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(54) METHOD FOR PRODUCING A METALLIC IMPLANT

(57) The present invention relates to a novel method
for producing shaped metal bodies useful as implant for
orthopedic surgery or dental practice. The method yields
shaped metal bodies having a titanium or titanium alloy
core thoroughly or partially coated with magnesium or a
magnesium alloy. The method makes use of metal injec-
tion moulding (MIM) or fused filament fabrication (FFF),
which are metalworking processes by which finally-pow-
dered metal is mixed with a measured amount of a binder
material to comprise a "feedstock" capable of being han-

dled by plastic processing equipment through a process
known as injection moulding. The moulding process al-
lows dilated (oversized due to the presence of binder)
complex parts to be shaped in a single step. After mould-
ing, the powder-binder mixture is subjected to steps that
remove the binder (debinding), and sintering densify the
powders. Both, the core of the shaped metal bodies of
titanium or a titanium alloy, and thereafter the magnesium
or magnesium alloy coating are prepared by subsequent
MIM steps.
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Description

[0001] The present invention relates to a method for
producing metallic implants which include both, biode-
gradable and biocompatible metals which are otherwise
immiscible in proper connection, porosity and shape, as
well as to medical devices produced therewith.

BACKGROUND OF THE INVENTION

[0002] Metallic implants are widely used in orthopedic
surgery and dental practice. Appropriate selection of the
implant biomaterial is a key factor for long-term success
of implants. The biologic environment does not accept
completely any material. So to optimize biologic perform-
ance, implants should be selected to reduce the negative
biologic response while maintaining adequate function.
One of the key factors for maintaining adequate function
is a fast and permanently tight connection between bone
tissue and implant. Loosening of the implant is still often
observed, and may make necessary additional surgical
treatments combined with longtime recovery.
[0003] One of the causes for loosening of the implants
may be a bacterial infection, which may occur even after
the implant has been implemented in clean conditions.
In order to avoid bacterial infection after the implant has
been implemented, implants with a local drug treatment,
which release the drug over a certain time period, have
been proposed.
[0004] The coating of implants with ceramic hydroxy-
lapatites (HA) or polymers has shown promising results
for decreasing the risk of an infection. EP 2 259 805 B1
describes the method for gradient coating a Ti6Al4V sub-
strate with HA or a polymer by applying a homogeneous
sol-gel solution. The document also discloses addition
of magnesium as stimulating agent to accelerate bone
growth. However, the material tends to delaminate, and
also drug loading is problematic.
[0005] Another cause for loosening of the implants may
be poor adhesion between bone and implant. In order to
strengthen the mechanical connection between bone
and implants, to improve the adhesion there between,
rough implant surfaces have been proposed. Further-
more, means which accelerate bone growth are desira-
ble. Magnesium alloys which contain neodymium, yt-
trium, zirconium, and calcium disclosed in WO
2007/125532 A2 can be used for manufacturing implant-
able devices for medical treatment, such as orthopedic
implants. The alloys have potential for the construction
of monolithic, porous or multilayered structures which
show good biocompatibility, acceptable mechanical
properties and degradation rates. Due to the dominant
fraction of magnesium in each of the layers, the magne-
sium alloys can be used only as temporary implants.
[0006] It is therefore an object of the present invention
to provide a flexible method for producing a metallic im-
plant useful in orthopedic surgery and dental practice
which has excellent mechanical properties, a structured

surface and a porous, degradable layer on its surface.
The porous, degradable layer shall be suitable for deliv-
ering drugs for a limited period of time, e.g. to avoid bac-
terial infection, and/or enhance bone growth and cell ad-
hesion thereby promoting direct connection between
bone and implant. It is also an object of the present in-
vention to provide such metallic implant useful in ortho-
pedic surgery and dental practice which has excellent
mechanical properties, a structured surface and a po-
rous, degradable layer on its surface.

