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DESCRIPTION

Technical field

[0001] The present disclosure relates to a powder of an austenitic alloy and a HIP:ed object
manufactured thereof and a process for the manufacturing the HIP:ed object.

Background

[0002] Components manufactured from duplex stainless steels are usually used in oil and gas
applications, especially in subsea environment because of their high yield strength and
generally good corrosion resistance. One problem, however, with duplex stainless steels is that
these steels may be prone to hydrogen induced stress cracking (HISC). Components
manufactured from austenitic alloys are also used but these alloys may have too low yield
strength even though they are known to not be affected by HISC. Also, components
manufactured from a precipitation hardened Ni-base alloy may be used but these alloys may
be prone to hydrogen embrittlement.

[0003] JP-H06-306553 relates to a Cr Mo N austenitic stainless steel. However, it does not
disclose the combination of Ni, Cr and Mo and how these elements will prevent hydrogen
induced stress cracking.

[0004] Thus, there is a need for an object (a component) comprising an alloy which is not
affected by HISC and which has high yield strength and which is resistant against hydrogen
embrittlement. The aspect of the present disclosure is therefore to solve or at least reduce the
above-mentioned problems.

Summary

[0005] The present disclosure provides a powder of an austenitic alloy, wherein said powder
has the following composition in weight% (wt%):

C less than or equal to 0.03;
Si less than or equal to 0.5;
Mn less than or equal to 2.0;
P less than or equal to 0.01;
S less than or equal to 0.05;
Cr 25 t0 28;

Ni 33 to 36;

Mo 6t07.5;

N 0.20 to 0.60;

Cu less than or equal to 0.4;

balance Fe and unavoidable impurities.

[0006] The present disclosure also relates to a HIP:ed object manufactured from a powder
having the following composition in weight%:



DK/EP 3600732 T3

C less than or equal to 0.03;
Si less than or equal to 0.5;
Mn less than or equal to 2.0;
P less than or equal to 0.01;
S less than or equal to 0.05;
Cr 25 t0 28;

Ni 33 to 36;

Mo 6t07.5;

N 0.20 to 0.60;

Cu less than or equal to 0.4;

balance Fe and unavoidable impurities.

[0007] Hence, the present disclosure relates to a HIP:ed object comprising an austenitic alloy
comprising the same element in the same ranges as the powder as defined hereinabove or
hereinafter. In addition to contain the austenitic alloy, the obtained HIP:ed object will be
isotropic in regard to the distribution and to the shape of the phases (i.e. the microstructure)
meaning that the HIP:ed object will have resistance against HISC and also have the same

mechanical strength in all directions.

[0008] The present disclosure further relates to a method of manufacturing a HIP:ed object

comprising the steps of:

a) providing a form defining at least a portion of the shape of said object;
b) providing a powder as defined hereinabove or hereinafter;

1.
2.
3. ¢) filling at least a portion of said form with said powder;
4.

d) subjecting said form to hot isostatic pressing at a predetermined temperature, a
predetermined isostatic pressure and for a predetermined time so that the powder

particles bond metallurgically to each other.

Detailed description

[0009] As stated above, the present disclosure relates to a powder having the following

composition in weight% (wt%):

C less than or equal to 0.03;
Si less than or equal to 0.5;
Mn less than or equal to 2.0;
P less than or equal to 0.01;
S less than or equal to 0.05;
Cr 25 t0 28;

Ni 33 to 36;

Mo 6t07.5;

N 0.20 to 0.60;

Cu less than or equal to 0.4;

balance Fe and unavoidable impurities.
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[0010] The present disclosure also relates to a HIP:ed object manufactured from a powder
having the following composition in weight% (wt%):

C less than or equal to 0.03;
Si less than or equal to 0.5;
Mn less than or equal to 2.0;
P less than or equal to 0.01;
S less than or equal to 0.05;
Cr 25 t0 28;

Ni 33 to 36;

Mo 6t07.5;

N 0.20 to 0.60;

Cu less than or equal to 0.4;

balance Fe and unavoidable impurities.

