Jan. 1, 1952 C. G. GOETZEL ETAL 2,581,252
POWDER METALLURGY ARTICLE

Filed Dec. 31, 1547

70

=
I
|
|
|
]

/0

da?_?.é’,

_—— T o T Ll T—7

// /2
/ \
/ . A

e __

—

INVENTORS
C Loy 6. GosyZss
By Croy L. En LS

b g
T OCNENS



Patented Jan. 1, 1952

2,581,252

UNITED STATES PATENT OFFICE

2,581,252
POWDER METALLURGY ARTICLES

Claus G. Goetzel, Yonkers, and John L, Ellis, New
York, N. Y,, assignors to Sintercast Corporation
of America, New York, N. Y., a corporation of
New York

Application December 31, 1947, Serial No. 795,102

5 Claims. (Cl 75—22)

1

The invention relates to g turbine blade for use

at elevated temperatures, which is composed of
substances having different melting points, and
particularly to a sintered skeleton of a relatively
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skeleton because the particles of the powdered
material will not be distributed evenly within
the mold, or distributed in the mold in the desired
pattern. In prior impregnation processes, sizing

high melting point formed with interconnecting 5 and machining frequently have been necessary
bores substantially throughout its entirety, the following the impregnation step. One reason is
pores being permeated with an infiltrant metal, the uneven distribution of the second metal on
the exeterior faces of the turbine blade having the surface of the skeleton, which is caused by
a coating thereon of the infiltrant metal, uncontrollable adherence of the second metal
Heat resistant metallic articles such as blades, 10 to the surface of the skeleton, and non-uniformity
buckets, valves and the like for jet engines, thereof.
rockets, or gas turbines and the like are not satis- One of the objects of the invention is to pro-
factory when made by conventional casting or vide a shaped article having improved physical
forging methods. One of the reasons is that characteristics, including high hot tensile
the temperature at which the article is formed is 15 strength, high hot fatigue strength, high resist-
near that of the operating temperature of the ele- ance to creep at elevated temperatures, and espe-
ment in service and it thus is apparent that the cially high corrosion resistance under conditions
element would not be strong and stable in its of operation. .
dimensions under operating conditions. Another The shaped article of the bresent invention
difficulty is that the materials which maintain ¢o comprises a continuous skeleton of high melting
their strength at elevated temperatures under point made from powdered materials suitably
protective atmospheric conditions are subject to sintered, the skeleton structure having intercom-
corrosion under the conditions of operation of municating pores substantially throughout its en-
elements such as gas turbine blades, and this tirety. The pores of the skeleton are permeated
tends to impair rapidly their strength. - 25 throughout by a network of an infiltrant metallie
Powder metallurgy methods must be used in material, and a layer of corrosion resistant me-
order to meet the high temperature requirements tallic material is formed .on the faces of the
in articé}els in l’che ﬁd'g; mentione?. as m(rjell asdin article, said layer being integrally merged, fused,
many other places. e previously used powder or joined to the metallic material net work per-
metal}urgy processes emp‘l‘qying simple pressing 30 meating the pores of the skeleton. The layer of
3nd gm_tering opterag;ions 1W1t'11§ ir.lixturgs Oft bow- metal is formed of sufficient thickness to suitably
erec ingredients have limitations due 0 in- protect the article from corrosion. :
herent borosity of the article and fine grain size The skeleton is selected from materials so as
“and weak grain boundar%es of the resulting strue- to have high hot tensile strength, high hot fatigue
turez all of which contnbyte to unfavorable hot 35 strength, and high resistance to creep at elevated
tensile strength, hot fatigue strength, and re- temperatures. The infiltrant metallic material is
sistance to creep at elevated temperatures. selected to have the desired corrosion resistance
In previously used powder metallurgy tech- and to impart the desired physical braperties to
niques involving impregnation of a formed com- the skeleton. Preferably the layer of corrosion
pact, for sé;eleton, tth? in{%“h 'meltlng mt:.ita;, alloy, 40 resistant material is the same ag that of the in-
or refrac ory materia m a. pOVY ere orm 1is ﬁltrant metallic material.
usually shaped by compressmn_ in a mold an‘d The article can be formed efficaciously by per-
:ﬁirifglo‘:g:eirg& Zgglelzg;mlféi ‘;régild f’gfri;;);g forming the impregnation step with the skeleton
and sintered, a second or auxiliary lower melting 45 Ea%eﬁgidwaﬁ?ea&% yﬁglg}:j?g € It:: zléi;:ﬂtriaf
metal is brought into contact with the skeleton the Ghetotar JaRarant i table op 1 ‘% ed
In a suitable ceramic or metallic vessel and heat - © seeleton A bore Impregnatable or ligue
applied so as to liquefy the second metal, and condition. The infiltrant gneta-l'wﬂl completely
cause the second or auxiliary metal to be drawn ﬁ}l the mold.so that the art}cle will be accurately
into the skeleton by capillary action. In such g 50 Sized, and will form a continuous layer over the
process, the infiltrant metallic material will not faces of the article. The skeleton can be ar-
completely cover the exterior face of the body. ranged in conjunction with the mold so that
In the forming of the skeleton, difficult prob- there is suficient clearance to form the desired
lems arise when the shape ‘is complex and ir- thickness of the coating layer. The thickness of
regular, due to lack of uniformity in the pressed 68 this layer of the infi¥rant material is increased
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at the base of the turbine blade for the shaped
wheel engaging portions thereof.

