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[57] ABSTRACT 
The use in the electroslag remelting or welding pro 
cess of a starter tablet which includes oxygen deficient 
titania. 
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TITANIUM OXIDES IN ELECTROSLAG 
PROCESSES 

The present invention relates to oxides of titanium, 
and to their use in starter tablets used in the electroslag 
remelting or welding process. 

If TiO2 is heated, either in vacuo or in a hydrogen or 
other non-oxidising atmosphere, at 950° - 1400°C, 
some reduction of the material takes place and the pre 
viously white material changes colour to black or blue 
black. By the treatment it is possible to produce a com 
position of empirical formula lying between TiOLss and 
TiOms. These oxides are, for simplicity, hereinafter re 
ferred to as “oxygen de?cient titania”. 
The normal resistivity of titania is of the order of 10" 

ohm cm; the resistivity of oxygen de?cient titania is 
generally in the region of 0.05 — 10 ohm cm. 

In the electroslag remelting or welding process, the 
metal to be re?ned is used as an electrode, the elec 
trode is immersed at its end in a bath of molten re?ning 
slag contained in a water-cooled mould, and electrical 
current is caused to pass through the system. The 
mould usually consists of a hollow steel cylinder with 
a copper base-plaste, the two components being sepa 
rated by an insulating refractory gasket (e.g., asbestos). 
By reason of the electrical resistance of the system, due 
essentially to the slag component, heat is generated in 
amount sufficient to cause the tip of the electrode to 
melt. ‘The molten metal falls through the molten slag 
layer in the form of droplets and thereby undergoes a 
cleansing action which‘ reduces inter alia the sulphur 
and inclusion contents of the metal. The refined metal 
collects in the water cooled mould and is progressively 
solidi?ed with a superior crystalline micro-structure to 
produce an ingot which possesses improved mechani 
cal properties and is eminently suitable for subsequent 
rolling, drawing, forging and other working. 
The slag used for the purpose may be of any composi 

tion which is suitable for the re?ning effect required, 
the principal restricting factor being that it must be 
electrically conductive to the correct degree so that its 
resistance to the electric current is responsible for pro 
ducing the required heat. Usually, the composition of 
the slags has been based upon fluorspar, fluorspar 
lalumina, fluorspar/lime, ?uorspar/magnesia, ' ?uor 
spar/lime/alumina or ?uorspar/magnesia/alumina sys 
tems with, possibly, minor additions of substances in 
tended to effect speci?c alloying or re?ning modi?ca 
tions of the metal. As the remelted metal collects in the 
mould and its level rises, a thin layer of the slag remains 
between the metal and the mould wall, conferring a 
very smooth surface to the ingot produced. 

In the electroslag welding process, the weld metal is 
used as the electrode and instead of providing a mould 
as in the electroslag remelting it is arranged that a cav 
ity is formed between two opposite water-cooled shoes 
and two interspaced opposite metal elements which are 
to be welded together. The same technique of provid 
ing the molten metal from the electrode is used. 

In terms of the type and quality of steel produced, the 
electroslag remelting process may be compared with 
the consumable are or vacuum arc steelmaking 
method. It does, however, offer considerable advan 
tages over the latter process, both economically by re 
quiring lower capital and running costs and technically 
in that the ingots produced have superior surface qual 
ity, a lower sulphur content, a more uniform and ?ner 
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2 
grained structure and much improved hot-working 
ductility. 

Nevertheless, the process suffers certain limitations 
which have proved dif?cult to overcome. The principal 
disadvantages arise from the dif?culties in the starting 
procedure. It will be appreciated that it is not suf?cient 
merely to place a quantity of powdered slag in the 
mould, lower the electrode and expect a current to flow 
through it; considerable arcing occurs, possibly damag 
ing the copper base-plate of the mould and certainly 
causing severe power “surging”. 
One technique for meeting this dif?culty is to place 

in the mould a small quantity (e.g., an ounce or two) 
of a sodium or potassium nitrate/aluminium/iron oxide 
or nitrate/aluminium/magnesium mixture and lower 
the electrode on to it. Powdered slag is then poured 
into the space between electrode and mould wall, the 
electric power is switched on to trigger the reaction be 
tween the aluminium/magnesium and the nitrate and 
/or iron oxide. The exothermic reaction assists in melt 
ing a small quantity of the slag which then becomes 
conductive and the remainder is gradually melted. 
However, even this method needs a high starting cur 
rent (much higher than the current for normal running 
of the process) and the electrical system has to be con 
structed in a way that it will withstand current surges 
without being damaged. As only a small quantity of slag 
is initially melted, it cannot rapidly attain the required 
running temperature whilst unmelted powdered mate 
rial continues to chill the slag pool. Thus, initially the 
slag is rather viscous and can contain lumps of un 
melted material which are likely to become entrapped 
in any molten metal which is produced. In fact, it is 
quite usual to crop and discard the bottom 5 percent 
of the ingot produced because of its poor quality and 
high slag inclusion content. 
Furthermore, the position of the electrode in the slag 