SUMMARY OF INVENTION

[0007] According to an embodiment the present inven-
tion relates to a method for producing shaped metal bod-
ies useful as implant for orthopedic surgery or dental
practice, comprising the steps of

(a1) providing a shaped metal body of titanium metal
or a titanium alloy,
(b1) providing a mixture comprising magnesium
powder or magnesium alloy powder and a polymeric
binder,
(c1) preparing a shaped green part by positioning
the shaped metal body into a mould and injecting
the mixture comprising magnesium powder or mag-
nesium alloy powder and a polymeric binder into the
mould on top of the intermediate metal body (MIM)
or by fused filament fabrication (FFF) of the second
mixture onto the shaped intermediate metal body,
(d1) preparing a shaped brown part by subjecting
the shaped green part to catalytic binder removal,
solvent binder removal and/or thermal binder remov-
al,
(e1) sintering the shaped brown part which has been
subjected to catalytic, solvent and/or thermal binder
removal to form a shaped metal body which includes
a core of titanium metal or a titanium alloy, and which
has a surface layer of a magnesium metal or of a
magnesium alloy.

[0008] According to another embodiment the present
invention relates to a method for producing shaped metal
bodies useful as implant for orthopedic surgery or dental
practice, comprising the steps of

(a2) providing a first mixture comprising titanium
powder or titanium alloy powder and a polymeric
binder,
(b2) preparing a first shaped green part by pressing
the first mixture comprising titanium powder or tita-
nium alloy powder and a polymeric binder into a first
mould (MIM) or by fused filament fabrication of the
first mixture (FFF),
(c2) preparing a first shaped brown part by subjecting
the first shaped green part to catalytic binder remov-
al, solvent binder removal and/or thermal binder re-
moval,
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(d2) preparing a shaped intermediate metal body by
sintering the first shaped brown part which has been
subjected to catalytic, solvent and/or thermal binder
removal,
(b1) providing a second mixture comprising magne-
sium powder or magnesium alloy powder and a pol-
ymeric binder,
(c1) preparing a second shaped green part by posi-
tioning the shaped intermediate metal body into a
second mould and injecting the second mixture com-
prising magnesium powder or magnesium alloy pow-
der and a polymeric binder into the mould on top of
the shaped intermediate metal body (MIM) or by
fused filament fabrication (FFF) of the second mix-
ture onto the shaped intermediate metal body,
(d1) preparing a second shaped brown part by sub-
jecting the second shaped green part to catalytic
binder removal, solvent binder removal and/or ther-
mal binder removal,
(e1) sintering the second shaped brown part which
has been subjected to catalytic, solvent and/or ther-
mal binder removal to form a shaped metal body
which includes a core of titanium metal or a titanium
alloy, and which has a surface layer of a magnesium
metal or of a magnesium alloy.

[0009] The method according to the present invention
preferably makes use of metal injection moulding (MIM)
which is a metalworking process by which finely-pow-
dered metal is mixed with a measured amount of a binder
material to comprise a "feedstock" capable of being han-
dled by plastic processing equipment through a process
known as injection moulding. The moulding process al-
lows dilated (oversized due to the presence of binder)
complex parts to be shaped in a single step. After mould-
ing, the powder-binder mixture is subjected to steps that
remove the binder (debinding), and sintering densifies
the powders. Both, the core of the shaped metal bodies
of titanium or a titanium alloy, and thereafter the magne-
sium or magnesium alloy coating are prepared by sub-
sequent MIM steps. MIM is known and disclosed for ex-
ample in US-Patent 4,197,118 and European Patent 2
292 806 B1, which are incorporated herein by reference.
[0010] Alternatively, the parts are shaped by fused fil-
ament fabrication (FFF), also referred to as fused fila-
ment fabrication (FFF), which is a method for creating
three-dimensional objects as described in US patents
5,121,329; 5,340,433; 5,503,785; 5,866,058; 7,125,512;
7,255,821; which are all incorporated herein by refer-
ence. The process includes producing three-dimensional
objects by depositing repeated layers of solidifying ma-
terial such as self-hardening waxes, thermoplastic res-
ins, molten metals, two-part epoxies, foaming plastics,
until the shape is formed, and as described e.g. in US-
Patent 5,340,433 which is incorporated herein by refer-
ence. The apparatus used for fused filament fabrication
(FFF) typically comprises a moveable dispensing head
having an elongated material passage therein connected

