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This invention relates generally to hot tops and, more 
particularly, to an improved reusable hot top for use with 
big-end-up ingot molds and an improved method of hot 
topping. 

In the casting of metal ingots it is common practice to 
use a hot top mounted on or at the top of an ingot mold. 
The hot top may be one of many types as described later 
but the object of a hot top is to contain feed metal and 
maintain it molten while the metal in the ingot mold is 
solidifying. The metal in the hot top is above and in con 
tact with the metal in the ingot mold and as the metal 
in the got mold shrinks the metal contained within the hot 
top, that is to say, the feed metal or head metal, feeds down 
into the ingot body and thus prevents the formation of 
shrinkage cavities in the body of the ingot. 
Of the various types of hot tops commonly used, prob 

ably the three most common are: (1) the single use re 
fractory hot tops; (2) the reusable semi-permanent hot 
tops, generally including a metal casing with a semi 
permanent refractory lining; and (3) the single use exo 
thermic hot tops. 
Our invention is primarily concerned with the second of 

these types, i.e., reusable hot tops which have heretofore 
consisted of a metal shell having a semi-permanent in 
sulating lining of Substantial thickness and with a protec 
tive refractory coating on the inner surface of the semi 
permanent lining and which are for use on big-end-up 
ingot molds. These hot tops are generally floating hot tops 
which are inserted in the upper part of the ingot mold, and 
supported by wooden blocks mounted on the ingot mold, 
until the metal is poured. Big-end-up ingot molds are in 
got molds in which are produced metal ingots wider at 
the top than the bottom. With big-end-up molds, removal 
of the solidified ingot may present a difficulty, whereas 
with big-end-down ingots, i.e., those which are wider at 
the bottom than at the top, there is no problem as the mold 
is simply lifted off the solidified ingot. With big-end-up 
molds, the mold cannot be lifted off the ingot unless the 
mold and ingot are first inverted, a technique generally 
regarded as impracticable with the larger sizes of ingot. 
An alternative method of removing the ingot from the 
mold is to grasp the upper part of the ingot (the residual 
feeder head) by stripper tongs, and by lifting from above, 
thus the ingot is removed from the mold. In view of the 
dead weight to be lifted, the amount of feeder head avail 
able to be grasped by the stripper tongs is important, as a 
certain minimum is required to enable a good grip to be 
obtained. With the usually employed refractory lined 
metal boxes, the hot top volume is such as to insure 
that a reasonably high residual head is left. 
Improvements in such hot tops will generally be aimed 

at saving head metal providing this can be done with no 
adverse effects. However, the only way of saving head 
metal is to reduce the volume of head metal used, and this 
can be done only by reducing the height or diameter of 
the head or both. 
When using refractory lined metal head boxes or single 

use refractory or insulating hot tops there is, in normal 
circumstances, always a danger that if the diameter of the 
head is reduced, the metal at the lower end of the hot top 
at the junction with the ingot body may freeze to form a 
bridge which will prevent the liquid metal in the hot top 
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2 
feeding down into the solidifying ingot body. Thus, the 
ingot will contain shrinkage cavities. For this reason when 
using hot tops which are more thermally efficient than 
straight insulators, e.g., exothermic hot tops, and which 
allow for reduction in the hot top volume, one generally 
reduces the height of the feeder head rather than the 
diameter. Unfortunately, however, when the height is re 
duced the resultant feeder head is too short to be gripped by 
the stripper tongs and so the big-end-up ingots cannot be 
easily extracted from the mold, unless expensive bottom 
strippers are employed which push the ingot upwards a 
sufficient distance to enable the stripper tongs to gain a 
gr1p. 

Another disadvantage of the refractory lined metal head 
boxes used heretofore has been the disadvantage of the low 
reuse rate, i.e., the turn-around time has been very long. 
This is due to the fact that after being used the hot top 
lined with semi-permanent refractory lining has to be 
renovated. This involves the periodic replacement of the 
semi-permanent refractory lining itself, after being used a 
relatively small number of times and, in addition, a slurry 
must normally be applied to the face of the semi-per 
manent liner, after each use, to replace the protective re 
fractory coating. Such work can only be done when the 
hot top has cooled sufficiently to be handled. Because of 
the low rate of cooling of the refractory lined head box, 
due in a large way to the large heat content of the head 
boxes when they are removed from the ingot mold, the re 
use rate is commonly as low as 1.2 times per twenty-four 
hour period. This necessitates having a large number of 
head boxes available for use while the others are cool 
ing and being renovated. It should be pointed out that after 
renovation by the slurrying method, the semi-permanent 
refractory lining and facing coating have to be thoroughly 
dried before the head box can be reused, which is an 
extremely time-consuming operation. Thus, the use of such 
head boxes necessitates the outlay of large amounts of 
capital for the purchase of the large number of head 
boxes required, a large amount of floor space is required 
both for storage and for repair and renovation of the head 
boxes, and also a considerable amount of manpower is 
required both in handling and repair and renovation of 
such head moxes. 

It is a primary object of the present invention to provide 
an improved reusable hot top, for use on big-end-up ingot 
molds, which has a reduced gross hot top volume com 
pared to those used heretofore but which at the same time 
has a residual head high enough to facilitate the stripping 
of Solidified ingots from big-end-up ingot molds and can 
be reused with substantially greater frequency than the 
commonly used refractory lined metal head boxes. 

. It is a further object of the invention to provide such an 
improved hot top which maintains a relatively high head 
on the upper end of a big-end-up ingot while decreasing 
considerably the gross volume of the hot top and without 
any danger of bridging at the lower end of the hot top 
during solidification of the main body portion of the in 
gOt. 

