steels. The materials DIN 1.4313 and DIN 1.4418 in this case
are nickel martensitic secondary hardening alloys whereas the material DIN 1.4542 is a

nickel martensitic copper hardening material.

The object of the invention is to create a material, which, even at very high cast weights,
exhibits an improved strength at a very low toughness level, while also having a high

corrosion resistance.

The object is attained with a method for producing a steel material having the features of

claim 1.

Advantageous modifications are disclosed in the dependent claims.

Another object of the invention is to create a material that has strengths that are
correspondingly similar to or greater than those of known steels, but has a higher toughness

level and an improved corrosion resistance.

This object is attained by a steel material having the features of claim 6.

The inventors’ stated goal was to develop a material that has a strength greater than or
equal to that of DIN 1.4418 or DIN 1.4542, which already has a very high intrinsic strength,
but also achieves or exceeds the very high toughness level of DIN 1.4418, but on the other

hand, also exceeds the corrosion resistance of the significantly less strong DIN 1.4313.

The goal in this context, however, is also to achieve these product properties with
conventional melting, but for the analysis to be set up so that it is also possible to achieve a
high-purity remelting variant (Electroslag Remelting, ESR or Vacuum Arc Remelting, VAR).
Such a high-purity remelting variant, due to its considerably lower content of smaller-size
oxide inclusions, has particular advantages with regard to fatigue properties for special

applications in the design of machines and apparatuses



that are subjected to highly dynamic loads, as is the case, for example, in compressors or
centrifuges. By means of remelting in a vacuum arc furnace (Vacuum Arc Remelting, VAR),
which is the usual remelting technology for components that are subjected to powerful
stresses in aviation applications, by reducing the defect sizes in the material according to the
invention, the fatigue strength of the material can be increased. This effect is of great
importance primarily when the material according to the invention is used at high strengths in

aviation and aerospace applications.

In order to produce such material properties, it is necessary to abandon both the nickel
martensitic secondary hardening method on the one hand and the nickel martensitic copper

hardening method on the other and to set off in a new direction.

According to the invention, copper is used for tempering in the new steel material. The
inventors have realized that delta ferrite as a structural component reduces toughness; with
an optimal ratio of austenite-to-ferrite stabilizing elements, this phase is minimized and for
production reasons, every effort is made to keep the presence of the delta ferrite phase to a
minimum by means of a suitable casting technology and by carrying out the forming at an

optimized temperature.

A niobium stabilization of the kind that is used, for example, in DIN 1.4542 is entirely avoided

so that according to the invention, no coarse primary carbides are formed.

The inventors have realized that material concepts such as DIN 1.4542 originated at a time
in which the systems engineering in melting metallurgy did not yet ensure the possibility of

reducing the carbon content of high-chromium melts.

For this reason, the approach often taken was to bind to the carbon, which had a negative
effect on the corrosion resistance, by means of powerful carbide-forming agents such as
titanium or niobium through the formation of monocarbides and chromium carbides. This
alloying technique was used both with austenitic materials and with martensitic materials
such as DIN 1.4542 and even today, is still stipulated in the international standards for this

material.

The deliberate step of omitting a stabilization in this alloying system is one of the essential
features according to the invention, which make it possible to achieve a material with the
property profile according to the invention and with the above-mentioned manufacturing

options.



The invention will be explained below by way of example based on the drawings.

In the drawings:

Table 1

Table 2

Table 3

Table 4

Table 5

Table 6

Table 7

Table 8

shows the chemical analysis of the standard materials based on EN 10088-3

in comparison to the material according to the invention (15-5MOD);

shows the mechanical properties of the material according to the invention in

the transverse direction with a tempering at 520°C;

shows the mechanical properties of the material according to the invention in

the transverse direction with a tempering at 485°C;

shows the mechanical properties of a standard material that is not according

to the invention in the transverse direction;

shows the mechanical properties of another standard material in the

transverse direction;

shows the mechanical properties of another standard material in the

transverse direction;

shows the mechanical properties of the material according to the invention in

the transverse direction with a tempering at 450°C;

shows the resistance to erosion corrosion based on tensile test parameters of
the samples tested and a comparison of the mass loss of standard materials

to that of the material according to the invention.

Table 1 shows a comparison of all of the above-mentioned materials to the material

according to the invention (15-5MOD). The material according to the invention was

conventionally melted and a plurality of flat bars with the dimensions 640 x 540 mm were

produced by means of forging. After the forging, the material is solution annealed at 950°,

hardened, and then tempered.



