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Abstract

The paper summarizes published data and also dathigechnology, structure, applications, and
properties of gasars — new porous materials baseg-eutectic reaction in metal-gas systems. The
method consists of melting a material in any gasoaphere containing hydrogen, oxygen, nitrogen
or those mixes and solidifying under controlledrthedynamic and kinetic conditions. The materials
produced by this method, have a monolithic matrid pores of proper geometric shapes, providing
to gasars higher strength, plasticity, thermal eledtrical conductivities as compared with those of
other porous materials. Gasar is recommended @@pgctive application as filters, bearings, metal-
matrix composites and etc.

Introduction

Porous materials usually are designed for speoiggsties and they are most often classified by the
method of manufacture. Gasar-process and its gadvdsis are completely different of well-known
technologies so it was distinguished as new clapsmus materials [1, 2].

The scientific base of gasar technology [3] waaldished in National Metallurgical Academy of
Ukraine 1979. The first USSR patents (1980 -198&3)ewere confidential, as gasars were used in
military rocket and spacecraft industries. Thusitiiermation was beyond the reach of the general
public until 1989 when the USSR patents were remddrk@am secret listGasaris the word an

acronym of Russian expression meaniggsreinforced" In 1993 it was published US Patent #
5181549 “Method of Manufacturing Porous Articleahd gasar technology was described in detail
[3,4]. But the first open information about poskipito obtain ordered porous structures at gas-
eutectic solidification was shown up much earlidr980 - in Foundry Russian magazine [5].

Since 1981 to 1989 four gasar devices were builtaii-known rocket factory "Uzmash" (Ukraine);
one - in Moscow (Russia); five devices — were binlta Special Design Bureau at National
Metallurgical Academy of Ukraine. One device wadthn Kiev (capital of Ukraine) for titanium
gasar produce in 1997. At present there are a gfasdlr device in Washington DC (1995) and large-
scale industrial device in Sandia National Labaiato(1996 — USA, New Mexico state). New kind
of gasar furnace is building now in MER Corporatiducson, Arizona). Another gasar device is
pre-arranged to build in Foundry Research InstiffReland) soon. A small gasar device was
designed by Ukrainian engineers 1995 and madepanJa997 in Osaka University (Japan). But
now gasar material technology got strong finansigdport from big Japanese companies and it is
going up very fast. In Japan gasar materials wameed lotus structure materials [6].

Gasar technology fundamentals

Key phenomenon underlying gasar technologgas-eutecticreaction, which was discovered in
metal-hydrogen systems not long ago in Nationaldiligtgical Academy of Ukraine (1971-1979).



The reaction represents simultaneous formatiorotid &nd gas from liquid metal-gas or ceramic-
gas solutions and takes place in materials hagasyeutectic phase equilibriur(Figure 1). There
are many Metal-Hydrogen systems (for example thélABe-H, Cr-H, Cu-H, Fe-H, Mg-H, Mn-H,
Mo-H, Ni-H, Ti-H, W-H, Fe-C-H) displaying gas-eutexequilibria in the melting range [7].

Basically gas-eutectic reaction can be observedome Metal-Oxygen (Ag-O; Fe-C-O; Cu-0),
Metal-Nitrogen systems (Fe-N; Ni-N; Cu-N; Mn-N) addferent kind of ceramics which saturated
with hydrogen, nitrogen, oxygen or those mixes [Bis possible to use gaseous carbohydrates and
gaseous water too. But we believe hydrogen is twt because it can be entirely removed from
gasars by heat treatment in vacuum after gasastgteuformation.
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Figure 1. T-C-P view (left) and three isobaric sectiongltft) of abstract Metal-Gas phase diagram
with gas-eutectic equilibrium.

For example order gas-solid structure was obsdarvedkilled steel (Fe-C-O system) long time ago.
But it was not distinguished as result of gas-digeeaction. They said just about chemical reactio

between carbon and oxygen and could not imagirggra€ture control possibilities. We are sure the
Fe-C-O system can be very perspective base for gagduction because of its inexpensive, safety,
and possibility to make high-ordered honeycombcstme at noncomplex conditions.

