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SUMMARY 
I. 

~~~~~~~L
Recent advances in high temperature chemistry and the availability of nove l
plasma furnace techni ques , now make it possible to produce a whole new
range of materials of widespread Service interest especiall y for explos i ves
and powder metallurgy . Applications are described in the context of chem i cal
ori gin and comparison with existing technology . Important advantages are
foreseen in the availability of very hi gh temperatures for the preparation
of products of carefull y controlled phys i cal and chemica l composition . In
particular , the availability of a wide range of distilled powders having a
very high specific surface and being quite different in behaviour from
conventionally produced powders, would seem to offer many new development
opportunities.
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1. INTRODUCT I ON

t Ir~ modern weapon development there are an increasing number of i tems which
require special materials. These include opt ical , Infra red and electronic
devices , projectile and rocket components and also propellant and
explos i ve fillings . Very often conventiona l production methods are not
suitable for these special materials and novel manufacturing and processing
techniques are required . The items i nvolved may be broadly divided into
two groups : those requiring intense momentary J ocalised heating of part
of some larger body , and those requiring continuous hig h temperature
processing of bodies under controlled conditions for a predetermined
period where stringent temperature and purity criteria have to be
satisfied. The firs t group inc l ud i ng a wide range of englneerin9 fabrica-
tion applications such as welding are considered briefly below (1J , whilst
the latter , wh i ch usuall y require a furnace of some kind , are only now
becoming feasib!? due to advances in hi gh temperature technology .

2. LOCAL ISED HEATING APPL i CAT IONS

The cutting , welding , spray ing and surface hardening of a wide range of
materials both metallic and non-metallic may be readily carried out by a
variety of hig h temperature processes. Equi pment is now available in which
the arc, glow discharge , plasma and recently the laser techni ques may be
used. Of these therma l methods , plasma and laser are the most versatile ,
producing minimum damage and contamination in surrounding materia l . For
cutting , a hi gh energy flux (of the order of 1 kJ/mm2) produces intense
local ised heating resulting in material remova l by a number of mechani sms
wh i ch may i nvolve melting , vaporisation , pyrol ysis and/or chemica l reaction
in the plasma state.

A quantitative theory relating possible cutting speeds to power Input for a
wide range of materials has been published (2)~ 3) , and it postulates
chemica l cutting mechanisms in addition to the processes of melting ,
vaporisation and pyrolysis . When certain organic materials are plasma cut ,
the carbon residue produced initiall y by pyrolysis reacts with both hydrogen
plasma and nitrogen plasma thereby augmenting the cutting act i on of the
plasma jet.

Other organic materials do not seem to undergo initial pyrol ysis , but
vaporise Immediately and undergo a homoQeneous gas phase reaction . An
important feature of this work has been ~he ability to determine the mechan-
ism energ ies for a wide range of non—metallic materials and It has been shown
that this could form the basis of a comprehensive guide to like l y cutt ing
speeds and modus operandi.

3. GENERA L -HEATING APPLICATIONS

A useful techni que in study ing the hi gh temperature chemistry of condensed
phase materials in plasma , Is to entrain a stream of finely divided material
within a plasma jet produced by an arc or RF discharge . The reaction
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products are then quenched and collected. This entrainment technique has
been used for a wide range of app lications including the preparation of
various powders, the spray ing of refractory materials in the manutacture
of tungsten rocket nozzles, the grow i ng of large sing le crystals and the
prepa ration of pure boron (4). The entra i nment techn i que is , however, of
limited app lication because of the indeterminate res i dence time of
the entra i ned particle in the hi gh temperature zone of the plasma jet and
because it has been shown that heat losses by,r~diat ion from small
particles may be large under these ~on~ itions ’*5~.

For the app lications described subsequently, wh i ch require prolonged
heating in the temperature range above 1500 K in a variety of chemica l
environments , it is necessary that new furnace techniques be developed .
These techniques are described in Section 5. The app lications themselves
are divided into three groups associated with solids , li quids and vapours
respective l y and each group is sub—divided into areas of scientific/
technolog ical app lication .

3.1 Solids

3.1.1 Purification

Certain materials wh i ch are difficult to purify have been processed by the
entra i nment technique using an inert plasma stream to evaporate impurities.
