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ABSTRACT As a high-temperature, high-pressure, multi-phase reaction vessel, the converter is vulnerable to splashing or slag
overflow. Good molten pool surge can expand the slag—gold reaction area and enhance steelmaking efficiency. Abnormal molten pool
surge can cause metal loss, damage the furnace body and its auxiliary equipment, and even threaten the personal safety of workers
working in front of the furnace. This paper summarizes the previous research findings on splashing mechanisms and influencing factors.
According to the occurrence principle, converter splashes can be classified into explosive splashes, foam splashes, metallic splashes, and
other splashes, among which explosive splashes are the most dangerous and foam splashes occur most frequently. The occurrence of
splashing accidents can be generally attributed to the high-temperature melt splashing caused by bubbles produced during the vigorous
chemical reaction in the furnace and the splashing produced by the flow energy generated during the top—bottom combined blowing of
the molten pool. The influencing factors of splashing are discussed based on six aspects: loading system, slag making system, oxygen
supply system, bottom blowing system, temperature system, and safety system, and the foam of slag, oxygen lance blowing parameters,

and bottom blowing parameters are thoroughly examined. It is observed that the occurrence of a splashing accident is frequently caused

%5 H #A: 2022-08-18
EE£WB: BEAREFELS I E (52174297); k@ &L S AR L 45 9% 9% B 35 H (FRF-BD-19-022A)


mailto:wangmin@ustb.edu.cn
mailto:wangmin@ustb.edu.cn
https://doi.org/10.13374/j.issn2095-9389.2022.08.18.002
https://doi.org/10.13374/j.issn2095-9389.2022.08.18.002
http://cje.ustb.edu.cn

V= [R]E A5 - e A WO e e I AL P AR AR AF 5

<1717 -

by the coupling of multiple factors. It is mainly one-sided, and hence the cause of the splashing accident cannot be unilaterally analyzed.

Currently, no methods are present that can effectively quantify the effect of each factor on the splashing. Thus, developing a set of safety

evaluation models suitable for converter splashing is imperative. Furthermore, the author summarizes the existing splash prediction

models, examines the benefits and drawbacks of some splash prediction models, and summarizes the prediction principles and some

application outcomes of the furnace gas analysis, audio analysis, and image analysis methods. Although preliminary progress has been

made in the study of prediction models, there are still challenges that need to be overcome. It is pointed out that the reason why the

existing prediction models have not been widely used is due to the low prediction accuracy, short prediction time, high cost, and low

practicability. Several researchers have used a combination of several models to predict splash in converter. The findings reveal that

various models can learn from each other, and the prediction accuracy of the comprehensive model is higher than that of the single

model. Furthermore, the splash prediction model will become more intelligent and refined in the future.

KEY WORDS converter splashes; slag overflow; splash mechanism; influence factor; prediction model
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Table 1 Comparison of different splash types

Occurrence frequency

Splash type Main cause Main occurrence period (relative) Main hazards
Explosive Violent reaction of carbon and Early and latc? stages of Moderate Large cost loss and possible injury
splash oxygen smelting
Foam splash Serious foam of slag Middle stage of smelting High frequency Large cost loss, resulting in

Metallic splash Post-drying of slag

Middle stage of smelting

shutdown

Low frequency Metal loss and possible injury
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Explosive splash

In the early stage, the temperature :

rises slowly and FeO accumulates. MFtalllc splash )

When the temperature rises, carbon and Hard blowing for long durations

oxygen suddenly react violently cause post-drying of slag
Start of End of
converter converter
blowing blowing

Early stage of
converter smelting

Middle stage of
converter smelting

Late stage of
converter smelting

Foam splash
High slag viscosity,

low surface tension
and serious foam

Explosive splash
The temperature is high in the late stage of
converter smelting. A considerable amount of
cooling material is added or the end
point carbon is pulled too fast
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Fig.1 Characteristics of splashing in different stages of converter blowing
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Fig.2 Influencing factors of the converter splashing accident
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Table 2

PR AL B N R

Influence factors of the slag foam

Factor Influence mode

Correlation with

Specific performance foam index

Si and P content of During the blowing process, SiO, and P,05 are
molten iron produced and enter the slag

Si0, and P,0j5 are surface-active substances that

. . M Positive correlation
reduce surface tension and increase viscosity

The amount of FeO in slag dynamically changes
with the progress of oxidation and decarbonization
reaction and affects the liquid phase ratio in slag!"”