Gasar’s Structure

Gas-eutectic and usual eutectic reactions have aconieatures [7, 8]:

Convection-diffusion nature of the transformations,
Possibility of obtaining order two-phase or multigse structures, and
Formal resemblance, of the Temperature-Concentré&fi€) equilibrium diagrams.

But there are fundamental distinctions, which raliijcdistinguish the reactions. First of all ithgh
sensitiveness of gas-eutectic reaction to presshenging. So the gasar structure are largely
determined of gas pressure over the solidifyingtnagld on inner hydrogen-liquid interfaces
(growing bubble surfaces). The pressure changisddrge effect on the structure formation because



it shifts gas-eutectic point (2 2° 2"”) to the right and down and changing gas-sohdio at
solidification (Figure 1, right). The pressure isry powerful gasar technology parameter and it
allows obtaining different kind of structure. Digerpore morphologies including alternating porous-
nonporous layers can be produced by tailoring ttesqure (Figure 2). Solidification velocity and
pouring temperature are much less effect paramiténe technology.
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Figure 2. Pore shape formation at different outer pressanglitions: a- constant pressure and other
parameters of the process — cylindrical shapendreasing pressure — conical convergent shape; c-
decreasing pressure — conical widening shapejlding pressure — solid-porous structure.

Not so large pressure changing can occur insideiggopores at moment of bubble separation and
floating-up (quasi-boiling). But it can causes pshape changing or even shut them down (Fig. 2).
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Figure 3. Grow evolutions of a pore during quasi-boilingdagonstant outer pressure: above —
goffered pore shape formation; below - slammingtighe pore.

Hypoeutectic metal-gas alloys can form “inversedi#e” ordered pore structure (Fig. 4).



Figure 4. Grow evolutions of a pore in hypoeutectic metad-goy during “inverse dendrite” pore
shape formation.

Second distinction consists in pore nucleationuesatinception of the bubbles is heterogeneous and
always occurs on existing discontinuities in thguid bulk or at the liquid/solid interface [6]. The
discontinuities may vary in nature, like:

Regions where the liquid does not contact the goladion front,

Small pits and cracks on the surface of high-meglgarticles suspended in the melt,
Small pits and cracks on the mold walls.

Gas bubbles entrained from the atmosphere duririgpoering or stirring,

Bubbles formed in passing a gas through the melt,

Bubbles caused by cavitation.

Heterogeneous nucleation regularities are wellistudSo it is simply to apply them for gasar
technology and obtain necessary pore number derige growth brakes and nucleation of new
pores may occur all through the solidification. Ey1no gasarite pores are nucleated on the mold
surface and nonporous metal skin 0.05-2.0 mm tfocikns first. According our experiments the
gasar pore nucleation takes place mostly on smatibn front where local gaps can appear between
solid and melt.

Most often ellipsoidal pores are observed in gagagure 5. But it is possible to see more

complicated shapes (Figure 6). An ordered spatablination of solid and gaseous phases we
namedgasarite by analogy with well known structures like peajikedeburite, and martensite.

)




Figure 5. Common pore structure of gasars: 1 — combinatfiqraallel and radial ellipsoidal pores
in one sample; 2- parallel cylindrical pores inddndinal section; 3- parallel ellipsoidal pores-4
radial ellipsoidal pores (everywhere pore diametebout 0.25-0.5 mm).



Figure 6. Special pore structure of gasars: 1 — globularegof — crimped conic pores; 3 —
alternating porous-solid structure; 4 - “inversendige” pore structure; 5 — shapeless pores; 6 —
arterial pores.

The elongated pores always have simile natureiehtation. The general orientation is directed by
heat sink conditions during gas-eutectic solidifma The growth velocity vector is always normal
to the solidification front at the pore initiatiosite. Therefore, any misalignment of pores is
associated with local nonplanar areas of the swiadion front.