to a dispensing outlet at one end thereof, and having an
oppositely disposed material receiving end; a supply of
material comprising a continuous flexible strand which
solidifies at a predetermined temperature, and a material
advance mechanism positioned to advance the strand
into the elongated material passage on the head; a base
member disposed in close, working proximity to said dis-
pensing outlet of said dispensing head; mechanical
means for moving said dispensing head and said base
member relative to each other in multiple dimensions in
a predetermined sequence and pattern; means for me-
tering the discharge of said material in a fluid state from
said dispensing outlet at a predetermined rate onto said
base member to form a three-dimensional object as said
dispensing head and base member are moved relative
to each other; and heating means in heat exchange re-
lation to said dispensing head for heating said strand
material to a temperature above its solidification temper-
ature in said material passage wherein said material is
in a fluid state. In the present method, there is no need
to melt the metal, as the metal particles are transported
and adhered to the previous layer by action of the poly-
meric binder.
[0011] In the method according to the present inven-
tion, preparing of a first shaped green part may be ac-
complished either by MIM-technology or by FFF-technol-
ogy, and preparing of the second shaped green part may
also be accomplished either by MIM-technology or by
FFF-technology, independently of whether for the prep-
aration of the first shaped green part MIM-technology or
FFF-technology was used.
[0012] The core of titanium metal or a titanium metal
alloy can thus be produced using conventional metal in-
jection moulding technology, as described for example
in European Patent 2 292 806 B1, or fused filament fab-
rication, as described for example in US-Patent
5,340,433. The method according to the present inven-
tion is distinguished from the method described therein
in that the surface of a magnesium metal or of a magne-
sium alloy is applied onto the core also making use of
metal injection moulding or fused filament fabrication.
[0013] Preferably, the mixture comprising magnesium
powder or magnesium alloy powder and a polymeric
binder also comprises spaceholders such as an organic
or an inorganic salt, more preferably an inorganic alkali
metal or earth alkaline metal salt, such as NaCl, NaBr,
KCl, KBr CaCl2 and/or CaBr2. Alternatively polymers
such as PMMA may suitably be used as spaceholders.
The spaceholder in the mixture occupies spaces during
injection moulding or during fused filament fabrication,
which will facilitate the provision of a defined porous
structure of the magnesium layer. To achieve the porous
structure of the magnesium layer, the spaceholder is re-
moved from the green part, e.g. by dissolution, prior to
debinding. The use of a spaceholder in the mixture makes
it even possible to provide undercuts which will lead to a
larger interface and improved mechanical connection be-
tween titanium part and magnesium part.
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[0014] Also the mixture comprising titanium powder or
titanium alloy powder and a polymeric binder may com-
prise the above spaceholders to roughen the surface of
the first green parts to enhance adhesion of the magne-
sium metal or magnesium alloy. Preferably, however, a
spaceholder such as an organic or an inorganic salt, more
preferably an inorganic alkali metal or earth alkaline met-
al salt, such as NaCl, NaBr, KCl, KBr CaCl2 and/or CaBr2
is placed in the first mould prior to pressing the first mix-
ture into a first mould (MIM), thereby providing pores
and/or undercuts on the intermediate metal body.