It is another object of the invention to provide an im 
proved hot top of the foregoing type which provides good 
thermal insulation of the head metal during the solidifica 
tion of the ingot yet which cools so rapidly after stripping 
from the solidified ingot that it can be used more fre 
quently than heretofore. 
Yet another object is to provide such a hot top which 

can be artificially cooled, such as by quenching with water 
or air blast, after it has been stripped from the solidified 
ingot. 

It is a further object of the invention to provide a reus 
able hot top for use with big-end-up ingot molds which 
prevents the spread of molten metal behind the insulating 
refractory lining of the hot top. A related object is to 
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provide such a hot top in which the life of the metal head 
box is substantially extended. Yet a further object of 
the invention is to provide a reusable hot top which does 
not require the use of semi-permanent refractory linings 
of brick or castable refractory. 

Still another object of the invention is to provide an 
improved method of assembling hot tops for use with 
big-end-up ingot molds, this method being so simple 
and economical that it substantially reduces the man 
power and time required for the hot top assembling oper 
ation. Another object is to provide such a method which, 
if desired, does not require cutting or trimming of the 
refractory lining material to achieve the desired tight fit. 
A still further object of the present invention is to 

provide an improved hot top of the type described which 
reduces the amount of consumable lining material to be 
replaced in the hot top between uses. 
Another object of the present invention is to provide 

an improved hot top for use with big-end-up ingot molds 
which permits the use of preformed refractory liners with 
out any danger of such liners being bowed inwardly 
away from their supporting surfaces due to the heat of 
the molten metal. A related object is to provide an im 
proved hot top which actually utilizes the heat from 
the molten metal being poured to insure that the various 
elements of the hot top liner are in tight engagement with 
each other and their supporting surfaces. 

Other objects and advantages of the invention will be 
come apparent upon reading the following description 
and appended claims, and upon reference to the draw 
ings, in which: 
FIGURE 1 is an elevation view in section showing a 

hot top embodying the present invention mounted on 
the top of a big-end-up ingot mold; 

FIG. 2 is an enlarged sectional view of the hot top 
shown in FIGURE 1: 

FIG. 3 is a bottom plan view of the entire hot top 
shown in FIGURE 2 with the broken line showing the 
positions of the refractory liner boards prior to being 
rammed home; 

FIG. 3a is a perspective of one of the refractory liner 
boards employed in the hot top of FIGS. 1-3: 

FIG. 4 is a horizontal section of a modified arrange 
ment for the refractory liner boards in the hot top of 
FIGURES 1 and 2; 
FIG. 5 is a horizontal section of another modified 

arrangement for the refractory liner boards in the hot 
top of FIGURES 1 and 2; 

FIG. 6 is an elevation view in section of one side of 
another hot top embodying the present invention, but em 
ploying a different construction at the lower inside cor 
ner of the hot top; 
FIG. 7 is a fragmentary elevation view in section of 

the lower portion of one side of another hot top having 
a further modified construction at the lower inside corner; 

FIG. 8 is an elevation view in section of one side of 
the hot top embodying the present invention and which 
permits the replacement of the lower portion of the con 
ventional outside casing; and 

FIG. 9 is a fragmentary elevation view in section of 
a modified hot top construction in which the refractory 
bottom ring has been eliminated. 
While the invention will be described in connection 

with certain preferred embodiments, it is to be under 
stood that the invention is not to be limited to the dis 
closed embodiments, but on the contrary, it is intended 
to cover the various modifications and equivalent ar 
rangements included within the spirit and scope of the 
appended claims. 
The steel manufacturer, over the years, has been con 

stantly striving for improvements in ingot soundness 
while at the same time seeking to effect economies of 
operation. Once the consistent production of sound in 
gots had been achieved by reason of various improve 
ments in hot-topping techniques including, for example, 
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4. 
improved insulations and hot top designs, emphasis quite 
naturally shifted to maximizing the yields of useful in 
got metal, i.e., reducing to as low as possible the excess 
metal poured in the feeder head. Big-end-up ingot molds, 
constituting by far the most widely used molds in the 
United States, have certain inherent characteristics which 
have, until now, substantially resisted efforts to combine 
low hot top volume with top-lifting techniques. By means 
of the hot tops of the present invention, however, this 
has now been achieved and, moreover, the turn-around 
time for each hot top, i.e., the time between successive 
uses of any one hot top, has been remarkably shortened 
so as to permit as much as 500% greater utilization of 
each permanent hot top casting. 
Reusable hot tops of the type which include a semi 

permanent lining, as noted above, have a number of dis 
advantages including relatively low reuse rate and/or low 
efficiency in terms of the percentage volume of feeder 
metal to ingot metal. Efforts to improve the yields ob 
tainable therewith have generally resulted in residual heads 
of such reduced height as to prohibit their effective use 
with big-end-up ingot molds and top-lifting techniques. 
With the improved hot top of the present invention, 

the residual feeder head is sufficiently high to permit top 
lifting of big-end-up ingots, and yet the gross volume 
of metal poured is about the same as that required with 
the most efficient hot tops now in use, and the hot top 
can be reused in a fraction of the time heretofore 
required. 

In short, the instant invention comprises an outstand 
ing improvement in the field of reusable hot tops of the 
type heretofore including a semi-permanent refractory 
liner whereby the same can be applied to big-end-up in 
gots which are stripped by top-lifting techniques, while 
at the same time achieving substantial economic advan 
tages. These very substantial advantages, when coupled 
with the ability to actually multiply the number of uses 
of a given hot top in a twenty-four hour period, render the 
present invention one of obvious commercial significance. 