The pore size distribution is dependent oragtes formation conditions and generally is not
ideally uniform, because of several reasons [6]:
Concurrent growth of large and small pores;
Coalescence - at result of near by pores contagtsranching of pores ever occurs;
Local solidification speed changing;
Local pressure changing on gas-liquid interfaces

Some distinctive properties of gasars

Most essential advantages of gasars to well knoevoys metals are: relatively high strength, low
cost and high productivity; and diversity of pescstructure.

Mechanical tests of gasars have shown that diretipores below 10in diameter make them
superior in strength to monolithic materials havihg same composition (Figure 5). Gasars are well
suited for machining and forming, allow hardeningdonventional heat treatment, possess unique
damping capacity, can be produced with a heat adiwly value lower or greater than the one for
the monolithic material and have good capacitylbisoab vibrations and sounds.



Figure 7. Mechanical properties as a functional of poroddy various porous materials f —
strength of porous material;s - strength of solid material: 1 — yield stresCof-gasars; 2 — tensile
strength of Cu gasars; 3 - tensile strength oesaat Cu wire; 4 - tensile strength of sinteredibef,

5 - tensile strength of sintered Fe powder; 6 siterstrength of sintered W powder; 7 - yield sires
on the basis of specimen actual cross-sectionfardau gasars; 8 — tensile strength on the basis of
specimen actual cross-section area for Cu gasars.

Because of very low admixture concentration and afiiric matrix gasars have relatively high heat
conductivity and electro conductivity (Fig. 8, 9).

Figure 8 - left. Relative heat conductivitya) and temperature conductivitly)(of porous metal
materials: 1- gasar heat conductivity; 2-gasar tmatpire conductivity; 3- heat conductivity of
powders; 4- heat conductivity of cellular materi&sheat conductivity of fibers.

Figure 9 — right. Relative electro conductivity: squares — Ni gasdagjgers sintered Ni fibers.

Gasar’s application

Generally gasars can be used everywhere where onaterials are using at present. First of all:
filter elements, fuel sell material, self-oilingdyegs, chemical cells, damping materials, fricéibn



materials, heat exchangers, lightweight constractioaterials, fuel spray nozzles, composite
materials, catalyst carriers, flame arresters,sanaon.

In former USSR gasars were used for non-inflammataastruction magnesium panels inside
spacecrafts, catalyst carriers in single-compormket engines; first walls in two-component rocket
engine (Figure 8, a); evaporative heat exchanigerscket engines; fuel-oxygen spray nozzles in
liquid rocket engines and diesel engines; seifigibearings rolling mills. Now in Ukraine bronze
gasars are using in petroleum refineries like lyiginbductive filters (Figure 8, b).

Figure 10. Rocket combustion chamber (inner diameter 100mme pize 100) with cooper gasar
inner wall (a) and oil high pressure filter withobze gasar filter element (inner diameter 200mm,

pore size 25).
Prospects

Generally speaking several disadvantages prevenapplication of porous metals on wider scale.
The majority drawback is the high cost due to thdtiple steps involved in the manufacturing
process, and the low production rates. There aedifficulties in engineering a desired pore space
structure. Problems are posed by the poor corrasisistance, machinability and weldability, and by
the complexity of mechanical joining with similaraterials or poreless parts. Clearly, the prospects
of porous metals depend on whether these and dis&tdvantages will be eliminated, be it through
improvements in conventional process or by the adekrevolutionary technologies.

Porous metals formed by gas-eutectic reaction areicplarly promising. Among the advantages of
gasars over conventional porous metals, are:

Improved strength and rigidity,

Ease of fabrication and relatively low cost,

Flexibility in regard to the permeability,

Possibility of making various pore space structure,
Wide range of the pore diameter ( from 5u to 20mm),
Feasibility of control over pore shape and origotgt
Good weldability and fabricability, and
Unprecedented formability.
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