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Abstract
Nowadays, quality development is a growing challenge, which places a heavy burden on economic operators, 
especially on smaller companies. ISD Dunaferr Zrt is the largest steel company in Hungary with its annual 
steel production of about 2 million tons, but it is small on a global scale. Taking advantage of the opportuni-
ties, locating the hidden problems, qualitative development and productivity enhancement can be realized 
without major investment. This study points out the steel production and casting parameters that have the 
greatest impact on the quality of the hot rolled product (sheet and coil) and touches upon the effect of rolled 
product final thickness on the ratio of downgrading. As a result the examination of overheating shows cor-
relation with the ratio of downgrading, but the age of the mould does not. Regarding the thickness of the 
rolled product, it can be stated that in the case of thicker products (above 9 mm) the ratio of downgrading 
increases. 
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1. Introduction
In September 2018, Dunaferr Zrt’s continuous 

casting machine no. 1 was completely recon-
structed, the most significant step of which was 
the replacement and modernization of mould lev-
el control automatics.

Downgrading ratio of the hot rolled products 
made from slabs cast before and after the recon-
struction showed a clear improvement.

Further analyzing the data generated after the 
reconstruction (16,697 coils of 3,928 heats), we 
examined the relationship between various, pri-
marily steel production and casting parameters 
and the hot rolled product downgrading data.

ISD Dunaferr Zrt’s Steelworks has two LD con-
verters (each with the capacity of 135 tons) and 
two vertically arranged continuous steel casters 
(2-2 strands). The raw steel is treated by a three-
stand ladle metallurgy station located between 
the converters and the casting machines, without 
the possibility of heating. The converters are sup-
plied with hot metal by two blast furnaces, with 
the total capacity of ~ 4000 m3.

After the oxygen blowing (in BOF), the liquid 
steel gradually cools down, until it solidifies in the 
casting machine. Without the possibility of heat-
ing, the treatments from BOF to mould are lim-
ited. The degree of cooling depends on multiple 
circumstances, for example the quality, type and 
quantity of alloying materials, the quantity of the 
flushing inert gas, but mainly on the thermal state 
of the ladle.

2. BOF, Ladle treatment station
In the liquid state of steel it is important to re-

duce the inclusion content. This can be achieved 
by removing active oxygen to intensify the diffu-
sion process (afterflushing in BOF), using a deoxi- 
dizing reagent of appropriate quality and quan-
tity (aluminium) and removing as much formed 
inclusion as possible with inert gas rinsing.

After the oxygen blowing, the oxygen content of 
the steel can reach 800–1000 ppm.

The following technical variables were analyzed 
during the study:
–– Amount of afterflushed inert gas (argon) in the 
BOF;
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Figure 1. Relationship between the ratio of downgra-
ding and the degree of overheating.

–– Amount of aluminum added for deoxidation 
broken down by type (solid “mokka”, loose 
“shredder”) [1];

–– The amount of Al wire used to set the final alu-
minum content at the ladle treatment station;

–– The amount of inert gas (argon) used to flush 
the steel in the ladle, broken down by source:
–– from the bottom of the ladle through porous 
plug, different intensity (lower argon);

–– from the top, through lance, to approx. 2 m 
below the surface, with high intensity (upper 
argon).

Rolled product properties inherited from the 
liquid phase depend primarily on homogeneity, 
inclusion content and morphology, and chemical 
composition. These variables are reflected mainly 
in the mechanical properties (e.g. tensile strength, 
elongation). If the mechanical properties do not 
meet the quality requirements, the product 
would usually be reclassified and would not be 
downgraded. For this reason, the data of the BOF 
and ladle treatment station did not show any cor-
relation with downgrading data.

The product would be downgraded due to the 
inclusion content in the liquid steel only if the 
amount/morphology of inclusions in the sample 
taken in the vicinity of the intervention justifies it, or 
when it appears on the surface of the rolled product  
and thereby the mechanical surface analysis  
system (Cognex) or if the human eye can detect it.

