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Improved heat-insulating products for ingot 

 hot-tops in molds without extensions 
 

Abstract. The fundamental principle of proper ingot solidification in metal molds - hop top part of ingot should cool and 
solidify slowly than the ingot body. To achieve this, typically hop top parts of ingots are insulated with special thermal 
insulation products. They are mounted either directly on the inner surface of the mold or installed in special hop top 
extensions of the mold. This approach effectively directs shrinkage defects away from the usable ingot section into hop 
top cut zone. 
For different steel grades (alloys), depending of the application, ingot design, and casting method, hop top cut ranges 
from 8% to 16% of the total ingot mass. 
This article presents experience in using an advanced thermal insulation insert design, which enables higher part of usable 
ingot metal, prevents subhead cracks in the ingot, simplify and lighten the lining of ingot hop top. 
Keywords: thermal insulation insert, ingot, mold, hop top, hop top cut, usable part of ingot metal. 

 
Introduction. Steel casting is final and one of the 

most responsible operations in the steel ingot produc-
tion process. As a rule, the quality of steel ingot prod-
ucts is subject of highest requirements, which entails 
the need to develop and implement effective technolo-
gies, that help to reduce physical, chemical and struc-
tural heterogeneity in solidifying ingots, reduce hop top 
cut, and increase usable part of ingot metal. 

Moreover, it should be noted that steelmaking is a 
costly process, both in terms of financial, energy and 
resource components and in terms of personnel labor. 
In case of defective production, all these expenses 
may be wasted. Even minor deviations in the casting 
process technology lead to a reduction of usable part 
of ingot, due to an in the amount of low-quality products 
amount, losses from defective ingots and other exces-
sive production waste. 

Unstable or unsatisfactory quality of steel ingots is 
most often associated with the transition of steel and 
alloys from a liquid to a solid state. This transformation 
is accompanied by numerous simultaneous physical 
and chemical processes. At this time during ingot for-
mation, it is possible to set the conditions for the further 
defects background, that cannot be eliminated in the 
future by plastic deformation of the metal. A large num-
ber of simultaneously interacting factors makes it diffi-
cult to manage effectively of ingot forming processes 
and, as a result, to produce high-quality products that 
will meet the highest requirements of customers. 

After casting into the mold, the steel transfers its 
heat to the mold walls and the environment through the 
upper end surface of the ingot. Solidification of ingot 
begins around the walls of the mold. The thickness of 
the ingot part that has crystallized continuously in-
creases, and a transition zone is formed between the 
liquid core of the ingot and the solid part of metal. Crys-
tals and liquid metal coexist in this transition zone in 
the interdendritic space. The crystallization of the ingot 
ends near its longitudinal axis with the formation of co-
lumnar crystals. The steel solidifies in the tree-shaped 

form of dendritic crystals, whose size and shape de-
pend on the solidification conditions and the chemical 
composition of the melt.  

Conditions for directional solidification of the metal 
are created to eliminate shrinkage defects in ingots. 
This is achieved by increasing the cross-sectional area 
of the working cavity of the mold with height and by 
insulating ingot hot top. 

The correct choice of design and dimensions of 
heat-insulating products for the ingot hot top is crucial 
for the most complete removal of the shrinkage cavity. 
This article will present design improvement of the 
heat-insulating insert, which allows to increase the us-
able part of ingot metal, reduce the percentage of hop 
top cut from the total mass of the ingot, reduce metal 
waste, and eliminate possible defects in the ingot. 

Defects and Flaws in Steel Ingots. Defects and 
flaws that can be found on ingots and metal billets 
(blooms, slabs) are divided into groups: 

1. Natural (or unavoidable) defects that occur dur-
ing the cooling and crystallization of liquid steel in a 
casting mold (crystallizer, mould), as well as during the 
cooling of an ingot that has already been formed. 
These include shrinkage cavity, porosity, shrinkage 
porosity, gas bubble and non-metallic inclusions. It is 
impossible to completely eliminate natural defects in 
the ingot, but it is possible to influence the develop-
ment of natural flaws, limiting them and thereby im-
proving the quality of ingots, steel billets and rolled 
products [1]. 

