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ABSTRACT

old—starting techniques for use with the experimental electroslag—
refining furnace at MRL have been examined.

Two cold—starting devices based on exothermic reactions and resistance-
heating, respectively, have both been developed to the stage where
reliable starting can be achieved. A common feature of these devices is
that they are readily attached to the end of the consumable electrode.
Although the exotherinic device produced faster starts, some contamination
of the ingot resulted from its use. The exothermic device also resulted
in the formation of worm—hole porosity in the first 25 mm of ingot length.

Ingots produced with the resistance device were free from both these
forms of contamination and, therefore, the use of this device is preferred
for the experimental work at MRL.
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EXOTHERMIC AND RESISTANCE STARTING TECHNIQUES FOR USE

IN THE ELECTROSLAG-REFINING PROCESS

1. INTRODUCTION

A major problem confronting the operator of an electroslag—refining
(ESR) furnace Is to obtain a consistent and reliable starting procedure.
This problem is compounded by the need to ensure that the starting procedure
is not detrimental to ingot yield , i.e., the surface finish, soundness and
structure of the ingot adjacent to the base—p late should be comparable, as

.4 far as is prac ticable, with that of the remaining ingot.

Starting difficulties are directly attributable to the unique method
of heat generation of the ESR process and to the types of slag used . This
process relies upon the resistance heating of a molten slag bath to generate
sufficient heat to melt the consumable electrode [1]. This electrode is
immersed In the slag bath and forms one pole of the electrical circuit.
Thus, the creation of the molten slag bath is an essential first step in the
remelting operation . The slag is generally composed of calcium fluoride
with additions of lime and alumina, and Is only electrically conducting
when molten . For this reason, the powdered slag cannot be simply added to
the mould and power then applied to obtain a start.

The starting techniques which have been developed fall into two
categories, namely , liquid starts and cold starts. To obtain a liquid
start , the slag components are fused In a special slag furnace which may be
attached to the ESR furnace. The fused slag is then transferred to the ESR
mould and power applied to the consumable electrode. This technique
requires expensive auxiliary equipment and Its use is generally restricted
to large diameter moulds, as rapid solidification of the fused slag can
occur in small diameter moulds (< 200 mm in dia.) before a start is
achieved . The ESR moulds in use at MRL fall into this latter category .

To obtain a cold—slag start , the powdered slag is added directly to
the ESR mould. Sufficient heat Is generated (see later) in situ to fuse a
small portion of the slag, and this then conducts current between the
electrode and the base—plate. Eventually the whole slag charge is fused .
Several heat sources have been employed for the initial slag fusion, the
most popular being to arc between the electrode and the base—plate. However

,1
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experience at MRL and elsewhere [2) has shown that this method of heat
generation is unreliable and difficult to control. For example, powdered
slag encroaching between the electrode and the base—plate can extinguish
the arc, while welding of the electrode to the base—plate can occur under
certain electrical conditions [3]. Furthermore, ingot quality adjacent to
the base—plate is often unsatisfactory.

Other cold—start techniques which have been investigated include the
use of starting tablets which are placed between electrode and base—plate.
Some of these tablets are exothermic in nature (4], while others contain an
electrically—conductive slag component such as a modified form of titanium
dioxide [5]. However, little information is available on the composition
of these tablets, their effectiveness, and on the ingot contamination that
results from their use.

Consideration has also been given to the fusion of slag in si tu by
resistance heating of the slag using non—consumable resistance elements
attached to the end of the electrode. However, this method suffers from one
major drawback when used in long, static moulds. Once the slag is fused ,
Lhe electrode must be withdrawn from the mould, the non—consumable elements
removed , and then the electrode reimmersed in the slag. During this time
the slag may solidify, thereby preventing a restart.

Accordingly, cold—start techniques ior the production of small stable
slag pools by either exothermic or resistance heating of the powdered slag
have been examined at MRL. Both techniques have been developed to the stage
where reliable starting can be achieved .

2. DEVELOPMENT OF AN EXOTHERMIC STARTING COMPACT

2.1 Exothermic Materials

The selection of the exothermic materials for investigation is
governed by a number of factors. For instance, a suitable exothermic
material must safely and reliably provide sufficient energy to melt the
minimum amount of slag required to ensure electrical contact between the
electrode and the base—plate without affec ting the purity and quality of the
ingot. Other factors include the ease of ignition of the exothertuic
reaction, availability, cost, and ease of handling. The family of materials
known as thermites best meet these requirements. Thermites consist of a
metal fuel and a metal oxide oxidant.