The harder and more abrasive types of skele-
ton materials are difficult to machine and this
difficulty normally remains after the pores have
been filled with the infiltrated material. It is de-
sirable, therefore, to provide a 1ayer of a skeleton-
free infiltrant portion at places where the article
is to be machined. This can be accomplished by
placing the skeleton in a mold having an in-
creased clearance between the mold walls and the
skeleton at areas where there is to be skeleton-
free infilirant metal. The skeleton is impreg-
nated while in said mold, preferably in a pres-
sure differential apparatus, so that the infiltrant
compietely fills the mold, thus leaving skeleton-
free infiltrant metal of the desired thickness in
selected areas. '

The refractory materials as employed in this
invention have a low coefficient of expansion,
usually in the order of % to Y% of that of steel,
or other metal alloys conventionally used in the
construction of components of engines, turbines,
and the like. This would result in difficulties if

plain refractory compounds were used as struc- -

tural materials for such elements as turbine
biades, buckets, valves and the like,

In the present invention, the skeleton can be
made of a refractory material having the low
coefficient of expansion and the desired strength
characteristics at elevated temperatures. The in-
filtrant material can be selected having a suffi-
ciently high coefficient of expansion, so that the
correct dimensional relationship can be main-
tained with a supporting part for the composite
article at all service temperatures. The thick~
ness of the infiltrant outside layer is increased,
as required, at the point of joinder of the blade
with the element to which it is to be attached,
thus maintaining a fit without regard to temper-
ature of operation.

The difference in coefficients of expansion of
the skeleton materials and the infiltrant mate-
rials will result in other advantages, such as
strengthening of the composite structure, as will
‘be explained hereafter.

These and other features, advantages, and ob-
jects of the invention will become apparent from
the following description and drawings.

In the drawings:

Tig. 1 shows a side view of one form of a turbine
piade of the present invention.

ig. 2 shows a front view of the blade of Fig. 1.

Fig. 3 shows an enlarged representation of a
section of the composite body at the point where
the blade body joins the base thereof. )

. The invention will now be described in con-
junction with a turbine hlade, such as is generally
used in gas turbines.

The blade may have a tip or blade portion 18
and a base portion i1 which is machined to fit
accurately into a suitably shaped notch or aper-
ture in the turbine wheel.

1t is desirable that the materials and dimen-

sions of the base portion relative to the turbine
wheel be chosen so that the blade will remain
tightly held under the elevated temperature con-
ditions of cperation.

In formation of the blade, the skeleton or high
refractory phase dimensions or outline are dia~-
grammatically. indicated by the inner dashed
lines 12 (Pigs. 1, 2). The mold used during im-
pregnation is arranged so that the infiltrant
metal or corrosion resistant phase will fill the
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the mold and form the outside of the tip portion
of the blade and will reach the dashed lines 13
of the base {1. Thus there will be an excess of
the infiltrant metal at (4 which can be machined
to the desired base shape 5. Such & formation
of the composite article with a thickened infil-
trant metal portion may be termed ‘“undercast-
ing.” As previously mentioned, the layer of infil-
trant metallic material can be increased as de-
sired at other points such as where erosion takes
place on the blade.

In Fig. 3, the skeleton or high refractory phase
is indicated at 18, the particles thereof being
formed together with intercommunicating pores
therebetween, sald phase being continuous.

As an example, the skeleton material may be
tungsten, molybdenum, titanium, tantalum, co-
lumbium, chromium, zirconium, or their alloys

" with each other, or with iron, nickel, cobalt, or

20

34

40

80

78

their compounds of metalloidal character with
carbon, horon, silicon, nitrogen, etc. Some ex-
amples of the aforementioned corapounds of
metalloidal character are tungsten carbide (WO,
titanium carbide (TiC), molybdenum carbide
(Mo2C), tantalum carbide (TaC), columbium
carbide (CbC), chromium carbide (Cr3Ca), zir-
conium carbide (ZrC), vanadium carbide (VO),
tungsten boride (WB2), titanium boride (TiB2),
molybdenum boride (MoB), tantalum boride
(TaB), columbium boride (CbB), chromium bo-
ride (CrB), zirconium boride (Zr3B4), vanadi-
um boride (VB2), thorium boride (ThBs) ; also
stable refractory materials or compounds such as
beryllium oxide, magnesium oxide, aluminum 0x-
ide, zirconium oxide, silicon carbide, and boron
carbide can be used, these being stable at ele-
vated temperatures.

