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[57] ABSTRACT

A method of making a high temperature and stress re-
sistant body of desired porosity in whose practice a
green porous body (FIGS. 4, 5, 9, 10) of higher than
the desired porosity is formed by compacting different
size fractions of spherical particles (A, 23, 27 FIGS. 4,
5) or by winding fine cold-drawn wire (53 FIG. 9) or
mesh of fine cold-drawn wire (73 FIG. 10) on a man-
drel (51 FIG. 7; 71 FIG. 10). The green body is ce-
mented into a rigid body and at the same time its poros-
ity is decreased to the desired magnitude by depositing
cementing material (HS FIG. 11, 61 FIG. 9, 77 FIG.
10) in the pores (25 FIGS. 5§ and 6; 55 FIG. 9) from a
gas. Typically a body of tungsten is formed by reducing
a tungsten halide in the pores with hydrogen.

9 Claims, 11 Drawing Figures
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METHOD OF MAKING A HIGH TEMPERATURE
BODY OF UNIFORM POROSITY

This application is a continuation of application Ser.
No. 250,112, filed Jan. 8, 1963, and now abandoned.

This invention relates to the art of fabricating or
forming bodies of materials which do not readily lend
themselves to the usual forming operations such as ma-
chining, molding, casting, forging, spinning, rolling and
the like. In one of its specific, but highly important as-
pects, this invention is applicable to bodies of tungsten.
But in its broader aspects this invention applies to such
materials as tantalum, niobium, zirconium, titanium,
vanadium, silicon, rhenium, chromium and molybde-
num. These materials may be characterized as highly
refractory, high strength materials; that is, each of
these materials has a high melting temperature and is
capable of manifesting high strength.

Specifically, this invention deals with producing bod-
ies of predeterminable shape or form which have a pre-
determinable porosity. This invention also relates to
the art of producing high-temperature and high-stress
resistant materials and of bodies of such materials hav-
ing predeterminable shape and porosity. This invention
has particular relationship to the production of such
materials and bodies which are capable of withstanding
the environmental and operating conditions to which
critical components of the nuclear and aerospace appa-
ratus are subjected. Typical of such components are
the nozzles of space rockets.

The temperature and pressure of the gases blasting
through the nozzle of a space rocket operating with ac-
ceptable efficiency may exceed 6,000° F and 900
pounds per square inch of area. The abruptness with
which the mechanical and thermal stresses imposed on
the material of the nozzle chance enhances the severity
of these conditions. On ignition, the temperature of the
nozzle rises sharply and non-uniformity giving rise to
high thermal and mechanical stresses which may cause
the nozzle to spall and crack. In addition, the high tem-
perature and reactive nature of the propellant gases as
well as the possible presence of particulate matter tend
to alter the original nozzle shape and size through the
loss of material by melting, corrosion and erosion. Any
of these deleterious effects may deteriorate the nozzle
enough to prevent the rocket from accomplishing its
mission and it is indispensable that the nozzle be fabri-
cated of such material and in such manner as to mini-
mize these changes.

It is an object of this invention to provide a method
of producing a high temperature resistant body having
a selectable form and porosity It is another object of
this invention to provide a method of producing a ma-
terial for a rocket nozzle or the like which shall be ca-
pable of meeting the above described rigorous condi-
tions; it also is an object of this invention to provide a
body such as a rocket nozzle of such a material.

In providing rocket nozzles and like bodies, the prac-
tice has been adopted of forming the body of a high-
melting point substance. Such substantces as tantalum
carbide (melting point 7,015° F) and hafnium carbide
(melting point 7,025° F) have high melting points but
do not in their present form have the necessary physical
attributes to lend themselves to the fabrication of such

bodies. Tungsten (melting point 6,170° F) which hasa .

lower melting point appears to have most of the neces-
sary properties. But it is necessary that provisions be
made for forming the tungsten into the desired shape.
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In addition, with the advent and use of more advanced
propellants, even tungsten must be impregnated with
evaporative coolant materials such as silver or copper
to prevent the surface from melting at the higher gas
temperatures generated. For this purpose the body
must be porous so that it can absorb the cooling metals
during fabrication and release the cooling metals dur-
ing the high temperature application. It is moreover es-
sential that the pores be in communication and that the
body have a mean porosity for the communicating
pores which shall be reliably predictable and shall be
constant, as required by the conditions of application.
The higher gas pressures generated by these propel-
lants also require stronger, tougher bodies to withstand
the thermal shock and the resulting mechanical-
stresses. Conversely at the same gas pressures, stronger
materials would permit reduction in weight.