3. Continuous casting machine
The casting processes, mainly that of the mould 

processes, play the greatest role in the formation 
of internal and external structure of cast slabs. [2-
4]. Examination of the data shows that the material  
is downgraded typically due to surface cracking  
and scaling. The formation of these errors is 

primarily the result of complex processes in the 
mould [5-7].

3.1. Tundish
The primary role of the tundish is to create a 

liquid steel buffer, which is essential for continu-
ous casting during the ladle change. The temper-
ature probe in the tundish provides data on the 
temperature of the steel entering the mould. The 
difference between the liquidus temperature cal-
culated from the steel composition and the actual 
measured temperature gives the degree of over-
heating of the liquid steel. Low overheating pos-
es technical risk, because cast steel may solidify 
before needed and there is no possibility of heat 
transmission outside the BOF. High overheating 
means casting safety, but a greater burden on the 
cooling system (mould, secondary cooling zones). 

The Al-O balance shifting during the cooling of 
steel triggers a fine inclusion precipitation, the 
higher the degree of cooling, the more significant 
inclusion precipitation is. In the mould, this phe-
nomenon intensifies as a result of intense, direct 
heat dissipation, and inclusions can more easily 
get close to the surface.

Figure 1 shows the relationship between down-
grading and the overheat in the tundish.

3.2. Mould
The mould makes an oscillating motion [8-10] to 

form a solid shell on liquid steel, which is capable 
of retaining the internal liquid portion against 
the ferrostatic pressure during its movement to-

Table 1. Ratio of the causes of downgrading

Cause of downgrading Ratio

Torn edge 0.00 %

Scale on the edge 0.20 %

Cracked on the edge 0.05 %

Scale on the surface 1.18 %

Rupture on surface 0.11 %

Inclusion on the surface 0.27 %

Cracked on the surface 0.14 %

Based on an inclusion test 0.18 %

Total downgrading 2.11 %
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Figure 2. Relationship between downgrading and the 
age of the mould.

wards the lower zones. In the mould, heat is re-
moved through water-cooled, nickel-plated cop-
per sheets.

3.2.1. The age of the mould
The mould is subject to numerous mechanical 

effects during casting, which can cause uneven 
wear and tear on the inner surface of the mould, 
and these internal irregularities may affect the 
surface quality of cast slabs. Due to the feeding 
of the dummy bar from below before casting, me-
chanical wear occurs at the bottom of the cool-
ing plates. In the case of splashes of liquid steel, 
the steel droplets may fall into the surface of the 
cooling plates, which are removed by grinding in 
cold state. At the meniscus of the held steel level, 
traces of liquid steel and melting casting powder 
can be observed.

Contrary to the assumption, the values in Fig-
ure  2 do not show a significant correlation be-
tween the degree of downgrading and the age 
of the mould. Presumably because the solid and 
liquid steel directly touches the wall of the mould 
only on the short section, such a deep roughness 
cannot develop in this section, the depth of which 
would exceed the thickness of the layer burning 
down later in the reheating furnace.

3.2.2. Fluctuation of casting speed and steel 
level in the mould

The change in casting speed and the mould steel 
surface have a significant effect on both the inter-

nal and external properties of cast strand. [11‑15] 
Examining these changes in terms of time and 
length did not produce significant results, which 
is presumably due to the fact that the strand 
sections burdened with major changes are cut 
off and subsequently not used. Thus they do not 
cause significant downgrading.

3.3. Secondary cooling zone
The role of the secondary cooling zones below 

the mould is the stable support of the strand 
and its further cooling until it solidifies in entire 
cross section. Earlier observations suggested that 
casting problems (e.g. bearing breakage, roller 
bumps) occur quickly and visibly. They did not 
appear during the period under investigation, so 
their effects were not investigated.