is usually automatically controlled ‘so that it produces 
the required current density, i.e., when the resistance 
of the system changes the extent to which the electrode 
is immersed in the slag is automatically varied to com 
pensate, so that a steady current density is maintained. 
With the violent current ?uctuations resulting from the 
uneven melting of the slag, the electrode tends to move 
up and down in rapid oscillation in an attempt to stabil 
ise the current density. This may result in the electrode 
touching the mould bottom and becoming welded 
thereto. In addition, it is often found that the powdered 
slag remains suspended above the liquid level and brid 
ges across the annulus between electrode and mould 
wall. As the remelting process proceeds, the level of 
metal and slag rises in the mould and eventually the 
“bridges” are partly consumed. This causes intermit 
tent cooling of the slag bath with consequent rises in 
viscosity. The usual effect is the production of an ingot 
with a corrugated surface, due to the formation of an 
uneven thickness of solidi?ed slag on the mould walls. 
Various types of starter tablets have been proposed, 

for example as disclosed in our copending application, 
US. Pat. No. 634,737, and now abandoned. 
These types function well, but necessitate a more 

complex manufacturing procedure than the starter 
composition of the present invention. 

It has now been found that the starting difficulties re 
ferred to above may be largely eliminated or overcome 
by the use, in contact with the electrode of a composi 
tion containing oxygen de?cient titania. 
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According to the present invention, therefore, there 
is provided in the electroslag remelting or welding pro 
cess the use of a starter composition which comprises 
oxygen de?cient titania. The starter composition pref 
erably also includes other slag forming ingredients. The 
composition preferably includes 40-99 percent by 
weight oxygen-de?cient titania. 
On initiating the electroslag remelting or welding 

process by passing the electric current, the composition 
heats up due to the oxygen de?cient titania therein act 
ing as a resistance heating element, and which. melts to 
form a shallow pool of fused titania in which the re 
maining ingredients of the composition dissolve to form 
the required re?ning slag. 

in certain circumstances, oxygen de?cient titania 
may be used by itself in powder or compacted form as 
the starter material, but it is preferable to include other 
slag forming ingredients in the composition in order to 
adjust the composition of the slag produced and its 
melting point. Alkaline earth metal ?uorides may be 
included in the composition, preferably in the propor 
tion of up to 20 percent of the composition. 
The composition may be matched to that of the metal 

of the re?ning or welding electrode. in a preferred form 
of the invention, bonded tablets comprising 20-60 per 
cent by weight iron powder and 80—40 percent by 
weight oxygen de?cient titania may be used quickly 
and easily to initiate the electroslag remelting or weld 
ing process. 
The binder, if used, may be any binder which will 

hold the tablet in coherent form and have no adverse 
effect on the properties thereof. Inorganic binders such 
as modi?ed clays are preferred for economic reasons, 
the binder most preferably used being bentonite. Thus, 
the present invention provides, an electroslag starter 
tablet which comprises oxygen de?cient titania, a slag 
forming agent and a binding agent, bonding the ingredi 
ents to a coherent tablet. 

However, it is still more preferable to employ compo 
sitions which have been sintered into tablet form. Thus, 
tabletted compositions according to the present inven 
tion may be prepared by incorporating in a composi 
tion comprising normal titania, TiO,, a suitable binder, 
e.g., l-4 percent by weight gum arabic and tabletting 
the mixture, e.g., by moistening and pressing into the 
required shape. The tablet is then sintered in air at 
about 800°C during which process the gum arabic 
burns away. The coherent tablet thus formed is heated 
in a suitable reducing atmosphere until the titania has 
the required oxygen de?ciency and electrical conduc 
tivity. 
According to a further feature of the invention, there 

is provided a process for the production of an electro 
slag startei' tablet which comprises the steps of bonding 
in tablet form a mixture of titania and optionally at 
least one material selected from ‘glass powder, iron 
powder and alkaline earth metal fluorides and subject 
ing the resulting tablet to reduction at a temperature of 
950-l400°C. The ingredients may be bonded with an 
organic gum or resin, e.g. gum arabic. 

In a speci?c process normal titania may be mixed 
with gum arabic and glass powder, compacted into a 
tablet, dried at 140°C and then heated in a suitable re 
ducing atmosphere. 
The following examples of oxygen de?cient titania 

tablets serve to illustrate the invention: 
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EXAMPLE 1 

TiO,(x = 1.65 — l.98) —— 98 percent 

Glass powder -- 2 percent 
resistivity of the above composition is approximately 
0.5 ohm cm. 