Turning now to the drawings, in FIGURE 1 there is 
shown a hot top 10 mounted on the top of a big-end-up 
ingot mold 11, such as used in the formation of steel 
ingots for example. The hot top serves to delay the solidi 
fication of the metal contained within it so that molten 
metal can feed downwardly into the main body portion 
of the metal ingot to compensate for shrinkage during 
cooling, thereby preventing the formation of shrinkage 
cavities in the final ingot. 

In the particular embodiment illustrated, the hot top 
10 includes a conventional outside metal casing com 
posed of a lower section 12 and an upper section 13 
resting on the top of the lower section and rigidly con 
nected thereto. The lower section 12 of the metal cas 
ing is complementally formed with respect to the inside 
walls of the ingot mold 11, and is provided with an in 
turned flange 15 extending entirely around the lower end 
thereof. For the purpose of initially mounting the metal 
casing on the lip of the big-end-up mold 11, a plurality 
of wooden spacing blocks 16, which may be adjusted 
to control the depth of the lower end of the hot top 
within the mold, are initially provided between the lower 
metal section 12 and the walls of the mold cavity. These 
wooden blocks 16 are subsequently removed, after the 
charge of molten metal has been poured into the mold 
and hot top, and the hot top thereafter floats on the 
molten metal in the mold. Although the particular hot 
top illustrated is of generally quadrangular configuration, 
as can be seen in FIG. 3, it will be understood that the 
shape of the hot top may be round, oval, polygonal, or 
any other desired configuration. 
To provide the thermal insulation required to delay 

the solidification of the molten metal in the hot top, 
the hot top is lined with a thin refractory liner 17 having 
low thermal conductivity, and a refractory bottom ring 
18 is usually secured to the lower end of the metal casing 
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for the purpose of preventing the creepage of molten 
metal up behind the refractory liner end to protect the 
lower end of the metal casing. The refractory bottom ring 
18, which may be a sand ring for example, is complemen 
tally formed with respect to the walls of the mold cavity, 
being fluted in the case of a fluted mold. A conventional 
wiper strip 9 is fitted over the lower outside corner of the 
ring 18 extending entirely around the hot top with the 
upper end of the wiper strip bearing against the mold 
wall to prevent the molten metal from rising in the gap 
between the hot top and the mold. In order to hold 
both the refractory bottom ring 18 and the wiper strip 
19 to the metal casing, a plurality of spring clips 19a 
are fitted over the wiper strip around the hot top with 
their lower ends gripping the ring i8 and their upper 
ends hooked in recesses provided in the lower casing 
section 12. 
In accordance with one aspect of the present inven 

tion, the hot top casing includes an inner metal sleeve 
embodying an essentially vertical, inner metal face de 
fining a reservoir for molten metal, with the preformed 
refractory liner in bearing engagement with the inner 
surface of the metal sleeve. Rapid cooling of the hot 
top after it has been stripped from the solidified ingot re 
sults from the absence of the semi-permanent liner. In 
order to facilitate removal of the solidified ingot from 
the big-end-up mold while maintaining a low gross hot 
top volume, the opening at the lower end of the hot top 
must be between about 25 and about 45 percent of the 
area of the mold opening so as to form a relatively 
high residual feeder head on the upper end of the ingot. 
To prevent freezing over of the molten metal at the 
lower end of the hot top during solidification of the 
main body portion of the ingot, the preformed refractory 
liner is made of a highly thermally insulating compo 
sition of finely divided refractory material, an organic 
fibrous material, and a binder. 
The present invention stems in part from the unexpected 

discovery that when using certain highly efficient in 
sulating liners, the cross-sectional area of the hot top 
opening can be considerably reduced even though the 
liner is maintained in direct contact with a metal casing. 
This enables a high residual feeder head to be produced 
on the top of the ingot while decreasing the gross hot 
top volume so that the ingot can be readily gripped by the 
stripping tongs, while at the same time permitting ex 
tremely fast cooling of the hot top (after it has been 
stripped from the solidified ingot) due to the high thermal 
conductivity and reduced heat capacity of the metal shell 
in the absence of semi-permanent lining. This is believed 
to be a heretofore unachieved combination of properties 
in a single hot top, and is of extreme economic impor 
tance in practice. 

In the particular embodiment illustrated in FIGURES 
1 and 2, a metal sleeve 20, made of cast iron, for ex 
ample, is inserted concentrically within the conventional 
casing sections 12 and 13, with the lower end of the 
metal sleeve 20 being provided with an outwardly ex 
tending flange 21 which rests on top of the inner flange 
15 on the lower casing section 12. To provide a maximum 
area of support for the refractory lining 17, the metal 
sleeve 20 is provided with a solid body portion 22 which 
covers the entire outer surface of the upper portion of 
the refractory liner. The metal sleeve 20 is maintained in 
the desired space relation with respect to the outside 
casing sections by a pair of outwardly extending flanges 
or ribs 23 and 24 which are complementally formed 
with the inside surfaces of the two casing sections 12 
and 13, respectively. A longitudinal stress relief groove is 
provided in each corner of the metal sleeve to prevent 
thermal cracking. It is apparent that many other forms 
for the metal sleeve may be devised in accordance with 
the teachings of this invention, and the metal sleeve may 
be supported within the outside casing sections in a num 
ber of different ways. 
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It has been found that as a result of the relatively lower 

heat capacity of the metal sleeve 20 after it has been 
stripped from the solidified ingot, the average hot top 
embodying this invention may be used as often as four 
to six times in each twenty-four hour period, thereby 
providing as much as a 500 percent increase in hot top 
usage, as compared with the normal reuse rate of approxi 
mately 1.2 times per twenty-four hour period for the 
commercial hot tops employed heretofore. This not only 
reduces the number of hot tops required, but also leads 
to attendant reductions in floor space and manpower 
requirements. In one example of this invention in a large 
Scale operation, it was found that hot tops constructed 
in accordance with this invention cooled to the tempera 
ture necessary to permit replacement of the consumable 
refractory liner in about 1.5 hours after stripping, where 
as the type of hot tops previously employed in this ap 
plication required about 3.5 hours to cool to the same 
temperature. An improvement of this magnitude is ob 
viously of great significance in any commercial operation. 
Also, using the new hot top of our invention, the hot top 
is immediately ready for use after it has been re-lined, 
whereas with the conventional refractory lined metal 
head box, a further time-consuming drying operation is 
required after the box has been re-lined before the hot 
top can be reused. 