In the practice of this art, porosity may be measured
as a direct function of the purpose which it is to serve
by measuring the quantity of a liquid which a porous
body can absorb. In carrying out this measurement,
mercury (or other dense liquids as carbon tetrachloride
or acetylene tetrabromide) is injected in the pores
under pressure and the quantity of mercury injected
under preset conditions is determined. This procedure
measures the mean “‘open” porosity which is of essen-
tial interest. The mean total porosity may be measured
by determining the density of the body. The density
may be expressed in terms of percent of the density of
the solid substance (tungsten for example).

It is another object of this invention to provide a
tough, strong body having a constant mean porosity
which shall be capable of withstanding the thermal
shock and stresses to which a rocket nozzle is sub-
jected.

In accordance with the teaching of the prior art, re-
fractory structure such as nozzles are made from tung-
sten powder by the isostatic pressing at high pressures
(approximately 40 tons per square inch) and sintering
at high temperatures (2,000°-2,200° C). The process is
excessively costly and requires complicated equipment.
In addition, the powder used is produced by chemically
reducing a compound such as ammonium paratung-
state. The resulting structure has relatively poor me-
chanical properties and must be massive.

The powder which is compressed usually is irregu-
larly shaped and of a size distribution suited to achieve
sintered densities between 75 and 85 theoretical from
the green billets. Because of the nature of the powder
and the fabrication process, the pores obtained are ir-
regular in shape and random in distribution and size. A
good percentage of the pores are totally closed and not
interconnected with other pores and are not available
as regards filling with cooling metals. Not only does the
quantity of silver or copper which can be absorbed in
such bodies vary somewhat from nozzle to nozzle, but
the effusion and evaporation of the silver or copper
during operation is dependent upon the nature of the
pores from area to area and the protection afforded the
nozzle varies in the same manner. Other shortcomings
of this prior art practice are:

1. Die design and fabrication are costly, and heavy
expensive presses and heating equipment are in-
volved.

2. The practice is adaptable to fabrication only of rel-
atively simple shapes, thus often forcing compro-
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mising of superior performance design to minimize
fabrication difficulties.

3. Even though the starting powder may have been
prepared carefully as to particle shape and particle
size distribution, the pressed object invariably
shows considerable variation from region to region
in density and extent and nature of porosity (i.e.,
open versus closed porosity). Further, laminations
and cracks are invariably present.

4. The high temperature sintering cycle is conducive
to grain and crystal growth, thus leading to lower-
ing of the mechanical strength below the poor
strength which is at best available.

It is an object of this invention in its specific aspects
to overcome the above described difficulties. Another
object of this invention is to provide a low-cost method
or a process for making a porous body of selectable
shape and porosity and also to provide such a method
for making a high temperature and high-stress resistant
porous body such as a rocket nozzle, the pores of which
shall communicate and the porosity of which shall be
constant or reproducible within narrow limits. A fur-
ther object of this invention is to provide such porous
bodies.

A specific object of this invention is to provide a pro-
cess or method for making tungsten and other refrac-
tory metal skeletal structures of reliably controllable
density and porosity, which structures shall be capable
of being infiltrated and/or consolidated with other met-
als such as silver, copper, silicon, hafnium, vanadium,
chromium, niobium, zirconium, tantalum, tungsten,
molybdenum rhenium and others as well as alloys of
these and others or with refractory materials including
ceramics, such as hafnium carbide, zirconium carbide,
tantalum carbide, alumina and other carbides, borides,
silicides and nitrides.