In a typical thermite the reaction proceeds as follows

Fe203 + Al -
~ 

A1203 (liq.) + Fe (liq.) + Heat

The heat generated by the reaction wifl raise the temperature of the reaction
products to a level which is dependent upon, amongst other things, the
specific heats and latent heats of phase changes of the products. For most
thermites the temperature is limited by the boiling or sublimation of one

A 
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of t he  reac t ion  p roduc t s ;  in the  case quoted above the t emperature Is
l imi t ed  b y the boiling of i ron  at about 3OOO~K. (as is not a produ c t ol
the  exothermic  r e a c t i o n , hut  some gas may he evolved due to  the  b o i l i n g  of
a react  ton product , t he  presence ot v o i ds  In t h e  pressed t npos it t on , small
amounts  of hy drogen  absorbed o n to  the  sun ace ot the m e t a l l i c  I nd and
organic  i m p u r i ti e s .

iron ox ide/ a lum in ium was the  t i rs t  s’.’s tem s tud i ed , the  r e as o n  being
tha t  the  react ion p roduc t s , iron and alumina , arc norma l lv pr esen t  in the
fu rnace .  Ti tanium, magnesium and sil icon were later included as f u e l s  In
order to  var) ’ t he  i gn i t i on  c har a c t e r i s t i c s  and burning rate ci t h e  t h e rm it e ,
and the p h ysical  proper ties  ct t he  reac t  ion products. The m i x t u r e s  t e s t ed ,
and t )~~~ ~~ 1 culated  t:e~ t out Put  for each In d i v i d u a l  fuel/oxidant re.tc t ion ,
are given in Table 1.

4 nit Ia 1 t e s t s  were c a r r i e d  out on 2 S mm d i a m e t e r  c o m p a ct s , p i t ’ ssed at
35 .5 MPa , w h i c h  conta ined a b nun d i a me t e r  s tee l  sp igot  (see F ’ig .  I (,,i ’))

The inc iL i s ion  of t h i s  spigot enabled the exothermic r e a c t  Ion to be in i t i a t e d
by resistance heating . iwo arrangements of the conipa .’ t.s were tried , as

~;h ., w : i  in F i g .  1(b) and (c )  . Far lv in these  t est s It was found that , onc e
the thermite had been ignited , t’h’t’trlca] cont act b etween  the e l e ct r o d e  and
t he b ase-  p l at e  cou hi not be ma I i t t  a m e d  because  ui:fused slag between the
I I at end of the ci cc rode and the base—p 1 ,i t e prevent ed t lie e l e c t  rode front
lucy I ug c loser to the base —p1 at e . l’o overcome t It is p rob lent • a con I cal end
was machined on the  e l ec t  rode for  sub sequent  t t’st and this produced
promising s t a r t s .  However • s evera l  other problems were then encount ei’ed .
Fi r s t  lv 

* 
at t er ign U ion the compact burnt rap id lv and q u i c k ly  col lapsed ,

n e c e s s i t a t i n g  undes i r ab l y l a rge , r ap id downward movement ci t h e  e le ct r o d e
t o  r ega in  e l ect r i c a l  cci tt  act  . Fur the rmore , ga ses c~ o ~‘cd d u r i n g  t h e
exotherm Ic r t ’ac t ion forced surround tug slag awa y front the ti p of the
eL e c t r o d e  r a t h e r  tii~n allowing i t  t o  I 111 the void between ele ’ t r ode  and
base—p late .  it  was also d i f  I i c u l t  and t ime—consuming to shape the electr ode
end and to posit  ion t he compacts on the base—p la te such that ccit t act bet ween
the end ci the sp igot and t h e  electrode could he made t.’ithou t damaging the
compact .

2 . 2  A t t a c h a b l e  Co~~~ cts

An a t t a c hab l e  compac t was designed to overcome these problems
Important  f e a t u r e s  of t h i s  des ign  are

(a I The :~ i :~ .i,:d shape ot t tu ~;t ‘~ ‘1 eore

( I )  The snwt 11 d iam et e r  sp igot on the end ci th e stee l core was
kept as short  as pract  ic a h i e  (‘~t’O FIg .  2 ’I .  Th is  m i n im ise d
the  downward movement of lie e ~~ tr ode required to ma int a  in
e l ect r  t eal  c on t a c t  once t h e  t h e r n i t t e  ign i ted .

