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METHOD OF MANUFACTURING A COMPONENT AND USE OF SAID
METHOD

The present invention relates to a method of manufacturing a component

according to the preamble of claim 1 and the use of said method.

Metal dusting is a form of catastrophic carburization, where the metal
disintegrates rapidly into coke and pure metal or other types of metal rich
reaction products. Metal dusting typically occurs in gases that are initially
supersaturated with respect to carbon, i.e. having a carbon activity greater than

unity.

WQ02005/021255 discloses a composite tube for use in environments where the
risk of metal dusting is high. The tube comprises a metal dusting resistant
member of a copper-aluminum alloy and a load-carrying member of an alloy
based on Fe, Ni or Co. The tube may be produced by methods such as co-
extrusion, overlay welding, explosion welding, dipping, co-drawing or shrinkage
of one tube on another tube. According to this document, overlay welding is

preferable.

By utilizing overlay welding, a relatively high production rate can be
accomplished at a low cost compared to other methods. However, this method
may cause intermixture of the materials of the load-carrying member and the
metal dusting resistant member. This in turn will lead to a premature decrease in
corrosion resistance over time of use in the intended application. Moreover,
overlay welding can in some cases cause cracking and/or penetration of melted
metal from the welded material into the load-carrying member which in turn may
lead to deteriorated mechanical properties of the load-carrying member. These
problems are not necessarily severe if the component shall be processed further
as in the case of W0O2005/021255 but could be detrimental when producing

component into the final shape directly.
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Furthermore, US 6 737 175 discloses methods, such as CVD and sputtering, for
production of this type of components. These two methods can only be used for
deposition of relatively thin coatings, such as typically up to 100 pm.
Consequently, there is a risk of a too low resistance to metal dusting, especially
at high temperatures, since thin coatings will loose their corrosion resistance over

time in the intended use.

The methods given above all have at least one disadvantage when used as
manufacturing method for components to be used in environments where there is
a risk of metal dusting occurring, i.e. environments with high carbon activity,
especially at high temperatures. Hence, there is a need of an alternative method
for manufacturing these types of components.

Consequently, the object of the invention is to provide a method of producing
components with long service life, especially at high temperatures, to be used in

environments with high carbon activity.

Summary of the invention

The stated object in achieved by a method as initially defined and having the

features of the characterizing portion of claim 1.

In this disclosure metal dusting is taken to mean the process whereby a metal or
an alloy is attacked by a carbon rich gas and corroded into a mixture of
coke/carbon and metallic or metal rich particles.

Manufacturing of a component comprising a load-carrying member and a
material with high resistance to metal dusting is accomplished by utilizing
Magnetic Pulse Welding (MPW). The metal dusting resistant member is
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preferably only applied to the surfaces of said component, which are exposed to

the environment where the risk of said corrosion type is high.

Brief description of the drawings

Figure 1 illustrates the principle of the MPW process wherein an outer tube
is welded to an inner tube.

Figure 2 illustrates the principle of the MPW process wherein an inner tube
is welded to an outer tube.

Figure 3 illustrates the principle of the MPW process when joining two

corrosion resistant members to a load-carrying member.

Detailed description of the invention

Magnetic Pulse Welding (MPW) is a cold welding process that is accomplished
by a magnetic pulse causing a high-velocity impact between two materials
resulting in a true metallurgical bond. The technology of Magnetic Pulse Welding
was developed more than 40 years ago, but new development of inductors and
switchers raise the commercial implementations of the process. The term welding
in Magnetic Pulse Welding is some misleading as the method can be used for
crimping, forming, cutting and perforating, and the process should therefore be
addressed as Magnetic Pulse Technology.

To ensure a good weld the following parameters are of importance: magnetic
pressure, mass of the accelerated part, material properties, gap between the two

parts to be welded and the impact angle of the moving object.

One advantage of the process is the ability to join dissimilar materials. It may also
be used for joining of difficult-to-weld materials, such as materials which may
loose their mechanical or corrosion properties when welded. Since it is a cold

welding process, a very narrow heat affected zone is accomplished due to a very
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low heat input. The utilization of said welding process results in high strength
joints, high welding speed, high repeatability, and good process tolerances.
Furthermore, there is no need for filler metal or shielding gases.

The present invention may suitably be used for joining tubular elements and the
principle of the process for such elements is illustrated in Figure 1. An outer tube
2 is welded to an inner tube 1 by usage of a coil 3 generating a magnetic force 4.
The load-carrying member can be either the inner or outer tube. Figure 2
illustrates the same process for an inner tube 1 welded to an outer tube 2.

Figure 3 illustrates the utilization of the method according to the present invention
for joining an inner metal dusting resistant member 5 and an outer metal dusting
resistant member 6 to a tubular load-carrying member 7. An inner coil 8 is used
to provide an inner magnetic force 9 and an outer coil 10 is used to provide an
outer magnetic force 11. The inner and outer magnetic forces can be generated
simultaneously, or could be generated one at a time and thereby joining the two
metal dusting resistant members with the load-carrying member in two separate
steps. The advantage of utilizing this embodiment with two steps, in comparison
with first using the embodiment of Figure 1 followed by the embodiment of Figure
2, is that the component to be produced need not be moved from one
manufacturing apparatus to another for joining the different members. Thereby,
the manufacturing lead time is substantially reduced, and consequently, the

manufacturing process is more cost effective.

