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BACKGROUND TO THE INVENTION

THIS INVENTION relates to the alumino-
thermic reduction of oxides of reactive metals by
which term, in this specification, is meant the groug
consisting of titanium, zirconium, niobium, and
tantalum to procduce the metal or alloys of these

metals with iron and aluminium.

The exothermic energy of reaction of the
above defined reactive metals during an
alumino-thermic reduction, is generally insufficient
to achieve the required objectives and, in
particular, the required degree of reduction of the
oxide materials being processed. As =a conseguence,
it is necessary that thermal energy be added in some
form or another to supplement the energy of the
exothermic reaction and prevent the metal and'slag

from solidifyinc.

DISCUSSION OF THE PRIOR ART

conducting the recuciicn in en a



been preheated, conveniently by meltinc down a charge
of steel scrap. Alternatively, the processes have
been conducted in an induction furnace in which cacse
the optionally intimately mixed, finely divided
reactants are fed to a molten susceptor nmetal
together with any slag thereon in the furnace bath,

at a controlled rate to ensure a reasonably constarnt

temperature in the bath of liquid slag and metal.

The only other expedient employed, of
which Applicants are aware, is to add 'sustainers'
such as barium peroxide, or sodium or potassium
perchlorate which react vigorously with the aluminium
to generate large quantities of energy, thereby

overcoming the energy deficiency.

The latter procedure is generally regarded
as being too costly and is not widely practised. The
employment of an induction furnace leads to

.

\
inefficient energy usage as a result of the poor

D

conversion of electrical energy to thermal energy.

The conventional submerced zrc furnace,

onn the other hand suffers from trhe fzc0: thz+ the

}

resistive heating is carried out eszentially within
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the slag and thus the metal can tend to freeze up ars
thus not participete in any further reaction.
Furthermore the graphite electrodes are immersed in
the slag and can react with the oxides of certain of
the reactive metzls in the slac to form unwanted

metal carbides.

The incuction furnace arrangement suffers
additionally frorm the disadvantage that, as a result
of the fact that the heating is carried out within
the metal, the slag can'acquire a substantially
solid crust over the upper surface thereof. This is
highly disadvantageous as reactants can no longer
enter efficiently through the crust which must,

indeed, sometimes be broken manually.

Also, where the crust or slag has been
allowed to cool to any appreciable extent, the
efficiency and rate of reaction will be impaired as

KN

the reactants are fed to the slag which defines the

upper part of the reaction zone. A properly heated

h

and, therefore, licuid slag thus reduces entrainment*
cf formed allecy In the slag phase and zssists in the

proper heatinc eni reaction cf the rezctan:s

thereto.
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Furthermore, aluminotnermic reduction is
characterised by large slay volumes, unlike tne case
of carbothermic reduction, since Al;03 enters the
slag wnereas CO gas leaves the system. This Al03
reguires larger amounts of fluxing additions to lower
the liquidus of tne slag thus further increasing tne

slag volune.

1t 1s the object of tnis invention to
provide an improved smelting process for effecting
the alminothermic reduction of reactive metals (as
herein defined) in which supplementary energy is
added 1in an improved manner which leads to at least

some of the described disadvantages '‘being obviatecd.

SUMMARY OF THE INVENTION

In accordance with this invention, there
is provided a smelting process for effecting the
aluminothermic reduction of reactive metals (as
herein deﬁzned) comprising the contacting of at least
one reactive metal oxide (intimately mixed) with

sub-divided aluminium in a furnece under an inert
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atmospnere 1n wnicn atmospheric cxjygen and nitroge:n
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A sultable transferred tnerwnal plasma ¢
generated Ly the Zzssage of an electricel current
through an 1onized inert gas between two electrodes,
one of which 1s normally the batn and the other is

preferaply a water cocled metallic electirode throu. .

(i

which the lnert czs 1s injected but Waic:. may also o

@ nollow grephiite electrode.