(ii) The d imensions ci the spigot were se lected such that the
cu r ren t  r equ i red  to heat th e  t h e r m i t e  to  Its ignit ion
tem perature  ( a p p r o x i m a t e ly  9OO ’K~ was s i r n i  t a r  t o  the
operat tng c u r r e n t  of t h e  furnace , t h u s  overcoming t h e  need
I or the opel’a ( or t o  make I .trge a d j ust m e n t s  to the cur rent
when a s t a r t  was achieved .

3
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( i i i)  The conica l  shape  ci the body ci the ste el core  enab led
e l e c t r i c al  c out at’ t to  be quick Iv iitd as l i v  rega I ned one c
t h e  spigot melted .

i l’) The J~ utriFu t~ c:~ ~~~ t~~c ’ t~~~~~ :- : t ( ’ ~~~~~~~~~ ~~~~~~ ~~~~~~~ ~~~~~~~~~~~

( i ‘I Pure t h e r m i t  e u: . t s been r e t  .i m e d  around t lie ~,p I got  t o
f ac i i i t at  t’ ign it iou , but the bulk ci the t hem : I t t ’ has been
replaced w i t h  a t-~O’~ thermit e !L~I~”. slag blend (set’ F i g .  (a~
and Table  2)  . The add It  Ion ci s ag t o t he  t hertni t e r ethic es
both t h e  burn ing r a t e  and the t t’r n p e r a tu r t ’ of the r eac t  ion
p r o d u c t s .  Cal  en I at ions m d  (cat t ha t  the reat’ t ton tempera—
t u r e  is reduced f rom 300() to .‘t~OUC

’K ( s e e  Append ix 1’) . The
reduced b u r n i n g  m a t e  impr oves  the ease of s t a r t  t u g  4w a l low-
ing  t lie o p e r a t o r  tnc i e t Inc t o man I pit  1,i t e t lie e i c c  t i  ode to
o i l  ow t he exo t h i e r m ic r ea c t  j o n .  Fur  t herm ore  • a t  t he lower

reac t ion t em p e r at u r e  none ci the r e a c t  ion p r o d u c t  s w i l l
bo il . Tb is reduces t lie q i t a n t  i t  v ci t’vo 1v ’ 1  gases , and t h u s
a l l o w s  t h e  s l ag  t o  f i l l  t h e  ~‘o id  cr ea !  t’d by the ex o t h e r m i c
r eat ’ I ion .  The c ounpos i t  ion ot  t he v a t  I otis t h i t ’ rn~ I t e 7 l a g
b lend s is  I st ed in Tab ii’ 2 . The s lag c ompo i t  Ion was not

c u d  t o  be er it  lea 1 .i imd m ay be a pure  ecl:~p~’:)~’nt such  as
C a Y ’  or a s l a g  m i x t u r e ,  in  t h i t ’ M R I.  wo rk , pur e  ~‘,4F ’ 1 was
h i  end ed w i t  hi t h e  t bern: i t e t o avt ’ Id c cmi t a m  m a t  Ion  ci t lie h u l k
s l a g .  Sat 1st actors ’  b u r n i n g  r a t e s  were a c h i e v e d  w i t h  a
I l i t ’r m i t  e /  4O’~.. Cal’ , b l e n d .

( i i ’ )  lie t i m  i rd 1 av er  
* 

whil e Ii c oils 1st eti cut  I r e  l v  ci s l ag  
* pi’ov ides

add itt oi’a I mater  ia 1 to t i ll t h e  vo id  c rea t e d  by t h e
exot  h e rm i c  r e a c t  Ion . A ga i n  t h e  composit  Ion ci t h i s  l ay e r
Is not cr  it lea I , and t h e  use of .i s lag  compa t lb ic w’ I t  h the
bu lk  s l a g  c ounpos It ton is te conmm en ded . P if ferent. masses of
t h e  t h re e  Livers were s t u d  lcd * opt m u m  s ta r t  lug performance
being achieved w i t  ii t he masses  g Iv en  tn Tab le  2 . The
exot bez ’mi c mat er Ia is and s l ag  ir e  ~mc I osed In t i i i  it a l u m i n i u m
t o t  I as shown in F’ 1g. 1(1’)