[0011] Hence, the present disclosure relates to a HIP:ed object comprising an austenitic alloy
having the following composition in weight% (wt%):

C less than or equal to 0.03;
Si less than or equal to 0.5;
Mn less than or equal to 2.0;
P less than or equal to 0.01;
S less than or equal to 0.05;
Cr 25 t0 28;

Ni 33 to 36;

Mo 6t07.5;

N 0.20 to 0.60;

Cu less than or equal to 0.4;

balance Fe and unavoidable impurities.

[0012] Alternatively, the HIP:ed object may be a hollow or a billet or a bar which may then be
worked to a tube or a pipe by hot working, such as extrusion.

[0013] The present disclosure also relates to a method of manufacturing a HIP:ed object
comprising the steps of:

1.
2.
3.
4.

a) providing a form defining at least a portion of the shape of said object;
b) providing a powder as defined hereinabove or hereinafter;

c) filling at least a portion of said form with said powder;

d) subjecting said form to hot isostatic pressing at a predetermined temperature, a
predetermined isostatic pressure and for a predetermined time so that the powder

particles bond metallurgically to each other.

[0014] According to one embodiment of the present disclosure, the obtained HIP:ed object will
be heat treated, such as by solution annealing, in order to increase the strength of the HIP:ed
object.
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[0015] The present disclosure also relates to a method of manufacturing a HIP:ed object,
wherein the object is a tube comprising the steps of:

1. a) providing a form defining a shape of a billet or a hollow or a bar;

2. b) providing a powder as defined hereinabove or hereinafter;

3. ¢) filling at least a portion of said form with said powder;

4. d) subjecting said form to hot isostatic pressing at a predetermined temperature, a
predetermined isostatic pressure and for a predetermined time so that the powder
particles bond metallurgically to each other;

5. e) hot working the obtained billet, hollow or the bar.

[0016] According to one embodiment, the hot working process is extrusion. Examples of other
hot working processes are hot rolling and hot piercing. A hot working step may optionally
comprise one or more hot working processes.

[0017] According to another embodiment, the method comprises a cold working step which
may be performed after the hot working step. Examples of, but not limited to, cold working
processes are cold rolling, cold drawing, cold pilgering and straightening. A cold working step
may comprise one or more cold working processes. Also, the cold working processes may be
the same or different.

[0018] According to another embodiment, the method may comprise a heat treatment step
which is performed after the hot working step or after the cold working step. Example of, but
not limited to, a heat treatment process is annealing, such as solution annealing.

[0019] Hot Isostatic Pressing (HIP) is a technique known in the art. As the skilled person is
aware, for alloys to be subjected to hot isostatic pressing, they should be provided in the form
of a powder. Such powder can be obtained by atomizing a hot alloy, i.e. by spraying the hot
alloy through a nozzle whilst in a liquid state (thus forcing molten alloy through an orifice) and
allowing the alloy to solidify immediately thereafter.

[0020] Atomization is conducted at a pressure known to the skilled person as the pressure will
depend on the equipment used for performing atomization. According to one embodiment, the
technique of gas atomization is employed, wherein a gas is introduced into the hot metal alloy
stream just before it leaves the nozzle, serving to create turbulence as the entrained gas
expands (due to heating) and exits into a large collection volume exterior to the orifice. The
collection volume is preferably filled with gas to promote further turbulence of the molten metal
jet.

[0021] D50 of the size distribution of the particles is usually of from 80 - 130 um. The resulting
powder is then transferred to a mold.

[0022] According to the method as defined hereinabove or hereinafter, a form, also referred to
as a mould or a capsule, is provided. The form defined as least a portion of the shape or
contour of the object to be obtained. The form is typically manufactured from steel sheets
which are welded together. The form is removed after HIP by for example pickling or
machining.

[0023] At least part of the form is filled but it will depend on whether or not the entire object is
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made in a single HIP step. The mould is subjected to Hot Isostatic Pressing (HIP) so that the
particles of said powder bond metallurgically to each other. According to one embodiment, the
mold is fully filled and the object is made in a single HIP step.