In accordance with another aspect of this invention, 
the rapid cooling rates described above are achieved in a 
hot top in which the maximum cross-sectional area of 
the hot top opening is between about 25 and about 45 
percent, preferably about 25 to 35 percent, of the area 
of the mold openings. Consequently, the gross hot top 
volume is decreased while producing a relatively high 
feeder head on the top of the ingot, thereby permitting 
the big-end-up ingot to be readily gripped from above 
by a pair of tongs for removing the ingot from the mold, 
Without the use of bottom strippers. It is believed that 
this is the first time that such tall feeder heads have been 
produced on Sound ingots with such a low hot top vol 
ume, while at the same time permitting rapid cooling 
of the hot top between uses. In one large scale example 
of the present invention, the openings at the lower ends 
of the hot tops were only about 28 percent of the area 
of the openings of the big-end-up molds with which they 
were used, compared with openings of about 56 percent in 
the refractory lined metal head boxes which were pre 
viously used with the same molds. This difference is 
especially significant when one considers that it becomes 
difficult to remove big-end-up ingots from their molds, 
without seriously increasing the percentage hot top volume, 
when the opening at the lower end of the hot top is 
greater than about 45 percent of the area of the mold 
opening. 

In order that the area of the hot top opening may be 
reduced as described, it is essential that the refractory 
liner be sufficiently thermally insulating to prevent freez 
ing over or solidification of the relatively narrow column 
of molten metal therein during solidification of the main 
body portion of the ingot. To provide the required thermal 
insulation, the refractory liner material should have a 
mean heat diffusivity value over the temperature range 
of 25 C. to 1500° C. of below about 0.015 centimeter 
gram-second units. The term “heat diffusivity” is defined 
as VKcp wherein K is the thermal conductivity of the 
material, p is the density, and c is the specific heat. Suit 
able highly thermally insulating compositions for the re 
fractory liner are those containing by weight about 70 
to 95 percent finely divided refractory, such as sand, grog, 
or the like; about 2 to 20 percent organic fibrous material, 
Such as wood pulp or paper pulp for example; and about 1. 
to 10 percent a binder such as a resin or an organic 
glue. In some cases, it is desirable also to include up to 
about 10 percent by weight of an inorganic fibrous ma 
terial, such as glass wool, rock wool, asbestos, steel wool, 
or the like, to render the liner slightly flexible or deform 
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able. The particular composition and thickness of the 
liner may be chosen to provide the required thermal in 
sulation for any given application. Refractory liners hav 
ing compositions as described above are commercially 
available, and are generally formed by preparing an 
aqueous slurry of the particular composition, depositing 
the slurry on a porous mold, consolidating the Solid part 
of the slurry, preferably under pressure or Vacuum, to 
remove the liquid vehicle, and then baking or curing the 
remaining material. The thickness of the preformed re 
fractory liner can vary for different applications, but in 
general it should not exceed about 1.5 inch. 

In accordance with a further aspect of the invention, 
the inner side walls of the thermally conductive metal 
casing are inclined downwardly and outwardly to provide 
a gradually increasing hot top opening, and the refractory 
bottom ring is provided with complemental inner surfaces 
which are flush with the inner surfaces of the metal 
casing and inclined at the same angle. The preformed 
refractory liner can then be inserted down into the hot 
top opening, with the hot top in its inverted position, 
until it is wedged firmly against the inclined inner side 
walls with the upper end of the liner extending preferably 
to the uppermost surface of the bottom ring on the in 
verted assembly but in any event substantially beyond the 
juncture between the sand ring and the metal sleeve. This 
has been found to greatly facilitate the installation of the 
preformed refractory liner, without the necessity for Sup 
plemental cutting and trimming operations, and effectively 
prevents the penetration of molten metal behind the re 
fractory liner. Thus, in the present embodiment of FIGS. 
1 and 2, the sand ring 18 extends inwardly beyond the 
flange 15 on the lower end of the casing section 12, and 
extends upwardly past the inner edge of the flange 15 
into abutting engagement with the lower end of the metal 
sleeve 20. The inside portion of the refractory bottom 
ring 18 is provided with inclined surfaces 30 which are 
coplanar with the inner surfaces of the metal sleeve 
20. Consequently, when the hot top is in its inverted 
position with the larger end of the opening at the top, it 
is a simple matter to insert the preformed refractory liner 
17 downwardly over the continuous inner side walls 
formed by the metal sleeve 20 and the bottom ring 18 
until the liner has been wedged firmly into position. 
This is in contrast to other constructions where the pre 
formed refractory liner is seated in a groove in the bottom 
ring, with the result that extensive cutting and trimming 
is required to fit the liner and bottom ring together to 
prevent creepage of molten metal therebetween. More 
over, in the present construction there is less tendency for 
gaps to form between the refractory liner and the bottom 
ring during pouring of the molten metal. In FIGS. 6 and 
7 are shown embodiments of the invention which in 
corporate the key features therein but which would, of 
course, require a trimming operation. 