To obt a in a s tar t  t h e  compact  i s  it t i c  lied to the end of the t’ lee t rode and
the  sp i g ot  Is br ought  t n t  o c on t a c t  w i t  hi t h e  b a s e — 1’ Lu e . The r e q u i r e d
quant it v of powdered s l a g  is then  p laced am’ cund t h e  compact  ari d t im e end ci
t he electrode. Sit I f t c  lent c u r ren t  is  passed I liroug li the 

~r 
1 got t o  in i t  la t e

the  exo thermic  reac t ion .

2.3 Performance ~ f t he  At t a c h a b l e  I’op~p a c t s

:\ ser ies  of 70 mm d i ame te r  s t ee l  Ingot  s wa s  produced us lu g  at  c , t c t i a b  Ic
compac ts  con ta in ing  t h e  ex o t h e r m i c  m a t e r i a l s  l i s t e d  In Tab le  .‘ t o  i n t l  t a t  t’

melting . The bulk  s lag  c ompos i t ion  was 7(1’~ CaY • /  it )’~, CaC 1w wei ght
Exce l l en t , easi h v — c o n t r o l l e d  s t a r t s  were obtnin~d with :mi 1 t our t hermit t’
composi t ions us ing  both  the  d . c .  e l e c t r o d e  p o s i t  lye and d.c . electrode
ncgat  ly e  power modes.  Thut ’ c u r r e n t  and v o l t  age t races In F’ 1g. ~ r e t  lee t I he
ease with wit ich a smooth trans It ion i rout c onipac t I gum i t  I on t o stat’ Ic flit’ i t  lug
cond it ions was a tt ained . The compa c t s  con a In lu g  i i  t an iuun  w e r e  more 1 i t t  1—
c u l t  t o  ign i t e  by res 1st ant’ e hea t  I ng ci 1 he s pig o t  t han t he  o t h:t~I~ com p a c t  s . 1 -~

4 
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and a small amount of arcing was required to initiate tlic ~ x~~i I g c i i I~
reaction . This was achieved by applying power to the electrode and then
slowly withdrawing it from the base—p late. Furthermore , the titanium
compacts were the slowest to establish sufficient fused slag to enable the
commencement of s table mel t ing . This was a t t r i b u t e d  to t h e  relativel y low
heat output of the t i t an ium/ i ron  oxide reac t ion  (Table 1) .

Popp ing noise nearly always accompanied compact i gn i t i on .  T u e  source
of th is  noise was not speci f ical ly  determined but it may be due to out—
gassing of the  compac t or localised bo i l ing  dur ing  the exothermic reaction ,
or to the presence of mois tu re  in the slag . Much less noise was produced by
t l~~ t i t a n i u m  compacts  and , as the  heat o u t p u t  of the t i t an ium/ i ron  oxide
reac t ion  is lower than that  of the  o ther  reac t ions , th i s  suggests  tha t
locali~ ed boiling is largely responsible .

Worm—hole poros i ty  was d e t e c t e d  in all lngots and , in all cas es , was
conf ined  to the f i r s t  25 mm of ingot length as shown in Fig . 5. Apart f rom
porosity, ingot q u a l i t y  a d j a cen t  to the  base—p 1ate was comparable with the
rest  of the  ingot l e n g t h .  Chemical analyses surveys  revealed that  the use
of the attachable starting compacts caused some contamination of the ingots
with either aluminium , aluminium and magnes ium, silicon and magnesium , or
titanium, depending on the thermite composition . This contamination , which
was generally more pronounced in the ingots made with the d.c. electrode
positive power mode , was highest at the ingot base , and decr eased to normal

F ingot concentrat ions fur ther along the ingot length (see Fig . 6). Silicon
fell below the normal ingot concentration in the first 50 mm of the ingot
length, while alum inium, magnesium and titanium persisted at higher than
normal concentrations for a considerably greater distance along the ingot
l e n g t h .  The ques t ion  of whether or not this contamination is detrimental
to ingot qua l i ty  is beyond the  scope of the  present  invest igat ion . However ,
if the  a t t achab le  exothermic compacts are to  be scaled up fo r  commercial
ingot product ion , contaminat ion is one problem which would need to be
considered . Two fac tors  which should be taken into account are the speci-
f i c a t i o n  fo r  the  ingot composition , and the  re la t ive weights  of the thermnite
and the ingot .