2. Technological defects. They are formed as a re-
sult of imperfections or violations of the established op-
erating conditions of steelmaking and casting. Such 
defects include transverse and longitudinal cracks, 
pours, belts, metallic and some non-metallic inclu-
sions, subcortical and internal bubbles in steel ingots. 
Selection of the most rational designs of replaceable 
equipment (like molds, pallets, and hot tops) and com-
pliance with metal casting technology ensure a sharp 
reduction of steel ingots technological defects [1]. 
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From the point of view of defects location in the 
body of ingot, defects are divided into surface and in-
ternal. Surface defects are easy to detect and in most 
cases can be eliminated on cooled ingots and billets by 
cleaning. Internal defects are detected in ingots by mi-
cro- and macro- examinations. 

A separate category includes rejected ingots. Ingot 
rejects are mostly caused by the presence of cracks, 
which are divided into internal and external cracks. Ex-
ternal cracks are divided into longitudinal and trans-
verse cracks according to the direction of ingot axis. 
Hot cracks are cracks that formed on the ingot in the 
hot state and, accordingly, cold cracks are those that 
formed in the cold state of the ingot [2]. 

All kinds of cracks are formed during the crystalliza-
tion and cooling of ingot, as well as when it is heated 
before rolling or during rolling (internal cracks). These 
stresses can be different in strength and sign depend-
ing on the shape, geometric dimensions, weight, and 
mode of forming, cooling, or heating of the ingot. Inter-
nal cracks called intergranular (“spider”) cracks are of-
ten observed in alloy steel ingots. They are located 
along the ingot axis and cause delamination in the frac-
ture. When steel that is not sufficiently refined from hy-
drogen is cooled, internal cracks called flocs appear 
[3]. 

Transverse cracks (Fig. 1) occur at an early stage 
of ingot crystallization, when the ingot does not receive 
free longitudinal shrinkage during solidification.  Trans-
verse cracks can form anywhere along the height of 
the ingot. In the upper hot top part of the ingot (Fig. 1, 
1) they occur when the metal overflows and in cases 
where the pours were not removed before the for-
mation of a hard crust or if the lining (patching) of the 
insulation was poorly performed. In the hot top part of 
the ingot (Fig. 1, 2) the cause of cracks is the ingot sus-
pension due to the uneven surface of the mold or metal 
leakage into the gap between the mold and the hot top 
extension. If expanded upwards ingots are welded to 
the bottom or walls of the mold and there is no free 
longitudinal shrinkage, transverse cracks appear in the 
body (Fig. 1, 3) [1, 3]. 

The surface layers of the ingot, which cool down 
much faster than the inner layers, experience greater 
shrinkage than the inner layers. At the same time, the 
inner layers prevent the free contraction of the surface 
layers and it inevitably develop stresses, which in 
some places can exceed the tensile strength of the 
metal and lead to the formation of longitudinal cracks 
in any area along the height of the ingot. Such cracks 
are most common in ingots of circular cross-section, 
i.e. when the cross-section of the ingot has the small-
est perimeter. 

 
Fig. 1. Transverse cracks in a steel ingot (1 – hot top crack, 
2 – “sub” hot top crack, 3 - ingot body crack) 

Longitudinal cracks in ingots are formed as a result 
of a mismatch between the temperature of the poured 
steel and the speed of ingot mold filling. When the 
molds are filled with superheated metal at a high 
speed, a crust of insufficient thickness and strength is 
formed before the ingot leaves the mold walls, which 
ruptures when it cannot withstand the pressure of the 
liquid steel column. Pouring overheated metal at high 
speed leads to an increase of thermal stress during the 
ingot cooling process. Numerous studies and factory 
practice confirm that the formation of longitudinal 
cracks depends on the poured steel temperature and 
filling rate of  ingot molds. Thus, ingots cast by the cast-
ing refractories method, which is characterized by low 
mold filling rates, always have fewer longitudinal and 
transverse cracks. It is possible to reduce the number 
of cracks on the ingots by reducing the pouring rate of 
overheated steel [4]. 