DETAILED DESCRIPTION OF THE INVENTION

[0015] With regard to the nature of the titanium alloy
powder, particular preference is given to using titanium
alloys which contain aluminium and/or vanadium as ad-
ditional constituents. These additional alloy constituents
such as aluminium and/or vanadium are in each case
preferably present in an amount of from 2 to 10% by
weight, based on the total weight of the alloy. A TiAl6V4
alloy containing about 6% by weight of aluminium, about
4% by weight of vanadium and titanium as balance is
most preferred. Also preferred are β-titanium alloys con-
taining e.g. up to 20% by weight niobium.
[0016] With regard to the nature of the magnesium al-
loy, particular preference is given to using magnesium
alloys which contain calcium as additional constituent.
The additional alloy constituents such as calcium are in
each case preferably present in an amount of from 0.2
to 5% by weight, preferably 0.5 to 1.5% by weight, based
on the total weight of the alloy. A Mg-0.9Ca alloy con-
taining about 0.9% by weight of calcium and magnesium
as balance is most preferred.
[0017] The particle size (maximum particle size, deter-
mined by sieving) of the titanium powder or titanium alloy
powder, magnesium powder or magnesium alloy powder
is preferably less than 50 mm, more preferably less than
45 mm, most preferably less than 25 mm.
[0018] The binder used for preparing the mixture com-
prising titanium powder or titanium alloy powder and a
polymeric binder and for preparing the mixture compris-
ing magnesium powder or magnesium alloy powder and
a polymeric binder is preferably, independently selected
from the group consisting of: polyamides, polyoxymeth-
ylene, polycarbonate, styrene-acrylonitrile copolymer,
polyimide, natural waxes and oils, thermosets, cyanates,
polypropylene, polyacetate, polyethylene, ethylene-vinyl
acetate, polyvinyl alcohol, polyvinyl chloride, polysty-
rene, polymethyl methacrylate, anilines, mineral oils, wa-
ter, agar, glycerol, polyvinylbutyryl, polybutyl methacr-
ylate, cellulose, oleic acid, phthalates, paraffin waxes,
carnauba wax, ammonium polyacrylate, digylceride
stearate and oleate, glyceryl monostearate, isopropyl ti-
tanate, lithium stearate, monoglycerides, formaldehyde,
octyl phosphate, olefin sulphonates, phosphate esters,
stearic acid and mixtures and copolymers thereof, such
as propylene-ethylene copolymers. Preference is given

to using at least two binders, and the binder is most pref-
erably composed of paraffin wax, polyethylene wax and
stearic acid. The proportion by volume of the binder in
the first and/or second mixture, respectively, is preferably
less than 60%, more preferably from 20 to 50%. Most
preferably, at least two binders are used for preparing
the first mixture comprising titanium powder or titanium
alloy powder and a polymeric binder, and most preferably
a binder comprising propylene-ethylene copolymer is
used for preparing the second mixture comprising mag-
nesium powder or magnesium alloy powder and a poly-
meric binder.
[0019] As a further component in the first mixture com-
prising titanium powder or titanium alloy powder and a
polymeric binder or in the second mixture comprising
magnesium powder or magnesium alloy powder and a
polymeric binder, preference is given to using an inor-
ganic alkali metal or earth alkaline metal salt, such as
NaCl, NaBr, KCl, KBr CaCl2 and/or CaBr2 or a polymer
such as PMMA.
[0020] The mixing of titanium powder or titanium alloy
powder and a polymeric binder and of magnesium pow-
der or magnesium alloy powder and a polymeric binder
is preferably, independently carried out in a kneader, ex-
truder, rotation mixer or resonance mixer, and more pref-
erably at a temperature of from 50 to 250°C, particularly
preferably from 90 to 160°C.
[0021] The injection moulding, too, is preferably, inde-
pendently carried out at a melt temperature of from 50
to 250°C, particularly preferably from 90 to 150°C, and
preferably at a pressure of from 40 to 200 MPa.
[0022] Catalytic binder removal may be accomplished
by chemical decomposition of the binder components us-
ing suitable chemicals, and then removing the decom-
position products with a suitable solvent or thermally.
[0023] Solvent binder removal, sometimes referred-to
as chemical binder removal (US 2008/0092383 A1, US
2014/0021660 A1, US 7,5581,498 B2), is accomplished
by dissolution of the binder components in a suitable sol-
vent. The solvent binder removal is preferably carried out
in a hydrocarbon bath such as an aliphatic hydrocarbon
bath, preferably in a pentane bath, a hexane bath or a
heptane bath. The solvent binder removal is particularly
preferably carried out in a hexane bath. The solvent bind-
er removal is carried out at a temperature of preferably
from 10 to 65°C, more preferably from 30 to 50°C.
[0024] The thermal binder removal is carried out at a
temperature of less than 500°C, preferably from 200 to
450°C, and preferably under a reduced pressure of pref-
erably from 2 to 50 mbar.
[0025] Sintering is preferably carried out at from 50 to
99% of the melting point of the metal or the metal alloy
and more preferably in a protective gas or reducing at-
mosphere. More preferably thermal debinding and sin-
tering is carried out successively using a temperature
profile which comprises first heating the first or second
shaped green part in a furnace to a debinding tempera-
ture, and, after debinding, further heating the so-obtained
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first or second shaped brown part, respectively, to a sin-
tering temperature. The protective gas is preferably ar-
gon. Reducing atmosphere is preferably provided by hy-
drogen or a hydrogen-containing protective gas, such as
an argon-hydrogen mixture. As an alternative, sintering
can also be carried out under reduced pressure. In this
case, the pressure is preferably from 10-1 to 10-3 Pa (ab-
solute). Thermal binder removal and sintering can ad-
vantageously take place in the same furnace. Suitable
temperature programmes are preferably used for this
purpose. In the thermal binder removal and/or in sinter-
ing, oxygen-binding material such as titanium powder or
magnesium powder is preferably placed in the furnace
to minimize the uptake of oxygen by the green parts.
[0026] The process of the invention is preferably car-
ried out in such a way that the uptake of oxygen by the
material to be sintered is less than 0.3% by weight. An
oxygen content above about 0.3% by weight in the sin-
tered shaped metal body may in some instances, e.g.
when using Ti6Al4V, lead to embrittlement of the shaped
metal body.
[0027] The invention is now described below in an ex-
emplary manner, without restricting the general intent of
the invention, based on exemplary embodiments with ref-
erence to the figures appended hereto, wherein:

Fig. 1 depicts an exemplary temperature profile for
the debinding step of a second shaped green part
and subsequent sintering step of a second shaped
brown part (temperature [degree centigrade, °C];
time [minutes, ’]);

Fig. 2 depicts a dog bone specimen prepared for
investigation of the connection between Ti-part and
Mg-0.9Ca-part depicted with an arrow;

Figs. 3a and 3b depict two dog bone specimen
showing a Mg-Ti connection prepared according to
an illustrative method similar to that defined in claim
1 of the present invention, wherein Fig 3a shows the
connection made with a smooth interface, i.e. without
the application of a salt in the Ti layer, whereas Fig.
3b shows the connection made with a rough inter-
face, i.e. with the application of a salt in the Ti surface;

Figs. 4a and 4b depict enlarged photographs of the
cross-sections of the connections between Ti and
Mg-0.9Ca in the dog bone specimen of Figs. 3a (en-
largement 200times) and 3b (enlargement
100times), respectively;

Fig. 5 depicts tensile tests carried out with two dog
bone specimen made with a rough interface, where
the lower graph depicts the tensile test carried out
with combined Ti/Mg-0.9Ca sample while and the
upper graph shows pure Mg-0.9Ca;

[0028] Referring to Fig. 1, the second shaped green

part contains a specimen comprising Mg-0.9Ca and a
binder attached to a Ti surface. The second shaped green
part was heated in a furnace from room temperature
(20°C) to a debinding temperature of 380°C at a rate of
8 K/min. The pressure in the furnace was kept at 600
mbar while heating to the debinding temperature and de-
binding. The sample was kept approximately 35 minutes
at the debinding temperature. Thereafter, the tempera-
ture was raised from 380°C to 480°C at a rate of 1 K/min
while purging an argon gas flow at 1 L/min, thereby pro-
viding a second shaped brown part. The temperature was
further raised to about 550°C at 1 K/min while now ap-
plying a vacuum, then to about 600°C at a rate of 0.8
K/min while still applying a vacuum, and finally to about
640°C at a rate of 0.5 K/min while still applying a vacuum.
Thereafter the temperature was kept at 640°C for 8 h at
a pressure of 105.0 kPa.
[0029] Referring now to Fig. 3a, there is shown a dog
bone specimen having a Mg-Ti connection prepared ac-
cording to an illustrative method which is illustrative for
that defined in claim 1 of the present invention, wherein
the connection has been made with a smooth interface,
i.e. without the application of a salt in the Ti layer. Fig.
3b shows a similar dog bone specimen having a Mg-Ti
connection, wherein the connection has been made with
a rough interface, i.e. with the application of a salt in the
Ti layer. The difference between the method as claimed
and the method for preparing the dog bone specimen is
that instead of a coating, a first Ti half dog bone specimen
has been prepared by using the MIM technology, and
after placing the Ti half dog bone specimen into the dog
bone mould, the other half part has been prepared using
magnesium or magnesium alloy and a binder, and then
following steps (g) and (h) according to claim 1. The spec-
imens have been prepared to investigate the tightness
of Ti-Mg connection when using MIM technology. Both
samples show a tight connection between magnesium
and titanium part, however, the transition between sur-
faces is optically smoother when a rough titanium inter-
face has been applied.
[0030] This is further illustrated in Figs. 4a and 4b
which depict the Ti-Mg interface in enlargement.
[0031] Referring now to Fig. 5, there are shown tensile
tests of Ti-Mg-0.9Ca dog bone specimen prepared using
a rough interface of Ti and of dog bone specimen pre-
pared only from Mg-0.9Ca at same conditions. It is shown
that both specimen exhibit similar excellent tensile prop-
erties and can be elongated to about 6% without break-
ing. The strength of the connection between Ti and Mg-
0.9Ca is enough to keep tensile properties of specimen
as whole.
[0032] The present invention thus provides a novel
method for producing shaped metal bodies useful as im-
plant for orthopedic surgery or dental practice. The meth-
od yields shaped metal bodies having a titanium or tita-
nium alloy core thoroughly or partially coated with mag-
nesium or a magnesium alloy.
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Claims