[0024] The HIP method is performed at a predetermined temperature, below the melting point
of the austenitic alloy, preferably in the range of from 1000-1200 °C. The predetermined
isostatic pressure is > 900 bar, such as about 1000 bar and the predetermined time is in the
range of from 1-5 hours. After the HIP process, the object is removed from the mold. Usually
this is performed by removing the mold itself, e.g. by machining or pickling. The form of the
object obtained is determined by the form of the mold and the degree of filling.

[0025] The HIP method may also be followed by a heat treatment, such as solution annealing,
meaning that the obtained object is heat-treated at a temperature ranging of from 1000-1300
°C, such as 1100 to 1200 °C, for 1-5 h with subsequent quenching.

[0026] Hereinafter, the alloying elements of the austenitic alloy as defined hereinabove or
hereinafter are discussed regarding their effect. However, this should not be interpreting as
limiting. The elements may also have other effects not mentioned. The terms "weight%" or
"wt.%" are used interchangeably.

Carbon (C): less than or equal to 0.03 wt.%

[0027] C is an impurity contained in the austenitic alloy. When the content of C exceeds 0.03
wt.%, the corrosion resistance is reduced due to the precipitation of chromium carbide in the
grain boundaries. Thus, the content of C is less than or equal to 0.03 wt.%, such as less than
or equal to 0.02 wt.%.

Silicon (Si): less than or equal to 0.5 wt.%

[0028] Siis an element which may be added for deoxidization. However, Si will promote the
precipitation of the intermetallic phases, such as the sigma phase, therefore Si is contained in
a content of equal to or less than 0.5 wt.%, such as 0.1 t0 0.5 wt.%.

Manganese (Mn): less than or equal to 2.0 wt.%

[0029] Mn is used in most stainless alloys because Mn has the ability to bind sulphur, which is
an impurity and by binding sulphur, the hot ductility is favorable. At levels, above 2.0 wt.% Mn
will reduce the mechanical properties. Thus, the content of Mn is less than or equal to 2.0
wt.%, such as less than 1.1 wt.%, such as 0.1 t0 1.1 wt.%

Nickel (Ni): 33 to 36 wt.%

[0030] Ni is an austenite stabilizing element and is together with Cr and Mo beneficial for
reducing stress corrosion cracking in stainless alloys. In order to achieve structure stability and
thereby corrosion resistance, the content of Ni is required to be more than or equal to 33 wt.%.
However, an increased Ni content will decrease the solubility of N.
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[0031] Therefore, the maximum content of Ni is less than or equal to 36 wt.%. According to
one embodiment, the content of Ni is of from 34 to 36 wt.%.

Chromium (Cr): 25 to 28 wt.%

[0032] Cr is the most important element in stainless alloys as Cr is essential for creating the
passive film, which will protect the stainless alloy from corroding. Also, the addition of Cr will
increase the solubility of N. When the content of Cr is less than 25 wt.%, the corrosion
resistance for the present austenitic alloy will not be sufficient, and when the content of Cr is
more than 28 wt.%, secondary phases, such as nitrides and sigma phase will be formed, which
will adversely affecting the corrosion resistance. Accordingly, the content of Cr is therefore of
from 25 to 28 wt.%, such as of from 26 to 28 wt.%.

Molybdenum (Mo): 6.0 to 7.5 wt.%

[0033] Mo is effective in stabilizing the passive film formed on the surface of the austenitic alloy
and is also effective in improving the pitting resistance. When the content of Mo is less than 6.0
wt.%, the corrosion resistance against pitting is not high enough for the austenitic alloy as
defined hereinabove or hereinafter. However, a too high content of Mo will promote the
precipitation of intermetallic phases, such as sigma phase and also deteriorate the hot
workability. Accordingly, the content of Mo is of from 6.0 to 7.5 wt.%, such as 6.1 to 7.1 wt.%,
such as of from 6.1 t0 6.7 wt.%.