3. COLD STARTS USING RESISTANCE HEATING

3.1 Development

Preliminary studies were conducted us ing  the  ar rangement  show . in
Fig . 7 ( a ) .  The resistance element was a cy l indr ica l  st e e l  sp igot which was
welded to the base—p late.  The electrode was brought in to  con tac t  wi th  the
top of the spigot to complete the electrical c i rcui t , and powdered slag was
placed around the sp igot and the end of the e lectrode.  The use of a consum—
able resistance element overcame the need to withdraw it f rom the mould once
slag fusion had occurred . Contamination of the ingo t by the consumable
spigot can be avoided by making the spigot f rom the  same ma te r i a l  as the
electrode.

5
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To o b t a i n  a s t a r t , the  t e m p e r a t u r e  ot t u e  spig ot is gi.td ua li v  raised‘1 t o  the  s lag  m e l t i n g  p o i n t  b y Increas ing t h e  amount ot c u r r e n t  p a s s i n g
th rough  the spigot . A l t h o u g h s l a g  In c e nt  act .  w i  I i i  t he  sp i got  is fused by
this procedure , a s t a r t  has no t  ~et bee n ach i c v t d  b e c a u s e  t h e  sp i got  is
s t i l l  so l id  and ccitt inues t o  c a r r y  th e  b u l k  of t h e  c u r r e n t .  The current Is
r a i sed  f u r  thor to melt the spigot and , in the process , more s l a g  is tused .
By the  t imt ’ t h e  sp igot melts , suIt ic  l en t  I used s lag  has been g en e r a t e d  t o
ensure a s t a r t , p rov id e d  t h a t  e l e c t r i c a l  contact can be m a i n t a i ne d  by d r i v -
ing the  e l ec t rode  c l o ser  t o  t h e  h a s e — p l a t t ’ ; hence t h e  need f o r  a c o n i c a l
end on t h e  e l e c t r o de .

A l th o ugh  controllable starts were cl’t alned with this procedure , i t
was n o t  cut lr cl v sat i s ta cte rv tor a number ot reasons. l-’cr instance , it
was d i f t  l e u l t  to al i g r i  t i l e  electrod e and th t sp i got  wi ic i i  t h e  mould was in
position . Further . the macit In tug  o t  I lie c o n ic a l  end on the t i e c  t r ode  was
aw k w a r d  and t im e — c on s u m ln g . A l s o , at t lutes , it was not possible I c regain
d e c  tr  t ea l  c O o t  at  t w i t h  t he fu sed  lac a lter t h e sp igot mel ted .

1 h i  ~~t pr ob it ’ms were overcome b~’ at aching t h e  s t e e l  c o re  ci t lie ’ ab o v e —
i~snt j oned t’XO t  b e r m  ic compact to  t he  e l e c t  rude  t o  p u t ~ V ide t h e  conical end—
p Ic-  ~- arid u s i n g  i t  s sp ig o t  as t h i t ’ res 1st ance el ciseii~t ~. ~~ It  was found t h a t
s tar t  lug re liab i i i tv was at I cc ted 1w t h e  l c n g t  Ii of the sp i go t  , opt imum
resoit s be jog uI’t a r u e d  when this was i ncr e a sed  t ron 8 .5  t o  13 mm. i t  was
a l so  found that starting rd i ,ul- j 1it ~ c o u l d  he i m p r o v e d  considerably by
preheat trig t lie slag for s e v e r a l  minutes befor e t lie c u r ren t  was ra ised
‘~uf  t i c  l en t  l v  t o  m e l t  t he  sp igo t  . Recommended p rehea t  lug c u r r e n t  r a n g e s  f o r
m i l d  steel sp i got~. of various dIameters are show n in Fig. 8, together with
t h e  c o u i e n t  - - necessary to m e lt t h e s e  sp igot s.

