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BOTTOM BRICK FOR lNGOT MOLDS 
This is a continuation of application Ser. No. 707, 

176, ?led Feb. 21, 1968, now abandoned. 
The invention pertains to improvements in bottom 

bricks or bottom plugs for ingot molds. In such molds 
there is a hole in the bottom to facilitate stripping of the 
ingot from the mold. This hole is closed during the cast 
ing by a brick forming a bottom plug. The invention is 
also useful in bricks for making a supply channel for 
pouring the metal into the mold. 

Previous bottom plugs have been made from 
chamotte which has certain disadvantages in that the 
plugs have to be burned during manufacture which 
causes changes in size and shape and furthermore they 
are liable to be eroded by the stream of metal poured 
into the mold so that particles of the plug mix with the 
cast metal. The chamotte plug also tends to adhere to 
the ingot after freezing of the metal. 

It has been tried to use plugs of metal, for instance 
cast iron, in order to solve these problems but inspite 
of their technical advantages such plugs are too expen 
sive for use on a large scale. _ 
The present invention provides a bottom plug which 

eliminates the disadvantages of previous plugs and 
which is cheap to manufacture. The plugs according to 
the invention are made of refractory ?ne grained 
material mixed with a binder and are formed without 
burning or sintering. Thus a plug is obtained which 
does not change its shape or size after forming and 
which is resistant to erosion from the metal stream. It 
further does not easily adhere to the ingot. It has a high 
mechanical strength and is tight and provides a smooth 
surface facing the ingot. 
The bottom bricks or plugs according to the inven 

tion are characterized in that at least on the side which 
faces the ingot they consist essentially of a composition 
of fine grained refractory material and a binder, 
preferably an organic binder such as a resin glue. The 
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in order to avoid porosity which would permit intrusion 
of molten metal between the grains thereby causing the 
plug to adhere to the ingot. The material can be acid, 
neutral or basic and can consist of natural sand, quartz, 
dolomite, olivine or similar material. 
The refractory material should usually have a grain 

size such that 80 — 100 percent passes a screen of 18 
mesh US standard (opening 1.0 mm). The particle size 
distribution of the material below this size can vary. It is 
possible to use materials a substantial part of which 
pass a screen of 200 mesh (0.075 mm) but in practice 
materials are often used 50 percent or more and often 
75 percent or more of which remains on a screen of 
200 mesh. Satisfactory results have been obtained with 
sands 50 percent or more of which lie between the 
limits 200 - 30 mesh (0.075 — 0.6 mm). Besides the said 
?ne grained refractory material the composition can 
contain a ?brous refractory material such as asbestos, 
rock wool or the like in a minor quantity, for instance 

_ up to 5 percent. 
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quantity of the binder is 0.5 — 8 percent by weight of 40 
the composition, the bricks having a tight structure and 
a smooth surface facing the cast metal. 
Other details and advantages of the invention appear 

from the following description and drawings in which: 
FIG. 1 is a vertical section of an ingot mold with a 

partial section of a bottom plug according tothe inven 
tion, and 

FIGS. 2 - 4 are alternative embodiments on a larger 
scale than in FIG. 1 of bottom plugs according to the 
invention. 
The ingot mold 10‘ in FIG. 1 has a bottom hole 11 

with a frusto conical, downwardly tapering side wall. 
The purpose of this hole in the ingot mold is to 
facilitate the stripping of the ingot from the mold after 
casting. During casting the hole is closed by a matching 
plug 12. This plug is, as stated above, made of a com 
position consisting of ?ne grained refractory material 
and a binder. The plug 12 illustrated in FIG. 1 is 
homogeneous while the plug 15 in FIG. 2 is composed 
of two layers both of which contain ?ne grained refrac 
tory material, the material in the top layer being more 
heat resistant that the material in the bottom layer. 

In the plug 12 in FIG. 1 the refractory material 
preferably should have an average grain size of 0.01 - > 
1.0 mm. Often the average size is within the range 0.05 
- 0.6 mm, and 0.1 - 0.5 mm is suitable for many pur 
poses. It is important that the material is not too coarse 
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The binder can in certain cases be inorganic and con 
sist of, for instance, water glass but the preferred bin 
ders are organic, usually a resin glue, often synthetic. 
Furan resin glue with a hardener such as phosphoric 
acid has been found especially suitable because this 
kind of glue is self-hardening at room temperature 
which makes heating of the fonned plug super?uous 
and makes it possible to obtain a high accuracy in the 
size and shape of the plug. The quantity of binder 
should be 0.5 - 8 percent by weight. The most suitable 
range is 0.5 — 4.5 percent, preferably 1 — 3 percent of 
the weight of the refractory-binder composition. 
A brick according to the invention thus contains in 

the main the following weight ratio of ingredients: 

Wider range Preferred range 
0.5 — 4.5% l — 3% 

99.5 — 95.5% 99 - 97% 

Binder 
Refractory material 

‘ Of the refractory material a small quantity, for in 
stance up to 5 percent by weight of the composition, 
can be a ?brous refractory material as mentioned 
above. A minor quantity of the refractory material for 
instance up-to 2 or 3 percent of the composition, can be 
substituted by e. g. organic material as paper pulp or the 
like. 