The tempering temperatures were 485° in one case and 520°C in the other case.

After the heat treatment, the bars are cut in the middle and then undergo complete
mechanical testing in the zones of the bottom, the middle, and the cropped region.

The mechanical testing in this case is composed of a tensile test at room temperature, a
notched bar impact test (Charpy V notch) at room temperature, and a notched bar impact
test (Charpy V notch) at -40°C.

The analysis according to Table 1 shows that in the desired state of the steel material
according to the invention, in particular the manganese content and phosphorus content
have been removed, in particular also including removal of the sulfur content. The chromium
content is between that of the materials DIN 1.4313 and DIN 1.4418 and finally, the nitrogen

content is particularly low and copper is also present.

The mechanical properties in the two tempered states are shown in Tables 2 and 3 and
demonstrate that the strength differs by approx. 100 MPa and with the specified heat
treatments, yield strengths of approx. 1000 and 1100 MPa, respectively, can be achieved.
The exceptional feature of the material according to the invention, however, is a strikingly
high toughness level, even at low temperatures.

This outstanding combination of properties is based on the insight according to the invention
that by and large, delta ferrite can be avoided through an appropriate analysis configuration.
In addition, with the invention, the maximum quantity of niobium is sharply limited so that a
niobium stabilization has to be ruled out and the niobium content is so low that toughness-

reducing hard phases are avoided.

For the sake of comparison, comparison data of the materials D 1.4313 and D 1.4418 are
shown in Table 4 and Table 5; these, too, have been determined based on forged bars in

the same dimensional range.

In this case, the steel material according to the invention has the best combination of

strength and toughness.

Table 6 shows the results of a smaller DIN 1.4542 forged bar with the dimensions 520 x 280,

which achieves only a fraction of the toughness at the same strength.



In the context of the development of the material according to the invention 15-5MOD, the
maximum strength potential that could be achieved with the specified analysis was studied.
It turned out that through a reduction of the tempering temperature to 450°C, a further
strength increase to a yield strength of approx. 1177 — 1190 MPa can be achieved. In this
extremely strong state, the toughness determined by means of the notched bar impact test
at -40°C is naturally reduced relative to a tempering at 485°C, although at 20J to 78J (Table
7), the material exhibits a notched bar impact work level that is still several times higher than
that of the material DIN 1.4542 at a yield strength that is more than 100 MPa higher so that
even this WBH state must be considered to be extremely relevant from a practical standpoint

despite the lower low-temperature toughness.

Since the material, in addition to having a high strength and an accompanying high
toughness, must also have a sufficient corrosion resistance, additional corrosion tests were

also conducted.

The mass loss due to erosion corrosion was determined in 20% ethanoic acid, which was
acidified to pH — 1.6 with sulfuric acid. The test lasted for 24 hours. The results (Table 8)
show that the materials DIN 1.4418, DIN 1.4542, and the material according to the invention
exhibit hardly any erosion and their corrosion resistances under these conditions can also be
considered to be equivalent. As expected, the material 1.4313 exhibits a significant material
loss due to its lower alloy content. In this case, it is particularly apparent that the material
according to the invention is able to improve both the strength and the toughness even

further while retaining the same level of corrosion resistance.

With the method according to the invention, the material is conventionally melted into large

block formats weighing up to > 10 t with an analysis corresponding to Table 1.

Then, the material is shaped in the range from 800 to 1250°C, followed by a heat treatment.

The heat treatment is comprised of a solution annealing at 850 to 1050°C, a subsequent
hardening, a subsequent cooling, and tempering at 450 to 600°C; the temperature range of

450 to 520°C is preferable for the sake of achieving a maximum of strength.

The structure of the material according to the invention is then composed of martensite with
a maximum of 1% delta ferrite; it is free of primary hard phases (mainly based on niobium,

tantalum, titanium, vanadium); and the tempered austenite content is at most 8%.



The material according to the invention is primarily used for corrosion-resistant pump blocks,

but can also be used in general machine and apparatus construction.

According to the invention, with increased demands on fatigue strength, particularly in
subassemblies that are subjected to highly dynamic loads or in the case of safety-critical
structural components in the aviation and aerospace industry, the material can also be
produced in the form of a high-purity remelting product in accordance with the Electroslag
Remelting, ESR or Vacuum Arc Remelting, VAR method. The purity grade improvement
associated with the remelting yields the sufficiently well-known improvements in fatigue

properties due to a reduction in the defect sizes in the material.

