











Thus, it follows from the expression (5), that the
porosity of obtained material is unequivocally con-
nected with the parameters of process: T; TP P..
These parameters can be controlled and maintained
comparatively easily and with large accuracy on all
the stages of the process. In turn, this provides for
a solid, scientifically-justified warranty of the ob-
tained porous material quality maintenance. Be-
sides the listed conditions, the orientation of the
heat removal from the crystallising smelt plays a
large role for the needed structure obtaining. As the
porous structure formation runs similarly to eutec-
tic crystallisation, pores are always oriented perpen-
dicularly to the front of crystallisation, Therefore to
obtain the pores with radial orientation, the radial
heat removal is necessary, and to obtain the pores
axial orientation , the axial orientation of the heat
removal is needed.

3. Structure

Porosity is the ratio of the emptiness volume
to the total volume; it makes a structural parameter
commeon for all the porous materials without any
exception. It is an additive property, not reflecting
the geometry of structure and determined by the
specific character of the material ‘obtaining and
application.

The second additive parameter, only partially
reflecting the CPA structure, is its permeability.
This parameter depends on the pore space geome-
try in a complex and ambiguous way. The major part
of the CPA , obtained by the method of smelt
foaming, have a so called cellular structure (Fig.2,),
formed by the bubbles walls. The forces of surface
tension make the walls between adjacent bubbles
the flat ones. The cells size in such materials
depends on several technological parameters and
can be controlled with great difficulty. The second
parameter of cellular structures, i.e. the thickness
of the walls between cells, can be controlled very
unreliably too. The cells walls are usually covered

with the substance, introduced into the smelt to
reduce the surface tension or to increase the smelt
viscosity. For example, by the manufacture of
foamed aluminium according to the USA patent N
5112697, the cells walls are practically completely
covered by the particles of silicon carbide.

The structure of the CPA , obtained by the
method of the removed granules pouring, is formed
by the pores, shaped like the granules, and by the
interpore walls and channels, communicating the
pores with one another (Fig.2, 6). In these CPA, the
pores size can be controlled comparatively precise-
ly, as the pores follow the the granules size and
shape which can be selected with given accuracy.
As to the interpore walls thickness, it varies largely
and can be controlled with great difficulty. It should
be very small, because thick walls render the
granules chemical removal impossible. The inter-
pore channels are controlled also with great difficul-
ty.

By the non-removed spheres pouring with
smelt, the structure consists of three components:
the sphere inner volume, the spherical shells
themselves, and the metallic matrix surrounding
them(Fig.2, B). The main parameters in this struc-
ture are: the outer and inner diameters of spherical
shells, as well as the distance between the spheres
outside surfaces. The CPA, formed by pouring of
pipes or other similar bodies, have similar structural
parameters. If the bodies poured with smelt are not
fixed inside the mould, the average distance
between them can not be controlled with great
accuracy.

If the CPA is formed by the removed skeleton
impregnation, its structure follows the geometry of
this skeleton. Then the structure can vary with
respect to its elements shape. The only common
feature will be the channels presence, providing for
the isotropic or anisotropic impregnation of the
removed skeleton. The CPA , obtained by the
realisation of gas-eutectic conversion in the alloy -
hydrogen systems, differ so largely from other
porous alloys with respect to their structure, that

a

Fig.2. The outlines of the typical cellular structure of foamed metal (a), and of the CPA structures , obtained by the method
of the smelt pouring on removed granules (b) and by the methed of smelt pouring on empty non- removed spheres (¢)
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Fig.3. The outline of the CPA structure , obtained by the gas-cutectic conversion realisation

they have got the specific name of gasars . This
word is generated from the Russian words “rein-
forced by gas"” . Various types of gasar structure can
be obtained, depending on the processes parame-
ters, described above. Fig.3 illustrates the main
types of gasar structures. The pores size in these
CPA can change in the range from 10 mem to 10
mm, and porosity can reach up to 75 %. The pores
walls in gasars are absolutely clean and smooth as
a mirror. Interpore walls make a pure alloy, not
polluted by impurity or additives. The ratio between
pores size and total porosity is a very important
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Fig.4. The ratio between porosity and pores diameter,
obtained for various porous alloys:

1 - radiation pores; 2 - sintered powders; 3 - sintered fibre;
4 - foamed metals and cellular materials; 5 - gas-reinforced
materials -gasars.

characteristic for any porous material. The wider
range of this ratio is, the more universal the
material is . For gasars this ratio is rather high (Fig.
4).