For the purpose of facilitating manufacture, shipping, 
and storage of the preformed refractory liner, the liner 
is preferably formed from a plurality of preformed 
boards, such as the four boards 40 shown in FIGS. 3 and 
3a. Each of the boards 40 is of generally rectangular 
shape, as shown in FIG. 3a, and is provided with beveled 
longitudinal side edges 4.0a adapted to form tight joints 
between adjacent boards when they are assembled in the 
hot top. The boards are slightly tapered in the transverse 
direction so as to be complementally formed with respect 
to the side walls of the metal sleeve 20 and the botton 
ring 18, so that the boards have a natural wedging action 
as they are inserted within the hot top. With the hot 
top in its inverted position, the four boards 40 can be 
simply inserted down along the four side walls formed by 
the metal sleeve 20 and the refractory bottom ring 18 
until the longitudinal edges of the adjacent boards abut 
each other. The boards are then forced downwardly until 
they are wedged tightly together against the inner side 
walls, with the upper ends of the boards extending at 
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8 
least to the uppermost surface of the bottom ring on the 
inverted assembly. 

In accordance with one aspect of the invention, both 
the preformed refractory liner and the inner side Walls 
formed by the metal casing and the refractory bottom 
ring are transversely concave so that any expansion of 
the refractory liner due to the heat from the molten 
metal causes the liner to bow outwardly rather than in 
wardly. This not only wedges the liner more firmly in 
place, but also insures against the upward creepage of 
molten metal between the inner surface of the metal 
casing and the refractory liner by preventing the liner 
from buckling or bowing away from the supporting metal 
casing. Moreover, to insure against any breakage of the 
refractory liner due to thermal expansion, each of the 
preformed refractory boards is initially curved slightly 
more in the transverse direction than the concave inner 
surfaces of the metal casing and the bottom ring so that 
the longitudinal edge portions of the boards are initially 
spaced away from the corner portions of the inner side 
walls. Thus, referring to FIGURE 3, each of the four 
generally rectangular inner side walls 41 of the metal 
sleeve 20 and the bottom ring 18 is transversely concave 
so as to receive four generally complementally curved re 
fractory boards 40. As indicated by the broken lines in 
FIGURE 3, the boards 40 are initially curved slightly 
more than the inside surfaces of the metal sleeve 20 so 
that the abutting longitudinal edge portions of the boards 
are slightly spaced from the corners of the metal sleeve. 
A 2 to 5 clearance between the boards and the metal 
sleeve is suitable for most applications. Since the adjacent 
boards 40 are initially in abutting engagement with each 
other, they are forced back against the side walls 41 
by the wedging actions between boards as they are 
rammed home. Any subsequent thermal expansion of the 
boards due to the heat from the molten metal causes 
them to tend to straighten out, thereby insuring a tight 
fit between adjacent boards and the supporting side walls 
and, conversely, preventing the boards from buckling or 
bowing away from the inner side walls. 

In general, the wedging action between the preformed 
refractory boards 40, and the frictional engagement of 
the boards with the inner surfaces of the metal casing and 
the refractory bottom ring, is sufficient to hold the re 
fractory liner firmly in place during pouring of the molten 
(metal. However, to further insure against slipping of the 
boards downwardly when the hot top is rotated into the 
normal casting position, a metal wiper ring 42, shown in 
FIG. 2, having a serrated inner edge 43 may be mounted 
on the inside corner of the refractory ring 18 prior to the 
insertion of the refractory boards. When the liner boards 
are subsequently inserted into the hot top, the serrated 
edge 43 penetrates into the material of the boards and 
provides a positive retaining action to hold the boards 
firmly in position. Alternatively, the preformed liner 
boards may be held in place by various arrangements of 
clips, straps, wire or the like. 
Although the invention has been described thus far 

only in connection with curvilinear arrangement for the 
metal casing and the refractory liner, it will be under 
stood that the invention is equally applicable to other 
shapes for the refractory liner. Thus, in the modified con 
struction illustrated in FIGURE 4, the inner side walls 
50 formed by the metal casing and the refractory bottom 
ring are perfectly flat so as to receive a plurality of 
flat liner boards 51. The abutting edges of adjacent boards 
are beveled to form 90-degree corner angles in the final 
assenbly. In another modified construction, illustrated in 
FIGURE 5, the inner side walls 55 are still flat, but 
the refractory liner boards 56 are simply butted up against 
each other to form the desired square corner construc 
tion without beveling the longitudinal edges of the boards. 
In still another embodiment of the invention, the four 
preformed boards or slabs are designed to be spaced 
apart at adjacent longitudinal edges, and four corner 
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wedges are fitted down between each pair of adjacent 
boards to urge them firmly against the supporting metal 
wall. The corner wedges are, of course, made of the same 
type of refractory material as the four boards, and are 
provided with longitudinal edges which are complemental 
to those of the boards. A further embodiment of the 
invention utilizes a refractory liner which is preformed 
in one piece adapted to fit within the desired casing struc 
ture. This one-piece liner is most useful with relatively 
small ingots. 

In accordance with one modified embodiment of the 
invention, there is provided a refractory bottom ring hav 
ing an inner portion adapted to extend beyond the inner 
surface of the refractory liner so as to define a circum 
ferential groove for receiving and seating the lower end of 
the refractory liner, and with a vertically extending rim 
being provided on the inner periphery of the bottom ring 
for engaging a lower portion of the inner surface of the 
refractory liner for preventing the creepage of molten 
metal between the bottom ring and the lower end of the 
liner. Thus, in FIGURE 6, a portion of the refractory 
bottom ring 60 extends inwardly beyond the inner sur 
face of the metal sleeve 61 so as to form a circumferential 
groove 62 which receives and seats the preformed refrac 
tory liner 63. For the purpose of preventing the penetra 
tion of molten metal between the liner 63 and the bottom 
ring 60, the inner periphery of the bottom ring is pro 
vided with a vertically extending rim 64 which extends up 
wardly into bearing engagement with a lower portion of 
the inner surface of the refractory liner. To hold the 
refractory liner 63 down against the bottom ring 60, the 
metal sleeve 61 in this embodiment of the invention is 
provided with an inwardly extending flange 65 which de 
fines a circumferential groove 66 adapted to receive the 
upper end of the refractory liner. Consequently, the refrac 
tory liner 63 is clamped firmly in position between the 
upper end of the metal sleeve 61 and the lower portion 
of the refractory bottom ring 60. 