When steel is poured from above as a result of 
metal jet hitting the bottom of the ingot mold, and when 
it is poured by siphon-casting as a result of metal flow-
ing out of the mold bottom during the initial period of its 
entry into the mold, metal splashes onto the inner sur-
face of the ingot mold, which causes the formation of 
films on the bottom of the ingot. A large number of 
splashes and droplets lead to formation of a continu-
ous solidified crust on the bottom of the ingot. A con-
tinuous crust of the same origin, which extends almost 
to the entire height of the ingot, is called a "shirt". The 
formation of continuous pours is only possible when 
steel is poured from above in a loose jet, when metal 
splashes continuously hit the walls of the ingot mold [3, 
4]. 

Fig. 2 shows technological defects on ingots (from 
left to right): films from a sharp lifting of the stopper; 
films from metal jet splashing; “shirt” as a result of 
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casting the ingot without braking the jet until the end of 
pouring; line on the ingot and twists of the crust from a 
long break during pouring; films in the lower part of the 

ingot from a rupture of the crust during pouring of hot 
metal. 

 
Fig. 2. Technological defects on ingots 

Fig. 3 shows ingots with surface rejects (from left to right): a bump on ingot caused by incorrect metal jet 
centering; overflow of a steel ingot; grooves on an ingot caused by a large crack in the casting ingot mold. 

 

 
 
 
 
 
 
 
 
 

Fig. 3. Ingot surface flaw rejects 
 

Sulphur, nitrogen, phosphorus, hydrogen and oxy-
gen are in a soluble state in liquid steel and released 
as solid non-metallic inclusions or as separate gas 
phases during ingot solidification. Non-metallic inclu-
sions affect the properties of the metal and are often 
the cause of rejects in ingots and billets. Non-metallic 
inclusions are natural (endogenous) and extraneous 
(exogenous) [2]: 

1. Endogenous non-metallic inclusions are formed 
as a result of oxidation and deoxidation reactions of the 
metal bath, changes in equilibrium constants, decreas-
ing in the solubility of components with decreasing 
temperature, and as a result of segregation processes 
[5, 6]. 

2. Exogenous inclusions enter the metal from the 
outside in the form of pieces of refractories, slag parti-
cles, etc. Such inclusions amount depends on the con-
dition of the runners, ladles, siphon casting products, 
hot top margin and the cleanliness of the casting 
molds. The most effective way to reduce the amount of 
non-metallic inclusions in steel is to use high-quality re-
fractories and and precise adherence to technology [7]. 

Non-metallic inclusions are found in ingots, billets 
and finished products as compounds of various metals 
contained in steel with sulphur (sulphide), carbon (car-
bide), nitrogen (nitride) and oxygen (oxide). If non-me-
tallic inclusions are located on the surface of the ingot, 
they are called surface inclusions or edge inclusions; if 
they are located at some depth in the body of the ingot, 
they are called internal inclusions. Non-metallic inclu-
sions visible at low magnification, for example, through 
a magnifying glass, are called macroscopic; inclusions 

visible only at high magnification (50 times or more) are 
called microscopic [6]. 

The form of non-metallic inclusions is mainly deter-
mined by their melting point. Non-metallic inclusions 
with a melting point higher than the melting point of liq-
uid steel solidify in the steel as crystals with sharp 
edges; these include carbides, nitrides, oxides, and 
sulfides. Iron oxide, iron and manganese silicates, 
which have melting point below the solidification point 
of ingot, usually appear as balls shape, spheres (glob-
ules). 

Iron sulphides and oxysulphides, having a melting 
point lower than the melting point of steel, are located 
along the grain boundaries of the steel and cause a 
very serious defect – hot shortness. Reducing the sul-
phur and oxygen content in the finished steel elimi-
nates hot shortness, and adding elements such as 
manganese, titanium, vanadium, aluminium, zirconium 
and others that have a higher affinity for sulphur and 
oxygen than iron to the bath at the end of the melting 
process helps to produce high quality steel. Non-me-
tallic inclusions in the ingots processing by pressure 
are drawn in the direction of rolling into lines or strips, 
resulting in a fibrous structure of metal. Transverse 
samples of such metal have lower strength than longi-
tudinal samples. 