This invention in one of its aspects arises from the re-
alization that the closer complete uniformity in pore
size and characteristic is approached, the more uni-
form, predictable and reliable is the performance of the
infiltrated nozzle. It was also realized that ideal unifor-
mity might be closely approached by replacement of
the reduced powder by spherical particles of specific
size fractions, the quantity of each fraction and the par-
ticle dimensions being selected so as to provide the
final required porosity. But such spherical powder is
relatively inactive due to the low specific surface (sur-
face area per unit mass) and previous preparation his-
tory and cannot readily be sintered. In accordance with
this invention in one of its aspects a method is provided
for cementing the spherical parcticles together without

. significant alteration in the geometry and uniformity of
the pores and without weakening the green shape.

In accordance with this invention in one of its spe-
cific aspects one or more carefully selected size frac-
tions of spherical tungsten particles are prepared by
plasma jet fusion or other methods such as fluidized-
bed decomposition or reduction of the halides and
packed into appropriate shapes by mechanical packing
and/or compaction in the manner described in R.K.
McGeary’s paper ‘“Mechanical Packing of Spherical
Particles,” Journal of American’s Ceramic Society 44
10 513-522 (1961). This paper is included herein by
reference. For packings consisting of more than one
fraction, the particles of each successive fraction would
have a diameter of approximately 1/10 to 1/5 of the di-
ameter of the preceding fraction. These particles di-
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mensions may range between +400 U.S. standard mesh
and —60 U.S. standards mesh; that is, the particles are
of such dimensions as to pass through a 60 mesh sieve
and be retained by a 400 mesh sieve.

The mass compacted as disclosed above is then con-
solidated or cemented together by reacting a tungsten
halide such as pure tungsten hexafluoride or tungsten
hexachloride with pure hydrogen obtained for example
by diffusion through a silver-palladium membrane in
the pores of the mass. Tungsten hexaiodide may also be
used. This compound requires less or no hydrogen to
effect the deposit. The reduction may also be effected
by other reducing gases such as cracked ammonia. The
mass may be precleaned to remove oxide or other con-
taminants prior to the cementing. This reaction pro-
duces uniform deposition of tungsten on the surface of
the particles throughout the interstices of the porous
body. As the tungsten deposits, it bridges the particles
and connects them together. To assure uniformity of
penetration and deposit, fine-grain structure, the reac-
tion is best carried out slowly at relatively low tempera-
tures up to approximately 900° F. Deposition at tem-
peratures of about 480° to 900° F does not significantly
alter the ductile-to-brittle transition temperature or the
mechanical properties of the green mass. Because of
the manner in which the spherical particles arrange
themselves in a nested fashion during the compacting,
the pores are in communication. The ultimate porosity
is determined in the initial porosity and the amount of
material deposited. ‘

For example, assume that a final porosity ranging be-
tween 17 and 25 percent is desired. An initial packing
density of approximately 60 percent would then allow
for the deposition of adequate tungsten from the vapor
phase to yield a strong body containing the desired
pore volume. Such an initial packing density is readily
achievable with spheres of a single size by the tech-
nique described in the McGeary paper cited above.
Should it be desirable to reduce the amount of tungsten
deposited from the vapor phase, higher initial green
densities can be achieved by the utilization of a binary
system consisting of spherical particles of two sizes. As
cited above, use of ternary or quaternary systems of
spherical particles can be used to obtain a range of ini-
tial green packed densities up to approximately 93 per-
cent.

Another aspect of this invention arises from the real-
ization that the tensile strength of substance such as
tungsten increases and the ductile-brittle transition
temperature decreases with the density of the sub-
stance and the fineness of its grain. Very dense, fine
grained tungsten or other like material may be obtained
by cold working (cold drawing or rolling) the material.
Thus, the ultimate tensile strength of cold-drawn tung-
sten wire of 1 mil diameter wire at room temperature
may exceed 600,000 pounds per square inch while that
of sintered 80 percent dense tungsten may just exceed
50,000 pounds per square inch. In accordance with this
aspect of the invention use is made of the high strength
of tungsten wire for fabrication of complex shapes, par-
ticularly where additional reliability and weight reduc-
tion is very important, as for example, in the making of
rocket nozzles. Conceivably the mass so formed may be
cemented or bonded by plasma-jet flame spraying with
tungsten. But more satisfactory bonding is achieved by
reducing tungsten compounds in situ and thus deposit-
ing tungsten in the pores of the mass and this mode of
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bonding constitutes one of the important contributions
of this invention.

