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This invention relates generally to the con-
struction of turbine blades or vanes and it has
particular relation to blades for turbines which
operate at extremely high temperatures.

A turbine blade for use with high temperature
power-generating fluids, such as gas turbine
blades, should have the following properties: high
tensile strength in the temperature range above
700° C., low specific weight, high heat conductiv-
ity and capability of enduring temperature
changes, relatively great surface hardness, capa-
bility of simple and durable installation, and re-
sistance to oxidation, i. e. relatively free from
slag formation.

In accordance with this invention the blade
or vane has a metal foot or root portion to which
is joined a top or working portion on which the
high temperature fluid impinges and which is
formed of, or provided with a covering or layer of,
fritted metal and ceramic powder or ceramic-like
powder, the metal content of the working portion
decreasing with increasing distance from the foot
portion of the blade. A turbine blade thus strati-

‘fied and having a stee] foot portion can be in- -

stalled on 2 turbine rotor in exactly the same
manner and as easily as one made wholly of
steel. 'The steel foot portion may gradually merge
into the interior of the composite top or working
portion of the blade,

In the drawing, Figures 1 and 2 are side eleva-
tions, partly in section, of two different embodi-
ments of the present invention.

In both of the illustrated embodiments of the
invention, the foot or root portion a of the blade
is formed of a suitable steel and shaped to con-
form to the design of the stator and rotor mount-
ings of the turbine, for example a de Laval tur-
bine, in which it is to be incorporated. As shown
/in Fig, 1, the root portion a is tapered outwardly
and located within the working portion b which

10

15

20

pinge upon the turbine blade. Alternatively, the

. metal powder may be of a corrosion-resistant

steel that is not damaged by the high temperature
gases that drive the turbine.

As shown in Fig. 2, the root section a need not
extend into the interior of the blade section but
may be welded to the inner end of the working
portion b of the turbine blade, As in the tur-
bine blade of Fig. 1, the composition of the fritted
blade portion b changes gradually frcm a sub-
stantia] all-metal section adjacent the steel root
e to a substantially all-ceramie section or layer
at the outer surface of the blade.

The metal powders of the fritted portion may
be of a single metal or mixtures of metals such
as iron, nickel, chromium, cobalt, tungsten, mo-
Iybdenum or titanium; may be a steel including
some of the recited refractory metals; or may be
alloys of refractory metals, particularly steels or
alloys of high tensile strength: metal powders of

' hard metal alloys such as tungsten carbide, either
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is composed of a fritted mixture of metal powder -

and ceramic or ceramic-like powder. The ratio
of metal powder to ceramic powder decreases pro-
gressively with increasing distance from the steel
root portion a of the blade. The metal powder
content adjacent the steel root portion a is so
high as to result in a welding of the fritted work-
ing portion b to the root portion a@. The outer
end of the working portion b of the blade, or at
least the surface layer of the blade, is a fritted
mass of ceramic or ceramic-like powder with lit-
tle or no admixed metal powder. The outer
fritted layer of ceramic or ceramic-like material
is sufficiently compact to be substantially imper-
meable to the high temperature gases that im-
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with or without additions of cobalt and/or nickel
powders are also suitable.

The ceramic powder is selected from the refrac-
tory oxides of highly heat resistant materials and
preferably from relatively stable oxides having
relatively high heat conductivity; for example
oxides of beryllium, aluminum, zirconium, mag-
nesium and thorium. Mixtures of oxides are
also suitable, such as spinel, zirconium silicate
and others together with oxides having lower
melting points such as quartz and titanium oxide;
also porcelain comprising a mixture of kaolin,
quartz and feldspar or the steatite group with talc
or soapstone as the main component. Powdered
glass may be used alone or in combination with
the refractory oxides, the glass being of a hard
or high temperature type such as the so-called
oven glasses sold under the trade-marks “Pyrex”
and “Duran.”

The weight of the fritted blade portion is sub-
stantially less than that of an all-metal blade,
and the stresses due to centrifugal force are
therefore substantially reduced. Ceramic mate-
rials such as beryllium oxide or aluminum oxide
are particularly useful as they have a heat con-
ductivity similar to that of iron and steel. These
oxides have melting points above 2000° C. and,
when vitrified, have a surface hardness greater
than that of hardened steels.

I claim:

1. A turbine blade or vane for use with high
temperature pressure fluids said blade compris-
ing a metal foot portion for attachment io a
rotor or stator ring, and a working portion car-
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ried by and extending from said foot portion, the -
working portion of the blade that Is impinged
upon by said fluids being a fritted mixture of
metal and ceramic powders, the metal content of
the blade decreasing as the distance from the foot g
portion increases.

2. The invention as set forth in claim 1, where-
in the ceramic powder comprises oxides of
highly fire-proof materials ha.vlng high melting
points.

3. The invention as set forth in claim 1, where-
in the ceramic powder comprises oxides of highly
fire-proof materials having high meltlng points
and high heat conductivity.

4. 'The invention as set forth in claim 1, where- 15
in the ceramic powder consists at-least in part of
beryllium oxide.

5. The invention as set forth in claim 1, where-
in the ceramic powder consists at least in part
of aluminum oxide.

6. The invention as set forth in claim 1, where-
in the ceramic powder comprises a mixture of
oxides, ‘

7. The invention as set forth in claim 1, where-
in the ceramic powder consists at least in part' g
of porcelain.

8. The invention as set forth in claim 1, where-
in the ceramic powder consists at least in part of
steatites.

9. The invention as set forth in claim 1, where- g0
in the ceramic powder consists at least in part of
glass powder from hard glasses.

10. The invention as set forth in claim 1, where-
in the metal powder consists at least In part of
iron.

11. The invention as set forth in claim 1, where-
in the metal powder consists at least in part of
nickel.

12. The invention as set forth in claim 1, where-
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13. The invention as set forth in claim 1, where-

" in the metal powder consists at least in part of

molybdenum.
14. The invention as set forth in claim 1, where-
in the metal powder comprises an alloy ot high

tensile strength.

15. The invention as set forth in claim 1, where-
in the metal powder comprises hard metal alloys
of high tensile strength,

16. The invention as set forth in claim 1, where-
in the foot portion protrudes into the working
portion and merges into the same in the interior

thereof.

~17. The invention, as set forth in claim 1,
wherein the working portion is provided with a
protective layer of fritted metal and ceramic
powder on all sides.

18. The invention, as set forth in claim 1,
wherein the foot portion protrudes into the work-
ing portion and merges into the same in the in-
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terior thereof and the layer of metal and ceramic

powder contains a slag proof metal alloy.

19. - The invention, as set forth in claim 1,
wherein the foot portion protrudes into the work-
ing portion and merges into the same in the in-
terior thereof and the layer of metal dnd ceramic
powder contains fritted chromium powder.
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