1 .2 t-~e’~ u l t s

h~ v~’rci 1 70 mm d ijmet er steel in got s w e r e  m~ dc using the at  tac1~ahi e
r t s l s t a n c e  l enient t u  m i t  l a t e  slag t i i s i o n . in a l l  cases , t h e  s l ags  were
w e l l  p r eh e a t e d  b e f o r e  t h e  current was increased to melt the spigot . Figure
9 shows the east’ w i t h  wh ich  s t a b l e  m e l t  t r i g  cond i t  ions were ; i c l i  ieved follow—
hug t h e  use ci cuch a prehea t  tug schedule. Excellent 

* cas i lv—c ontr olled
s t a r t s  were  ob ta ined  on a l l  occas ions , t ime av er a g e  starting t ime , includ-
ing the  pr ehea ting s t a ge , being approx imate’lv 10 minutes. l h e  r e s i s t a n ce
s t a r t s  were much q u i e t e r  t i t a n  t l i t ’ e x ct b i ’r m i c  s t a r t  s .  and t h i s  is attributed
to  the g r e a t e r  c o n t rol  w h i c h  t ime o p e r a t o r  has over  t h e  h e a t  i n p u t .  I n g o t
q u a l i ty  adjacent  to  the l’ase—p lat e was equal  to the rest of t he  ingot length
and , -ust Import ant lv , th is reg ion ci cac t i  I n~. o t w as  I’crcs i t  v —  i r e~’

4 .  SUMMARY

1 . Two c o l d — s t  a r t  ing dev ices  based on exotherut ic  r e a c t  ions and resist ,umce ’—
h e a t i n g ,  r e spec t ive ly ,  have been developed fo r  u se in the  i-~~R f u r n a c e  a t
MR L .

2.  Four exothernu ic  r e a c t  ions  have been examined  and each  p r o d u c e d  sat I s —
factor~ slag f u s i o n .

6
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3. A common feature of the exothermic and resistance devices is that they
can readily be attached to the end of the consumable electrode, thus
considerably reducing the time and difficulties involved in the pre—melt
preparation.

4. Both devices are consumed during slag fusion, the exothermic compact
causing some contamination of the ingot length, whereas ingot contamina-
tion arising from use of the resistance device can be completely
eliminated by suitable selection of material for the resistance element.

5. While reliable, easily—controlled starts were obtained with both
devices, the total starting time for the exothermic compacts was
approximately half that required for the resistance starts. The
resistance starts were, however, considerably quieter than the
exothermic starts.

6. Use of the exotherutic atatting compacts resulted in the formation of
worm—hole porosity in the first 25 mm of ingcit length.

7. The resistance device is preferred for the experimental work at MRL
because of the resultant higher ingot quality . The feasibility of
scaling—up the device for the production of larger ingots needs to be
assessed .
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T A B L E  1

F~~~ ’HERN1 C MIXTURES SELECTED FOR ASSESSMENT

_ _ _  _ _ _ _  

- 
L

Metal Oxide Oxidant , Ft’ ., 0 1tiasic Th ermit e  ‘i’hermitc Mix tu re  —

Sys tem Selected Fuel Energy Released ,
k .J/g of R e a c t a n t s

Fe 2 03/Al Fe203/A 1 Al 4 .02

Fe203
/Mg — Mg 4.60

Fe 2 03/Mg + Al Mg + Al ~_!~P + 4 .02  
~~4 I

Fe ,O .1/S1 — Si ~ .38

t Fe 203/Sl + Mg Si + Mg 8 + 4.60 
~

I ~~

--- - - —

~~ 203/’T 1 Fe 203/Ti 

(

Ti 2 .55

8
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• T A B L E  2

COMPOSITiON OF THE ATTACHABLE EXOT HERM 1C COMPACTS

Attachable Zone Const ituent~~~in each 7.oiw
Compac t (see Fig. 3(a))  (mass of each constituent , g)

Fe203/Al 1 Fe
203 (11)/Al 

(4)

2 Fe
2
0
3 

(16)/ Al  (8)/CaF 1 (6)

3 CaF 1 (10)

Fe
2
0
3/A I + Mg 1 Fe

203 
( 11)/Al (2) + Mg (.‘)

2 Fe2
0
3 

(16) /Al (4) + Mg (4 ) / CaF , (6)

3 CaF2 (10)

Fe
2
0
3/Ti 1 Fe ,O~ (14)t 1’t (6)

2 Fe 203 ( 15)/Ti (9)/CaF~, (6)

3 CaF., (10)

Fe
2
0
3/Mg + Si 1 Fe203 (11)/M

g 1,2) + SI 1,.’)