In RARDE boron has been p rocessed for nuclear purposes as a moderator by
upgrading from 92~ to 98~ purity. Further purification could be achieved
by repeating the treatment. Othe r app lications invo l ve the remova l of
oxide and/or nitride films from refractory and reactive meta l powders.
Process efficiencies should be imp roved dramaticall y by the application of
new furnace techni ques wh i ch give longer reaction times.

3.1.2 Decomposition

In mine ralogy , complex intractable ores may often be resolved into simple
mixtures by appropriate hi gh tempe rature treatment. Examp l es of commercial
interest include rhodon i te -

~~ manganese ox i des + silica , ilmen i te -
~ titania

+ i ron oxi des , bery l ± bery l l ia , alumina + silica , euxenite + uran i um
diox i de + titan ia and zircon sand -‘ zirconia + silica . latter ‘fuse
quench’ process, produces zirconia from a leachable glass ’ . Very recentl y,
a ‘new ’ process for the manufacture of molyI~dçnum by decompos i ng mol ybden i te
MoS2 in a plasma furr~ çe has been announcedt7l . The method was first
demonstrated in l964’°’.

Military app lications could i nvolve decomposition of a complex in situ ,
perhaps in certain fabrication techni ques , eg in the production of mil itary
stores by a casting process , burnt—on slag deposits could be made easil y
removable. Another important app lication is the safe disposal of chemical
and biolog ica l weapons by reaction with plasma .

3.1.3 Reduction

In addition to the decomposition method described above~~~, it is possible
to reduce to the metal certain unreactive ox i des and suiph i des with carbon or
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hydrogen if sufficient l y hi gh temperatures are employed . Pyrophoric metal
powders (iron and tungs ten) have been produced by injecting oxi de particles
into a piasma (9). Alternatively some refractory metals may be readil y
obta i ned in a hi gh state of purity by first converting the oxide to a
volatile halide by treatment with carbon and a halogen : MO + C + + MX2+
+ CO and then pyrol ysing the halide usuall y on a hot wire .

3.1.4 Carbon and carb i des

An i mportant aspect of p lasm ic heating sources is that carbon need not be
present. There are , however , applications where a hydrocarbon gas is added
to a nominall y inert atmosphere to achieve deoxidation , carburizat ion , or to
produce free pyrolytic carbon as a coating or ppwder. The techn i que has
been used by RARDE to make hi gh purity carbide(. Other related app lications
concern the manufacture of fibre materials by plasmic pyrol ysis and the
potential use of certain carbides , especially boron and silicon , both as
potential armour and as armour defeating materials.

3.1.5 Nitrides

These are obtained by reacting finely divided materials in nitrogen plasma .
Yields over 50~ have been obta i ned for certain metals by the entrainment

• techni que but further improvement may be expected . Plasma produced
alum inium nitride has been considered as a source of isotopes for the
carbon dating techni que. Currentl y ERDE are developing for RARDE improved
i gn i ferrous compositions to be used in an existing type of stab initiated
i gniter. Metal po~jde~s are incorporated in these compositions to improve
the i gniting power~

10). The presence of metal powders , however , causes
enhanced electrostatic sensitivity , which mi ght be reduced by isolating
the metal particles from the compositio n by means of a suitable thin
coating. A nitride layer mi ght be suitable for this purpose ; it could be• readil y obtained by reacting the metal powder with nitrogen plasma under

• controlled conditions. Since the metal nitride coatings are endothermic ,
they would not be expected to have a detrimental effect on the i gniting
power of the compositions (see Section 3.3.1). The use of glow discharge
plasma for nitriding a wide range of materials has been known for many
years (ll); recentl y, however, commercial equipment for continuous process-
ing has become available in Germany (12) . This process appears to offer
advantages over conventional gas nitriding and salt bath methods and mi ght
supp lement RARDE ’ s existing p lasma techni ques.

3.1.6 Borides, Sulph i des, sil icides etc

A vast range of compounds may be synthesised at hi gh temperatures by
reacting a metal (or metalloid) with a volatile hydride or halide ; for
example borides may be synthesised by the reaction 3M + 2BX + M B2 + 3X 2.
