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Turbine blade for turbo-engines and method for manu-

facturing same

The invention relates to turbine blades for turbo-
engines and to a suitable method for manufacturing
same. The turbine blades according to the invention
are suitable for long-term use at raised operating

temperatures.

Turbine blades of turbo-engines are frequently sub-
jected to high thermal stress and an adequate
strength must be maintained even at the raised oper-
ating temperatures of up to 1000°C. Moreover such
turbine blades should have as low a mass as possible
in order to be able to keep as small as possible the
forces acting on the turbine bearings and the cen-
trifugal forces acting directly on the individual

turbine blades.
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Turbines are therefore manufactured from metals or
even metal alloys which are as heat-resistant as pos-
sible and have as low a physical density as possible.
Frequently such turbine blades are also provided with
surface coatings, materials which have high tempera-
ture stability and as little thermal conductivity as
possible being used for this purpose. Thus for exam-
ple there is a known way of spraying ceramics onto
such turbine blades and thus forming a heat-

insulating layer.

However, it is known that problemg arise with such
surface coatings since they tend to flake off espe-
cially when temperature changes occur and thus the

turbines can be damaged or even completely destroyed.

The object of the invention, therefore, is to make
available turbine blades for turbo-engines which can
withstand high thermal stress and maintain adequate
mechanical strength even at raised operating tempera-

tures.

This object is accomplished according to the inven-
tion with turbine blades which have the features of
claim 1. They can be manufactured by means of a me-

thod according to claim 8.

Advantageous embodiments and developments of the in-
vention can be achieved with the features described

1in the subordinate claims.
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The turbine blades according to the invention are he-
re manufactured from at least three essential indi-
vidual elements which are integrally connected to
each other by sintering and correspondingly form what

is termed a “composite part”.

A heat-insulating layer is here applied to the sur-
face of a core element and the heat-insulating layer
is again enclosed from the outside by at least one
shell element, the shell element (g) predetermining
the outer contour of the finished turbine blade and

being correspondingly machined into shape in advance.

The core'element can be produced from a suitable wme-
tal, a metal alloy, but by preference from titanium

aluminide.

In one alternative, the heat-insulating layer is for-
med from an open-cell nickel foam, which is known per
se and commercially available, as far as possible the
entire surface of the open-cell foam, i.e. also the

surfaces of the internal webs, having been coated in

advance with a nickel-base alloy or TiAl.

The at least one or also two shell elements is/are
then also integrally connected from the outside to
the heat-insulating layer by sintering and the shell
element (g) should here also consist of a nickel-base
alloy; in the preferred embodiment, the nickel-base
alloy used for the surface coating of an open-cell
foam should have the same alloy composition as that

of the shell element (s).
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On a finished turbine blade, the heat-insulating lay-
er should have a thickness in the range between 1 and
5 mm, preferably less than 2 mm, the respective
thickness of the heat-insulating layer being able to
be selected taking into account the temperatures of
the turbine blades in use and their respective dimen-

sions.

Moreover a porosity of the heat-insulating layer,
which is formed from a surface-coated foam, of 85 to
95% is preferably to be maintained, porosities in the

range between 90 and 95% being preferred.

The shell elements which are to be secured to a tur-
bine blade according to the invention by means of an
integral connection can have a relatively small
thicknesé’of for example 1 mm or less than 1 mm since
they must substantially fulfil the function of a sur-
face which is advantageous in terms of fluidics on
such a turbine blade. To this end, shell elements
should abut practically gap-free against their end-
face contact surfaces and/or such contact surfaces of
adjacent shell elements should be arranged in regions
of the turbine blades which are not critical or only
slightly critical in termg of fluidice when the bla-

des are operated.

Thus the end faces, in contact with and abutting a-
gainst each other, of adjacent shell elements can be
" chamfered in respectively opposite directions such

that a practically absolutely completely tight seal
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can be achieved between the exterior environment and

the heat-insulating layer.

