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A persanent evolution of problems and conditions in the field of steelmaking (intensifi-
cation of steelmaking processes, changing in charge materials, increase in irgot welght, deve-~
lopment of new steel grades, narrowing the ranges oi constituents concentration in the old
commonly used steel grades etc.) makes for developing the theoretical basis of steel producti-
on as well as continuous improvement of longstanding concepts on the mechanism and nature of
individual processes and reactions as well as creating new chapters of the theory of steel
melting, deoxidizing and casting.

Of great influence on the theory of steel production 1s the aprlication of oxygen, the
development of the oxygen-converter process, an increasingly urgent demand of a more couplete
metal refining frow detrimental impurities and the presence of local overheatings of molten
metal and slag in a number of processes.

The scientific foundations of the process theory of steel prodv-.tion are: physical che-
mistry, hydro-and aerodynamics and thermal physics of mainly liauid and Baseous mediums.

Further successes of the development of steelmak ng processes theory are backed by a
couplex application of the improvements in all the three sciences in step~oy-step considerati-

on of all the process stages starting from the steel melting process up to the formation of
steel ingots.

0f late big successes have been achieved in the field or investigating the structure and
properties of molteu metals, particularly, the form of impurities present there.

The availability of information about various properties of liquid alloys of iron ena -
bles us to judge with more credulity about the impurities relationship forms in molten metal,
about the forms of sub-groups rormed by their coherence and atoms of the solvenv metal and
create certain process models of their removal from the metal.

These data are the corner-stone of the kynetics of refining processes and the mecharism
of metal refining.

However, reliable and practicable interpretation of modern methods of intensifying the
steelmaking processes in open-hearth sand electric furnsces or the steelmaking process in oxy-




gen converters can be given only by a detailed development of the problems of mass and heat
tranefer in a vigorously stirred bath of this or that steelmaking unit.

0r late special attention of researchers-metallurgiste has been drawn to the problem of
the compositicn of molten slags as refining medis.Up-to-date cucrifications of the ion the-
ory of slag coumposition created as far back as 1940' enable us not only to quantitativoly as-
sess the activity of different ions but also form a concept of the nature and the process me-
chanism of steel recfining.

There is no dount thet this fact has played a positive role in the development of such
new processes as electroslig remelting, stcel treatment by synthetic slags etc..

It i3 very cheracteristic of the modern theory of steelmaking processes that researchers
pay a epecial attention to the so-called "surface phenomena", i.e. phenomena taking place on
the boundary lines of adjacent phuses. In this case purely chemical processes are meant, such
as oxidasion by guseous oxidizers of surface of liquid-gas boundary components of molten me-
tal (e.g. sulphur oxidation), processes of boundary transter of liquid-gas phases without che-
mical transformacion (e.g. process (lI) = H ads), processes accompanied by inter-phase surface
change (slag fosming, coagulstion ur coalescence of particles dispersed in liquid etec.).

The surtace phenomena with regard to the steel deoxidation processes, the formation and
rewoval of non-retallic inclusioans are of s special interest in physical chamistry. 1t should
be noted, however, that the idea of an exclusive role of inter-phase tension on 8 metal-inclu~
sion boundary irn the prccess of metal inclusions removal seems to be errcneous (of great im-
portance is the kynetics of inclusions coarsening, availabilivy of slagging medium, availabi-
11ty of convective metal flows etc.).

For the last few years substantial progress has been made in the chemical thermodyna -
mics of steelmakinyg processes representing a ccience enabriny to assess the maximum grade poe-
sible of some metal impurities removal that directlyurswers the question of further weys of
raising the steel ingot quality, of limiting its segregation phenomena, the provision of phy-
sical homogeneity (crystal structure howmogeneity and the size of iaclusions etc.).

The growing availability of thermodynsmic data on metal and slag as well as multicomgo-
nent phases and reactions going on among the components of these phases (inside them and on
the boundaries) was greatly influenced by the development of experimental techniques of rece-
“vch and the growing precision of parameter measurements of high-temperature jprocesses.

The follouwing works should be pointed out as of special siunilicance: the wiys of di -
rect application of the act.vlity of some compoments, the process research in the rield of
temperatures approachlng the iron rimaing temperature, the specitied data on heat capacity
and allstropic transformations.

At present there is a good deal of printed matter on the activity of components in mul-
ticomponent molten mebtai, th: value of "indivicual" acztivity ratics (taking into account only
the effect of only one conscituent of a complex solution on the activity of enother one) and
“individual" pareueters of their reaction.

The greeter jart of these data covers molten metasls., The case of molten slags leaves
mich to te desired and so far they sre considered as "regular" solutions and the values of
"heat of mixture" are wmostly used when calculating the activities.