Such compounds mi ght replace tungsten carb i de in armour p ie~cin~ shells
and could also feature in the fabrication of improved components for
rockets (nose cones and nozzles), armour plate , gun liners and rocket
l aunchers. An important advantage for certain applications may be the
ability to synthesize a required compound in situ (eg on a nose Cone) thus

5
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min im i sing contamination and giving enhanced adhe rance. Anothe r possible
application is in the manufacture of shells having controlled fragmentation
characteristics by powder metall urgica l techni ques. These shells could also
utilize for examp le oxides and nitrid es.

3.2 Li quids

Althoug h li quids by themselves are not seen as hav ing many direct applications ,
they can be used in nove l fabrication techni ques and as a source of a whole
range of i mportant products:

3.2.1 Fabrication

In discussions wit h Barr and Stroud , various techni ques for the fabrication
of infra red materials and the construction of components including lenses
for missile gu i dance systems were considered (13). A casting techn i que would
invo l ve the meltin g of severa l pounds of alum ina and associated melt contain-
ment and handling problems . The generation and conta i nment of liquid alumina
and other hi gh melting point li quids is possible wi thin the liquid wall furnace
described in Section 5. A centrifu ga l p lasma furnace rotating about a vertica l
axis has been re~~~ted recently for the continuous meltin g of refractories
such as alum i na . A hot pressing techni que which mig ht also be used to
fabricate silicon-ge rmanium lenses , would requ i re the use of spheroidised
particles . These are also made from li quids and are discussed separatel y
in Section 3.2.14.

3.2.2 Crystals

In optica l and electronic dev i ces crystals play an important role and
modification of the well known Vernuei l method is difficult for certain
materials. This is princ i pall y because the flames available (oxy—hydrogen
in the Verneui l method) produce unacceptable chemica l changes in the
molten material , eithe r by reduction with carbon or hydrogen (ferrite
crystals are easily reduced) or by carb i de formation. It would seem that
the use of inert gas plasma jets could obviate these difficulties and would
offer the additiona l advantage of having an independentl y controllable
enthalpy (heat content), which in flames is a function of the flow rates
employed, it is ~iossible to make alumina crystals several cm long in a
plasma furnace(15).

3.2.3 Amorphous materials

The Science Research Council has recentl y hig hli ghted the special i mportance
of amorphous materials and the lack of technical expertise in their
manufacture and fabrication (16). These amorphous materials are needed for
new devç lopments in solid state electron i cs (eg ovonic dev i ces) and
glasses~

17
~~ 

and mi ght be 0f value in insulants and explos i ves.

Recentl y there has been interest in so called glassy metais
( 18)

. These are
usuall y alloys wh i ch are cool ed so rap idl y from the molten or vapour state
that crysta llisation does not have time to occur and they have a metastable
structure analogous to glass. One method used to prepa re these materials Is
closely allied to conventional plasma spraying. This ra i ses the po ssibility
that some plasma sprayed coatings contain si gnificant quantities of amorphous
materials and may thus explain their unexpected ly superior properties
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especially ductility and resistance to therma l shock.. Furthe r work would
be required to establish the va fldity of this hypothesis.

It Is however the association of tensile strength with ductility wh i ch makes
glassy metals of great potential i mportance. Prospective Service app l ica ti ons
i nclude high strength wires for incorporation in armour p iercing cores,
ablation resisting composi tes and extra tough components for fighting
vehicles.

3.2.4 Spheroidised materials

These are generall y made by dispensing molten material fed from a crucible
into a hi gh velocity gas stream. Refractory and reactive materials such as
titanium present a problem in that there is no suitab-l•e solid crucible
material available for the hi gh temperature li quid , but this could be solved
by using a plasma furnace technique (see Section 5). Spheroidised materials
are of special inte rest in nuclear technology where it is essential to obtain
a constant packing density corresponding to a given particle cross section .
Spheroidised uranium carb i de both pure and mixed with carb i des of zircon i um
and thorium from a hi gh Intensity arc furnace has been examined as a nuclear
fuel.