EXAMPLE 2 

TiOJr (x = L65 — 1.98) -— 49 percent 

Iron filings —— 49 percent 
Glass powder — 2 percent 

resistivity of the above composition is 0.1 - 1.5 ohm cm. 

EXAMPLE 3 

TiO, (x = 1.65 — L98) —- 44 percent 

Iron ?lings —— 44 percent 

Fluorspar — 10 percent 
Glass Powder —— 2 percent 

resistivity of the above composition is 0.25- 0.5 ohm 
cm. 

EXAMPLE 4 

TiO, (x = 1.65 - L98) — 80 percent 

Carbonyl Nickel powder -— 18 percent 
Glass powder — 2 percent 

resistivity of the above composition is 0.1 —0.5 ohm cm. 
In each of the above examples, the recipes given are 

of the ?nished, sintered, tablet. These tablets were ob 
tained by mixing 93 parts of the appropriate mixture 
with two parts of gum arabic and 5 parts of water. The 
composition was then compressed into tablet form 
using a pressure of 8-10 tons p.s.i. and ignited at 800°C 
to burn the organic matter and to sinter the tablet. This 
was followed by heating at 1,000° to l,400°C in a hy 
drogen atmosphere for two to three hours. This proce 
dure provided tablets of density between about 4 
gmslcc (for example 1) and about 6 gms/cc for those 
compositions containing a high proportion of iron. in 
example 3, for example, a tablet of two inches diameter 
and one inch height was manufactured from 120 gms. 
of the mixture. This was suitable for use as a starter 

block in a six inch diameter mould. 
The use of gum arabic ensures cohesion in the green 

state but it is not essential if reasonable care is taken in 
handling the tablets before igniting. 

I claim as my invention: 
l. In a process involving passage of an electric cur 

rent through a molten slag between a meltable and a 
non-meltable electrode, the improvement which com 
prises initiating the process in the presence of a compo 
sition comprising a substantial proportion of oxygen 
de?cient titania wherein the ratio of oxygen to titanium 
is in the range of from about 1.65 to about 1.98. 

2. A process according to claim 14 wherein the com— 
position includes up to 20 percent by weight of at least 
one alkaline earth metal fluoride. 

3. A process according to claim 14 wherein the com 
position includes iron powder. 

4. A process according to claim 14 wherein the com 
position includes glass powder. 

5. A process according to claim 14 wherein the com 
position is used in the form of a bonded tablet. 

6. A process according to claim 5 wherein the bind 
ing agent of said tablet is a clay. 

7. A process according to claim 14 wherein the com 
position is used in the form of a sintered tablet. 
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8. A process for the production of an electroslag 
starter tablet which comprises the steps of bonding in 
tablet form a mixture of titania and at least one mate 
rial selected from the group consisting ofglass powder, 
iron powder and alkaline earth metal ?uorides, and 
subjecting the resulting tablet to reduction at a temper 
ature of 950°-l400°C so as to decrease the ratio of oxy 
gen to titanium in the titania to from about 1.65 to 
1.98. 

9. A process according to claim 8 wherein the ingre 
dients are bonded with a binding agent selected from 
the group consisting of organic gums and resins. 

10. A process according to claim 9 wherein the ingre 
dients are bonded with 14 percent by weight gum ara 
bic. 

11. An electroslag starter body consisting of a coher 
ently bonded tablet which consists essentially of oxygen 
de?cient titania wherein the oxygen to titanium ratio is 
from about 1.65 to 1.98, a slagforming agent and a 
binding agent, said oxygen de?cient titania being capa 
ble upon passage of electric current therethrough of 
melting to form a pool of fused titania in which the 
other components of said starter body dissolve to form 
a refining slag. 
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12. An electroslag starter body which consists of a 

coherently bonded tablet which consists essentially of 
20-60 percent by weight iron powder and 80—40 per 
cent by weight oxygen de?cient titania wherein the ox 
ygen to titanium ratio is from about 1.65 to 1.98, said 
oxygen de?cient titania being capable u'pon passage of 
electric current therethrough of melting to form a pool 
of fused titania in which other components may be dis 
solved to form a re?ning slag. 

13. A process for starting electroslag remelting and 
welding processes which comprises resistance heating 
via a meltable and a non-meltable electrode a slag 
forrning body containing oxygen de?cient titania to 
form a molten slag and raising the slag to a temperature 
such that the meltable electrode melts to form droplets 
which fall through the slag. 

14. The process of claim 1 wherein the meltable elec 
trode is metal to be re?ned which after melting passes 
through the molten slag and is collected. 

15. The process of claim 1 wherein the meltable elec 
trode is weld metal which after melting serves to join 
metal pieces being welded. 

* * =1: * * 