1. A method for producing shaped metal bodies useful
as implant for orthopedic surgery or dental practice,
comprising the steps of

(a2) providing a shaped metal body of titanium
metal or a titanium alloy,
(b2) providing a mixture comprising magnesium
powder or magnesium alloy powder and a pol-
ymeric binder,
(c2) preparing a shaped green part by position-
ing the shaped metal body of titanium metal or
a titanium alloy into a mould and injecting the
mixture comprising magnesium powder or mag-
nesium alloy powder and a polymeric binder into
the mould on top of the intermediate metal body
(MIM) or by fused filament fabrication (FFF) of
the second mixture onto the shaped intermedi-
ate metal body,
(d2) preparing a shaped brown part by subject-
ing the shaped green part to catalytic binder re-
moval, solvent binder removal and/or thermal
binder removal,
(e2) sintering the shaped brown part which has
been subjected to catalytic, solvent and/or ther-
mal binder removal to form a shaped metal body
which includes a core of titanium metal or a ti-
tanium alloy, and which has a surface layer of a
magnesium metal or of a magnesium alloy.

2. The method of claim 1, wherein the mixture compris-
ing magnesium powder or magnesium alloy powder
and a polymeric binder, further comprises an inor-
ganic alkali metal or earth alkaline metal salt, and
the inorganic salt is removed from the first or second
green part, respectively, prior to debinding.

3. A method for producing shaped metal bodies useful
as implant for orthopedic surgery or dental practice,
comprising the steps of

(a1) providing a first mixture comprising titanium
powder or titanium alloy powder and a polymeric
binder,
(b1) preparing a first shaped green part by
pressing the first mixture comprising titanium
powder or titanium alloy powder and a polymeric
binder into a first mould (MIM) or by fused fila-
ment fabrication of the first mixture (FFF),
(c1) preparing a first shaped brown part by sub-
jecting the first shaped green part to catalytic
binder removal, solvent binder removal and/or
thermal binder removal,
(d1) preparing a shaped intermediate metal
body by sintering the first shaped brown part
which has been subjected to catalytic, solvent
and/or thermal binder removal,

(b2) providing a second mixture comprising
magnesium powder or magnesium alloy powder
and a polymeric binder,
(c2) preparing a second shaped green part by
positioning the shaped intermediate metal body
into a second mould and injecting the second
mixture comprising magnesium powder or mag-
nesium alloy powder and a polymeric binder into
the mould on top of the shaped intermediate
metal body (MIM) or by fused filament fabrica-
tion (FFF) of the second mixture onto the shaped
intermediate metal body,
(d2) preparing a second shaped brown part by
subjecting the second shaped green part to cat-
alytic binder removal, solvent binder removal
and/or thermal binder removal,
(e2) sintering the second shaped brown part
which has been subjected to catalytic, solvent
and/or thermal binder removal to form a shaped
metal body which includes a core of titanium
metal or a titanium alloy, and which has a surface
layer of a magnesium metal or of a magnesium
alloy.