There is an interest in spheroidised materials from severa l points of view:—
they show exceptiona l free flowing properties down to remarkabl y low
particle diameters , the specific surface (m2/kg) is minima l for a given
particle size so there is minimum Impurity level associated with particle
surface contamination and most importantl y the bulk dens i ty of these
materials is hi gher than with other particle shapes. This last feature is
of importance in certain explos i ve and propellant compositions. Tests have
shown that it is often possible to make intractable powders free flowing by

- - a small addition of spheroidised or other materials and ‘Gasil’ (a finely
divided silica) has been used by RARDE to make strontium nitrate free flowing
for pyrotechnics. Such procedures are thus of va l ue in incorporating poor-
flowing powdered materials into explosive or other compositions.

3.3 Vapours

These applications are mainl y associated with the evaporation of solids and
liquids. Homogeneous gas phase reactions followed by quench i ng g ive f i ne ly  —

divided solid products wh i ch frequentl y exhibit unique properties. Such
condensation processes may result In the deposition of a sing le compound or
in the co—deposition of-mixed products. .

- 
- 

The prepa ration, of finel y divided pure materials by hi gh temperature methods
is one of the projects recentl y recommended by the Science Research Council
for major research effort(19). The distillation of refractory materials has
alread y yielded products of commercial interest , eg titan i um dioxide p i gment
and silicon for the Xerox process. Service applications include uncontaminated
fine l y divided materials in various size ranges and particle shapes for
explosive and propellant compositions. There are further app lications In
the preparation øf fillers for paints , plastics and rubbers.

7
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3.3.1 Metals

Metal powders, especiall y aluminium , are frequently i ncorporated in hi gh —

explosive compositions to increase the heat of explos i on thus mod i fying the
blast characteristic. It is important that the aluminium powder should
react as soon as possible with the detonation products of the explos i ve.
This implies that to minimise any reaction time lag it would be advantage-
ous to increase the surface area of the metal powder in contact with the
explos i ve, th~~ is the specific surface of the powder (m2/g) and particle
shape factor( ) are the overriding criteria. The hypothesis is supported
by work carried out by RARDE and others , wh i ch show that oxide—free
blown sphero i da l powders, (especially magnesium) are rather less reactive
than powders produced mechanica lly (21). It-has now been shown that powders
produced by distillation have a hi gher specific surface than either of -•

these and could thus be even more reactive in hi gh explos i ve compositions.

Another factor to be cons i dered is that most commercially available metal
powders contain si gnificant quantities of contaminants espedall y surface
oxi des, although aluminium and magnesium blown powders can be produced
oxide free. If each meta l particle is encased in a protective oxide l ayer,
this will act as a barrier between the underl ying metal and other components
of the explos i ve composition . Whilst making for safer handling (no
pyrophorici-ty), such a barrier could retard i gnition of the metal and reduce
the rate of combustion after i gnition has started. Another complication
with some metals (eg magnes i um) is the presence of appreciable quantities
of nitride in some commerciall y available materia ls. It would seem therefore
that the use of uncontaminated metal powders (oxi de and nitride free) would
be advantageous for certain explos i ve compositions. There is a military
inte rest in readily combustible aluminium alloy powders containing possibl y
zircon i um or magnesi um and in pyrophoric metals for flares and missile
tracers. Explos i ve compositions having precise electrical conductivities
covering a wide predete rmined range could be formulated by using various
powders made by vaporization and atomizing techni ques.

Finel y divided metals and alloys are also required for powder metallurg y J -~

where it Is i mportant that the materials should be free flowing and have a
specified particle size distribution . The question of particle shape requires
furthe r investigation . Plasma cleaning might be used to purify cheap
commercial metal powders. There is evidence that some finel y divided metals
may spontaneously sinter at amb ient temperatures if prepared in a sufficiently
uncontaminated state. Usuall y, finely divided air blown metal powders are
too heav il y oxidised for this to occur , but it could be a problem with
clean plasma produced powders. Self sintering mi ght be prevented by de-
activating the particle surfaces with adsorbed inert gas or by the
formation of a film of nitride , sulph i de , carbide , boride etc. In the
development of new alloy s for armour piercing cores, there is a requirement
for coated powders of tungsten and other heavy metals. This coating
requirement includes cobalt , i ron , copper, chrom i um , n i ckel and molybdenum.