4. The properties of CPA

4.1. Mechanical properties

As porosity grows up, strength reduces practi-
cally for all CPA, and this reduction is not a linear
one- strength drops considerably more intensively.
This can be explained by the fact , that CPA mainly
include the sites making the concentrators of
pressure. Besides, strength is considerably reduced
by the substances, covering the pores surface, as
well as by the additives, necessary to increase the
smelt viscosity.

One should specially dwell upon the gasars
mechanical properties. Firstly, it should be men-
tioned, that their strength is considerably higher( at
equal porosity ), than of the CPA known before.
Besides, in a large range, the fal] of strength goes
proportionally to the growth of porosity. The most
interesting fact is that at small pores size( less than |
50 mmj}, the strengthening of material is observed
comparing with the monolith , possessing the same
chemical structure. Besides, gasars are easily
subject to working by pressure and cutting; that

makes their advantageous difference from many
CPA .
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4.2. Thermal properties and
conductivity

All CPA have the lowered heat conductivity,
decreasing practically proportionally to the growth
of porosity. Heat conductivity is further reduced by
additions, lowering the smelt surface tension and
increasing its viscosity before foaming.

The CPA heat capacitance does not depend on
its structure and depends only on the chemical
composition of a particular material.

The conductivity varies similar to the heat
conduclivity, i.e. it reduces as the quantity of non-
metallic additions and porosity grow up.

The gasars heat conductivity should be special-
ly dwelled upon. The hydrogen presence in closed
pores makes the gasars heat conductivity higher ( at
equal porosity ) than that of other CPA . Heat
conductivity rises particularly high for the gasars
whose pores are filled with hydrogen under the
pressure higher than 10 atm. The cases even occur,
when the gasar heat conductivity becomes higher
than that of the monolithic alloy. The latter is
explained by the fact, that at the favourable pores
orientation, heat in gasars can be transferred by
hydrogen convection, occurring with a very large
speed.

4.3. Damping properiies

All the CPA have high damping properties.
This is connected with large loss of energy for
plastic deformation in low-elastic medium. This
property strongly depends not only on chemical
composition and total porosity, but also on
structure, though its influence is very complex and
ambiguously. One can only predict theoretically,
that as the metal skeleton rigidity will grow up, the
CPA damping ability will reduce. Though this rule
will not obeyed to in a wide pressure range.

4.4. Corrosion resistance

The weak point of all the CPA is their low
corrosion resistance in comparison with the mono-
lithic material having the similar chemical struc-
ture. It is connected with the large specific surface
and the presence of very active sites with strong
negative curvature. Besides, some adverse contri-
bution is made by the additives specially entered,
that imply the structure chemical non-homogeneity
and the alloy elevated electrochemical activity. To
increase the CPA corrosion resistance, one can
resort to the surface conventional protection by
proof plating, or use some corrosion- proof alloys.

5. CPA application

Permeable CPA find a wide application as
filters, catalyst carriers , flame-arresters, heat-

exchanging devices, the noise and vibration sup-
pressers, the liquid and gaseous fuel atomisers,
amalgamators, the phase dividers ( gas - liquid ),
evaporators-condensers, the matrixes of composite
materials, the elements of thermal pipes.

Proof CPA are used for manufacturing of self-
lubricating bearings, implantants in medicine, fric-
tion pairs, light and strong constructional materials,
absorbers of electromagnetic radiation ( in particu-
lar of the solar one ), absorbers of neutrons, heat
isolators, decorative materials, high-temperature
condensers,

Taking into account the gasars specific proper-
ties, let us dwell upon in detail on the prospects of
their application in modern engineering.

We offer some examples. The gasars use as
filters permits to considerably increase the produc-
tivity at the expense of the liquid or gas pressure
increase. Besides the filters of gasars can be
subjected to practically total regeneration by the
method of return flow. Such filters have lower
hydraulic resistance and do not require any replace-
ment.