However, incisions or recesses can also be formed on
such end faces, such that during a sintering proce-

dure through holes are present between adjacent shell
elements through which gases, previously released du-
ring a binder removal process, can escape to the out-
side. These through holes can, however, subsequently
be closed again during the sintering process, a point
which will be returned to in the explanation of a me-
thod for manufacturing the turbine blades according

to the invention.

The manufacture of such turbine blades according to
the invention can take place in such a way that a co-
re element is used, the outer contour of which is
preferably already matched to the outer end contour
of the turbine blade in correspondingly reduced di-

mensions.

A blank of an open-cell nickel foam, which has an ap-
propriate constant thickness, is prepared in advance
and so cut out that the surface of the core element
is as far as possible completely covered with the o-

pen-cell nickel foam using such a blank.

The blank of the open-cell nickel foam thus prepared
is then coated with a suspension or mixture which
contains the respective powdered nickel-base alloy or

ma

Mlal~d5" Well~ s @’ blnoaer sollicion.



WO 2006/074949 PCT/EP2006/000279

In the event that, as explained previously, a nickel
foam is to be coated, it is advantageous to use an
alloy which is low in nickel for the suspension for
forming the coating. The alloy should here contain a
nickel portion of 20 to 40% by weight in addition to
other alloy elements which are selected from carbon,
chromium, molybdenum, iron, cobalt and niobium. By
this means, after the sintering procesgs, the heat-
insulating layer can be obtained from a nickel alloy
with a higher proportion of nickel by alloying on

from the nickel foam.

However, instead of an open-cell foam of pure nickel,
an open-cell foam of a nickel-base alloy can also be
used for the heat-insulating layer system. Such an
open-cell foam of a nickel-base alloy can then be
formed from the elements which are to be mentioned
later for a preferred use for producing a suspension

from a corresponding powder.

An open-cell foam of a nickel-base alloy can, how-
ever, also be coated with a suspension and integrally
connected to the core element and shell elements by
sintering, and this suspension can contain titanium
aluminide powder with an aluminium content of 25 to
75% by weight instead of powdered nickel-base alloy.
In addition to titanium aluminide, chromium, niobium,
molybdenum, manganese, copper, silicon and/or bismuth
can also be contained as additional alloy elements.

"7 LI TOnL¥ast to ah integral connection to be produced

by sintering with a nickel-base alloy, as will be go-
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ne into more explicitly later, in the case of sinter-
ing with titanium aluminide, the following parameters

are used.

The sintering takes place at temperatures of between
1250 and 1330°C; the heating rate should be 5K/min

and the retention time 20 to 60 minutes.

Moreover, it is advantageous to carry out the sinter-

ing in an inert atmosphere or under a high vacuum.

The preferred manner of coating is immersing the o-
pen-cell nickel foam in the suspension and, if neces-
sary, subsequently removing excess suspension from

the surfaces of the nickel foam.

The uniformity of the surface coating of the open-
cell nickel foam with the suspension can be supported

by vibration.

The blank thus prepared, e.g. of open-cell nickel fo-
am, can then be placed on the surface of the core e-
lement which has previously been provided with a thin
layer of the same suspension, for example by spray-

ing.

Thereafter the at least one or also a plurality of
shell elements is applied, the inner surfaces of
which, i.e. the surfaces which point towards the
heat-insulating layer to be formed from the open-cell

pension, and this can also have been achieved by
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spraying.

The composite part thus prepared, which is formed
from the core element, the surface-coated open-cell
nickel foam and the respective shell element (s), is
then sintered, binder being simultaneously removed
well before the maximum sintering temperature is rea-

ched which is usually above 1000°C.

In this process at least all the organic components
are driven out, being able then also to escape from
the inside of the turbine blade through the already-
mentioned through holes formed by the incisions and

recesses on end faces of shell elements.

As the temperature is increased, the surface coating
is then formed from the powdered nickel-base alloy on
the open-cell nickel foam and the nickel foam forming
the heat-insulating layer is then integrally con-
nected on the inside to the core element and on the
outside to the shell element (s) during the sintering

process.