In general endothe rmic compounds (Ic those requiring an energy input for
their formation) are readily formed at hi gh temperatures , but tend to
decompose If the temperature Is reduced fairl y slowly. Hence they are
usually quenched to ambient temperature where the veloc i ty of the

8

________________ —~~~- —_- .• — -



dissociation reaction is negli g ible (eg nitric oxide). Hence it may be
feasible to produce fine l y divided mate rials for explos i ve purposes which
are protected by a thin film of some endothermic compound , wh i ch because
it is endothermic contributes its energy of dissociation when the particle
reacts on combustion . Nitr ides are of special importance for this purpose ,
while an oxide film on the other hand would absorb energy under these
circumstances . Such materi~ Js are also of interest for the newer types of
dispers ion hardened alloys possibl y for gas turbine blades. The role of
arc plasma in metallurgy is discussed in (8) and (22).

3.3.2 Oxides

ERDE have assessed many oxide based materials as burning rate catalysts to
accelerate and stabilize the combustion of ammon i um perchlorate propellants.
Samples of titania , silica , alumina and ferric oxide have been supp lied by
RARDE and were prepared by using the liquid wall furnace described in
Section 5(23). Alumina and si l ica have been produced by heating compos i te
cores containing a sto i chiometr ic mixture of coarse oxi de powder and
petroleum coke flour to produce volatile subox i des :

A1 203 
+ 2C + A1 20 + 2C0

S102 + C + SiO + CO

These products are not stable in the condensed phase and disproportion to
give an Intimate mixture of the element and higher oxide. Such a mixture
of aluminium and aluminium ox ide is usuall y pyrophoric and therefore these
metastable products mi ght be used in exp l os i ve initiators tri ggered by
atmospheric exposure. For the preparation of fine l y divided ox i des,
however, the vapours emerg ing from the furnace are oxidised by quenching
with air and the solid product collected in a bag filter. Batch
quantities of the order of 100 g can be readil y produced by this method In
about 15 minutes. It is possible to distil the oxi des alone , but the energy
requirement in kWh/kg is very much hi gher. in genera l , particles
produced by the distillation techni que have a hi gher surface area per unit
mass (specific surface m2/g) than can easil y be obtained by other methods.
Mea~..jrements of the specific surface of distilled materials have been
carried out by RARDE using a Micromeritics Surface Anal yser Model 2200
which utilizes the BET nitrogen adsorption technique . These measurements
on submicron powders have proved to be remarkably consistent and are not
only much easier to carry out than particle size distribution determinations ,
but for many applications the specific surface of the powder is the more
usefu l parameter.

The specific surface of these products depends on the quench conditions
employed to condense them, but is usually above 100 m2/g. To date the
maximum surface area achieved for alumina has been 118 m2/g wh i ch
corresponds to a mean particle size-of 1ZiOL For silica the corresponding
va l ues are 252 m2/g and iiog. These products usually appear to be made
up of minute crysta lli tes agglomerated in long chains or m~re complexstructures wh i ch may contain crystallites down to about 15A , each consist-
ing of only about 150 to 200 molecules (2~), As noted above there Is

9
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evidence that the nature and composition of the products obtained may be
altered consi derably by chang ing the quenchin g rate.

The distillation method of ox i de production is large ly limited to those
elements form i ng volatile subox i des and so a modification of the entra i nment
techn ique has been devised for materials such as ferric oxide. In this
modification , the rate of radiant heat loss from the entrained stream of
particles In the p lasma is reduced by passing the stream along the axis of
a rotating zirconia core at 3000 K. Under these conditions the molten
ferric oxide particles are broken down and the finel y divided product may
be subsequentl y cooled and collected.

Vaporised alum i na and silica have shown promise in -the field of hetero-
geneous catal ysis especiall y since unusual crystal phase components are
present (see Section 14). Many other potential app lications include
tribology where the development of compos i tes for bearings and brakes
requires nove l materials , and powders for the electrostatic and detonation
coating processes.

14. POWDER PRODUCT I ON

In order to assess the viability of any new process , the total costs both
capital and operating need to be eva l uated. The cap ital costs for most
plasma processes are not usuall y significant in the context of making
comparisons with conventional processes for two reasons: they i nvolve onl y
readily comparable i tems such as power generating and control equi pments ,
electrodes and pumps ; secondl y in many processes such as powder production ,
the major cap ital outlay is associated with collection and handlin g equi pment
which is requ i red irrespective of whether plasma is used or not.

