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ABSTRACT

The paper presents a method for producing gasang a high-temperature plasma torch. Partly the
data was obtained in 1980-1992 in former USSR (mRwssia and Ukraine). Mainly the paper is
dedicated to the latest results obtained in the W82004-2009 using fundamentally new method for
gasar manufacturing — Plasma Scanning System @®I99SS device.

INTRODUCTION

A method for producing gasars using a high-tempeggblasma torch was invented in 1987 in USSR [1]
and next it was greatly improved in 1996 in Ukrajggand in 2007 in USA [3]. Due to ionization of
hydrogen, nitrogen or other active gas, a high eotration of the gas within a small molten portain
metal is achieved. Therefore, in order to produgsags using such method, a high-pressure activis gas
no longer required. Utilization of this method &t® producing gasars based on practically any noetal
alloy, including such refractory metals as tungsted molybdenum.

Common Gasar Ingot and Castings Producing

First the method was used for produce tungstenylmdehum, and ceramics gasar ingots and castings.
The porous materials were used in rocket enginesiing for high temperature catalyst supports. Letyp
gasar device (Fig.1) was designed and built. Thanigue includes two main stages: melting of the
initial material by high temperature plasma torohactive gas atmosphere; pouring the melt into a
casting mold with following solidification. Durindjirst stage the melt is saturating with active gas
(hydrogen, oxygen and so on). Saturation presssually is 0.05-0.5 MPa. It is enough for reaching
high porosity level for any metal and ceramic. Awest version of first stage is melting in inert
atmosphere and superheating the melt to 200%680Qnder melt point, than tern the arc off and next
filling the device with an active gas.

On second stage gas-eutectic reaction is goinghglwgolidification and porous structure is forming.
Pore size, pore shape and pore distribution defi@ma solidification condition as usually for gasar
technology [4] and porous structure of metallicagasan be very various [5-9].




Fig. 1 General schematic of producing gasars by-tegperature plasma torch melting: 15- high-
temperature plasma torch; 16- plasma flow; 4- tiggaturated with hydrogen or other active gas;® an
10 - gasar bodies; 27 — water cooling copper sauitible; left — device position during melting and
saturation, right — device position during melt pog.
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Fig. 2 Typical structure of ceramic gasars (a) lmelge structure (b) (pore diameter about 1 mm); c
top surface view of ceramic ingot (ruler size isidéhes).

Ceramic gasars have typical structure almost sharemetal gasars (Fig. 28, a). But sometimes we met
unusual lineage structure (Fig. 2, b) we never ofesen metal gasars. We have no explanation the
phenomena yet.

Gasar Coating Producing

Once modified, this method can be used to pregwcous coatings on monolithic products by melting
just a surface layer of the material. In this cagérogen or other active gas is supplying in aespia
(3000-5008 C). The gas is ionizing and saturating small ligpool very fast. Than during cooling and
solidification gas-eutectic reaction takes placadAyasar structure is forming in the surface Iqig.

3).

Fig. 3 General schematic of producing gasar coatimg high-temperature plasma scanning system
(PSS): 23- water-cooled chiller (if it is necesgafyp- high-temperature plasma torch; 16- plasrowa;fl

4- liquid saturated with hydrogen or other activas;g10- gasar coating; 26- device for supplying
hydrogen in form of a gas, liquid (for example, @tor solid particles (for example, hydrides) he t
arc melting zone



Fig. 4 Macrostructure of porous coatings havindedént pore size and shape: a- austenitic stainless
steel; b- aluminum alloy; c- titanium alloy; d- Re bronze; gasar layers thickness about 5 mm.

Free Forming PSS Technology

In case we will supply base material in high penature plasma zone (powder, wire, strip, andrgo o
we can build gasar structure layer by layer in singpe and any size. Active gas can be suppliettin a
zone not only gas state but liquid state or sobdpounds (water, hydrides, hydrocarbons, oxides)
which decompose at high temperatures producin@¢hiee gases. For PSS method gasar producing it
is not necessary to utilize high gas pressure Isecactive gas ionization and very high plasma
temperature gives possibility to have high actias goncentration in liquid pool under plasma torch.
Low leaking chamber is necessary for increasingugesidation. The chamber can be filled with inert
gas or any active gas at low pressure. Anotherradga of this method is a possibility of producing
gasar articles of practically any size and shapé werfectly uniform structure throughout the emntir
volume. In order to produce gasars using this ntktho casting mould is required, since the product
itself is formed in a layer-by-layer manner, whilee movement of plasma torch is controlled by a
computer (Fig. 5, 6). PSS method can produce gdmseasd on any metal or alloy includes titanium,
tungsten, and molybdenum. Porosity can be open Tlrigr closed (Fig. 8)



Fig. 5 General schematic of producing gasars bli-tegperature plasma scanning system (PSS): 23-
water-cooled chiller or graphite plate or ceramiate or any metal substrate; 15- high-temperature
plasma torch; 16- plasma flow; 4- liquid pool sated with hydrogen or other active gas; 10- gasar
article; 26- device for supplying hydrogen in foaha gas, liquid (for example, water) or solid paes

(for example, hydrides) to the arc burning zone; @&ice for supplying base material in the fornaof
powder, wire or tape to the arc burning zone.

Fig. 6 General view of plasma scanning system (Rig8ice at MER Corporation: 1- computer control;
2- wire feeder; 3- low leaking work chamber (plasior@h inside); 4- powder feeder



Fig.7 Three dimensions titanium gasar articlesiiguaipen porosity

Fig.8 a- helicopter titanium gasar part made by P&®ing closed porosity; b- multilayer porous
stainless steel panel

CONCLUSION

It is our strong belief, that gasar materiall be recognized among well-known porous constounl
and functional materials because of their diverseicgire, attractive properties and potential
applications [10].



So far, technology for producing gasars has ssen®us problems. The main problem is associated
with the need to utilize high-pressure equipmerd bydrogen as a major problem. In addition, it is
difficult to producing gasars with uniform structuand properties in bulk quantities. Another very
complex problem is related to production of gasased on multi-component alloys, including hydride-
forming metals (e.g., titanium, vanadium, and ziiom). Obtaining an ordered gas-crystal structare i
such materials is quite complicated.

As shown above, these problems can be resolnethe nearest future. There are reserves in
technological approaches for producing gasars, sischecently proposed method of a layer-by-layer
scanning of a high-temperature plasma flow or ldssam resulting in production or gasar articles
without a casting mould. This PSS technology isyveell addition to tradition gasar production
methods.

In this respect PSS gasar production is verynmimg because gas ionization sharply increases
saturation speed and gas concentration in liquad pp to gas-eutectic composition.
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