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and a metal powder (114) to a surface of the metal body
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Method for modifying the surface structure of a metal body

- subjecting the metal body to a first heat treatment to
remove the binder from the paste and to sinter the metal
powder onto the surface of the metal body to provide a
modified metal body surface.
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Description

[0001] The invention relates to a method for the mod-
ification of the surface structure of a metal body, more
preferably for increasing surface porosity.

[0002] Such a methodis known from EP 1935 508 A1.
[0003] Stainless austenitic steels after their manufac-
ture frequently have a smooth metal surface without
structure and can therefore be frequently wetted only with
difficulty. This wetting characteristic has e.g. a major in-
fluence on the adhesion and durability of paints and coat-
ings, i.e. the application of durable coatings on such sur-
faces proves difficult.

[0004] In medical technology, biocompatible materials
such as for example titanium are used for producing im-
plants. With such implants, too, a surface that is too
smooth also results in problems such as poor contact
between the implant and the human tissue in which the
implant is implanted.

[0005] In the paper "Porous Metal Tubular Support for
Solid Oxide Fuel Cell Design", Electrochemical and Sol-
id-State Letters Volume 9, No. 9, Pages A427 to A429,
June 2006, a method for the manufacture of a porous
nickel tube is described. To this end, the nickel tube is
initially oxidized and subsequently reduced in a hydrogen
atmosphere.

[0006] The formation of nickel pores at certain temper-
atures and after certain times is assumed to be due to
special relations between the thermal stability of the NiO
and the diffusion rates of nickel and oxygen atoms in
nickel metal and in NiO.

[0007] Contrary to the oxidation of nickel, in Fe or Co
containing metals, not only one oxide but more oxides of
the type MO, M,05 and M30,4, with M = Fe or Co, with
different thermal stabilities are formed depending on the
oxidation temperature. In addition, in Fe-based or Co-
based alloys, oxides formed by alloying elements such
as Cr, Mo, Mn, and Si may be formed which make the
picture even more complex. During reduction, the diffu-
sion of Fe or Co and of the alloying elements in the matrix
and in the oxides creates an extremely complicated pic-
ture.

[0008] The same arguments as for Fe- or Co-based
alloys also apply for other metal alloys with additions of
Cr, Fe, Cu, Co, Mo, Mn and Si, and for Ta- and Ti-based
alloys.

[0009] The object of the present invention therefore is
to present a method for increasing the surface porosity
of a metal body of a metal or a metal alloy, especially
comprising at least one of the metals Fe, Cu, Co, Cr, Ti,
Ta, Mo, Mn and Si.

[0010] This object is achieved through a method for
the modification of the surface structure of a metal body,
comprising the features of claim 1.

[0011] The present invention provides a cost effective
way of superseding relatively expensive prior art meth-
ods. The method according to the invention provides a
simple and highly effective way of modifying the surface
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structure of a metal body. Especially, use of a paste
makes it possible to apply metal powder, which consti-
tutes a component of such a paste, to complex surface
structures. Such a paste can be applied to many internal
and external surfaces of components, providing an even
distribution of the metal powder.

[0012] For the purpose of this disclosure, the term
"paste" shall especially mean a viscous mixture or sus-
pension of granular material (e.g. metal powder) within
a background fluid (or base referred to as binder), pref-
erably showing adhesive characteristics. The term "po-
rosity" shall mean the fraction of the volume of voids over
the total volume. Especially, the term "surface porosity"
shall mean the fraction of the volume of voids within the
surface layer over the total volume of the surface layer.
[0013] Advantageous embodiments of the invention
are the subject matter of the dependent claims.

[0014] Advantageously, the first heat treatment, which
serves, i.a. to remove the binder from the paste and thus
from the surface of the metal body, is effected in such a
way that the modified metal body surface has a porosity
of 50% - 60%. During this process step the paste looses
the binders forming a chemical sponge like solid structure
holding the powders together, thereby creating a desired
porosity, For many applications, such a porosity is expe-
dient or at least sufficient. As examples for components,
for which such a porosity is sufficient, it is referred to e.g.
components requiring minimum mechanical strength
used for aesthetical purposes.

[0015] According to a preferred embodiment of the in-
vention, at least one further heat treatment of the surface
ofthe metal body is performed, in order to adjust a surface
porosity provided by the first heat treatment. Especially,
depending on a temperature (sintering temperature)
and/or pressure used for the further heat treatment, a
surface porosity can be adjusted to for example 10% -
40%. Depending on the temperature of the further proc-
ess the porosity can be adjusted. As is well known in the
powder metal industry, increasing temperature will help
particles to move towards the equilibrium therefore finally
achieving non porous structures.

[0016] According to a preferred embodiment of the in-
vention, the paste applied to the surface of the metal
body is a MIM-paste. MIM-pastes are pastes, in which
metal powders are combined with, for example, wax
and/or plastics binders to produce a mixture, which, ac-
cording to previous applications, was used in metal in-
jection molding (MIM) processes, wherein usually such
a MIM-paste is injected as a liquid into a hollow mold
using plastic injection molding machines. MIM pastes
contain chemicals to allow injection and the powders in
the required alloy composition such as CATAMOLD®
powders developed by BASF containing 0.4%C, 2%Ni
and remaining lron.