Nitrogen (N): 0.25 to 0.6 wt.%

[0034] N is an effective element for increasing the strength of an austenitic alloy, especially
when heat treatment, such as solution hardening, is used in the manufacturing process. N is
also beneficial for the structure stability. Furthermore, N will improve the deformation hardening
during cold working. When the content of N is less than 0.25 wt.%, the austenitic alloy as
defined hereinabove or hereinafter will not have high enough strength. If the content of N is
more than 0.6 wt.%, it will not be possible to dissolve further N in the alloy. According to one
embodiment, the amount of N is from such as 0.25 to 0.40 wt.%, such as 0.30 to 0.38 wt.%.

Phosphorus (P): less than or equal to 0.05 wt.%

[0035] P is an impurity contained in the austenitic alloys and it is well known that P affects the
hot workability negatively. Accordingly, the content of P is set at 0.05 wt.% or less such as 0.03
wt.% or less, such as 0.010 wt.%.

Sulphur (S): less than or equal to 0.05 wt.%

[0036] S is an impurity contained in the austenitic alloys and it will deteriorate the hot
workability. Accordingly, the allowable content of S is less than or equal to 0.05 wt.%, such as
less than or equal to 0.02 wt.%, such as 0.005 wt%.
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Copper (Cu): less than or equal to 0.4 wt.%

[0037] Cu is an optional element and will above 0.4 wt.% affect the mechanical properties
negatively. According to one embodiment, the content of Cu is less than or equal to 0.3 wt.%,
such as less than or equal to 0.25 wt.%.

Oxygen (O): less than or equal to 200 ppm

[0038] O is an element which may be present in the austenitic alloy even though it is not added
purposively. The aim is to avoid oxygen as it will influence the impact strength negatively. At
levels higher than 200 ppm, the impact strength of the HIP:ed object will be too low, thus the
object cannot be used in any applications.

[0039] The term “"impurities" as referred to herein is intended to mean substances that will
contaminate the austenitic alloy when it is industrially produced, due to the raw materials such
as ores and scraps, and due to various other factors in the production process, and are
allowed to contaminate within the ranges not adversely affecting the austenitic alloys as
defined hereinabove or hereinafter. According to one embodiment, the alloy as defined
hereinabove or hereinafter consists of the elements in the ranges mentioned herein. Further,
the terms "max" or "less than", mean that the lowest value of the range is "0".

[0040] The added benefit of the present disclosure will be particularly useful when the obtained
HIP:ed objects are to be used in a highly corrosive environment. Examples of ,but not limited
to, particular highly corrosive environments are subsea structures used for collecting oil and
gas, as they are exposed to seawater at the outside and well stream at the inside, and also
those environments present in the petrochemical industry and chemical industry.

[0041] The present disclosure relates to the use of a HIP:ed object according to the invention
as described hereinabove or hereinafter, or as produced by a method as described
hereinabove or hereinafter, as a construction material for a component for example in the
petrochemical industry, the chemical industry, as a subsea structure, such as HUB:s or
manifolds. According to one embodiment, one embodiment of such object is a welded tube
(constructional object) comprising of two or more tubes which comprises the powder as
defined hereinabove or hereinafter and has been manufactured according to the methods as
defined hereinabove or hereinafter. The two or more tubes are connected to each other at the
end of each tube by welding. The tubes have either been hot worked or cold worked and then
heat treated before the joining is performed. The skilled person will consider also other
technical field where the present HIP:ed object will be useful in as a component..

[0042] Alternatively, according to one embodiment, the obtained HIP:ed object is a block (or
any other indifferent shape), upon which the desired final component can be made by
employing various machining techniques, such as turning, threading, drilling, sawing and
milling, or a combination thereof, such as milling or sawing followed by turning.

[0043] The disclosure is further illustrated by the following non-limiting examples.

Examples
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Example 1

[0044] Five heats were manufactured accordingly: atomization of 150 kg heats of virgin raw
material. For three heats, the material for the atomization was obtained from HF-heats. How
the atomization is performed does not affect the properties of the final object. The obtained
powder was filled in capsules and hot isostatically pressed at 1150°C at 100 MPa for 3 hours.
The capsules were slowly cooled and heat treated at 1200°C for 30 min followed by water
quenching. The chemical compositions are shown in Table 1. In the table, some heats have
been made in more than one sample. As the skilled person knows, when HIP is used as a
manufacturing process, the content of O and N may differ for the same heat when it has been
manufactured in different batches. Tensile specimens were obtained from the heat-treated
material and the grain size was measured according to ASTM E112.