4. The method of claim 4, wherein the first mixture com-
prising titanium powder or titanium alloy powder and
a polymeric binder, and/or the second mixture com-
prising magnesium powder or magnesium alloy pow-
der and a polymeric binder, further comprises an in-
organic alkali metal or earth alkaline metal salt, and
the inorganic salt is removed from the first or second
green part, respectively, prior to debinding.

5. The method of any one of the previous claims,
wherein the titanium alloy contains aluminium, va-
nadium and/or niobium as additional constituents.

6. The method of any one of the previous claims,
wherein the magnesium alloy contains calcium as
an additional constituent.

7. The method of any one of the previous claims,
wherein the polymeric binder is independently se-
lected from the group consisting of: polyamides,
polyoxymethylene, polycarbonate, styrene-acryloni-
trile copolymer, polyimide, natural waxes and oils,
thermosets, cyanates, polypropylene, polyacetate,
polyethylene, ethylene-vinyl acetate, polyvinyl alco-
hol, polyvinyl chloride, polystyrene, polymethyl
methacrylate, anilines, mineral oils, water, agar,
glycerol, polyvinylbutyryl, polybutyl methacrylate,
cellulose, oleic acid, phthalates, paraffin waxes, car-
nauba wax, ammonium polyacrylate, digylceride
stearate and oleate, glyceryl monostearate, isopro-
pyl titanate, lithium stearate, monoglycerides, for-
maldehyde, octyl phosphate, olefin sulphonates,
phosphate esters, stearic acid and mixtures and co-
polymers thereof. Preference is given to using at
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least two binders, and the binder is most preferably
composed of paraffin wax, polyethylene wax and
stearic acid.

8. The method of any one of the previous claims,
wherein thermal binder removal is carried out at a
temperature of less than 500°C.

9. The method of any one of the previous claims,
wherein sintering is carried out at from 50 to 99% of
the melting point of the metal or the metal alloy.

10. The method of any one of claims 3 to 9, wherein
mixing of titanium powder or titanium alloy powder
and a polymeric binder; and/or of magnesium pow-
der or magnesium alloy powder and a polymeric
binder is preferably, independently carried out in a
kneader, extruder, rotation mixer or resonance mix-
er.

11. The method of claim 10, wherein the mixing is carried
out at a temperature of from 50 to 250°C.

12. The method of any one of the previous claims,
wherein injection moulding is, independently, carried
out at a melt temperature of from 50 to 250°C.

13. The method of any one of the previous claims,
wherein injection moulding is, independently, carried
out at a pressure of from 40 to 200 MPa.

14. A use of a shaped metal body prepared according
to the method of any of claims 1 to 13 as an implant
for orthopedic surgery or dental practice.

Amended claims in accordance with Rule 137(2)
EPC.

1. A method for producing shaped metal bodies useful
as implant for orthopedic surgery or dental practice,
comprising the steps of

(a2) providing a shaped metal body of titanium
metal or a titanium alloy,
(b2) providing a mixture comprising magnesium
powder or magnesium alloy powder and a pol-
ymeric binder,
(c2) preparing a shaped green part by position-
ing the shaped metal body of titanium metal or
a titanium alloy into a mould and injecting the
mixture comprising magnesium powder or mag-
nesium alloy powder and a polymeric binder into
the mould on top of the intermediate metal body
(MIM) or by fused filament fabrication (FFF) of
the second mixture onto the shaped intermedi-
ate metal body,
(d2) preparing a shaped brown part by subject-

ing the shaped green part to catalytic binder re-
moval, solvent binder removal and/or thermal
binder removal,
(e2) sintering the shaped brown part which has
been subjected to catalytic, solvent and/or ther-
mal binder removal to form a shaped metal body
which includes a core of titanium metal or a ti-
tanium alloy, and which has a surface layer of a
magnesium metal or of a magnesium alloy.

2. The method of claim 1, wherein the mixture compris-
ing magnesium powder or magnesium alloy powder
and a polymeric binder, further comprises an inor-
ganic alkali metal or earth alkaline metal salt, and
the inorganic salt is removed from the first or second
green part, respectively, prior to debinding.