In accordance with this specific aspect of the inven-
tion fine cold-drawn tungsten wire is wound.on a man-
drel with many lateral holes to allow the easy passage
of gas through the holes. The mandrel has the internal
shape of the desired object. Depending on the tension
of the wire, a body is thus wound which typically may
be 60-65 percent dense with respect to theoretical den-
sity. A tungsten halide, typically tungsten hexafluoride
or tungsten hexachloride is then passed through the
holes in the mandrel and through pores formed by the
turns of the wire and reduced there by pure hydrogen.
The deposited tungsten bridges the strands of wire and
ceniénts them together. The deposition takes place at
a controlled temperature which may range from 480°
to about 900° F, far below the recrystallization temper-
ature of the wire and does not alter the mechanical
properties of the wire. The wire in this case typically
may be of a diameter of between 0.0001 inches and
0.020 inches. The diameter is determined by the poros-
ity and mechanical properties desired. Successive lay-
ers after the first may be wound over the regions where
successive turns of the lower layers are in contact. The
winding is such that the pores of the structure are in
communication. The wire can also be cross wound to
achieve desired porosity, geometry, and mechanical
properties.

The structure produced by winding wire on a man-
drel as just described is stronger in a direction per-
pendicular to the axis of the turns than in a direction
parallel to the axis of the turns. In accordance with a
further aspect of this invention high strength in all di-
rections of the structure (e.g., in the direction of the
axis of the nozzle as well as in the direction perpendicu-
lar to the axis) is achieved by winding on a mandrel fine
cold-drawn tungsten wire mesh or cloth of a variety of
weaves, properly tailored to give the desired density or
porosity and shape. This forms a green body of uniform
pore size and distribution which is then cemented by
the vapor phase reduction of the tungsten hexafluoride
or chloride with high purity hydrogen. As in the other
embodiments, the deposition is accomplished slowly at
temperatures ranging from 480° F to approximately
900° F to minimize alteration in the favorable mechani-
cal properties of the structure.

This invention in its specific aspects contemplates
tungsten structures and tungsten is peculiarly suitable
for the practice of this invention. In its broader aspects,
this invention is not limited to tungsten, but includes
structures of powder, wire or mesh of niobium, tanta-
lum, zirconium, titanium, silicon, vanadium, hafnium,
rhenium, chromium, and molybdenum. Further, the
bonding or cementing agent may also include all of the
aforementioned materials, and is not limited to tung-
sten or the base metal used to make the green shape.

Within its broader aspects this invention also in-
cludes deposition of refractory and ceramic materials
within the interstices of cemented-bonded shapes pre-
pared from particles, wires, and mesh to form cermet-
like composite materials. Several such materials can be
simultaneously co-deposited or several materials can
be despoited in succession. Successive deposition is
particularly suitable where it is desirable to deposit a
barrier material to prevent interaction with the green
mass or a layer on the green mass. In certain situations
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the green mass may be heated so that the outer layer
fuses and cements the mass on cooling.

Metals may also be deposited to cement green masses
of ceramic or glass particles, filaments or fibers inciud-
ing carbonaceous filaments or fibers. Deposition of
these metals is accomplished by vapor phase reduction
or decomposition or liquid phase infiltration followed
where required by chemical reaction. As indicated pre-
viously, the materials which can be inserted into the po-
rosities of the consolidated/cemented shapes include in
addition to the metals the carbides of zirconium, tanta-
lum, thorium, hafnium, niobium and the oxides of ura-
nium, thorium, aluminum, magnesium, and zirconium
as well as nitrides, silicides and borides. These materi-
als have attractive properties, in that they combine the
high strengths of the metal matrix with the additional
refractory properties of the ceramic. Such materials
have special use and attractiveness in high temperature
applications where both high strength and good ther-
mal shock properties are required.