FeO content in slag

When the FeO content is less than 20%, the slag
viscosity decreases with the increase in FeO content
and tends to a fixed value when the FeO content is
greater than 209"

Negative correlation

Basicity is an important parameter of slag, and it
changes with the addition of slag-forming

. First negative
At the same temperature, the foam index decreases &

Basicit; . . . . . . . . . correlation, then
y materials and smelting, which has an important first and then increases with the increase in basicity!'?) . T
o positive correlation
effect on the characteristics of slag
With the increase in temperature, on the one hand, the
.. . reaction rate of carbon and oxygen increases, which is
Temperature is important to the formation rate of . . V8 . s
. . conducive to foaming; However, the viscosity of o .
Temperature carbon—oxygen reaction and the physical and Positive correlation

chemical properties of slag components

molten slag reduces, and the foaming property
decreases. The latter has a slightly higher impact than
the former!'”

Metal droplet
Oxygen flow

Surface wave

Impact pit

B3

Fig.3 Schematic of the surface wave produced by blowing
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oxygen lance: (a) schematic of the traditional oxygen lance; (b) schematic
of the nozzle-twisted oxygen lance
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Fig.9 Mechanism of explosive splash: (a) flow chart of explosive splashing; (b) schematic of an explosive splash
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Fig.10 Foam splash mechanism: (a) flow chart of foam splashing; (b) schematic of a foam splash
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Fig.11 Mechanism of metallic splashing: (a) flow chart of metallic splashing; (b) schematic of a metallic splash
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Table 3 Comparison of benefits and drawbacks of

the prediction models for converter splashing

Splash prediction method Advantage

Shortcoming

Give certain guidance to the blowing conditions in the
Furnace gas analysis method furnace (such as temperature, decarbonization, end-point

carbon drawing!*”), etc.)

Real-time performance is poor, and it is primarily used for
cause analysis during and after splashing

Audio analysis method return prediction, and avoiding metal splashing

Auxiliary slagging, obtaining slag status, high hit rate of dry

When splashing, the audio frequency is relatively low,
making it challenging to obtain the sound signal and predict it

Real-time detection of flame state and prediction through

Image analysis method  image recognition can assist in slag and end-point

assessment, which is more intuitive

High cost and increased implementation requirements. The
actual smelting is difficult to use

Oxygen lance vibration
method

Splashing can be predicted by detecting the slagging state

The model is complex, there are several interference factors
in the furnace, and the prediction accuracy is low

Flue gas recovery device Gas collection probe

Post treatment of
furnace gas

Furnace gas analyzer

Post-drying

ol s A
246810121416
Smelting time/min

0246810121416
Smelting time/min

Furnace gas collection

|

Furnace gas analyzer

Real time gas
composition
information

Incoming computer

Obtain the composition
change curve

l

Normal
composition change

|

Normal smelting

|

Abnormal composition
change

|

Splash warning
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Fig.12 Schematic of the predicted splashing of furnace gas analysis system
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Fig.13 Schematic of the predicted splash of audio analysis system
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Table 4 Application of the audio frequency analysis to predict splashing

Splash prediction (explosive splash and foam splash)

Prediction of back drying (metallic splash)

Jiang et al.>” 300 t converter
Liu®" 120 t converter

Li®¥ 120 t converter

Hit rate: 97.5%
Splash rate reduced by 4.4%
Hit rate: 89.47%

Hit rate: 100%
Post-drying rate reduced by 24%
Hit rate: 100%
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Fig.14 Schematic of the splash prediction using image analysis system
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Table 5 Application of the audio frequency analysis to predict splashing

Detection system Percentage of false slopping/%
Image only 11
Sound only 33
Image and sound combined 6
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