The strength properties of steel products often be-
come worse when ingots contain metal inclusions. All 
metal inclusions are exogenous. These are either 
pieces of undissolved decking that have been removed 
from the nozzle cup and fallen into the mold, or crusts 
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of frozen metal formed in siphon-casting refractories, 
or plugs and large films [7, 8]. 

Metal Shrinkage, Shrinkage Cavity. When metal 
is cooled from a temperature of 1600°C to temperature 
600°C, it changes from a liquid to a solid state, with a 
volume reduction of approximately 4-6%. When liquid 
steel is cooled, its chemical and physical properties 
change and the ingot structure is formed. As the tem-
perature of steel decreases, the solubility of many 
chemical elements and gases decreases, and they are 
released to a greater extent during crystallisation. The 
density of steel is temperature-dependent and de-
creases with temperature reduction in the liquid and 
solid states. As a result of its crystallization decrease 
in the volume of the metal leads to the formation of 
shrinkage cavities or pores in metal ingots, which can 
lead to a decrease of usable part of metal ingot. 

Due to the change in ingot volume, the geometric 
volume of the mold will not be completely filled with 
metal. A cavity is formed, which is called a shrinkage 
cavity. This shrinkage cavity is concentrated in the 
thermal center of the ingot, where the very last portions 

of the metal solidify. In addition to the shrinkage cavity, 
small macro voids of shrinkage origin can form in the 
ingot, which are most often located along the axis (cen-
tral porosity) [3]. 

The shape and location of the shrinkage cavity in 
the ingot, as well as character of central porosity and 
dispersed shrinkage, depend on the design of the mold 
and heat dissipation conditions through the mold walls. 
To reduce the hot top cut, the top of the ingot is often 
made in the shape of a truncated pyramid. In this case, 
the lowest heat removal from the ingot head is 
achieved by reducing the specific cooling surface due 
to the conical design of the ingot top. Additionally, the 
hot top part is insulated with refractory materials and 
insulating plates using corner elements for rectangular 
moulds (Fig. 4). Under these conditions, the heat cen-
tre is located in the hot top part of the ingot, which en-
sures that liquid metal flows down the ingot throughout 
the solidification period. The liquid metal fills all the 
shrinkage cavities, and the ingot body is formed quite 
densely. 

 
Fig. 4. Rectangular mold lined with heat-insulating boards using corner elements 

Maintaining the metal in the hot top of the ingot in a 
liquid state is achieved by retaining the internal heat of 
the metal itself. If this is not enough to produce a high-
quality ingot, the hot top is additionally heated. Gas 
burners, various types of electric heating, heat-insulat-
ing mixtures for insulating the metal surface, exother-
mic masses, exothermic heat-insulating plates and 
shells are used for this purpose. 

The volume and location of the shrinkage cavity 
largely depends on the casting technology. As the 
metal temperature increases, the shrinkage cavity in-
creases accordingly and it penetrates deeper into the 
ingot body. In order to reduce the length of the shrink-
age cavity, hot metal is poured slowly whenever possi-
ble. All of the above measures should be carried out in 
an integrated manner to minimize shrinkage cavity or 
to weld it out during deformation. This will help to in-
crease the usable part of metal ingot [9]. 

Designs of the Ingot Hot Top and Their Disad-
vantages. This article examines a method for manu-
facturing a thermal insulation insert that can be used in 
ingot casting molds with an upwardly expanded or con-
stant cross-section of working cavity. It is suitable for 
molds with a round or polygonal cross-sectional shape. 

The basic principle of ingots casting in metal molds 
is that the hot top part should crystallize last. For this 
purpose, the hot top parts of the molds are equipped 
with thermal insulation in the form of thermal insulation 
inserts located on the inner surfaces of the mold end 
or on the inner surfaces of the hot top extensions to 
prevent unwanted heat exchange with the environ-
ment. 