2 Fe 203 ( 16) /Mg (4) + St (4)/C1I F , (6)

3 (2sF , (10)
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APPENDIX I

TEMPERATURE OF REACTION OF THERMITES

(1) Aluminium/iron oxide (Stoichiometric)

2 Al + Fe 203 -* A1203 + Fe — AH

AM (— 1690 + 837) kJ - 

-

— — 8 5 3 kJ

Heat required to heat products to 3000°K

(a) 2 nuol of iron 245 kJ

(b) 1 mol of a lum ina 427 kJ

672 kJ

Residual heat , 180 kJ , is sufficient to boil some of the reactants.

( 2) Aluminium/ i ron  oxide/ calcium f luoride (26 % / 54% / 20% by wi.)

2 Al + Fe 203 + CaF 2 2 Fe + A1203 + CaF 2

2 mol + 1 mol + 1.1 mol 2 mol + 1 mel + 1.1 mol

A h I — — 8 5J kJ

Heat required to heat products to 2600 °K

(a) 2 mol of iron ( l i quid) 203 kJ

(b) 1 mo l of alumina (liqu id) 372 kJ

(c) 1.1 mol of ca lc ium f luoride ( l iqu id )  272 kJ

847 kJ

Thus temperature of reac t ion is thout 2600° K

Values of thermodynamic data used are given in the accompanying table.

10 1
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APPENDIX I
(Continued)

+Heat of +Heat of 
+
Tamperature Empirical Heat Capacity

Substance formation, transition, 
of Values ,*

kJ/g mol kJ/g mol Trans~tion J/g mol 
_________

a b d

• 
A1
2
0
3 (a) — 1690 108.0 2300 109.3 18.37 — 30.42

A1
2
0
3 (1) decomposes 138.1

Fe
2
03 

(a) — 837

Fe (a), ti 1.67 1033 14.1 29.7 1.80

Fe (a), ~ 0.84 1180 43.5 — —

Fe (a), y 0.63 1673 20.21 12.6 —

Fe (a), 6 16.2 1808 43.1 — —

Fe (1) 354 3008 4.18 — —

CaF2 
(a) 0.004 1424 59.62 30.33 1.97

CaF2 
(a) 29.6 1691 107.57 10.42 —

CaF2 
(1) 2773 99.6 — —

Si0
2 

(a) — 868

Ti02 (a) 
— 956

MgO (a) — 756

+ Values from teferences (6) and (7)

* Empirical heat capacity equation.

Cp - a + (b x 
:0

3 T + d 

T2 
(ref . 6)

H
~~

_ H 29g~~ f Cp dT
298

Where T is the absolute temperature.

a , b, and d are determined empir ically, their values are
given in tabular form in references (6) and (7).
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6mm dia Steel Sp’got
thro ugh Compact to enable
resistance starting

Pressed Thermi t e 118
Aluminium Foil Case 

-

25 (a )

Electrode

Water-cooled Mould

.4
Powdered Bulk Slag

Therm ite Com pact
• w ith central Spigot -

Steel Base-plate

(b )

-
~~ Electrode

I’

Four Compacts (equall y spaced
around central Com pact w ith Spigot )

I.I
(C)

FIG. 1 — Shape and location of the 25 mm dia. exothermic compacts.
(a) Compact dimensions.
(b) Position of compact in the mould.
(c) Arrangement of several compacts for increased

heat output.

-- —- -- ---- -

~~



- ¶—
~

—•— -.:--.-
~

50 -

M13 x 175 
_ _ _  

THREADED

• 
KNURLED

~ 
I H FINISH

- 
_- 

CONI CAL
BODY

i
t 

_ _  - 

j 8 5

•

_ _ _ _ _—
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• FIG. 3(a) — Section through an attachable exothermic compact
shoving the distribution of the thermite and slag.
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FIG. 4 — Voltage and current traces for an exothermic start
(A1/Fe203 compact).
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FIG . 6 — Extent of ingot contamination resulting from the use
• of the attachable exotheruzic starting compacts. Ingots

were made with the electrode positive power mode.
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