The novel features considered characteristic of this
invention are disclosed generally above. For a more
thorough understanding of this invention both as to its
organization and as to its operation, together with addi-
tional objects and advantages thereof, reference is
made to the following description taken in connection
with the accompanying drawings, in which:

FIG. 1 is a generally diagrammatic fragmental view
in side elevation, highly enlarged, of a mass of spherical
particles as they are packed in the practice of the as-
pect of this invention involving the compacting of parti-
cles;

FIG. 2 is a view taken in the direction of line H—II
of FIG. 1;

FIG. 3 is a view in section taken along line I—III of
FIG. 2;

FIG. 4 is a view in top elevation showing one layer of
the largest particles of FIG. 1 and the smaller particles
nested in the spaces between progressively larger parti-
cles;

FIG. 5 is a view in isometric of the layer shown in
FIG. 4;

FIG. 6 is a view in section further enlarged taken
along line VI—VI of FIG. 4;

FIG. 7 is a view in asymmetric illustrating apparatus
for practicing the aspect of this invention involving the
winding of wire into a mass;

FIG. 8 is a fragmental view in side elevation of a por-
tion of a body produced with the apparatus shown in
FIG. 8;

FIG. 9 is a view in section taken along line IX—IX of
FIG. 8;

FIG. 10 is a fragmental view in section enlarged
showing apparatus for practicing the aspect of this in-
vention involving the formation of a body from wire
mesh; and

FIG. 11 is a reproduction of a photomicrograph of
about 100X magnification showing a portion of a body
produced in the practice of this invention.

The article shown in FIGS. 1 through 6 is a portion
of a porous body made up by mechanical packing or
compacting a number of sizes of generally spherical
particles. The largest particles as shown in FIGS. 1 and
2 are disposed in layers, the particles in the center lay-
ers being labelled A, the particles in the layer below A,
B, and the particles in the layer above A, C. The parti-
cles A, B, C, should be compacted under such pressure



3,762,026

7

that adjacent spheres are generally tangent. The pres-
sure should not be so high that the spheres are de-
formed into a mass of appreciable solidity. Pressures of
the order of 1.0 to 50 pounds per square inch are satis-
factory.

With the particles A, B, C compacted so that they are
tangent, there are regions 21 between the particles
which are bounded by the adjacent spherical surfaces.
These regions are in communication. Within these re-
gions 21 smaller particles 23 may be nested. Typically
the particles 23 of next smaller size than the particles
A, B and C should have a diameter of 1/5 to 1/10 the
diameter of the particles A. There are spaces 25 de-
fined by surfaces of the larger particles A, B, C and of
the smaller particles 23. Within these spaces still
smaller particles 27 having diameters of about 1/5 to
1/10 of the particles 23 are deposited.

In making the mass the spherical particles can be
formed by feeding powder into a plasma jet torch and
collecting the particles emitted by the plasma. The
spherical particles are then assembled one fraction at
a time while vibrated mechanically and tumbled thor-
oughly so that the distribution of the particles is rela-
tively uniform. The loading may be effected by deposit-
ing the particles in the form under a piston on which a
relatively small weight, of about 20 or 30 pounds, is
placed. The second and next smaller size fraction is
then added and caused to nest into the appropriate
voids as shown in FIG. 3 by mechanical vibration with
aload applied in the same way as to the largest fraction.
The particles of the second size are deposited in the
voids of the particles of the first size so that the volume
of the mass remains unchanged. The position of the pis-
ton under the weight is also unchanged. This process is
repeated for each successive smaller sized particles.
The particles are thus compacted into a porous mass.
The spaces between the particles are in communica-
tion.

The green compacted mass has a predetermined po-
rosity. To reduce the porosity to the desired magnitude
or to cement the particles, tungsten deposits 31 are
produced in the pores by reducing a tungsten halide
with pure hydrogen at controlled temperature in the
range of 480° F to about 900° F. The spherical particles
A, B, C, 23, and 27 are bridged by the deposit.