For different steel grades (alloys), depending on the 
purpose, ingot design and casting method (top or si-
phon casting), the hot top cut is generally ranges be-
tween 8 and 16% of the total ingot weight (Fig. 5). Let 
us consider the methods of implementation of the ingot 
hot top section: 

Thermal insulation products for molds lining without 
hot tops, which partially extend beyond the mold cavity 
and allow partial formation of the hot top outside the 
mold cavity. The disadvantage of these kind thermal 
insulating products is highly skilled personnel need in 
order to perform the lining and increased risk of metal 
leakage from the hot top area. 
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Fig. 5. Hop top cut 11% of 6,5 ton ingot 1.4541 (AISI321) 

2. Thermal insulation inserts used in molds with hot 
top extensions lined with such inserts. The use of the 
hot top mold extensions with these inserts, depending 
on the design, has several disadvantages, including: 

 -high cost of the hot top metal body exten-
sions; 

 -increased risk of ingot cracking; 
 -high labor intensity for lining; 
 -large hop top cut of the ingot. 
3. Thermal insulation inserts used in molds without 

hot top extensions, where the upper part is also lined 
with thermal insulation materials (products). The disad-
vantages of using such molds include: 

- need for highly skilled personnel for lining works 
with these kind of thermal insulation inserts; 

- impossibility to use the entire volume of the mold 
to produce a usable part of metal ingot;  

- necessity to place the hot top part of ingot in the 
body of the mold. 

4. Thermal insulation inserts, used for producing 
steel ingots, installed as separate elements on the in-
ner surface of the hot top in the mold, which has an 
upwardly expanded body with an internal working cav-
ity. The hot top, mounted on the mold, consists of an 
outer metal body and a dense refractory lining inside. 
The refractory material is replaceable. The disad-
vantages of this type of design include: 

- low usable part of ingot metal; 
- increased maintenance time; 
- high labor intensity. 
This type of hot top is reusable, but with repeated 

use, the thermal insulation insert experiences signifi-
cant wear and requires intermediate repairs. After sev-
eral repairs, the refractory lining surface becomes dis-
torted, making it impossible to maintain consistent di-
mensions of the ingot’s hot top section. Additionally, 
the hot top has a significant weight, making installation 
on the mold impossible without lifting equipment. 

Problem Statement. With a purpose of ingot cast-
ing efficiency improving, it is necessary to modify the 
thermal insulation insert design to achieve the follow-
ing objectives: 

- increase the usable part of metal ingot; 
- reduce the percentage of hot top cut acc. to the 

total weight of the ingot, thereby minimizing metal 
losses; 

- obtain stable dimensions of the ingot hot top sec-
tion; 

- simplify the lining process of the hot top in molds 
using thermal insulation products, reducing the risk of 
liquid metal leakage from the hot top; 

- extend the hot top section beyond the mold cavity; 
- decrease the labor intensity of the hot top manu-

facturing and installing; 
- reduce maintenance time and overall process 

costs. 
The task is solved by installing a heat-insulating in-

sert on the mold body instead of the add-on to form the 
ingot hot top part with various options for its installation. 

The proposed thermal insulation insert for the ingot 
hot top forming has a vertical shape with upper and 
lower end faces, with inner working wall and an outer 
wall. It is designed as a continuous structure along the 
perimeter. The horizontal section is shaped as an outer 
shoulder, corresponding to the contour of the mold's 
top end. The outer surface of the vertical section 
matches the shape of the inner surface of the upper 
part of the mold, ensuring a precise fit and effective 
thermal insulation. 

The thermal insulation insert is designed as a con-
tinuous structure along the perimeter, with the thick-
ness of its horizontal section ranging from 10 mm to 
100 mm, and the thickness of its vertical section rang-
ing from 10 mm to 50 mm. The horizontal part of the 
thermal insulation insert can be made flush with the top 
of the vertical section or positioned at the midpoint of 
the vertical section. 

Depending on the cross-sectional shape of the 
mold, the cross-section of the thermal insulation insert 
can be circular, rectangular, or polygonal. The vertical 
part of the mold thermal insulation insert may have dif-
ferent shapes - conical, cylindrical, or polyhedral [10]. 