[0045] The mechanical properties were evaluated and as can be seen from Table 2, high yield
strengths were obtained. The yield strengths for the HIP:ed material were higher compared to
conventional material with similar composition.

Table 1

Routej Heat jLoti C Si { Mn P S Cr i Ni iMoj N { Cu W O

HIP §890182{ 1 {0.008{0.22§1.04{0.005§0.0023{27.0;34.9{6.6§0.35{0.20{<0.01§0.204
HIP §890183§ 1 {0.012{0.22{1.06{0.00430.0029{27.1;35.0§6.63§0.32{0.20{<0.01§0.150
HIP §890273{ 1 {0.007{0.23{1.07{0.005§0.0034{27.3{35.3§6.5{0.28{0.19{<0.01§0.355
HIP {890273{ 2 {0.007{0.23{1.07{0.005§0.0034{27.3;35.3{6.5§0.27{0.19{<0.01i0.274
HIP §890274{ 1 {0.011§0.21{1.04{0.006§0.0031{27.8;35.2§6.4§0.36{0.19{<0.01{0.155
HIP {890274{ 2 {0.011{0.21{1.04{0.00630.0031}27.8{35.2§6.4§0.35{0.19{<0.0110.096
HIP §890275{ 1 {0.012{0.24{1.05{0.00630.0028{26.7;35.0;6.4§0.25{0.20} 0.01 §0.155
Fe and unavoidable impurities is the balance in each heat

Table 2
Heat jSamplei Production § Grain size { Rpgo{ Rm A | Impact strength

route [ASTM] {[MPa]{ [MPa] § [%] at -46°C [J]

890182 1 HIP 8 503 911 46 84

890183 1 HIP 8 490 901 45 102

890273 1 HIP 7 475 884 44 98

890273 2 HIP 8109 489 886 42 69

890274 1 HIP 6 494 911 49 152

890274 2 HIP 8109 527 932 47 154

890275 1 HIP 6 437 847 49 160

[0046] In certain applications, it is desirable obtain a 65 ksi material (448 MPa), as can be
seen from table 1 and table 2, in those application, the nitrogen content shall be above 0.25%.
Further, in certain applications, it is desirable to have an impact strength at -46°C above 100 J,
in those applications, the oxygen content should be below 200 ppm.

Example 2
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[0047] The powder was atomized from ingots produced in a 270 kg HF-furnace and then a
capsule was filled and HIP:ed at 1150°C at 100 MPa for 3 hours and solution annealed at
about 1200°C , the material used were heat 890273 Sample 2 and heat 890274 Sample 2.
The capsule size was 140x850 mm. The capsules were removed and the bar was machined to
bar with a diameter of 130 mm. From the bar, samples for the evaluation of properties of the
HIP condition were taken. These samples were solution annealed (heat treated) at 1150°C with
10 minutes holding time and then water quenched.

[0048] The obtained extrusion billets were produced with the dimension outer diameter of 121
mm and wall thickness of 32 mm. The billets were then extruded at 1200°C to tubes with
dimension outer diameter of 64 mm and wall thickness of 7 mm. Tensile specimens were
obtained from the solution annealed bar and the extruded tube and the grain size was
measured according to ASTM E112.

[0049] As can be seen from Table 3, surprisingly high yield strength and good elongation were
observed for the extruded tube in non-cold worked or non-precipitation hardened condition. As
can be seen from Table 3, surprisingly high yield strength was present already without any
further cold working after extrusion.