Fertner features of tne invention prov.de
for en adaitional energy source tc be employed in the
form of an induction coil controllaple seperately
from thermal plesma generating device; for the
thermal plasmaz to be a direct currerit thermal plasma;
and for the exclusion of atmospheric oxygen and
nitrogen to be effected by suitably sealing the

furnace.

Whilst pressures above atmospheric could
be employed, as could atmospheric pressure itself, it
has been fQund to be convenient to employ
sub-atmospheric pressures of not more than 80kPa in

oraer to enhance tne eifect cf certain types of seals

whicn can convenlently be emploved nowever, witn
otner sezls Cr zezllnz arranierenis S ey inmternzl
DYESELYES COLll 2 =T Llosss



In either event, the ernti.re furnace
arrangement could De enclosed in & ncusing which is
subjected to tne inert atmosphere or, alternatively,
the plasme generating device and feeding device cou.g
be sealed to the furnace housing witin the controls
thereof on the cutsice. In elther event 1t is
essential that tne exclusion of ctnosgneric oxygen &and

nitroygen be effective.

In the case where sub-atmcspheric
pressures are employed, the seals are ©f a type in
which the sealing effect is enhanced by a
sub-atmospheric pressure. In such a case it is
preferred to use a pressure of about 50kPa but
pressures as low as 6 kPa may be employed without any
noteworthy adverse effect on the energy transfer from

the thermal plasma to the bath.

In eacn case, the intimately mixed
reactants,.being at least one subdivided reactive
metal oxide and subdivided aluminiumn, are fed on to

the top of the reaction zone in tne farnace ané the

thermal plasme 1c directed at this surfece. 1In this
way, tne slag wnicrn forms oo tcp < e alloy is
QICperly neetel &nli nO crast formition Cin take
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up condition from what it is duringc normal operaticn

of the furnace.

The process of

this invention has been

shown to be highly effective using a furnace fired

primarily by a d.c.

transferred thermal plasma with

the exclusion of oxygen and nitrogen being assisted

by using a pressure of about 50 kPa and seals having

the characteristic that their effectiveness increases

with decrease in pressure.
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bath of the furnace may be carried cut as outlined i-
South African Patent No. 75/3447. Ir order to emnploy
the invention effectively it has beer found to be
advantageous for an induction heating coil assembly
to be arranged arcund the furnace bz:™ in order to
assist with certzin aspects of the vrccess. It will

be understood that the plasma generally effecte:
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ting of the urper surface of the contents of the

ba
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» and, the induction heatinc coil can be used for
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ensuring that the metal does not freeze and also,
suitably designed, can create a stirring action. Ar
initial guantity of susceptor metal can be melted bv

-

the plasma with or without the aid of the induction

coil. The latter could, if required, be used alone.

The heating of the upper surface by
means of the plasma has a number of advantages over
the prior art induction furnace used alone. These
include prevention of crust formation; maintenance of
high slag temperature with improved reaction

conditions: improved settling and collection of

pde

crmec alloy: and improved irmediazte contact of feegd
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BRIEF DESCRIPTION OF THE DRAWIKGS
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1S & similar view oOf an
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Fig.
alternative arrangenent of the furnace
Fig. 3 is a graph showing the
relationship of voltage and current with

Pressure.

DETAILED DESCRIPTION WITH REFERENCE TO THE DRAWINGS
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within the housincg. The housing sno2i.3 rreferanly Dbe

made ©f @ ncon-susceptlng Or weaKly Suscepting
material sucnh as stainless steel ir view 0f the

0n
li

presence of tihe 1lnduction colls cdescr.cel below.

Trils epplies also to Cuner CCmzonenie I trhe a&ssenba.y
as will be apparent Lo LiCsSc SAlllel L4 o Tne art.

Tne furnece ltself comorises @ Crocii.e &

that 1s lined wlth & suiteacie reirzcilr, materiel,
sucn as Aklp03 or Ced fcr exzamzle, &nd naving
1nductilcn heating coils 3 cr tne Cutsile thereci and
a water coolec metallilc bottom 4. Tne induction

of suitable seals 5 of the general type described

above.

