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ABSTRACT

,

J Methods for controlling slopping (slag ?verflow)

were studied in the Steel Company of Canada's Hilton Works
•

basic oxygen furnace installation. A link was established

between slopping and various o~erati~~~conditions by draw-
·/'1

ing'on .the experience of the fur~ace operators ana by

,examining ingot yield data .. An on-line 'control syst,em was

~eveloped which used change~ ip the temperature of the

furnace waste gases tor signal when corrective action should

be taken to prevent slopping. During trials, this system

"reduced slopping and increased ingot yield by ~rox~mately

one percent.

The chemical composition of slag from normal and

slopping heats was studied in an attempt to determine why" ? .
slopping occurs. The results pf this study support a mech-

anism proposed by F. Bardenheuer (Ref. 21) ~hich relates

increases in slag foaming in the B.O.F. to the precipitatiqn

"of dicalcium silicate and qverpxidation.
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CHAPTER 1

INTRODUCTION

•

"All went'quietly at first, but after about 10

•

-
minutes a rapid change took place, a voluminous white flame

and an ever~increasing stream of sparks being ejected from

the mouth of the vessel, followed by explosions and evolu

tions of molten slag and metal, the apparatus becoming a

veritable volcano in a state of active eruption.", [27].

This graphic account describes one of Sir Henry Bessemer's

first experiments in pneumatic steelmakin~, however, it could

equally 'well apply'to the slopping of a modeYn basic oxygen

furnace. Despite the advances in steelmaking technology
~ ,9
"which have taken place since Bessemer's day, slopping remains

.
a problem which has never completely been solyed.,

Slopping is related to the process of slag formation
..

in basic~ oxygen steelmaking. As oxygen is injected into

a basic oxygen furnace, carbon, silicon,manganese and iron

are oxidized (a more complete description of B.O.F. operation

is given in Appendix II). The resulting silica, iron oxide

and ma~ganese oxide react with fluxes charged into the vessel

and the refractory lining of the furnace forming a ~lag. The

oxidation of carbon generates carbon monoxide, some o~, which

r~ses through the slag making it foam (figure 1). Normally

there is enough space insi~e the furnace to contain this

foaming, however, occasionally the capacity of the furna~e
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Figure 1: Sections through a BOF Showing the
Development of a Foaming Slag

•
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is exceeded and the slag overflows. This overflow of slag

is referred to as slopping .
•

Slopping creates several problems for steel producers.

Since iron is lost along with the slag, slopping reduces the
~

amount of hot metal and scrap which can be recovered as

usable product. This decrease in yield increases the cost

per ton of steel produced ,in B.O.F. shops. Also, the number

of t~s of steel which can be produced by a furnace per

hour is reduced, because the operation of the furnace must'
~

be delayed to take co{;ective action to stop slopping and to

remove ejected slag. By reducing the number of heats which.

slop, furnace productivity could be increased and operating

costs lowered.
1

Many difficulties face an investigator trying to

develop a workable method for preventing slopping. One major

problem is the large nU~ber of factors, many of which are

interrelated, which affect the operation of ' a basic oxygen

furnace. Isolating those factors which are related to

slopping requires large amounts of data and demands careful

analysis. Time, money and the physical constraints of basic

oxy'gen furnace operation limit the depth to which the problem

of slopping can be studied. Ultimately, the degree of

success which is achieved depends upon the investigator's

ability to make the best use of the resources at hand. This

t~esis describes a study into methods of controlling slopping

which was carried out in the Steel Company of Canada Ltd. 's

Hilton Works, basic oxygen furnace shop.
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CHAPTER 2

RELATION BETWEEN OPERATION
CONDITIONS AND SLOPPING.

'2.1 Background: Off-line Control

All methods of controlling B.O.F. slopping can be

categorized as either on-line or off-line systems. In on

line control systems, corrections are made during the blow

in response to some 'real time' signal which indicates

whether the heat is about to slop. In off-line control

,systems, on the other hand, the corrective action is taken
,

before the blow starts and, is based on past experience of

how various operating conditions affect slopping.

Off-line systems for controlling slopping seek to

reduce the number of heats which slop by either eliminating

or minimi zing the effect of factors which have been fo'und

to cause slopping. The following factors have been reported

in the literature as causes of slopping:

(i) Hot metal silicon above 1.2 percent [ 1 , 2] ;'

(ii) Hot metal manganese outside the range 0.5-0.9

percent [1,3,4];

(iii) Charging more than the fllornace's designed capacity [ 1] ;

(iv) Use of fluorspar to speed lime dissolution [1,5];

(v) Use of iron oxide as a coolant [1] ;

(vi) Use of a newly relined furnace [ 6] ;'

(vii) ~hoice of oxygen lance design [7,8];

- 4 -
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(viii) Blowing with. the lance higher above the steel bath
'\

than normal [5,7].

Because operating conditions vary from compa~y to

company, some of these factors will be more of a problem

in one B.O.F. shop than another (e.g., the amount of over

charging varies from company to company).

A v,riety of actions can constitute off-line control

of slopping. For example, restricting the aim manganese

content of the hot metal for the B.O.F. [3] and regularly

checking the lance to bath separation [7] are both off-line

methods of control. Because problems uiffer, off-line

control practices vary from company to company. Off-line

control practices can often only be implemented to a limited

extent because they conflict with other aspects of a company's

operation. For example, although it is desirable to

eliminate overcharging to reduce slopping, thp need to

produce as much steel ·as possible from existing s!eelmaking

facilities may dforce a company to exceed the design capacity
'.

of their B.O.F.s.

(

2.2 Characteristics of Slopping Heats at Stelco

Before attempting to improve methods of off-line

control, the factors which are linked to slopping in Stelco's
I

B.O.F. operation had to be identified. Rather than examining

all the factors reported in the literatura, Stelco's B.O.F.

operators were asked which of the factors they felt were
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most important. These men reported, based on their operat-

ing experience, that the following factors caused slopping:

(i) .Vessel lining life less than approximately 400 heats.

(ii). Use of an oxygen lance with damaged nozzles.

(iii) Hot metal manganese concentration'greater than

approximately 1.2 percent.

(iv) Hot metal silicon concentration greater than

approximately 1.0 percent.

- )
An attempt was t~n made to qua?tify the effect of

each of these four facto~ on shop operation. Since records

are not kept of which heats slop, ingot yield was used as

a measure of the severity of slopping. As. figure 2 shows,

the average tngotyield drops as slopping becomes more

severe. Ingot yield was also used because it is an indicator

of productivity familiar to the B.O.F. supervisors - (This

~as an important consideration since .these were the men most

concerned with the problem).

Only heats teemed into 24 x 28 inch big end up ingot

molds were selected for this study. Attention was restricted

to these heats because of the small ingot size (the 5.9 ton

B.E.U. ingot is the smallest size produced at Stelco. )
-

Iron losses are most likely to reduce the number of ingots

produced on these heats so that their yield is very sensitive

to the effect of slopping. Data was collected on over 3000

heats produced between October, 1975 and October, 1976.

In analyzing this data, heats with simtlar lining




















































































