In the event that shell elements with recesses or in-
cisions forming through holes have been used, these
can also be closed during the sintering process by
caking of the powdered nickel-base alloy, it being
possible then subsequently to carry out in these re-
gions mechanical after-treatment by grinding or even

polishing leading to smoothing of the surfaces.

The sintering can be carried out at temperatures in
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the range between 1150 and 1250°C; a heating rate of
5 K/min and a retention time in the range between 20
and 60 minutes at the maximum sintering temperature

should be adhered to during the sintering process.

Moreover it is advantageous to carry out the sinter-

ing in a reducing atmosphere, preferably hydrogen.

A powdered nickel-base alloy containing at least 50%
by weight nickel should be used to produce the sus-
pension for the coatings. Additional alloy elements
can be selected from the elements carbon, chromium,

molybdenum, iron, cobalt, niobium and nickel.

It is advantageous to use a nickel-base alloy which
containg, as well as at least 55% by weight nickel,
at least 15% by weight chromium and at least 5% by
weight molybdenum.

The invention will be explained below through an ex-
ample of the manufacture of a turbine blade according

to the invention.

A powdered nickel-base alloy containing 58;6% by
weight nickel, 0.1% by weight carbon, 22.4% by weight
chromium, 10.0% by weight molybdenum, 4.8% by weight
iron, 0.3% by weight cobalt and 3.8% by weight nio-
bium is used to produce a suspension. The powder had

a mean particle size of 35 pm.

For coating an open-cell nickel foam, which had an

initial porosity of 94% and a thickness of 1.9 mm, a
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1% aqueous solution of polyvinyl pyrrolidone was ad-

ded to the powdered nickel-base alloy.

The open-cell nickel foam was then immersed in the
suspension and thereafter pressed against an absor-
bent substrate in order to remove excess suspension,
especially from the open cells of the nickel foam,
but an at least almost complete wetting even of the
webs inside the open-cell nickel foam structure

should be maintained.

As an alternative, however, the coating of the sur-
faces of the open-cell nickel foam can also be car-
ried out in such a way that the open-cell nickel foam
is immersed on its own in a binder solution, a 1%
aqueous polyvinyl pyrrolidone solution, and subse-
quently pressed, and only then is the powdered ni-
ckel-base alloy scattered dry on the surfaces of the
open-cell nickel foam which are provided with the
binder solution, it being possible to achieve a uni-
form distribution of the powder through vibration.
In this way, the powder particles cover the cellular
network of the nickel foam and consequently also the
internal webs at least almost completely and at the
gsame time the open-cell character of the nickel foam

is preserved.

Thereafter the outer surface of the core element and

the inner surfaces of the respective shell elements

are then coated with the suspension of the powdered
‘nickel-base alloy and the 1% aqueous solution of po-

lyvinyl pyrrolidone by spraying. The layer thick-
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nesses of this suspension should be in the range be-

tween 50 and 200 pum, preferably 150 um.

Then the surface-coated nickel foam is placed on the
surface of the core element and the shell elements
are so pressed on from the outside that the surface-
coated nickel foam then forming the ultimate heat-
insulating layer is enclosed between the core element

and the shell elements, touching them all.

The semi-finished product in the form of a composite
part thus prepared is then introduced into a sinter-
ing furnace in which a hydrogen atmosphere is main-

tained.

In this process, the binder is removed in the tem-

perature range between approx. 300 and 600°C.

The process was carried out with a heating rate of 5
K/min and the sintering in the temperature window
from 1150 to 1250°C with a retention time of 30 min-
utes. A retention time of approximately 30 minutes
in the described temperature window during the
binder-removal process should also be taken into ac-

count.

After the sintering, the heat-insulating layer formed
from the surface-coated open-cell nickel foam still
has a porosity of 91%, such that very good heat insu-
lation and uniform temperature distribution could be

‘achleved over the entire volume of the turbine blade.
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The turbine blade thus produced had a significantly
reduced thermomechanical fatigue, such that its ser-
vice life could be increased by comparison with con-
ventional turbine blades. Moreover very good resis-
tance to oxidation in air was achieved at tempera-
tures of up to 1050°C, with increased strength, creep

registance and toughness.

