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ABSTRACT

A production basic oxygen furnace installation at Dominion Foundries

and Steel Lt~, Hamilton, Ontario was used to develop and evaluate a method

of measuring the rates 'of materials ejection during steelmaking. These

rates are determined by periodic sampling at the mouth of the BOF with a

tubular sampler, during-the oxygen blow.

~~ mat~rials ejected are classified into two categories, slopping
(,

and metal ~jection. From the measured rates and analyses of ejected materials,

combined with the qomposition of the slag and metal bath as obtained by direct

sampling, certain insights are made about the mechanisms of materials ejection.

All1Qng the process varuples exami?:ed, the llIetal bath level, oxygen ~ow and

course of slag development showed the largest influence On ejection rates.
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1. INTRODUCTION

Since its inception in the earlJ fifties, the ~l5io ox;ygen steel_king

proceseJ has been applied worldwide to the point where todaJ' it accounts tor

the majority ot steel production. Its pbenoaonal growth is attributable to

th" spe"d ot the refining reactions. '.lbe process react1~n scheele 1s Tery

complex since it involves cass and heat tranefer between seTeral phases.

The rapidity and coaplexity of the prodeaa lake it difficult to control,

occasionally resulting in such untimely problems ae slopping and metal

ejection. Th.se two interfering factors are of industrial importance because

tJley contribute to 10SB in yield. They also intensify such operating probleme

as lance failure, Tessel refractory wear, and general furnace mechanical

maintenance. Theee proble~ all signify'a decreased steel productivity. For

this reacon the abatezent of, slopping and metal ejection ia a ajor concern in

all DOdern steelworka. In this thesis, the nature and causes of thes. inter-

t ereneea in. the proe eBB are exacrl.ned.

In thi" theeia Hsloppingf' correspond" to the ~sical ejection tro.

the b;"sic:. o~gen furnace (00') ot" the gae-metal-slag eaulsion formed during

the course of refining. '!he force of' ejection comes froll the exploai",e eTolu-

tioD of CO gas in localized areaa. Slopping general~ occUrs during the first

," .
ha1.f of the blow. SlopPins represents 1lD' out of control state in the furnace.

Cer'tUn changes of opor~t~ parameters ~ all.viate. elopping while it is

happen1Dg, but cannot completel1 el1ld.D.ate it untU the process 18 once ~1n

stabilized through ita natural courao. The oc1:urreac. or slopping is dependent
" ,

.I .", •

on IIIlD1 ractor..; the IIOre iaportant o»:e" are thought to' be lance operation,

"'ees.l sim., alas d.ve~pmont and raw material q~1t.1. The exact quantitat1••
, .; #

1

'.
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influence ot theee parameters in commereial turnaces'has not been determined.

EYen the c«use of slopping and it15 dependence on the interplSJ or ~ytrical

and, chemical J:benoJDODa are h1ghl:r' debatable tlUbject15.

It the BOY is operated properly at its design capacity slopping will

only occur sporadically. The degree ot slopping. when it occurs yarbs trom a

"light" slop were onl1 sCllll fragaents are thrown out to a "heaT,Y'" slop ..mere
\~ ...

large pools or emulsion are ejected. In I:lllny steelplant8 where the need arises

tor inoreased production. the BOF's are overcharged since efficiency and opera-

tion stabili t1 are easily sacrificed for the want ot a larger installation.

These typos ot operation are subject to IlOre persistent slopping, both in terms

ot ih duration during a heat and its rrequenC1 ot occurrence. In some eteel-

plants that work in the upper rangea or furnace. loading (lIl8x1mum is about 50%

above design capacit1). sloPPing recurs in e!,ry heat to different degrees.

The redu~t10n in aetal yield that reeu.lte troll slopping normal!: ranges trom

O.~ to l.~, but can r1se'in C8ses of high overloading to ~.l-' The need

therefore exists to ainimize 81opp1Dg since the financial benefits are

remunerat11'e.

Metal ejection trollJ the BOF exista in two toreG, either '.15 aolten .tal
,

splash or '&8 tine metal droplete entrained in the oft gases b1 drag forces.

The lDOI'e cOllllZlOn.1ndu:atrial terrlinolo81 tor JDetal ejection is "SJlQrking" since

this aterial burns brightly as it oxidizea in the eurroW1ding air atmosphere.

Any aetal ejection or fine emulaion particles froll ,topping can be carried into
• , ;t. •

the operation t s dust clean1.ng system it, it 18 fine enough to be entrained in the

gas stre&ll. Howyer the _jorit1 of I!Icttal ejectiOn 8;J1d slop falls over the

81de., of the 1'.seel into the aurro.unding sl,ag pit (See tigures 1 and 2).

,Metal ejection ar1aes trOll the combiDed ~.,ical and chelrlcal action ~f

.
the o'l;YpA jet 011 the metal bath. DopendiDg on the extent of co~trol a furnace












































































































































































































































































































































































































































