A number of large scale plasma processes usin g cheap materials have been
costed (eg nitrogen fixation) . These usuall y involve a hi gh temperature
stage followed by rap id quenching and product recovery . The y ields are
usuall y relative l y low (about 5~) ,  but recircu lation of unused reactants
is often possible and so the overriding operating cost is the energy
requirement per product yield usuall y expressed as kwh/kg. Efficient
waste heat utilization is necessary to make these processes vfable (25).

The production of hi gh cost powders and related products is quite a different
proposition however , because the power costs are neg li gible compared with the
intrinsically hi gh material costs. The plasma process can only be justified
therefore If it produces a nove l product under reproducible conditions. A
relevant examp le is the production of meta l powders for explosive compositions.

RARDE had an industrial development contract to produce tonnage quantities of
certain metal powders by blowing (atomizin9~ li quid meta l in a stream of air

- (for aluminium) or argon (for magne~.ium) (20). The aluminium powders
produced were oxidised and showed no pyrophori c behaviour. The magnesium
powders were deliberatel y part oxidised (3.8~ MgO) by introducing 0.1 to
2.5% oxygen into the collecting duct atmosphere thus avoiding the formation
of pyrophoric blown powder. Despite this t reatment , small quantities

10
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of pyrophoric materials were produced . As the vapour pressure of
magnesium even close to the melting point is appreciable , it seems likely
that this was due to condensation of vapour.

The powders produced were generally spherical in shape , free flowing and the
plant was operated to produce a particle size of approximatel y 1O—60iim.
Various size range fractions were collected in cyc l ones but finall y a felt
bag collect i on system was installed to enable more of the fines to be
collected . A filter of this type is incorporated in the RARDE experimental
p lant described in Section 5 and shown in Fi gure 1.

Metal and metal oxide powders produced by quenching vapóurs from the various
arc plasma furnaces are quite diffe rent from the near spheroidal blown
powders made from liquids mentioned above (see Sections 3.3.1 , 3.3.2). The
particle shape is often i ndeterminate and these products usuall y consist of
comp lex agglomerates of tiny crystal lites. They are characterised by hi gh
specific surface. In addition some materials will be deposited in a
different allotrop ic modification , (usuall y crystal structure) to those from
the li quid state and will in general have the l owest possible heat of
formation and may be metastable. çxa~ples are the prepa ratiol) gt a mixture
of y and 6 alumina by di sti l lat i on~l5J and amorphous materi als ’-~ 

.‘ .

5. HI GH TEMPERATURE TECHNOLOGY

During the past decade there has been a breakthrough in the development of
hig h temperature generators or plasma devices as they are now being called.
Much of the work especiall y for chem i cal applications has been carried out

- • secretl y by commercial interests and usuall y involves the development of a
plasma furnace of some kind. The word furnace is used here in a much more
genera l ised sense than usua l to mean a fixed enclosed volume wh i ch may be
eithe r ra i sed to a given hi gh temperature or more usually, in wh i ch a g iven
hi gh rate of energy release is associated with a g iven rate of reactant
throughout for an extended period of time .

Unconstricted flames or plasma jets may not properl y be regarded as furnaces ,
since their boundaries are not clearly defined and often show cyclic inst—
ability. Consequently, in the processing of fine l y divided materials by
these means (the entrainment technique described in Section 3) there is no
certainty that reactants will actuall y pass through the hot zone. There is
a further difficulty in passing material through the viscous and usuall y
turbulent boundary l ayer around the plasma particularl y for plasma jets.

There are two factors wh i ch make plasma furnaces of supreme importance for
the melting , vaporisation and reaction of materials . First l y, the power
input/furnace volume ratio may be so hi gh that all materials can be melted

— and vaporised and the equilibrium temperature of the plasma produced may
easily reach 10 ,000-K. Secondl y, the desired operations may be performed
over a wide r range of chemica l and pressure conditions than hitherto , when
hi gh temperature chemistry was complicated by the presence of combustion
or reduction products .

11
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The meltin g and evaporation of many materials , espec ially metals , may be
carried out under chosen conditions Including completely I nert environments.