Table 3
Heat | Sample As HIP:ed OD 140 mm Extruded tube OD 63 x 7 mm
Rpoo§{ Rm A G_rain Rpg2i Rm A G(ain
size size
[MPa] { [MPa] § [%] § [ASTM] {[MPa] { [MPa] § [%] i [ASTM]
890273 2 489 886 § 42 8to9 445 | 826 | 53 8
890274 2 527 932 § 47 8to9 514 § 886 § 53 8
Example 3

[0050] A powder having the composition according to Table 4 was atomized from ingots
produced in a 270 kg HF-furnace. A capsule was then filled and HIP:ed at 1150°C at 100 MPa
for 3 hours and then solution annealed at a temperature of 1200°C. The capsule size was
140x850 mm. The obtained extrusion billets were produced with the dimension outer diameter
of 121 mm and wall thickness of 32 mm. The capsule was removed. The billets were then
extruded at 1200°C to tubes with dimension outer diameter of 64 mm and wall thickness of 7
mm. After pickling, the tubes were cold pilgered to 25,4 x 2,11 mm at room temperature and
then solution annealed at a temperature of 1200°C.

[0051] A V-type joint with 65° bevel, 1.2 mm gap and 1.0 mm land was used for the filler
material. Welding was performed at 1G welding position with tube rotation by manual gas
tungsten arc welding (GTAW) process using a gas consisting of argon and 2 to 5 % Ny as

shielding gas and root gas.

[0052] Tensile specimens were taken transverse to the tube welds and prepared in
accordance with ASME IX QW-462.1(C). Two specimens from the tube were extracted
longitudinal to the tube rolling direction as reference. Tensile test was carried at room
temperature in accordance with ASTM E8M. CPT was performed according to modified ASTM
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G150 with 3 M MgCly.

[0053] As can be seen from the results, the cold pilgered and annealed tubes have an extreme
high yield, 533 MPa yield strength when welded. The high yield strength together with high
pitting resistance and good resistance to H>S makes such as combination of tubes and filler a
very good choice for umbilical

Table 4.
Chemical composition of the tube and for the used fillers.

Cc Si {Mn {P S Cr {Ni Mo {N {Cu W Fe Co
Alloy 0.011{0.21{1.04;0.006{0.0031{27.81{35.2 6.4 {0.35{0.19{<0.01{balance
according
the
present
disclosure
Filler max {maximaxijmax imax {20 - {balance{12.5- 25- i{2-6 Max
(UNS 0.015{0.0830.5 {0.02 {0.02 §22.5 14.5 3.5 25
N06022)
Table 5
Mechanical properties for tube and welded joints.

Shielding gas Rpo.o Rm (MPa) § ASOmm (%)
(MPa)
Tube - 529 919 44 4
Tube welded with UNS Ar+4%N, 533 845 214
N06022
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1. Pulver omfattende en austenitisk legering, som har fglgende sammensaet-

ning i veegt-%:

[« mindre end eller lig med 0,03:;
S| mindre end eller lig med 0,5;
Mn mindre end eller lig med 2,0;
P mindre end eller lig med 0,04;
S mindre end eller lig med 0,05;
Cr 25 til 28;

NI 33136

EMo 6 til 7,5;

N 0,20 til 0,60;

Cu mindre end eller lig med 0,4;

resten Fe og uundgaelige urenheder.

2. Pulver ifelge krav 1, hvor indholdet af Si er mellem 0,1 til 0,3 veegt-%.

3. Pulver ifglge krav 1 eller krav 2, hvor indholdet af Mn er mindre end eller lig
med 1,1 vaegt-%, sdsom mindre end fra 0,1 til 0,5 veegt-%.

4. Pulver ifelge et hvilket som helst af kravene 1 til 3, hvor indholdet af Cr er
fra 34 til 36 veegt-%.

5. Pulver ifglge et hvilket som helst af kravene 1 til 4, hvor indholdet af Mo er
fra 6,1 til 7,1 veegt-%.

6. Pulver ifalge et hvilket som helst af kravene 1 til 5, hvor indholdet af N er fra
0,25 til 0,60 veegt-%, sasom 0,25 til 0,40 veegt-%, sdsom 0,30 til 0,38 veegt-%.
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7. Pulver ifglge et hvilket som helst af kravene 1 til 6, hvor pulveret omfatter
mindre end eller lig med 200 ppm O.