After mixing the ingredients and molding the brick 
can be rendered more compact by vibration, ramming 
and/or pressing, for instance in a. hydraulic pressing 
machine. In certain cases a slight heating is useful in 
order to cause the glue to harden but this is not neces 
sary if the binder is self-hardening at room temperature 
as is the furan resin glue. 
,As an example of a bottom plug or other bottom 

brick of the homogeneous type shown in FIG. 1 can be 
mentioned a brick containing 2 percent by weight of 
furan resin glue, the remainder being lake sand. The 
sand contains about 90% SiO2'and has an average grain 
size of about 0.27 mm. 

In the homogeneous plug 12 a refractory material 
with relatively high heat resistance is required, for in 
stance sand with a high content of silica, suitably above 
80 percent, or olivine sand. The heat resistance of a 
quartzite sand increases with the SiO2 content. 
The plug 15 in FIG. 2 consists of two layers, the top 

layer 13 providing contact with the molten metal and 
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the bottom layer 14 providing the necessary mechani 
cal strength. The top or contact layer can suitably con 
sist of a refractory material with very high heat re— 
sistance and also having other desirable properties. It 
should be resistant to the stream of molten cast metal 
and it should preferably not be wetted by the cast metal 
in order to avoid adhesion of the plug to the ingot. Such 
adhesion can be caused by sintering of the material to 
the ingot. The average grain size and the binder content 
can suitably. be the same as for the plug 12 described 
above. 

Since the top layer 13 is comparatively thin in com 
parison with the bottom layer 14 it is economically 
possible to form it of refractory materials of higher 
quality and at the same time more expensive than the 
materials which are suitable for the plug 12. Layer 13 
can for instance be formed of zirconium sand or oxides 
of the metals zirconium, aluminum, magnesium and 
chromium or other materials having the said desired 
properties. Sometimes burned or unburned dolomite or 
limestone can be used. The material in this top layer 13 
should have a higher heat resistance than common 
quartz sand and a sintering temperature above the tem 
perature of the cast metal which usually is steel, 
suitably above 1,5 00° C. Zirconium sand has a sintering 
temperature of about 1,800° C, while quartz sand has a 
sintering temperature of about l,400° C. 
The bottom or supporting layer 14 can be made of a 

cheaper refractory material with a lower heat re 
sistance as for instance quartzite or olivine sand. Also 
dressed ore, carbon black, graphite, silicon carbide, 
crushedllight concrete and sands containing compara 
tively little silica such as foundry sand, lake sand or 
other similar sand can be used. Because of the lower 
heat resistance some sintering may occur in this layer 
but this can be permitted. The grain sizes and binder 
content should also for this layer suitably be approxi 
mately the same as earlier de?ned for the plug 12. The 
binder content can be somewhat higher, up to 6 per~ 
cent. 

The top layer 13 should be as thin as possible without‘ 
risking the desired function. A thickness of l — 20 mm, 
often 3 — 10 mm, has been found suitable. The in 
gredients for the two layers are mixed and deposited 
separately, after which the plug is molded and can be 
compressed by vibrating, ramming and/or pressing, as 
above mentioned. 
A plug consisting of two layers may have the follow 

ing distribution of material in percent by weight: 
3 - 7 percent, preferably 4 — 6 percent of zirconium 

sand forming the top layer. 
90 — 94 percent, preferably 91 — 93 percent of a less 

heat resistant refractory material, forming the bottom 
layer. 

1 - 4.5 percent, preferably 2 — 4 percent of a resin 
glue. . 

The binder content can be equal in both layers or 
somewhat higher in the bottom layer. 
The layers 13 and 14 need not be sharply distin 

guished from each other but can merge gradually. 
Likewise there can be more than two layers, the plug 
consisting of a number of successive layers with 
gradually changing properties. In the plug in FIG. 2 it 
is, for instance, possible to mold the plug with two 
layers, the top layer being more heat resistant, and then 
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4 
to provide an additional thin layer on top of the plug by 
?ame spraying as below described. 
An important reason for having the plug as compact 

as possible is that it should have a good heat conductive 
ability. If the heat is lead away rapidly at the bottom of 
the ingot the freezing center lies at a low level in the 
ingot and this improves the sinking of the sink head. 
The plug according to the invention is advantageous in 
this regard because the cheaper sand qualities em 
ployed in the bottom layer 14 generally have a better 
heat conduction than the more expensive materials in 
the top layer 13. In order to improve the heat conduc 
tion the plug can be provided with recesses or inserted 
bodies or layers with good heat conduction (not 
shown). 
The plug according to the invention is manufactured 

without burning or sintering which is a substantial ad 
vantage in comparison with earlier known plugs of 
burnt brick material because the manufacturing 
tolerances can be held within narrow limits. With some 
binders a slight heating may be necessary, which, how 
ever, does not substantially affect the shape of the plug. 
If a binder is employed which is self-hardening at room 
temperature, such as furan resin glue, no heating at all 
is necessary. - ' 