A d.c. transferred arc type of plasna
generating device © of the non-consumaole electrode

type 1s mounted on means 7 wnerepby 1t can be raised

and lowered witnin the furnace by vertical drive

means & wnlcn can pe manually ¢r motor &river.. Tne

connecting neens 7 Dpa&ss tnrcusn @ oL liniricel pertion
© ¢i tne noulsing navine & 114 10 =oZ zreci Tne

Cysinariczl porzion © &l 112 L0 =z sinlel o toe
&15 NIAEllg L TnIZS. ToE LTIl L flo.3 CIotile

eV Lzl lLlce LT



AT exntension 1l to tae holsine, wnicn Le
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Clearly the plasma generating cevice nas

maintain an argon atmosphere within the housing. It
may, however, be advantageous to provide additional
and auxiliary argon inlets for the initial flushing
of the interior of the system with argon followed by
repetitive applications of suction to a maximum
extent 1in order to free the interior of the nousing

of oxygen and niltrogen.

In order to achieve tne desired reduction
i pressdre witnin tne NCusing a vacuam Dunp
cornection lw s providel 1n One .zl I Tne noosing
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generating device are effected by wav of
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access aperture 15 in the bottom of the housing and

the argon gas may also be supplied thrcugh a suitarle

connection at this po

2 3ol

sola
housing beneath

1

mounted on legs 17
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the eguipment
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in which the

tiorn.

lasm

is passed through a suitable seal

of the apparatus instead of being

within the housing 1.

The plasma

cenerating device €
1€.in the housing 1
completely housed

device could either

be a water cooled metallic electrode or a hollow

graphite electrode and the feed materials could be

either fed via the hopper and vibratino feeder 12 and

the feed chute 123 or down the hollow electrode, if

this option was used.
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quantity of susceptor metal is inirciccc3d into the
furnace bath and, prior to cperation of the
apparatus, the housing is sezled tyv mezns of the
seals which have been descrived. Tre whole intericr
¢f the apparatus is then flushel “wc cr “hree times
with argern gas and evacuzted each tire o & maxirur
extent, In orcder to free the environmen: of

atmcepheric oxygen in the hcusing.

bt

Thereafter, the plasme ané’or inductior

(oh)

er tc achieve
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heatinc coils car be operzate or
melting of the susceptor metal which can most
conveniently be an alloy of the type being produced
in the furnace. 1If such an alloy is not available
pure aluminium could be employed. The plasma
generating device operation is then continued in the
usual way and feeding of the intimately mixed
reactants which are usually intimately mixed, but may
be separate»is commenced at a predetermined rate
calculated go avoid freezing of the contents Qf the
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s stace of the prrocess
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exothermic, 1t is inscifiiciently s2 -2 .rcoote a

self-sustaining alumirnctneraic redaction. For tnis

reason a continuous power 1nput, Ly we of the plact:
cenerating adevice alorne, Cr 1n co.oinzwizn witn the
indaction neating coiis, 1 necesszr..

It must CLe cCorne In TSIl L..z1 the
Jeneration OI & scitelle tnermzl flacgn:z cesends on

tne 1onisation of tne ces oresent, zni tnus the

sressure cannot bDe tOC 10w, &s 1nsaii:cient gas woull
ce present for loniszticrn. Furtnerncre tnere is a
cecrease 1in the Dpiasna arc voltaue &s snown 1n Figure

3 wnich causes a somewnat lower input of power for &
given electrical current. Similarly, if the pressure
1s too high, say greater than 80 kPa, the effect of
the decreased oOr sub-atnospheric pressure in the zone
above the bath is diminished to an extent whereas tne

1o 1ncrease the

(@)

seals are not sufficiently zffect

sezling effect thereof adagueately.
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passaces an< ducts, are sealel to thc hoosing by
seals having the characteristic the: their sealing
effect increases with decreased interrzl pressure.