In a further modified embodiment illustrated in FIG 
URE 7, the construction is similar to that of FIGURE 6 
except that the refractory bottom ring 70 in this case 
terminates flush with the inner surface of the refractory 
liner 72. Thus, the refractory liner overlaps only the upper 
portion 71 of the bottom ring 70, and there is no vertical 
rim engaging the inner surface of the refractory liner. It 
will be appreciated that in each of these constructions the 
refractory liner is in bearing engagement with the inner 
surface of a metal casing, and that the lower end of the 
hot top opening is between about 25 and about 45 percent 
of the area of the mold opening. 

In accordance with one aspect of the present inven 
tion, the metal sleeve which engages the refractory liner is 
adapted to also serve as the lower section of the conven 
tional outside metal casing. Thus, as shown in FIG. 8, the 
J-shaped metal sleeve 80 is provided with a lower por 
tion 81 having an outer leg 82 supporting the upper Sec 
tion 13 of the conventional metal casing. Since there is 
no joint between the metal sleeve and the lower casing sec 
tion in this construction, there is less opportunity for the 
penetration of molten metal between the various elements 
of the hot top. The remainder of this embodiment is simi 
lar to that described above in connection with FIGS. 1 
through 3. It will be appreciated that the outside portion 
of the metal sleeve 80 could be extended even further 
to replace the upper section 13 of the metal casing as 
well as the lower section. 
As will be apparent from the foregoing descriptions, the 

term “casing” as employed in the appended claims is a 
generic term which may include the combination of a 
conventional two-section metal casing with a metal sleeve 
inserted therein (FIG. 1), the combination of the upper 
section of a conventional metal casing with a metal sleeve 
which is specially formed to replace the lower section of 
the conventional casing (FIG. 8), a single monolithic 
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10 
metal casing in direct engagement with the refractory liner, 
or any other equivalent arrangement. 

If desired, the hot top of the invention can be further 
simplified by eliminating the refractory bottom ring, as 
illustrated in FIG. 9. In this construction, the inner surface 
of the metal sleeve 90 is flush with the inner edge of the 
bottom flange 91 on the outside casing section 92, and 
the lower portion of the preformed refractory liner 93 
curves around the bottom of the flange 91 to prevent the 
molten metal from contacting the metal casing and/or the 
metal sleeve. This construction is especially useful in cases 
where the refractory liner 93 is formed in one piece rather 
than in a plurality of boards. Although this embodiment 
is illustrated with the use of a separate metal sleeve 90, it 
will be understood that the metal sleeve 90 and the lower 
outside casing section 92 could be a single integral struc 
ture, as illustrated in FIGURE 8. Furthermore, it is con 
templated that the metal sleeve could be extended even 
further to replace the upper outside casing section, as 
mentioned above, so that the entire hot top would con 
sist solely of a monolithic metal casing and the preformed 
refractory liner. Of course, in any of these constructions it 
is essential that the preformed refractory liner be in direct 
engagement with a metal casing and that the lower end of 
the hot top opening be between about 25 and about 45 
percent, preferably about 25 to 35 percent, of the area of 
the mold opening. 
From the foregoing detailed discussion, it can be seen 

that the present invention provides an improved hot top 
which facilitates the stripping of solidified ingots from 
big-end-up ingot molds while attaining a low gross hot 
top volume, and which can be reused considerably more 
frequently than the hot tops employed heretofore. The 
hot top of this invention provides good thermal insula 
tion during the pouring and freezing of the ingot, so that 
there is no danger of the molten metal freezing over at 
the bottom of the hot top, and yet cools so rapidly after it 
has been stripped from the frozen ingot that it can be 
reused as often as four to six times in a twenty-four hour 
period. Moreover, since no semi-permanent lining mate 
rial is employed, the hot top can be artificially cooled, 
such as by quenching with water or air blasts, after it has 
been stripped from the frozen ingot to further increase 
the reuse rate. This invention also provides an improved 
method of assembling hot tops by simply inserting pre 
formed refractory liner boards down over the coplanar 
surfaces provided by the flush-fitting bottom ring and metal 
sleeve, thereby achieving the desired tight fit without any 
cutting or trimming of the refractory lining. Furthermore, 
because of the small area of the hot top opening, this in 
vention reduces the amount of consumable lining material 
to be replaced in the hot top between uses. In the em 
bodiment employing the curved liner boards and concave 
supporting surfaces, the preformed refractory liners can 
be used without any danger of being bowed inwardly away 
from their supporting surfaces due to the heat of the 
molten metal. In fact, the heat from the molten metal is 
actually utilized to force the liner boards into tighter en 
gagement with each other and the supporting metal sleeve. 
We claim as our invention: 
1. A low volume, rapid turn-around hot top espe 

cially adapted for use with a big-end-up ingot mold hav 
ing a top opening of a predetermined cross-sectional area 
comprising, in combination, a metal casing adapted to be 
mounted on the top of a big-end-up mold, the inside sur 
face of said metal casing being inclined downwardly and 
outwardly to provide a gradually increasing hot top open 
ing, a refractory bottom ring secured to the lower end of 
said metal casing with the inside surface of said ring being 
substantially flush with the inside surface of said metal 
casing and tapered at the same angle, and an expandable, 
highly insulating refractory liner comprising a plurality of 
preformed refractory boards fitted within said metal cas 
ing in bearing engagement with the inclined surfaces there 
of, the lower portions of said boards extending down 
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wardly in bearing engagement with the inner surfaces of 
Said bottom ring to substantially prevent the spread of 
molten metal upwardly therebetween. 