The cooling strategy of the strand is determined 
first of all by the quality of the heat and the width 
of the strand (section size). The degree of over-
heating has an effect on the maximum casting 
speed of the strand, so that the appropriate heat 
dissipation can be achieved in order to solidify 
the entire cross section. [15]

Due to chemical similarity, only the section size 
affects the cooling strategy of the examined steel 
grades, therefore it has been investigated on this 
basis.

In Figure 3 the data show an extremely high 
ratio of downgrading at the widest section width.

The amount cast on B15 (1550 mm wide) section 
and the high ratio of downgraded material sub-

Figure 3. Relationship between the ratio of downgra-
ding to slab width.
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ject to regular inspections during the investigated 
period exclude that the problem arises from local 
nozzle failure, clogging. Rather, it suggests that 
production parameters, which depend on the sec-
tion size in the production line (Casting Machine, 
Hot Rolling Mill), is responsible for the phenom-
enon. Finding the exact reasons is beyond the 
scope of this study.

4. Hot rolling
In this study it is mainly the technological varia-

bles of steelworks that were analyzed. Hot rolling 
mill production properties were not subject to the 
study, but based on experience it seemed appro-
priate to examine the relationship between the 
thickness of the rolled product (degree of defor-
mation) and the downgrading. The thickness cat-
egories were selected according to the manufac-
turing technology of typical products.

According to conjecture, it can also be seen from 
the chart in Figure 4 that the degree of down-
grading in thicker product categories is signifi-
cantly higher.

5. Conclusions 
The tested properties of the BOF and ladle 

treatment station mainly affect the mechanical 
properties of the hot rolled product. In case of 
non-compliance, the product is usually reclassi-
fied to a different quality. Presumably for this rea-
son, investigations did not reveal any correlation 
with downgrading.

Figure 4. Relationship between downgrading and the 
final thickness of rolled flat product.

The examination of overheating shows corre-
lation with downgrading. In the lower tempera-
ture range (near the liquidus temperature), the 
steel solidification process can already start due 
to cooling in the casting chain. However, in the 
higher temperature range, the thermal burden of 
the mould increases, which will have a negative 
effect on the surface of the strand. Current cast-
ing with high overheating, mostly at 35–40 °C, is 
the consequence of the supply of raw materials 
and refractory materials from non-permanent 
suppliers. Due to the uncertainty, it is necessary 
to keep a constant supply of safety heat reserve. 
Supplying raw materials and refractory materials 
from continuous, steady sources can reduce tap-
ping and casting temperatures, leading to quality 
improvements and cost savings.

There was no correlation between the age of 
the mould and downgrading. This is presumably 
due to the short, direct contact of the molten steel 
with the mould wall, during which no such deep 
defect arising from the uneven surface of the 
mould can form that will not burn down in the 
reheating furnace.

Investigating the change in casting speed and 
mould steel level did not deliver any measurable 
results. This is primarily due to the fact that the 
strand segments affected by major changes are 
cut out and not rolled.

According to the data, the downgrading ratio of 
1550 mm wide (B15) slabs, which is significant-
ly higher than the others, is not a maintenance 
problem (e.g. nozzle clogging), instead it is caused 
by other cooling specifics depending on the sec-
tion size. Exploring the cause of the error affects 
complex review of the cooling strategy of both the 
continuous caster and the hot rolling mill.

Regarding the thickness of the rolled product, it 
is clear regardless of the section size, that in the 
case of thicker products (above 9 mm) the degree 
of downgrading increases significantly. This leap 
in the case of products thicker than 12 mm can be 
partly explained by the fact that they can be sold 
only in coils. There is no possibility of cutting and 
thus a full coil is downgraded even in the case of 
partial problems. Figure 3. and 4. show that the 
largest portion of the thick product (above 9 mm) 
is produced on a B15 (1550 mm wide) section.

Based on the above data, it can be concluded 
that the effects of the section size and the thick-
ness of the rolled product add up, and the risk of 
downgrading significantly increases in case of 
thick, wide products.
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