The bearings of gasars can be used at substan-
tially higher loads, at the expense of their high
strength. They absorb considerably greater volume
of lubrication without appreciable reduction of
strength up to 50 % of porosity. At the expense of
anisotropic pores orientation, they do not lose
lubrication and can work much longer than the
usual ones,

The porous elements in electrochemical cur-
rent sources, if they are made of gasars, do not
destroy even at large mechanical loads, vibrations
and long operation. :

We can obtain the gasars with the structure,
very close to that of a natural bone. Therefore their
use as implantants and materials for prosthetic
appliances making looks rather promising. They
have small specific weight and firmly knit with bone
tissue.

Friction materials of gasars look especially
promising for automobile brakes, air wheels and
railway transport. This is connected with their high
strength and the opportunity to maintain the neces-
sary pores orientation with respect to the plane of
friction.

Gasars have some doubtless advantages as
light constructional materials, used in the air and
space engineering, as their strength, especially at
high porosity degree, is much higher than the
strength of conventional porous metals and alloys.

The opportunity to regulate the pores shape
and orientation in gasars permits to achieve more
efficiet and homogeneous spraying or mixing of
liquids and gases in motors, chemical reactors, air
conditioning equipment etc.

The gasars ( with cylindrical pores ), because of
their strength and comparatively low resistance to
the liquid or gas flow, are advantageous to be used
in gas- liquid dividers, capillary pumps, catalyst
carriers, thermal pipes, flame-arresters, composite
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materials, absorbers of neutrons and electromag-
netic radiation, condensers of liquids from steam.

The gasars high ductility and tightness (in the
case of ellipsoidal or spherical pores ) permit to
produce out of them perfect high-temperature
gaskets and heat-isolating lining.

It should be specially mentio™ 2d, that gasars
can be used in essentially new applications,
where the usual porous metals and alloys are
impossible, or unreasonable to be applied, be-
cause of their structures and properlies.

For example, the gasars with closed pores can
serve as effective accumulators of hydrogen. The
hydrogen concentration in them can reach up to
1,5 % (by weight); that can be compared with
hydride accumulators. But gasars are considera-
bly cheaper. ]

Because of their low cost, the gasars with
large pores are possible to be used as original and
rather attractive decorative material in construc-
tion, by manufacturing of fixtures, household
instruments and etc.

The honeycomb structure and high heat
conductivity in the direction of pores orientation
can make gasars competitive when manufactur-
ing absorbers of the solar energy both on the Earth
and in the space,

The gasars with continuous cylindrical pores,
because of their large specific surface, can very
fast accept and give back heat at contacts with
liquids and gases. Therefore their use in heat-
exchanging devices will sharply reduce the metal
consumption and increase the productivity,

6. Conclusion

To the author opinion, the prospects of the
CPA use are rather vast; however, this way faces
several problems; without their solving, the use of
CPA will be limited only by the most necessary
variants, where the use of other materials, in
particular of monolithic ones, is impossible.

The reduction of cost can be considered as
the most important problem; now it considerably
surpasses the cost of monolithic materials with
similar chemical structure,

It is also very important to find the ways to
increase the CPA strength , especially at porosity
more than 50 %, when its value becomes very low.
A large attention should be paid to the CPA
corrosion resistance increase, though the oppor-
tunities in this line are strongly limited by the very
structure of these materials.

As the present experience (though not vast)
of the CPA use shows, many operational charac-
teristics of these materials depend on the method
of their obtaining. The universal CPA to be used
in all the cases, simply does not exist; each
material is good and bad in its only way, and it
is important to correctly select the combination

of properties and the area of application of each
material.

Still, some gasars advantages as compared with
other CPA, should be mentioned; they are stipulated
by their following distinctive characteristics:

- high strength and rigidity;

- the opportunity of manufacture of a hermetic {
proof ) and non- hermetic (permeable ) material;

- the pores diverse shape;

- the pores diverse orientation in a product;

- the mirror-like cleanliness of the pores surface;

- the good workability by cutting, pressure,
welding and soldering;

- wide range of pores diameters:

- relatively low cost;

- comparatively simple technology of manufac-
ture; '

- the opportunity of alternation of porous and
monolithic layers;

- the opportunity of porous layer obtaining on the
surface of a monolithic product.
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