Moreover, calibration of the turbine blade according
to the invention thus produced is also possible after
sintering. This takes place via subsequent pressing
in a compression mould in order to even out dimension
tolerances which could still be present after sinter-

ing.
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Claims

1. Turbine blade for turbo-engines in which a heat-
insulating layer of a metallic open-cell foam is
integrally connected by sintering to the surface
of a core element; and
the outer contour of the turbine blade is formed
with at least one shell element made of a ni-
ckel-base alloy, also integrally connected by
sintering to the open-cell foam which forms the

heat-insulating layer.

2. Turbine blade according to claim 1, character-
iged in that the core element is formed from ti-

tanium aluminide.

3. Turbine blade according to claim 1 or 2, charac-
terised in that the heat-insulating layer has a

thickness in the range between 1 and 5 mm.

4. Turbine blade according to one of the preceding
claims, characterised in that the open-cell foam
ig formed from a nickel-base alloy or from an
open-cell nickel foam which is surface-coated

with a nickel-base alloy.

5. Turbine blade according to one of claims 1 to 3,
characterised in that the heat-insulating layer
is formed from an open-cell nickel foam which is
surface-coated with TiAl, or from an open-cell

roam or a Hickeli-bast alioy” Tuaitelr Jfle.e Bauws

way .
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6. Turbine blade according to claim 5, character-
ised in that, for the surface coating, TiAl is
formed with an aluminium content which is in the
range between 20 and 75% by weight and addi-
tional alloy elements which are selected from
chromium, niobium, molybdenum, manganese, cop-

per, silicon and bismuth.

7. Turbine blade according to one of the preceding
claimg, characterised in that the heat-
insulating layer has a porosity of between 85

and 958%.

8. Method for manufacturing turbine blades accord-
ing to one of claims 1 to 7, characterised in
that an open-cell metallic foam, as a blank of
constant thickness, is coated with a suspension
or mixture formed from a powdered nickel-base
alloy or TiAl and a binder solution, such that
the surface of the foam with its webs has been

wetted,

the outer surface of a core element and the in-
ner surface of at least one shell element, pre-
determining the outer contour of the turbine
blade, are coated with the same suspension, then
the coated core element, the foam and the shell
element (s) are brought into contact with one an-
other, such that the foam is enclosed between
the core element and the shell elements to form

" the heat-insulating layer, and
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the composite part thus obtained is so sintered
that the core element, the heat-insulating layer
formed from the open-cell, surface-coated foam,
and the shell elements are integrally connected

to each other.

9. Method according to claim 8, characterised in
that the sintering takes place as compressive
force is applied from the outside to the shell

elements.

10. Method according to claim 8 or 9, characterised
in that an aqueous solution of polyvinyl pyr-
rolidone containing a powdered nickel-base alloy

or TiAl is used.

11. Method according to one of c¢laims 6 to 10, char-
acterised in that the open-cell foam is coated
by immersion in the suspension and subseguent

removal of excess suspension.

12. Method according to one of claims 8 to 11, char-
acterised in that the sintering is carried out
up to a maximum temperature of between 1150 and

1350°cC.

13. Method according to claim 12, characterised in
that the maximum sintering temperature is main-

tained over a period of 20 to 60 minutes.

14. Method according to one of claims 8 to 13, char-

acterised in that the sintering is carried out
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15.

16.

17.

16
in a reducing or inert atmosphere.

Method according to one of claims 8 to 14, char-
acterised in that a nickel-base alloy comprising
at least 50% by weight nickel and additional al-
loy elements, selected from carbon, chromium,
molybdenum, iron, cobalt, niobium and nickel is

used for the suspension.

Method according to one of claims 5 to 14, char-
acterised in that a low-nickel alloy with the
alloy elements, selected from carbon, chromium,
molybdenum, iron, cobalt, niobium and nickel in
a proportion of 20 to 40% by weight is used for

the suspension.

Method according to claim 15, characterised in
that a nickel-base alloy comprising at least 55%
by weight nickel, at least 15% by weight chro-
mium and at least 5% by weight molybdenum is
used.
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