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Analysis and industrial application of the soft
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Soft reduction is a key method to reduce or eliminate the internal quality defects of
high carbon steel in blooming castings. In the present work, the total reduction amount
and the distribution of the reduction amount at various casting speeds were calculated
using the obtained model of the soft reduction amount. Industry experiments were carried
out on soft reduction in continuous casting to improve the internal quality of C92D2 high
carbon steel blooms by means of the model. The results show a remarkable improvement of
the internal quality of C92D2 high carbon steel blooms by applying a suitable reduction
mode during continuous casting.
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Amnaniz Ta IpoMHCIOBE 3aCTOCYBAHHA MOAEN M AKOr0o OOTHCKAHHA NpH Ge3lepepBHOMY
aurti 6aromy 3i craai C92D2. Yujun Li, Yihong Xu

M’ake oO6TuCHEHHA € KJIOUOBMM MeETOZOM 3MEHIeHHS abo yCyHeHHSA BHYTPIMIHIX me-
deKTiB BUCOKOBYIJIeleBol cTani y BuauBKax 3 OmroMinry. ¥V niifi pobori, BUKOPHCTOBYIOUU
MoJeNb M’ SAKOTO ODTHUCKAHHSA, PO3PAXOBAHI 3arajibHa BeJUYNHA OOTUCHEHHA Ta PO3MOZLIT
BeJUYUHN OOTHCHEHHs NPU PISHUX IIBUAKOCTAX JUTTA. [IpoBegeHo mpoMmucioBi excmepu-
MeHT! 3 M SIKOTO OOTHCKAHHSA B 0e3IepepBHOMY JIUTTL 3 METOI MOKpAIleHHA BHYTPIIIHBLOL
sarocti 6aromiB i3 BucorgoByriereBoi crami C92D2. PesysnbraTn moxkasyioTh IIOMiTHe IOKpa-
LIeHHs BHYTPimmHbOI fAKocTi GatoMmy 8 BucoxoByriereBol crani C92D2 sa paxyHOK 3acrocy-
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BAHHS BiAMoBigHOIO OOTHCHEHHS Iifx yac 6e3epepBHOTO PO3JINBAHHA.

1. Introduction

In order to reduce or eliminate internal
quality defects, like macrosegregation, po-
rosity and shrinkage cavities, of high carb-
on steel in bloom castings, the casters
should be well equipped with auxiliary de-
vices such as EMS and/or mechanical soft
reduction [1]. The method of soft reduction
operation has been proved to be one of the
most effective ways to reduce the internal
quality defects mentioned above [2]. When
using soft reduction technology, the correct
value of reduction can not only compensate
for the central shrinkage in the crater
mushy zone, but also suppress residual melt
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flow caused by negative pressure. Thus, an
improved strand density can also be ob-
tained.

It is necessary to conduct a large number
of industry experiments and laboratory
studies to determine the favorable parame-
ters for soft reduction [3]. However, most
of the results obtained are only suitable for
specific steel grades and/or casting formats,
so they cannot be used as general criteria,
except as a guide.

There are also some mechanism modeling
methods along with numerical simulation or
mathematical derivation for soft reduction
amount or reduction gradient [4—10], in which
the soft reduction amount model proposed by
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the author of this paper achieved good met-
allurgical results after application [1].

The present work is mainly focused on
the optimization of the soft reduction pa-
rameters to improve the internal bloom
quality of the C92D2 high carbon steel by
using the soft reduction model derived by
the author in another paper [2]. The appro-
priate reduction parameters, including the
total reduction amount and the reduction
amount distribution under the reduction
roll, were determined according to the proc-
ess parameters of the casting machine. Ex-
tensive plant trials were carried out based
on the selected reduction amount parame-
ters. The effects of soft reduction on inter-
nal quality defects in the strand, as well as
element homogeneity were evaluated.

2. Soft reduction model

On the basis of overall mass balance in
the casting direction, the soft reduction
amount model could be expressed as follows

[2]:

_[ J (fs,i - fi,i_l)dxdy
[ ]

2

Bi=37 W, ’
where R; is the soft reduction amount of the
it strand point, m; W and Tk are the width
and thickness of the bloom strand, respec-
tively, m; f is the temperature dependent
solid fraction; x and y are the coordinate
axes along the width and thickness direc-
tions of the strand, respectively, m; 1 is the
reduction efficiency.

The solid fraction f can be described by:

0,T > T, (2)
f L~ T <T<T

= . < < .

8 Tl_Ts S I

1,T<T,

where T; and T are the liquidus and solidus
temperature, respectively, K.

The reduction efficiency M can be ex-
pressed as follows [11]:

0.587 (3)
r
n= exp(2.367» +3.73) - (m) ,

where r indicates the diameter of reduction
roll, mm; A is the shape index described as:

szr'Fr'Sr’ (4)
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Table 1. Distance from each soft reduction
stand to mold meniscus

Soft reduction stand Distance to mold
meniscus, m
No.1 9.5
No.2 10.5
No.3 11.5
No.4 12.5
No.5 18.5
No.6 14.5
No.7 15.5
No.8 16.5
No.9 17.5

in which, V, is the ratio of the unhardened
volume to the whole volume; F, is the flat-
ness ratio, namely, the bloom width to
thickness ratio; and S, is the ratio of the
length of the unhardened section to the
length of the contact. It can be seen from
Egs. (1)—(4) that the reasonable reduction
amount under the i*” reduction roll can be
obtained only by determining the tempera-
ture field of the bloom solidification proc-
ess.

In order to calculate the temperature
field, and thus obtain the value of the cen-
ter solid fraction, the reduction efficiency
and the reduction amount from Equations
(1)-(3), a two dimensional transient heat
transfer and solidification model was built
to predict the temperature field of entire
strand under steady casting conditions. The
main model assumptions, governing equa-
tion, boundary and initial conditions, and
material properties can be found in [12].