A body having a desired form and a desired porosity
is readily fabricated in this way. The physical properties
of this body can be set by proper selection of the green
material and the cement and their relative properties
and is determined primarily by the particle geometry.

In FIG. 11 a photomicrograph of a body of tungsten
in accordance with this invention is shown. This body
includes particles 41 and 43 of two sizes. As can be
seen from FIG. 11, the deposited tungsten 45 cements
the particles together.

The apparatus shown in FIGS. 7, 8, 9 includes a man-
drel 51 on which a fine, cold drawn, tungsten wire 53
is wound. The mandrel 51 is rotatable by a suitable
drive (not shown) to effect the winding of the wire. Be-
tween the turns of wire 51 there are spaces 54. Because
of these spaces the green wound structure is porous and
the pores §5 are in communication. The mandrel 51 is
hollow and has holes 59 in its surface. A tungsten ha-
lide and pure hydrogen are conducted through the
pores and produces tungsten deposits 61 in the pores.
The deposit ¢1 is discontinuous as can be seen from
FIG. 8.
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In accordance with a further specific aspect of this
invention, the wire 53 may be wound on the mandrel
51 under tension and may be maintained in tension
while the tungsten is deposited from the halide. After
the deposit is completed, the tension may be relaxed.
A body formed in this way is prestressed and its
strength is increased.

The embodiment of the invention shown in FIG. 10
includes a perforated mandrel 71 on which a mesh 73
of fine, cold-drawn, tungsten wire is deposited. A tung-
sten halide and pure hydrogen are conducted through
the holes 75 in the mandrel. The mass is maintained at
a temperature which can range from 480° to 900° F.
Reduced tungsten deposits 77 are produced in the body
wound on the mandrel. The deposits start at the junc-
tions of the wires and spread out from these junctions.
The quantity deposited depends on the density of the
gas flow and the duration of the reducing process. Usu-
ally the deposited material is so small a proportion of
the body volume as not to affect the strength. The de-
sirable tensile properties of the wire is not affected by
heating to 900° F during the time required for cementa-
tion. The mesh may be pretensioned in different direc-
tions during the winding and the cementing to produce
a prestressed structure.

In accordance with a further aspect of this invention
a green body consisting of some one or more flat layers
of mesh or filaments or wires, prestressed, may be ce-
mented by deposition as disclosed to produce a plate.

While as a rule uniform deposition from the halide is
desirable, situations may arise where the cementing
substance should be concentrated in one part or an-
other of the green mass to achieve variable porosity or
other properties. Variable deposition is achieved by lo-
calizing the flow of the halide, varying its concentration
or varying the temperature of the green mass.

While preferred embodiments have been disclosed
herein, many modifications thereof are feasible. This
invention then is not to be restricted except insofar as
is necessitated by the spirit of the prior art.

I claim:

1. The method of producing a body of predetermined
substantially uniform communicative porosity through-
out, which comprises compacting more than one se-
lected size fractions of generally spherical particles, as-
sembled one size fraction at a time, to produce a po-
rous mass having a porosity greater than said predeter-
mined porosity, so that the distribution of the particles
is relatively uniform and the particles of smaller size
fractions are effectively nested throughout in the vol-
umes defined between the particles of larger size frac-
tions, the particles being selected from one or more
materials of the class of materials consisting of tung-
sten, rhenium, niobium, tantalum, silicon, zirconium,
titanium, vanadium, hafnium, chromium and molybde-
num, and reacting in the pores of said mass one or more
of the halides of said one or more materials with hydro-
gen to deposit said one or more materials in the pores
of said mass to cement said mass into a rigid body, the
quantity of said one or more materials deposited being
such that said body has said predetermined substan-
tially uniform porosity.