With the invention, it is advantageous that through a very precise analysis management on
the one hand and through an implementation of the analysis and the reduction of the delta
ferrite and primary hard phases, a material is produced, which achieves very high strength,
corrosion resistance, and toughness in a way that could not previously be combined with
one another



Claims

1. A method for producing a steel material, in particular a corrosion-resistant steel material
for pumps and the like, wherein a steel is melted that corresponds to the following analysis
(in wt%):

C < 0.050;
Si<0.70;

Mn < 1.00;

P < 0.030;

S < 0.010;

Cr = 14-15.50;
Mo = 0.30-0.60;
Ni = 4.50-5.50;
V < 0.20;

W < 0.20;

Cu = 2.50-4.00;
Co < 0.30;

Ti < 0.05;

Al < 0.05;

Nb < 0.05;

Ta < 0.05;

N < 0.05;

and the remainder iron and melting-related impurities.

2. The method according to claim 1,

characterized in that

the material is melted conventionally or using Electroslag Remelting, ESR or Vacuum Arc
Remelting, VAR and is formed at 800°C to 1250°C; a heat treatment takes place with a
solution annealing at 850°C to 1050°C, followed by a hardening, cooling, and tempering at
450°C to 600°C, preferably 450°C to 520°C, depending on the required mechanical

properties.



3. The method according to claim 1 or 2,
characterized in that
the material is melted with the following analysis:

C < 0.030;

Si < 0.40;

Mn < 0.60;

P < 0.025;

S < 0.005;

Cr =14.20-14.60;
Mo < 0.30-0.45;
Ni = 4.80-5.20;
V < 0.10;

W < 0.10;

Cu = 3.00-3.70;
Co < 0.15;

Ti <0.010;

Al < 0.030;

Nb < 0.02;

Ta <0.02;

N < 0.02;

and the remainder iron and melting-related impuirities.

4. The method according to one of the preceding claims,
characterized in that

the niobium content is low enough that toughness-reducing hard phases are avoided.

5. The method according to one of the preceding claims,

characterized in that

the heat treatment, the hardening, the cooling, and the tempering are carried out so that the
structure is then composed of martensite with at most 1% delta ferrite and is free of primary

hard phases, with the tempered austenite content totaling a maximum of 8%.



6. A steel material produced using a method according to one of the preceding claims,
characterized in that
the steel material has the following analysis:

C < 0.050;
Si<0.70;

Mn < 1.00;

P < 0.030;

S <0.010;

Cr = 14-15.50;
Mo = 0.30-0.60;
Ni = 4.50-5.50;
V < 0.20;

W < 0.20;

Cu = 2.50-4.00;
Co < 0.30;

Ti < 0.05;

Al < 0.05;

Nb < 0.05;

Ta < 0.05;

N < 0.05;

and the remainder iron and melting-related impurities.

7. The steel material according to claim 6,
characterized in that

the material has the following analysis:

C < 0.030;

Si < 0.40;

Mn < 0.60;

P < 0.025;

S < 0.005;

Cr =14.20-14.60;
Mo = 0.30-0.45;

Ni = 4.80-5.20;
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V <0.10;

W < 0.10;

Cu = 3.00-3.70;
Co < 0.15;

Ti <0.010;

Al < 0.030;

Nb < 0.02;

Ta < 0.02;

N < 0.02;

and the remainder iron and melting-related impurities.

8. The steel material according to claim 6 or 7,

characterized in that

the structure of the material is composed of martensite with at most 1% delta ferrite, the
structure is free of primary hard phases, in particular based on niobium, tantalum, titanium,

or vanadium, and the tempered austenite content is at most 8%.

9. The steel material according to one of claims 6 through 8,

characterized in that

the material is melted conventionally or using the Electroslag Remelting, ESR or Vacuum
Arc Remelting, VAR method.

10. The steel material according to one of claims 6 through 9,

characterized in that

at a tempering temperature of 520°C, the material achieves a yield strength of approx. 1000
MPa with a toughness of over 70 J at -40°C and at a tempering temperature of 485°C, the
material achieves a yield strength of approx. 1100 MPa with a toughness of over 60 J at -
40°C.

11