" A typical composition of a homogeneous skele-
ton material as employed by this invention con-
sists of 70% by weight of tungsten carbide (WC),
259, titanium carbide (TiC), and 5% cobals (Co),
the tungsten carbide (WC) and titanium carbide.
(TiC) components being combined as a solid
solution. Another typical composition of a
homogeneous skeleton material as employed by
this invention consists of 45% by weight of tung-
sten carbide (WGC), 26% titanium carbide (TiC),
259, chromium carbide (Cr3Cs) and 5% cobalt
(Co), the tungsten carbide (WC) ang titanium
carbide (TiC) and chromium carbide (CrsCa)
components again being combined as a solid
solution. -

The infiltrant metallic material or corrosion
resistant phase network is indicated at {9 (Fig.
3), as entirely permeating all of the intercom-
municating pores at the skeleton, thus forming
2 network as edqually continuous as the skeleton.
At 20 is seen the excess infiltrant metal of sufii-
cient thickness to allow for machining and at 2!
ig indicated the layer of corrosion resistant metal
on the exterior faces of the article integrally

merged, fused or joined with the infiltrant metal
network permeating the pores of the skeleton.
The representation in Fig. 3 corresponds to & sin-
gle plane as is normally obtained in metallo-
graphic procedures, the infiltrant metal being a
continuous network throughout the pores of the
skeleton, this necessarily resulting from the man-
ner in which the infilirant metal fills the pores
of the skeleton. Depending upon the alloyabil-
ity ‘between skeleton and infiltrant materials,
there may be formed an interphase along the
boundaries -of the same where they are in con-
tact with- each other. This interphase may ma-



2,681,252

terially econtribute to the strength of the com-
posite structure,

Again merely by way of example, the impreg-
nating material may be iron, niekel, cobalt, chro-
mium and their alloys with each other, cr their
alloys with the previously mentioned refractory
metals, or metal compounds as mincr constit-
uents. It is to be understood that the appropri-
ate infiltrant having a dissimilar lower melting
point relative to the skeleton can be used, and
that the word “metal” in the claims is to be con-
strued to include the aforementioned. A typical
composition of impregnating material employed
successfully by this invention comprises an alloy
containing 699 by weight of cobalt, 259, chro-
mium and 6% molybdenum, Another example
is a material containing 509, by weight of co-
balt, 29, chromium, 159 nickel and 6% molyb-
denum. Still ancther example is one containing
52% by weight of cobalt, 289, chromium, 119,
nickel, and 99 tungsten. Another example con-
tains 60% by weight of nickel, 16% molybdenum,
149% chromium, 5% tungsten and 59% iron, while
still another contains 60% by weight of chromi-
um, 28% molybdenum and 15% iron.

As mentioned previously, the coefficient of ex-
pansion of the infiltrant phase is usually much
higher than that of the skeleton phase. Con-
sequently, because the infiltrant phase is carried

out at a much higher temperature than the oper- °

ating temperature of the article, there will e a
shrinkage of the infiltrant phase relative to the
refractory phase. The relationship of the coeffi~
cients will be such as to create internal stress con-
ditions in the article, so that better elevated tem-
perature strength and creep resistance will be
obtained.

It is apparent that details of construction can
be varied without departing from the spirit of the
invention except as defined in the appended
claims.

We claim:

1. A composite materia] shaped turbine blade
having a base portion engageable with a turbine
wheel for use at elevated temperatures in cor-
rosive atmospheres, said blade being composed
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of substances of different melting points and
having g sintered porous skeleton of higher melt-
ing point normally corrodible at the temperatures
of operation and formed with intercommunicat-
ing pores substantially throughout its entirety,
the pores thereof being permeated with an infil-
trant metal having corrosion resistant properties
under the conditions of operation and a substan-
tially continucus controlled layer of said infil-
trant metal of bredetermined thickness on the
exterior faces of said blade to protect the same,
said layer being integrally fused with the metal
bermeating said pores, the layer being thickened
at the base portion of the blade for the shaped
wheel engaging portions thereof.

2. In a composite material shaped turbine blade
according to claim 1, the sintered porous skele-
ton consisting of titanium carbide.

3. In a composite material shaped turbine blade
accoridng to claim 1, the sintered porous skele-
ton consisting of tungsten carbide.

4. In a composite material shaped turbine blade
acecording to claim 1, the sintered porous skele-
ton consisting of 70 weight per cent tungsten car-
bide, 25 weight per cent titanium carbide and 5
weight per cent cobalt,.

5. In a composite material shaped turbine blade
according to claim 1, the sintered porous skele-
ton consisting of 45 welght per cent tungsten car-
bide, 25 weight per cent titanium carbide, 25
weight per cent chromium carbide and 5 weight
ber cent cobalt.

CLAUS G. GOETZEL.
JOHN L. ELL]S.
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