An extensive range of compounds may be synthes i zed at hi gh temperatures for
the app lications previously discussed . The variety of envisaged appl i ca-
tions described suggests that severa l types of furnace need to be considered
in order to meet requirements. External views of two furnaces developed by
RARDE are shown in Figure 1.

For the prolonged heating of solids and liquids , particularly where stringent
temperature and purity criteria have to be met , the liquid wall plasma

• furnace offers considerable promise (15). It consists essentiall y of a
suitable thick walled horizontal ceramic tube or core rotated axiall y and
melted from the inside by a plasma jet, so that the liquid layer or layers
obta i ned are held centrifugally against the core wall. The core itself is
held ins i de a water cooled steel sleeve within the furnace and driven at about
600 rpm by a variable speed motor unit. The sleeve is closed at each end by
two stationary flanges , one of which supports the plasma torch whilst
reaction products are quenched at the other end and passed along a cooled tube
usuall y to a bag filte r unit.

As an example of its use aluminium metal may be easily melted and
evaporated from an alumina core since liquid aluminium is less dense than
molten alum i na and floats on it. For denser materials such as titanium it
is necessary to use other core materials such as zirconia or thoria. The
use of cores containing carbon for the production of distilled ox i des by
making use of the formation of volatile subox i des ha~ already been described .In this .nd many other applications the great advantages are: continuous
operation (several hours if need be), high efficiency and minima l radiation
losses. A modification uses an arc transferred to the inside of a conducting
core for the melting or evaporation of very refractory materials. A fyrçi~ce —

of this type wh i ch is rotated about a vertical axis has been reported ~~~~~~~~

The ori g ina l cold wall rotating plasma furnace is shown in a RARDE film
entitled ‘Arc Plasma Technology ’(27) . A vertical arc column is expanded
by viscous drag forces generated by means of a coaxial rotating cylinder i —

usually of quartz to produce a ball of plasma . In a new furnace of this
type built by RARDE , the electrodes are replaced by plasma jets to minimise
erosion losses. Expanded plasma fireballs over 2 litres in vol ume have
been obta i ned a~ 100 kW arc power (Figure 2). More advanced versions of
this furnace should provide a hi gher power density than is obt;lnable
by other methods. The high temperature plasma zone (fireball) within this
type of furnace is i ndependent of any surrounding solid or li quid container ,
which although making for much greater versatility in chemica l systems
that may be utilized , does result in high radiative energy losses particularly
if particles are present in the plasma .

Aluminium powder of l5Ojim mean particle size has been evaporated within thc
cold wall rotating plasma furnace using a low powder feed rate. The
vapour was quenched within the furnace to form a fine l y divided product as • —

it was carried beyond the plasma firebal l by convective gas circulation .
Small powder samples were subsequently recovered from cooler parts of the
furnace . When attempts were made to withd raw reaction products continuously

12 
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from the furnace arc Instability was encountered. This Instability seemed to
be assoc i ated w ith deion i zat ion enhanced by a hi gh rad i ati ve energy loss
from evaporating particles In the plasma.

As ind icated previously (Section 4 ), the nature of the products obtained by
condensing vapour from a plasma will often depend on the quenching rate of
the system. In RARDE a large hyperbaric chamber capable of operating up to
7 MPa , under wet or dry condit i ons , could be used to s~ydy the effec ts of the
high quenching rates associated with these p~essures(20J .

In add ition to these two furnaces (centrifugal liquid wall and cold wall
rotating p~as~ia) many other plasma devices have been developed for chemical
processlng~29J . A large arc heater for powders (partIc~~ ~ize >2Opm) having
a claimed throughput of 1 kg/mm was described recent1y ”~

0
~.

6. CONCLUS IONS

1. A wide range of Service applications of high temperature materials
science and technology have been described , for which arc plasma devices
have a great potential.

2. Furnace techniques are env i saged which will permit the melting ,
vaporlsation and reaction of many metallic and non-metallic materials.

3. Glove box techni ques ar e necess ary when handling some of the products
mentioned to minimise contamination and to provide safe working conditions

— especially with pyrophoric or toxic materials.

7. RECOMMENDATIONS

It is reconmiended that the applications descri
•
bed be used to formulate a

continuing programme of hig h temperature development aimed at the
anticipated Serv i ce requirements.
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