[0017] Preferably, the first and/or at least one further
heat treatment is provided as a furnace treatment. Such
furnace treatments are especially advantageous in con-
nection with removal of binders as used in MIM-pastes,
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and also to perform sintering. In sintering, the metal pow-
der provided on the surface of the metal body is heated
to temperatures, which are not high enough to melt the
metal body, but at which metal particles bind together
and to the metal work piece.

[0018] Typically, furnace atmospheres containing ni-
trogen (or argon) plus hydrogen will be used. A hydrogen
content of between 1 and 100% can be required or ex-
pedient, depending on the alloy content. E.g. an alloy
containing high chromium will need hydrogen contents
higher than 75% or alloys containing copper may require
as low as 1% hydrogen in the inert mixtures. The tem-
perature ranges used in the process will typically lie be-
tween 500 and 1200°C depending on the alloy paste used
for the particular application. The temperature can be
advantageously determined by taking into consideration
the melting point of the alloy being used.

[0019] The method accordingto the invention provides
a low cost surface coating opportunity. By adjusting sur-
faces to a desired porosity, and thus a higher surface
area, itis possible to provide the surfaces of metal bodies
with higher heat flux capabilities. Also, increase of nucle-
ation sites will improve the pool boiling effects of the sur-
face compared to untreated materials.

[0020] Also, itis possible to use the method according
to the invention in connection with brazing applications
for heat exchanger materials. The MIM pastes can actu-
ally be used in combination with brazing pastes at re-
duced brazing temperatures. This will provide proper
joining of sheets forming the heat exchangers by employ-
ing the proper brazing pastes. These will melt and form
the braze joint, whereas MIM pastes will basically sinter
at these temperatures on the internal and external sur-
faces of the heat exchangers. Thus, surfaces with in-
creased porosity and thus increased surface area are
formed, whereby the heat exchanging capacity can be
significantly enhanced.

[0021] Advantageously, the firstand/or atleastone fur-
ther heat treatment are performed in a defined gas at-
mosphere. The furnace atmosphere will contain reducing
agents for metal oxides, thereby facilitating the removal
of the oxides and thus assisting pure metal to pure metal
powder surface contact and increasing the sintering ca-
pability.

[0022] Advantageous applications for the method ac-
cording to the invention are, for example, heat exchang-
ers, boilers and medical implants.

[0023] Advantageously, the metal body comprises at
least one of the metals Fe, Cu, Co, Cr, Ti, Ta, Mo, Mn
and Si.

[0024] The invention will now be further explained re-
ferring to the accompanying figures. Herein,

Figure 1 schematically shows the application of the
invention to a metal body made of steel, and
Figure 2 shows a diagram according to a preferred
embodiment of the method according to the inven-
tion.
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[0025] In Figure 1, a metal body (especially made of
steel) is shown in various states, and designated 100.
Initially, (see upperimage) the metal body is its uncoated
state. Herein, a surface porosity is typically too low for
numerous applications.

[0026] In the middle image, a paste 105 has been ap-
plied to the surface of the metal body, comprising a binder
110 and metal particals 114.

[0027] Inthe lowerimage, the metal body 100 is shown
after a heat treatment according to the invention, i.e.
wherein the binder 110 has been removed by means of
a heat treatment such as a furnace operation, and the
metal particals 114 have sintered onto the surface of the
metal body 100, here designated 114’.

[0028] A flow diagram of a preferred embodiment of
the method of the invention is shown in Figure 2. Here,
in a step 200 a metal body is provided, and coated with
a paste comprising a binder and a metal powder, prefer-
ably an MIM-paste (step 210).

[0029] In a subsequent step 220, the metal body to-
getherwith the paste is subjected to afirst heat treatment,
wherein the binder is removed from the paste and thus
from the surface of the metal body, and the metal powder
contained in the paste is sintered onto the surface of the
metal body to provide a modified metal body surface.
[0030] Preferably, after step 220, the modified metal
body surface has a porosity of 50% - 60%.

[0031] Inasubsequentstep 230 the metal body is sub-
jected to a further heat treatment, by means of which the
porosity of the surface of the metal body is modified to
10% - 40%.

Claims

1. Method for modifying the surface structure of a metal
body (100), comprising the following steps:

- application of a paste (110), comprising a bind-
er (112) and a metal powder (114) to a surface
of the metal body (100),

- subjecting the metal body (100) to a first heat
treatment to remove the binder from the paste
and to sinter the metal powder onto the surface
of the metal body (100) to provide a modified
metal body surface.

2. Method according to claim 1, wherein the first heat
treatment is effected in such a way that the modified
metal body surface has a porosity 50% - 60%.

3. Method according to claim 1 or claim 2, comprising
at least one further heat treatment of the surface of
the metal body (100) in order to adjust a surface po-
rosity generated by the first heat treatment.

4. Method according to claim 3, wherein the at least
one further heat treatment, especially one second
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heat treatment, is effected in such a way that the
modified surface of the metal body has a porosity of
10% - 40%.

Method according to any one of the preceding 5
claims, wherein the paste (110) applied to the sur-
face of the metal workpiece (100) is a MIM-paste.
Method according to any one of the preceding
claims, wherein the first and/or the at least one fur- 70
ther heat treatment is are furnace treatments.

Method according to any one of the preceding
claims, wherein the first and/or the at least one fur-

ther heat treatment is are performed in adefinedgas 15
atmosphere.
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