3. Experimental

On the basis of the soft reduction
amount model mentioned above, the verifi-
cation trial for high-carbon steel C92D2
during casting was conducted in Qingdao
Special Steel, in which a curved three-
strand bloom caster with soft reduction was
employed. The bloom caster has nine soft
reduction stands per strand, and the distance
from each stand to the mold meniscus is
shown in Table 1. The main process parame-
ters of the industry experiment are given in
Table 2. The chemical composition of C92D2
high carbon steel is listed in Table 8.

As shown in Table 1, the caster soft re-
duction can be realized in a total length
range of 8 m. By using a suitable soft re-
duction zone calculated by the transfer and
solidification model under the various con-

Functional materials, 30, 1, 2023



Y.Li, Y.Xu / Analysis and industrial application ...

Table 2. Main process parameters of the
bloom caster

Parameters Values Units
Sectional 180%240 mm?2
dimension

Casting Speed 0.8-1.5 m/min
Caster radius 10 m
Mold length 850 mm
Pouring mode Submerged

Soft reduction 400 mm
roll diameter

ditions such as steel grade, casting speed,
superheat temperature and cooling inten-
sity, and so on, the bloom caster can more
flexible adjust the hydraulic pressure in a
larger range.

The soft reduction should act on the re-
gion, where the molten steel could not flow
freely. Based on the previous research, [2]
the soft reduction zone was chosen from the
center solid fraction f,, = 0.3 to 0.8 to ef-
fectively compensate for localized shrinkage
during final solidification.

4. Results and discussion

Using the center solid fraction difference
and the soft reduction efficiency, under
identical superheat degree of 30 K, a spe-
cific water flow rate of 0.41 L/kg, the re-
duction amount for C92D2 high carbon steel
per each reduction roll in the reduction
zone were calculated form Eq. (1), and the
results are shown in Table 4. From the
table, the soft reduction amount per each
reduction roll increases in the casting direc-
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Fig. 1. Sampling schematic for wet chemical
analysis in bloom cross sections.

tion since the solid fraction change in-
creases and the reduction efficiency de-
creases in the casting direction (see Eq. (1)).
It is shown that the total soft reduction
amounts for a section of 180%x240 mm bloom
from C92D2 high carbon steel are between
2.13 and 5.68 mm at given casting speeds. It
can be also seen that the reduction amount
increases with the casting speed.

To further verify the soft reduction cal-
culation model, the soft reduction amounts
for C92D2 high carbon steel given in Table
4 were applied to the above blooming cast-
ing machine. Taking into account that a
larger reduction amount may increase cast-
ing resistance and, thereby, result in motor
torque jumping, the casting speed was set
to 1.30 m/min.

To investigate the effect of soft reduc-
tion on the carbon segregation, the samples
5 mm long and 5.5 mm in diameter were
obtained by drilling through the cross sec-
tion of the bloom as shown in Fig. 1.

Table 3. Chemical composition of C92D2 steel, wt%
C Si Mn P S Al Cr Sn As N
0.92 0.23 0.35 0.015 0.008 <0.005 0.22 <0.007

Table 4. Calculation results of soft reduction amount for C92D2 steel with different casting

speeds

Casting Soft reduction amount withdrawal units, mm

fnp/‘ifli’l 1 2 3 4 5 6 7 8 9 Total
1.00 2.13 2.13
1.10 0.90 1.96 2.86
1.20 0.85 1.20 1.56 3.60
1.30 0.71 1.11 2.48 4.30
1.40 0.50 1.09 1.20 2.22 5.01
1.50 0.31 1.00 1.13 1.25 1.99 5.68
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Fig. 2. Hot etched bloom cross section for C92D2 steel: a) without soft reduction; b) with soft

reduction.

Fig. 3. Hot etched bloom longitudinal sections for C92D2 steel: a) without ssoft reduction; b)with

soft reduction.

The carbon segregation index K is ob-
tained based on the carbon analysis of a
sample as follows:

K = nCi ’ (5)

n
pye
i=1

Here C; and n denote the local carbon
content and sampling number, respectively,
as shown in Fig. 1.

Figs. 2-83 show a typical hot etched
bloom cross section and a longitudinal sec-
tion, respectively, for C92D2 steel without
and with soft reduction. It is clear that
after soft reduction, the center porosity and
center shrinkage cavities of the bloom are
significantly healed, and the macrostructure
of the bloom becomes more homogeneous.
Figs. 4—6 show the carbon segregation index
along the bloom thickness, width, and di-
agonal, respectively, with and without soft
reduction. The results show that after the
soft reduction, the maximal carbon segrega-
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Fig. 4. Effect of soft reduction on the carbon
segregation index along the bloom width.

tion index decreased from 1.35 to 1.08 and
the uneven distribution of carbon has been
significantly reduced. Accordingly, the in-
ternal quality defects of the bloom includ-
ing shrinkage cavity, porosity, and segrega-
tion were significantly eliminated, and the
chemical composition of the bloom was more
homogeneous by using the soft reduction
model.
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Fig. 5. Effect of soft reduction on the carbon
segregation index along the bloom thickness.

5. Conclusion

The soft reduction amount for C92D2
high carbon steel under reduction roll in the
soft reduction zone increases in the casting
direction, the total soft reduction amount
also increases with casting speed according
to the soft reduction model calculation. In-
dustrial results show that the internal qual-
ity of the C92D2 high carbon steel bloom
was improved remarkably after applying
soft reduction in accordance with the pre-
sent soft reduction strategy, and the maxi-
mum carbon segregation index decreased
from 1.35 to 1.08 along with a more homo-
geneous overall chemical distribution.
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