2. The method of forming a porous body resistant to
high temperatures typicalily exceeding 6,000°F which
comprises compacting more than one selected size
fractions of generally spherical particles of tungsten,
assembled one size fraction at a time, to produce a po-
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rous mass, each of said size fractions being mechani-
cally treated so that the distribution of particles is rela-
tively uniform and mixtures of different size fractions
being mechanically treated so that the smaller size frac-
tions nest throughout in the voids of the larger fractions
whereby a porous mass of substantially uniform poros-
ity is produced, and thereafter reacting within the pores
of said mass at a temperature which does not signifi-
cantly alter the mechanical properties of said mass, one
or more of the class of compounds consisting of tung-
sten hexafluoride and tungsten hexachloride with hy-
drogen to deposit tungsten from said compounds in the
pores of said mass to cement said mass into a rigid high-
temperature resisting body, the said reacting taking
place at a rate and temperature as to assure uniformity
of penetration and deposit and fine-grain structure of
the deposited tungsten.

3. The method of forming a body of substantially uni-
form communicating porosity throughout and of prede-
termined density comprising compacting into a mass of
a density smaller than said predetermined density,
more than one selected size fractions of a powder of
one or more materials of the class of materials consist-
ing of tungsten, niobium, tantalum, zirconium, tita-
nium, vanadium, silicon, rhenium, hafnium, chromium,
and molybdenum, the particles of said powder having
substantially spherical form, the particles being assem-
bled one size fraction at a time and each of said size
fractions being mechanically treated so that the distri-
bution of particles is relatively uniform and mixtures of
different size fractions being mechanically treated so
that the smaller particles nest throughout in the voids
of the larger fractions, whereby a porous mass of sub-
stantially uniform porosity is produced, said size frac-
tions being selected so that said mass has said smaller
density; and reacting within the pores of said mass one
or more of the halides of said one or more materials
with hydrogen or the like to deposit, without significant
alteration in the geometry and uniformity of the pores,
said one or more materials in said mass to cement said
mass into a rigid body, the amount of said material de-
posited being such that said body has said predeter-
mined density.

4. The method of claim 1 wherein the deposited ma-
terial is the same as the material of the mass.

§. A method for the manufacture of an element of
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construction resisting thermal shocks and mechanical
stresses, e.g. a rocket nozzle or nose by depositing of a
binding metal from the gas phase in the interior of a
preformed skeleton-like body, characterized in this
that a green body is produced by compacting of gener-
ally spherical particles of more than one size fractions
of a high temperature resisting and mechanically resist-
ing material, e.g. tungsten, to a porous body of cor-
resonding dimensions in such a way that a contiguous,
homogeneous pores-space of substantially uniform po-
rosity throughout is formed, the said size fractions
being assembled one size fraction at a time, so that the
particles of smaller size fractions are effectively nested
throughout in the volumes defined between the parti-
cles of larger size fractions, and further characterized
in this that a gaseous compound of the binding metal,”
e.g., tungsten halide, with a reducing agent, e.g., hydro-
gen, is brought to reaction within the pores of the
formed body in such manner that, without significant
alteration of the geometry and uniformity of the pores,
the binding metal is deposited in the pores and will ce-
ment the particles together.

6. The method of claim 5 wherein the material of the
green body is a metal which is the same as the binding
metal.

7. The method of claim 1 wherein the tungsten ha-
lides and the hydrogen are substantially pure, the hy-
drogen having been obtained by diffusion through a sil-
ver palladium membrane or the like.

8. The method of claim § wherein the porous mass is
formed of at least two size fractions of the particles of
generally spherical form, the smaller particles having a
diameter of 1/10 to 1/5 of the diameter of the larger
particles.

9. The method of claim 8 wherein each size fraction
is mechanically treated so that the distribution of the
size fractions is relatively uniform, and after being so
treated one size fraction is then compacted by rela-
tively small pressure and thereafter the other size frac-
tion is added and the particles of the smaller size frac-
tion are caused to nest in the voids of the larger size
fraction substantially uniformly by mechanical treat-
ment of the mixture of size fractions and the mixture is
compacted by small pressure and thereafter the halides

and hydrogen are reacted in the pores of the mixture.
* * * * *