3. A method for producing shaped metal bodies useful
as implant for orthopedic surgery or dental practice,
comprising the steps of

(a1) providing a first mixture comprising titanium
powder or titanium alloy powder and a polymeric
binder,
(b1) preparing a first shaped green part by
pressing the first mixture comprising titanium
powder or titanium alloy powder and a polymeric
binder into a first mould (MIM) or by fused fila-
ment fabrication of the first mixture (FFF),
(c1) preparing a first shaped brown part by sub-
jecting the first shaped green part to catalytic
binder removal, solvent binder removal and/or
thermal binder removal,
(d1) preparing a shaped intermediate metal
body by sintering the first shaped brown part
which has been subjected to catalytic, solvent
and/or thermal binder removal,
(b2) providing a second mixture comprising
magnesium powder or magnesium alloy powder
and a polymeric binder,
(c2) preparing a second shaped green part by
positioning the shaped intermediate metal body
into a second mould and injecting the second
mixture comprising magnesium powder or mag-
nesium alloy powder and a polymeric binder into
the mould on top of the shaped intermediate
metal body (MIM) or by fused filament fabrica-
tion (FFF) of the second mixture onto the shaped
intermediate metal body,
(d2) preparing a second shaped brown part by
subjecting the second shaped green part to cat-
alytic binder removal, solvent binder removal
and/or thermal binder removal,
(e2) sintering the second shaped brown part
which has been subjected to catalytic, solvent
and/or thermal binder removal to form a shaped
metal body which includes a core of titanium
metal or a titanium alloy, and which has a surface

11 12 



EP 3 524 280 A1

8

5

10

15

20

25

30

35

40

45

50

55

layer of a magnesium metal or of a magnesium
alloy.

4. The method of claim 3, wherein the first mixture com-
prising titanium powder or titanium alloy powder and
a polymeric binder, and/or the second mixture com-
prising magnesium powder or magnesium alloy pow-
der and a polymeric binder, further comprises an in-
organic alkali metal or earth alkaline metal salt, and
the inorganic salt is removed from the first or second
green part, respectively, prior to debinding.

5. The method of any one of the previous claims,
wherein the titanium alloy contains aluminium, va-
nadium and/or niobium as additional constituents.

6. The method of any one of the previous claims,
wherein the magnesium alloy contains calcium as
an additional constituent.

7. The method of any one of the previous claims,
wherein the polymeric binder is independently se-
lected from the group consisting of: polyamides,
polyoxymethylene, polycarbonate, styrene-acryloni-
trile copolymer, polyimide, natural waxes and oils,
thermosets, cyanates, polypropylene, polyacetate,
polyethylene, ethylene-vinyl acetate, polyvinyl alco-
hol, polyvinyl chloride, polystyrene, polymethyl
methacrylate, anilines, mineral oils, water, agar,
glycerol, polyvinylbutyryl, polybutyl methacrylate,
cellulose, oleic acid, phthalates, paraffin waxes, car-
nauba wax, ammonium polyacrylate, digylceride
stearate and oleate, glyceryl monostearate, isopro-
pyl titanate, lithium stearate, monoglycerides, for-
maldehyde, octyl phosphate, olefin sulphonates,
phosphate esters, stearic acid and mixtures and co-
polymers thereof. Preference is given to using at
least two binders, and the binder is most preferably
composed of paraffin wax, polyethylene wax and
stearic acid.

8. The method of any one of the previous claims,
wherein thermal binder removal is carried out at a
temperature of less than 500°C.

9. The method of any one of the previous claims,
wherein sintering is carried out at from 50 to 99% of
the melting point of the metal or the metal alloy.

10. The method of any one of claims 3 to 9, wherein
mixing of titanium powder or titanium alloy powder
and a polymeric binder; and/or of magnesium pow-
der or magnesium alloy powder and a polymeric
binder is preferably, independently carried out in a
kneader, extruder, rotation mixer or resonance mix-
er.

11. The method of claim 10, wherein the mixing is carried

out at a temperature of from 50 to 250°C.

12. The method of any one of the previous claims,
wherein injection moulding is, independently, carried
out at a melt temperature of from 50 to 250°C.

13. The method of any one of the previous claims,
wherein injection moulding is, independently, carried
out at a pressure of from 40 to 200 MPa.
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