It will be understood that the interior cf the feec

neprer for reactants must, ¢f necesziiv, De connecte:
Ly wav of extremely special fluehine valve asserblics
cr, alternatively, other sezling zrrance-ents could
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be employed which operate e

or above eatmospheric pressures.

Tre plasma generating device is an
essential integer of this invention but, the
induction heating arrangement is not. Thus, in
another variation of the invention the induction

heating coils could be entirely omitted.

The invention therefore provides an
extremely simple yet highly effective process and
apparatus for conducting the smelting of the oxides

of reactive metals in an atmosphere which is

substantially free of atrmospheric oxygen and nitrocen
&and whnerein disadvantaces associates with crust
formeticn can Le entirelv elizirztes



A sneltinag
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process for effecting the

glunincthermic reductiorn cf reactive

metzle fas

cr

coC

0

ting

=3

herein cefirecd ceormprising <he

of &zt lezst crne intimately

mixed reactive metal coxide ani subdivided

alurniniur in a furnace unifer ar inert

atmosphere

anéd nitrogen are substantially

eliminated,

in which atmospheric oxvaen

-

the process being

characterised in that, as at least one

energy source, there is employed a

transferred thermal plasma arranged to

effect heating of the upper surface of

the reactants in the furnace.

A smelting process as claimed in Claim 1

in which an additional energy source in

the form of
for heatinc

contents of

an induction ccil is employed

and ortionally stirring the
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of claims 4
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DATED THIS

energy balance beinc reintained in the
system and the mainterarnce of a liquid
condition of both the slzc &nd alloy

beneath the slag.

A smelting operaticn as cleimed in Clai-

[

1l and substantial

or exemplified.

Metals and Alloys wnenever procduced by &

smelting process as claimed in any one of

the preceding claims.

12th DAY OF JANUARY , 1984




The attendant problems of forming nitrides
or oxides of titanium was controlled by limiting the
ingress of atmospheric gases into the furnace. This
is achieved by providing the seals 30 ang 31, and by
narrowing the openings 26 and 27 in the roof 24, as
required, by suitable means. This ensures that the
internal gas pressure of the furnace from gases
comprising reaction gases and any other inert gases
usecd for flushing the feegd materials or in the
generation of the plasma arc exceeds atmospheric

pPressure.

It is to be mentioned that the use of a

transferred arc thermal Plasma, in addition to
supplementing the enthalpy requirements of the
reduction, has the advantage of providing a high
temperature zone which will easily exceed the liguidus

temperature of almost any slag. Consequently, it is possible

to minimize fluxing additions to the feed and to reduce
the volume of slag which is procduced, This has the
advantage of improving heat transfer tec the tncerlying

metal containing region of the furrace bath.



Although the use of a water cooled jacket
surrounding the crucible has made it possible to use
crucibles made of magnesia, applicants believe it would
be preferable to use an alumina refractory which, if
chemically reduced, will not contributeg undesirable

contaminants to the metal produced.

Further, it is to be mentioned that the
presence of iron in the alloy phase during processing
has the advantage of increasing the density thereof,
thereby ensuring that the slag density is lower than
the alloy density. It is particularly important in
the case of reactive metals that the slag protect the
metal from direct contact with any nitrogen or oxygen
which may under some circumstances be present above

the melt.

/...



10.

11.

12.

13.

14.

15.

ADDITIONAL CLAIMS

A smelting process according to any one of
Claims 1 to 7 wherein iron is present in the

feed either in metallic form Oor as an oxide.

A smelting process according to Claim 10
wherein the source of reactive metal oxide

contains a limited amount of iron oxide.

A smelting process according to Claim 11 in
which the amount of iron oxide is less than

10 percent by mass.

A smelting process according to any one of
Claims 1 to 3,'7, 10, 11 or 12, wherein the
smelting is carried out at pressures

exceeding atmospheric pressure-

A smelting process according to Claim 10
substantially as herein described or

eXémplified.

A metal or ally whenever produced by a
smeling process according to any one of

Claims 10 to 14
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