2. A hot top especially adapted for use with ingot 
molds comprising, in combination, a supporting casing 
adapted to be mounted on the upper end of the ingot mold 
and having a plurality of transversely concave inner side 
walls, a preformed refractory liner comprising a plurality 
of transversely curved refractory boards in bearing en 
gagement with the transversely concave inner side walls 
of said casing, and a refractory bottom ring secured to 
the lower end of said casing to substantially prevent the 
spread of molten metal between the inner surface of said 
casing and said refractory liner. 

3. A hot top especially adapted for use with ingot 
molds comprising, in combination, a supporting casing 
adapted to be mounted on the top of the ingot mold and 
having a plurality of transversely concave inner side walls, 
a refractory liner comprising a plurality of preformed 
refractory boards fitted against the concave inner side 
walls of said casing, said refractory boards being trans 
versely curved more than the concave side walls of said 
casing with the longitudinal edges of adjacent boards in 
bearing engagement with each other whereby upon ex 
pansion of said boards due to the heat of the molten 
metal, said refractory liner is expanded into tight engage 
ment with the concave side walls of said casing, and a 
refractory bottom ring secured to the lower end of said 
casing to Substantially prevent the spread of molten metai 
between the inner surface of said casing and said refrac 
tory liner. 

4. A hot top especially adapted for use with ingot 
molds comprising, in combination, a supporting casing 
adapted to be mounted on the top of the ingot mold, a 
refractory bottom ring secured to the lower end of said 
casing to substantially prevent spread of molten metal 
along the inner surfaces of Said casing, said casing and 
said bottom ring being formed to provide a plurality of 
transversely concave inner side walls extending to the 
lower surface of said bottom ring, and a preformed re 
fractory liner comprising a plurality of transversely 
curved refractory boards in bearing engagement with the 
transversely concave inner side walls formed by Said cas 
ing and said bottom ring. 

5. A hot top especially adapted for use with ingot 
molds comprising, in combination, a Supporting casing 
adapted to be mounted on the top of the ingot mold, a 
refractory bottom ring secured to the lower end of said 
casing to substantially prevent the spread of molten metal 
along the inner surfaces of Said casing, said casing and 
said bottom ring being formed to provide a plurality of 
transversely concave inner side walls, and a refractory 
liner comprising a plurality of preformed refractory 
boards fitted against the transversely concave inner side 
walls formed by said casing and said bottom ring, said 
refractory boards being transversely curved more than said 
side walls with the longitudinal edges of adjacent boards 
in bearing engagement with each other whereby upon ex 
pansion of said boards due to the heat of molten metal 
said refractory liner boards are expanded into tight en 
gagement with each other and said concave side walls 
rather than bowing away from said side walls. 

6. A hot top especially adapted for use with ingot 
molds comprising, in combination, a generally quadran 
gular supporting casing adapted to be mounted on the 
top of the ingot mold, the inner surface of each side wall 
of the metal casing being transversely concave, a re 
fractory bottom ring secured to the lower end of Said 
metal casing to substantially prevent the spread of molten 
metal along the inner surfaces of said casing, the inner 
surfaces of said bottom ring being complementally curved 
with the inner surfaces of said casing so as to form four 
transversely concave inner side walls extending to the 
lower surface of the bottom ring, and a refractory liner 
comprising four preformed refractory boards fitted against 
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12 
said concave inner side walls and extending at least to the 
lower surface of said bottom ring, said refractory boards 
being transversely curved more than the concave side 
walls with the longitudinal edges of adjacent boards in 
bearing engagement with each other whereby upon ex 
pansion of said boards due to the heat of the molten 
metal, said boards are urged firmly against said concave 
side walls with the longitudinal edges of the adjacent 
boards being wedged into tight engagement with each 
other. 

7. A method of assembling a hot top especially adapted 
for use with ingot molds, said method comprising the 
steps of providing a supporting casing adapted to be 
mounted on the top of an ingot mold, the inner side walls 
of Said casing being concave in the transverse direction 
and inclined in the longitudinal direction so that the cen 
ter opening formed thereby increases progressively in 
the downward direction, inverting said casing so that the 
larger end of the opening is at the top, mounting a com 
plementally formed refractory bottom ring on the upper 
end of the inverted casing with the inner surfaces of the 
bottom ring substantially flush with the inner surfaces 
of the casing so as to form a plurality of transversely 
concave inclined inner side walls, inserting a plurality 
of transversely curved and longitudinally tapered refrac 
tory liner boards downwardly along said inner side walls 
until the longitudinal edges of adjacent boards abut each 
other, and forcing the abutting boards downwardly until 
they are wedged tightly together against said inner side 
walls. 

8. A method of assembling a hot top especially adapted 
for use with ingot molds, said method comprising the 
steps of providing a supporting casing adapted to be 
mounted on the top of an ingot mold, the inner surfaces 
of said casing being concave in the transverse direction 
and inclined in the longitudinal direction so that the cen 
tral opening formed thereby progressively increases in 
cross-sectional area in the downward direction, inverting 
said casing so that the larger end of the opening is at 
the top, mounting a complementally formed refractory 
bottom ring on the upper end of the inverted casing with 
the inner surfaces of the bottom ring substantially flush 
with the inner surfaces of Said casing so as to form a 
plurality of transversely concave and longitudinally in 
clined side walls, inserting a plurality of transversely 
curved and longitudinally tapered refractory liner boards 
downwardly along said inner side walls until the longi 
tudinal edges of adjacent boards abut each other, and 
forcing the abutting boards downwardly until they are 
wedged tightly together, said boards being transversely 
curved more than said concave inner side walls whereby 
upon expansion of said boards due to the heat of molten 
metal said boards are urged firmly against each other and 
said side walls. 