Universal Thermal Insulation Product for Molds 
without Add-ons. The thermal insulation insert con-
sists of a vertical part (1) and a horizontal part (2), with 
an inner working wall and an outer wall, both having 
upper and lower end faces. The horizontal part (2) is 
designed in the shape of external shoulders, matching 
the contour of the mold's end face. The vertical part 
has a shape that matches the upper part of the mold 
(Fig. 6, Fig. 7). 
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Fig. 6. Example of thermal insulation insert design for a mold with a circular cross-section 

 

 
Fig. 7. Example of the thermal insulation insert design for a mold with a square cross-section 

 

 
Fig. 8. An example of the proposed design of a composite thermal insulation insert 

 
The horizontal part of the thermal insulation insert 

is designed to closely match or be equal to the dimen-
sions and shape of the upper end face of the mold, 
onto or into which it is installed. The thickness of the 
horizontal part can range from 10 mm to 100 mm. 

The vertical part of the thermal insulation insert is 
either conical or cylindrical, and its shape and size de-
pend on the required volume of the hot top section and 
the taper of the mold cavity. The thickness of the verti-
cal part can range from 10 mm to 50 mm. 

The thermal insulation insert can be made as a sin-
gle piece or composed of two elements — the lower 
and upper parts (Fig. 8). The insert consists of the fol-
lowing parts: 3 – vertical part of the upper element, 7 – 
horizontal part of the upper element, 8 – horizontal part 
of the lower element, 6 – vertical part of the lower ele-
ment.The dimensions and shape of the horizontal part 
of the thermal insulation insert must match or closely 
resemble the size of the mold upper end face in order 
to maximize the contact area with it. The lower and up-
per surfaces of the horizontal part, shaped as an exter-
nal shoulder of the thermal insulation insert, are de-
signed to be flat and even. 

The overall height of the thermal insulation insert 
(lower and upper elements), its volume, and the shape 

of its internal cavity are determined based on the mass 
and shape of the ingot, ensuring the correct removal of 
the shrinkage volume into the hot top section. 

The thermal insulation insert is installed into the 
mold cavity to a depth of 150 mm and additionally 
forms a hot top volume of 50 mm outside the mold cav-
ity. For operational convenience, the thermal insulation 
insert is pressed against the mold body using a 
weighting element (7) (Fig. 9). 

The shape of the thermal insulation inserts and the 
ratio of the horizontal and vertical (conical) parts of the 
product allow them to be used both for partially forming 
ingot hot top section inside the mold and entirely out-
side the mold.  

The paired use of the proposed thermal insulation 
inserts enables the formation of the hot top section of 
the ingot within the mold, with the possibility of increas-
ing the hot top section outside the mold to the required 
dimensions [10]. 

An example of the proposed thermal insulation in-
sert design for a mold with a circular cross-section is 
shown in Fig. 10, where the insulation insert is pressed 
against the mold body (8) using a weighting element 
(7).  
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Fig. 9. Example of the weighting device installation method for a solid and assembled thermal in-

sulation insert for a circular cross-section mold  
 

 
Fig. 10. Installation examples of a solid and assembled insert with a weighting element in a circular 

cross-section mold  
 
 

Fig. 11. Installation examples of a solid and assembled insert with a weighting element in a square 
cross-section mold  

 
Fig. 11 illustrates the same concept for a mold with 

a square cross-section. Similar thermal insulation in-
serts designs are used for rectangular and polygonal 
molds. 

The outer surface of the lower vertical part of the 
thermal insulation insert follows the geometry of the in-
ner cavity of the upper part of the mold and fits tightly 
against its surface. Meanwhile, the outer surface of the 
vertical part of the upper thermal insulation insert can 
have a variable shape, but must provide the required 
wall thickness. This design of the thermal insulation in-
sert can be used for installation on molds with a direct 
taper (where the cross-sectional area of the working 

cavity increases upward) and a flat upper end face 
(without projections and slots). 

The outer surface of the vertical part follows the ge-
ometry of the inner cavity of the upper part of the mold 
and fits tightly against its surface. The dimensions of 
the lower and upper vertical parts of the insert (or the 
vertical parts of the lower and upper components when 
used in pairs) are selected to extend a significant por-
tion of the hot top section beyond the upper end face 
of the mold, thereby increasing the ingot body mass. 