In both embodiments illustrated in FIGS. 1 and 2 the 
top surface of the plug can be covered by a thin layer of 
some heat resistant oxide which can be applied, for in 
stance by ?ame spraying. This thin layer can consist of 
oxide of zirconium or oxide of chromium or some other 
similar refractory oxide or other substance having a 
high heat resistance. In this way a higher resistance 
against erosion by the metal stream and a diminishing 
of the tendency of the brick to adhere to the cast metal 
can be obtained. 
Another way of improving the erosion resistance of 

the plug is illustrated in FIG. 3. The upper surface of 
the plug 20 is covered by a metal sheet 21 which can be 
anchored to the plug as by means of nails 22. In casting 
steel a steel sheet of for instance 0.5 mm thickness can 
be used. The sheet provides a temporary protection 
during the beginning of the casting after which it melts 
and mixes with the ingot. This embodiment can be used 
for the homogeneous plug in FIG. 1 as well as for the 
two layer plug in FIG. 2. The metal sheet may be ex 
tended upwardly by a ?ange 23 in order to prevent 
splashing and wave formation in the molten metal dur 
ing the beginning of the casting or this ?ange may be 
omitted. In FIG. 3 is shown also an upward depression 
24 in the bottom of the plug in order to save material. 
The mechanical strength of the plug with this depres 
sion is sufficient because of the arch effect against the 
inclined edge. Such depressions can be used also in the 

- other embodiments or omitted. 

In FIG. 4 is shown a plug 30 which has a depression 
31 in its top surface in order to eliminate splashing and 
wave formation in the metal thereby diminishing the 
erosion of the mold by the violent sideward ?ow which 
occurs when the stream of metal reaches the bottom of 
the mold. The surface of the ingot is also improved if 
the waves and splashing of the metal is reduced as 
much as possible. The plug in FIG. 4 can be made 
either of a homogeneous material as in FIG. 1 or in 
layers as in FIG. 2, and it can be covered by a protec 
tive metal sheet as shown in FIG. 3 or coated with a 
thin top layer as described above but not illustrated. 
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In order to determine the ability of the plug to resist 

erosion by the stream of molten metal comparative 
tests have been made with plugs of the previous con 
struction (chamotte plugs) and plugs according to the 
invention. A radioactive tracing substance was incor 
porated into the plugs. After casting the inclusions in 
the ingot containing the radioactive substance were re 
gistered photographically and it was found that the 
number of inclusions caused by the plug was only a 
third as great for a plug according to the invention 
compared with a chamotte plug. 
The invention has been described for a bottom plug 

of an ingot mold and has its main use for such plugs. 
The invention can, however, be used also for bricks 
which are used for supply channels to ingot molds 
which are cast from the bottom, the internal surfaces of 
such bricks being exposed to the molten metal under 
conditions which in, essential respects are similar to the 
conditions of the above described bottom plugs used in 
ingot molds. 
We claim: ' 

1. Bottom plug for an ingot mold for casting metals, 
said plug having a high resistance to erosion and a low 
tendency to adhere to such cast metal, said plug con 
sisting of an unburned compact having a composition 
consisting of (a) ?ne grained inorganic refractory 
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material of the group consisting of sand of dolomite, 
olivine, zirconium, alumina, chromium oxide, and sand 
having a silica content in excess of 80 percent as quartz 
sand, said refractory material having an average grain 
size of from 0.0l-l.0 mm, bonded together into a uni 
tary body by means of (b) an organic binder in the 
amount of from 0.5-8.0 percent by weight based on the 
weight of the composition, said organic binder being 
the only organic constituent of said composition, the 
plug having a compact and impervious structure and a 
smooth surface facing the cast metal. 

2. The ingot mold bottom plug de?ned in claim 1, in 
which the refractory material component of the com 
position consists essentially of particulate olivine and 
the organic binder component of the composition con 
sists essentially of a resin glue. 

3. The ingot mold bottom plug de?ned in claim 1, in 
which the refractory material component of the com 
position consists essentially of sand containing in ex 
cess of 80 percent Si02 by weight, and the organic 
binder component of the composition consists essen 
tially of furan resin glue, said organic binder constitut 
ing from about 2 percent to about 4 percent by weight 
of the total composition. 

* *_ * * * 
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