9. For use in a hot top having a plurality of trans 
versely concave inner side walls, a preformed refractory 
liner board which is tapered in the longitudinal direction 
and curved in the transverse direction more than said 
concave side walls, said board being made of a highly 
thermally insulating composition of finely divided refrac 
tory material, an organic fibrous material, and a binder. 

10. A low volume, rapid turn-around hot top which 
comprises, in combination, a reusable metal casing adapted 
to be supported on the upper end of an ingot mold with 
the lower end of the casing extending downwardly in 
overlapping relation with top portions of the inner side 
walls of the mold so that said casing floats on molten 
metal poured into said mold, said casing embodying an 
essentially vertical, inner metal face defining a reservoir 
for a feeder head of molten metal, and an expandable, 
preformed, highly insulating refractory liner which is 
concentrically disposed in bearing engagement with said 
inner face of the metal casing so as to provide insulation 
between molten metal to be disposed in said reservoir 
and said inner face, said liner including an outwardly 
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extending flange on the lower end thereof and adapted to 
engage the lower end of said metal casing so as to pre 
vent the molten metal from contacting said casing. 

11. A low volume, rapid turn-around hot top which 
comprises, in combination, a reusable metal casing 
adapted to be supported on the upper end of an ingot 
mold with the lower end of the casing extending down 
wardly in overlapping relation with the top portions of 
the inner side walls of the mold so that said casing floats 
on molten metal poured into said mold, said casing em 
bodying an essentially vertical, inner metal face defining 
a reservoir for a feeder head of molten metal, and an 
expandable, preformed, highly insulating refractory liner 
which is concentrically disposed in bearing engagement 
with said inner face of the metal casing so as to provide 
insulation between molten metal to be disposed in said 
reservoir and said inner face, said liner being formed in 
one piece and including an outwardly extending flange 
on the lower end thereof and adapted to engage the lower 
end of said metal casing so as to prevent the molten 
metal from contacting said casing. 

12. For use in a hot top having a casing adapted to be 
mounted on the top of an ingot mold and a preformed 
refractory liner in bearing engagement with the inner 
surface of said casing, a refractory bottom ring adapted 
to be mounted on the lower end of said casing with the 
inner portion of said bottom ring extending inwardly 
beyond the inner surface of said casing and defining a 
circumferential groove adjacent the lower end of Said 
casing for seating the refractory liner, the inner periphery 
of said bottom ring being provided with a vertically ex 
tending rim for engaging a portion of the inner Surface 
of said liner to prevent the creepage of molten metal be 
tween said ring and said liner. 

13. A method of assembling a low volume hot top espe 
cially adapted for use with a big-end-up ingot mold hav 
ing a top opening of predetermined area, said method 
comprising the steps of providing a metal casing adapted 
to be mounted on the top of a big-end-up mold, the inner 
surfaces of said casing being inclined so that the central 
opening formed thereby increases progressively in the 
downward direction, inverting said casing so that the 
larger end of the opening is at the top, mounting a refrac 
tory bottom ring on the upper end of the inverted casing, 
said refractory bottom ring having inner surfaces which 
are complementally formed and substantially flush with 
the inner surfaces of said casing so as to form a plurality 
of inclined inner side walls extending to the top Surface 
of said ring, inserting a plurality of longitudinally tapered 
refractory liner boards downwardly along said inner side 
walls until the longitudinal edges of adjacent boards abut 
each other, and forcing the abutting boards downwardly 
until they are wedged tightly together against said inner 
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side walls with the upper ends of said boards extending 
at least to the top surface of said refractory ring. 

14. A method of assembling a low volume hot top 
especially adapted for use with a big-end-up ingot mold, 
said method comprising the steps of providing a support 
ing casing adapted to be mounted on the top of a big 
end-up mold, the inner side walls of said casing being 
inclined so that the central opening formed thereby in 
creases progressively in the downward direction, invert 
ing said casing so that the larger end of the opening is 
at the top, mounting a generally complementally formed 
refractory bottom ring on the upper end of the inverted 
casing with the inner surfaces of the refractory ring sub 
stantially flush with the inner surfaces of the casing, in 
serting a plurality of preformed, longitudinally tapered 
refractory liner boards downwardly along the inner side 
walls of said refractory bottom ring and said casing until 
the longitudinal edges of adjacent boards abut each other, 
and forcing the abutting boards downwardly until they 
are wedged tightly together against the inner side Walls 
of said ring and said casing. 

15. For use in a hot top having a plurality of inner 
side walls, a preformed refractory liner board which is 
tapered in the longitudinal direction and curved in the 
transverse direction, said board being made of a highly 
thermally insulating composition of finely divided refrac 
tory material, an organic fibrous material, and a binder. 

16. A hot top especially adapted for use with ingot 
molds comprising, in combination, a supporting casing 
adapted to be mounted on the upper end of the ingot 
mold and having a plurality of inner side walls, a pre 
formed refractory liner comprising a plurality of trans 
versely curved refractory boards in bearing engagement 
with the inner side walls of said casing, and a refractory 
bottom ring secured to the lower end of Said casing to 
substantially prevent the spread of molten metal between 
the inner surface of said casing and Said refractory liner. 
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