According to one embodiment the surface of the load-carrying member and/or
metal dusting resistant member is cleaned in a proper way before welding.
Suitable methods for cleaning are for example machining, pickling and shot

peeing.

The metal dusting member suitably consists of a copper based alloy containing

2-20 % by weight of Al. The alloy may also contain additions of up to 6 % Si, up



10

15

20

25

30

WO 2008/103122 PCT/SE2008/050183

to 1 % Fe, Niand/or Co, and up to 1 % of rare earth metals (REM). According to
a preferred embodiment, the composition of the alloy is (in percent by weight):
4-10 % Al
>0-3 % Si
0-1 % REM

balance Cu and normally occurring impurities.

The effect of the different elements of the alloy above is comprehensively
described in WO2005/021255 and will therefore not be described further in the
present disclosure. The effect of the different alloying elements as described in
WQ02005/021255 is hereby incorporated in its entirety.

The component comprising the two different members may also comprise further
members. Examples of such members are diffusion barriers located between two
other members, and surface coatings for enhanced heat transfer and/or electrical

conductivity to and/or from the tube.

Suitable thickness of the metal dusting resistant member to be used in
applications where the risk of metal dusting is high is usually 0,25-1 mm. The
lower limit is determined inter alia by the risk for reaction between the materials
of the corrosion resistant member and the load-carrying member and/or the risk
of evaporation of elements such as Cu when in service. Normally, the thickness
of the metal dusting resistant member does not need to be more 2 mm.

Suitable materials for the load-carrying member are alloys based on Fe, Ni or Co

which have good mechanical properties especially at high temperatures, such as

austenitic alloys. Examples of load-carrying materials are:

- 18-25% Cr, 25-40% Ni, balance Fe and normally occurring additions like Al,
C, N, Ti, Nb, Mo etc.

— 16-35% Cr, 50-75% Ni, , balance Fe and normally occurring additions like Al,
C, N, Ti, Nb, Mo etc.
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— 7-13% Cr, 0-0.2% C, 0-0.2 % N (min 0.05% C+N) balance Fe and additions of
Nb, Ti, V, Mo and/or W etc.
- 16-22% Cr, 8-20% Ni, balance Fe and additions of for example Mn, Nb, C

The thickness of the load-carrying member is suitably adjusted to the conditions
in which the product will operate and to the selected composition. Suitable
thicknesses are ranging from 1 mm to 15 mm. However, tubes with even thicker
walls can be used if so required. Preferably the wall thickness of the tube is
within the range 1-10 mm, most preferably 2.5-5 mm. The load-carrying member
can be in any geometrical form, such as in the form of seamless or welded tube,

sheet, plate or even complex geometrical forms.

According to an embodiment of the invention, the Magnetic Pulse Welding
process is used for manufacturing components directly into their final dimension.
It can also suitably be used for butt welding of the previously described
component. Furthermore, it can be used for production of the different members
before the actual joining of the members, for example for producing the load-
carrying member and/or metal dusting resistant member in the form of a seam
welded tubes. Moreover, it is possible to produce the component by means of
MPW and thereafter use MPW to weld the component to the desired final

geometrical shape, such as a seam welded tube.

According to another embodiment of the invention, the Magnetic Pulse Welding
process is used for manufacturing a blank or billet which should be processed

further, for example by means of extrusion or rolling.

According to a further embodiment of the invention, the Magnetic Pulse Welding
process is used for forming, such as bending or the like, of the previously
described component.
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The utilization of Magnetic Pulse Welding for joining the load-carrying member
and the second member in accordance with the present invention is especially
beneficial since the copper based alloy providing the resistance to metal dusting
does not penetrate the load-carrying member. Consequently, the problems of
deteriorated mechanical properties of the load-carrying member or deteriorated
corrosion resistance of the component with the previously used methods are
overcome. Furthermore, a cost effective method is accomplished as a result of
the high welding speed.
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CLAIMS

. Method of manufacturing a component with high resistance to metal

dusting wherein said component comprises a load-carrying member of a
first material and a second member of a metal dusting resistant material
characterized in that the metal dusting resistant material is applied to

the load-carrying member by means of Magnetic Pulse Welding.

. Method according to claim 1 characterized in that the load-carrying

member is provided with a third member by means of magnetic welding
wherein said third member preferably consists of a metal dusting resistant

material.

. Method according to claims 1 or 2 characterized in that the metal

dusting resistant material is a copper based alloy comprising 2-20 % by

weight of aluminum.

. Method according to claim 3 characterized in that the metal dusting

resistant material has the following composition in percent by weight:
4-10 % Al
>0-3 % Si
0-1 % REM

balance Cu and normally occurring impurities.

. Use of the method according to any of the preceding claims for

manufacturing of components to be exposed to environments wherein

there is risk of metal dusting occurring.

. Use according to claim 5 wherein the component is in the form of a tube,

sheet, strip or bar.
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. Use according to claim 5 wherein the load carrying member has at least

one weld other than the weld accomplished when joining of the load-
carrying member and the other member of a material resistant to metal

dusting.

. Use according to claim 7 wherein the one weld other than the weld

accomplished when joining of the load-carrying member and the other

member of a material resistant to metal dusting is a butt weld.

. Use according to claim 7 wherein the one weld other than the weld

accomplished when joining of the load-carrying member and the other
member of a material resistant to metal dusting is a seam weld produced
when manufacturing the load-carrying member, the member of a material

resistant to metal dusting or the final component of claim 1.

10.Use according to claim 5 wherein the component has a complex

geometry.
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