8. HIP-behandlet genstand omfattende en austenitisk legering, som har fal-

gende sammenseaetning | veegt-%:

[« mindre end eller lig med 0,03:;
S| mindre end eller lig med 0,5;
Mn mindre end eller lig med 2,0;
P mindre end eller lig med 0,01;
S mindre end eller lig med 0,05;
Cr 25 til 28;

NI 33136

EMo 6 til 7,5;

N 0,20 til 0,60;

Cu mindre end eller lig med 0,4;

resten Fe og uundgaelige urenheder.

9. HIP-behandlet genstand ifalge krav 8, hvor indholdet af Si er mellem 0,1 til
0,3 veegt-%.

10. HIP-behandlet genstand ifalge krav 8 eller krav 9, hvor indholdet af Mn er
mindre end 1,1 veegt-%, sdsom mindre end fra 0,1 til 0,5 veegt-%.

11. HIP-behandlet genstand ifalge et hvilket som helst af kravene 8 til 10, hvor
indholdet af Cr er fra 34 til 36 vaegt-%.

12. HIP-behandlet genstand ifalge et hvilket som helst af kravene 8 til 11, hvor
indholdet af Mo er fra 6,1 til 7,1 veegt-%.

13. HIP-behandlet genstand ifalge et hvilket som helst af kravene 8 til 12, hvor
indholdet af N er fra 0,25 til 0,60 veegt-%, 0,25 til 0,40 veegt-%, sasom 0,30 til



10

15

20

25

30

DK/EP 3600732 T3

0,38 veegt-%.

14. HIP-behandlet genstand ifalge et hvilket som helst af kravene 8 til 13, hvor
genstanden omfatter mindre end eller lig med 200 ppm O.

15. Fremgangsmade til fremstilling af en HIP-behandlet genstand ifalge et hvil-
ket som helst af kravene 8 til 14, omfattende trinnene:

a) at tilvejebringe en form, der definerer mindst en del af genstandens form;
b) at tilvejebringe et pulver ifalge et hvilket som helst af kravene 1 til 7;

c) at fylde mindst en del af formen med pulveret;

d) at udsaette formen for varm isostatisk presning ved en forudbestemt tempe-
ratur, et forudbestemt isostatisk tryk og i et forudbestemt tidsrum, saledes at
pulverpartiklerne binder metallurgisk til hinanden.

16. Fremgangsmade ifelge krav 15, hvor den opnaede HIP-behandlede gen-
stand varmebehandles.

17. Fremgangsmade ifelge krav 15, hvor den opnaede HIP-behandlede gen-
stand varmbearbejdes.

18. Fremgangsmade til fremstilling af en HIP-behandlet genstand ifalge krav
15, hvor den HIP-behandlede genstand er et rer, formen definerer en form af
en barre eller et hult emne eller en stang, hvilken fremgangsmade endvidere
omfatter trinnet med:

e) at varmbearbejde den opnédede barre, hule emne eller stang.

19. Fremgangsmade ifelge krav 18, hvor varmbearbejdningsprocessen er eks-
trudering.

20. Fremgangsmade ifglge krav 18 eller krav 19, hvor fremgangsmaden om-
fatter et koldbearbejdningstrin, som udferes efter varmbearbejdningstrinnet.

21. Fremgangsmade ifglge et hvilket som helst af kravene 18 til 20, hvor frem-
gangsmaden eventuelt omfatter et varmebehandlingstrin, som udferes enten
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efter varmbearbejdningstrinnet eller efter koldbearbejdningstrinnet.

22. Fremgangsmade ifglge krav 21, hvor varmebehandlingsprocessen er op-
l@sningsgladning.

23. Rer omfattende to eller flere rar fremstillet ifalge et hvilket som helst af
kravene 18 til 22, hvor de to eller flere rer er blevet sammenfgjet ved svejsning.

24. Ror ifelge krav 23, hvor svejsningen er blevet udfgrt under anvendelse af
et fyldstof med standarden UNS N6022 med nitrogenholdig beskyttelsesgas.

25. Forsyningsledning omfattende raret ifglge krav 23 eller krav 24.
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