To prevent the thermal insulation insert from lifting 
due to the pressure of molten metal and to ensure a 
tight fit of the insert against the mold surface, as well 
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as proper contact between the surfaces of the upper 
and lower components when used in pairs, a ring-
shaped or custom-shaped weighting element of the re-
quired mass is placed on its horizontal section. Molten 
metal penetration from the mold is prevented by the 
tight adhesion of the insert to the mold surface, both 
within the working cavity and along the upper end face. 
This is achieved through the precision of geometric di-
mensions, the pressing of the weighting element from 
above and the extensive total contact area between 
the insert and the mold. 

When using paired inserts, molten metal penetra-
tion between the lower and upper parts is prevented by 
the tight fit of their horizontal surfaces, which is en-
sured by dimensional accuracy and compression from 
the weighting element above [10]. 

The weighting element can be made of either metal 
or reinforced concrete. During the casting process, the 
weighting element is not subject of mechanical stress 
and does not come into contact with the liquid metal. 

When the proposed products replace heat-insulat-
ing products that are completely submerged in the 
working volume of the casting mold, the weight of the 
ingot increases due to an increase in the size of ingot 
usable part (with a constant weight of the hot top  part), 
which results in: 

a) reduction of specific costs for the formation of hot 
top cut; 

b) reduction of specific costs related to mold oper-
ation and maintenance.  

Replacing hot top extensions lined with reusable re-
fractory materials by proposed insulating inserts allows 

to reduce the weight of the ingot hot top part. This is 
ensured by high thermal insulation properties of the 
product and the absence of a cooling effect on the liq-
uid metal of the extension body. 

The fit of the lower vertical part of the insulating 
product to the wall of the inner surface of the casting 
mold, combined with the pressing of horizontal part of 
the insert (product) against its end, minimizes to an in-
significant level ingot hanging on the upper end of the 
mold and for this reason prevents the formation of sur-
face cracks on the ingot. 

The installation of the insulating insert and the 
weighting element on top of the mold is significantly 
simpler, faster, and more reliable than assembling re-
fractory lining elements inside the mold cavity or hot 
top extension body. This enables the use less qualified 
personnel for mold preparation before metal casting. 

The average ingot mass when filling the mold with 
the thermal insulation insert, following the installation 
scheme shown in Fig. 12, is 0,78 tn. The mass of the 
solidified hot top head is 67 kgs, which, when con-
verted into percentage terms, accounts for 8,6% com-
pared to 12% with the existing hot top extension. Due 
to the high thermal insulation properties of the material 
and the geometric dimensions of the thermal insulation 
insert, it may even allow for the complete elimination of 
the ingot's hot top cut in some forging applications [10]. 
According to the table, the use of a thermal insulation 
insert increases the usable part of ingot metal by 3% 
(i.e., by 30 kg per ton). This results in significant cost 
savings, when casting ingots from high-cost metal. 

 

 
Fig. 12. Round-section mold (0,78 tn) with composite thermal insulation insert 

 
Table 1. Example of ingot production and usable part of ingot metal 

Ingot production technology Ingot weight, t 
Weight of usable 
metal, t 

Yield of usable metal, 
% 

With known hot top extension 1,0 0,88 88 

With improved thermal insulation in-
sert 

0,78 0,71 91 

 
The yield of usable metal when casting an ingot 

with a known hot top extension is 0,88 tons (when cast-
ing 1 ton into a mold), while in the case of the devel-
oped heat-insulating insert, the yield of usable metal is 

0,71 tons (when casting 0,78 tons into a mold). When 
converted to 1 ton of metal by using the heat-insulating 
insert, the savings of usable metal is 34 kg per ton in 
favor of the developed heat-insulating insert. 
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Additionally, when switching to the developed heat-in-
sulating product, there is no need to modify the equip-
ment and change the existing production technology 
[10].  

Conclusions 
The proposed heat-insulating insert without exten-

sion allows combining the advantages of the lined 
heat-insulating inserts technology and the technology 
of mold casting cavity lining with heat-insulating prod-
ucts, while ensuring high technical and economical 

performance of the ingot, its quality, and simplicity of 
preparatory operations. The use of improved thermal 
insulation insert makes it possible to: 

- increase the yield of usable metal to 91% of the 
total ingot weight;  

- reduce the hot top cut by 25% of the base value;   
- reduce metal waste;  
- obtain stable dimensions of the ingot hot top part;  
- reduce maintenance time; 
- reduce labor intensity. 
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