In conclusion it should be noted that up till now metallurgists have paid little atten-
tion to physicochemical processes taking place at tne final stages of crystallising the steel
ingot. It waa considered that metallurgists have no know-how available tc combat the forua -




tion of "secondary" inclusions being formed in the crystallization method revealing surface
activity on the liquid metal-crystal boundaries with a development of "microsegregation” of g~
ses eotc,

However, of late the development of new powerful means of microanslysis: electronography,

neutronography, x- ray engineering, various "microguns" (electronic, leizer), mass-~-spectromet-
ry for gases microanalysis, Zives every ground that having studied the processes making foi
non~homogeneity or the composrtion,structure and, consequently, the micro-volume properties of
metel the metallurgists will find the ways to control these processes by reducing their deve -
lopment and further improve the quality of the cast steel ingots.







A% THEQRETICAL DEVELORURITS IN THE 5IRQ
OF STEELMAXING

A permanent evolution of problems snd conditions In the field of gteclnaking (the inten~
sification of steelmaking processes, changes in cuargicg waterisls, ircrease in ingot weight,
development of new ateel grades, narrowing the rangea of conati tuents concentration in the
0ld commonly used steel wrades, etc.) mukes for developing thenretical basis of stesl produc-
tion as well as contliious improvement of long-standing concepts on tha mechanlisz and nature
of particuiar proceases and resctlons :nd creating new chlupuvers in the theory of steel melt-
ing, deoxidating and canting.

0t great influence on the theory of steel preduction Ls the application of oxygen, the
development of the oxygen converter process, &n increasingly urgent demand of move complete
metal refining {row detrimental impuritics and the presence of lncal overheat ingos of molten
metal and slag in & gunber of processss.

The sclentifie foundations of hLhe precess theory of ateelmsking are physical chemistry,
bydro~ and eerodynamics and thermal physics, mainly of liguid but partly oleo of gasecus me-
diums. Purther succeesea in the development of steelmsking prucesses theory are backed by a
complex application of tire Improvements in these three scisnces in slep-by~step conaideration
of all the proccas stagen atarting from steel melting proceas up to the formation of a
steel ingot.

Tue problema solved by metallurglsts in most ceses come to Lhe following three types:

1. The determinaticn of tne d.rection of the provess under the ¢iven initial conditions.

2. The determination of Lhe parameters of the fine) (equilibrium) state of the systea,
in which the process proceeded.

%« The determination of the rate of tiie process and the time Recessary to complete cne
or another stage of this process (for ingtance, .o reach m certaln concentration of carbon
or phosphorus in the wolten metal).

To demostrate the simultaneousnss of “he development aund interaction of thermal, hyd-
rodynanic and chemical processes in 8 metal bath, it ig most convenient Lo apply Lo the ki~
aetics of stcei refining processes.

1t has been shown by meny invemtigations that the awogt of particular processes of

steel production “take place in “he diffusion zuna", i.e, that their rate ig determinsd not
by the very act of the chemical reaction, but by the mass transfer of reacting particles,
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by their entering the tors of a ehemical reaction. Just this process iz tle mest alow,

Let us cozatder, as ga exawpie, the axddation of carbon on the surface of an oxygen
bubble, whiik renetrated into the degth of wolten matal a5 a result of tlowing (in an
open~hearlh 'urmace or in an vXygen converter ),

Bovavue of w vunpes of resgons (Lhe oxygen baing apent i :sctions, floating up of
the buli e » 2 oy flex eowponition: COE_‘ + ")2 + O et ) une iiTewlige ¢f sueh a bubhle
o molt o netsy ane £il asneed soveral seconds (2 te b seconds),

Aretad Sur @ iuwbhle Shere s 2 vertaln zone of metel which 15 desirived in literaturs
88 20wt oabie dtuslon jayer o i1yudd, 1.2, such a sgoc nowhich Lo mase tranefer of
matersial ;oorifcio. Lakea 17ty w8 12 & qulieacent 3gudd,

It =houid & Loter ing hodre youmacs aduits B @ istence of an unmixable layer on the
surfacy of wovisge lignia or & quiescent Lody .oatalned in ot (o, on the centrary, om the
surface ol o Lud, %y in Guivel oot iquid),

In tha Lrcay of heat Lvakelor Lo movinag, tlquids, all ecalculations gre based on the
suprositlioc Lunt am though yud.scoensg leger exssts in the vicintty of the liguld contact~
surface, hea' tragefor = ing only by dairecy touduwetivity in cuis layer, with convection not
taking part 1o it,

ods doubitful, that @ updes fhe given ¢o0nditions af 1.4 motion) there exists quite
8 definite layrc of vhmizants par.lelen, It 1o accapted, Zo. {nstince, that the thicknesses
of the &filusiu, Wdrolmamic sv2 tharmel lay«rs avs not fdenticul. Therefore it i corpect
to spcuk about some et rec tive" layer, which ia not equal to a cortain geometrical concept.

The thickouss of the aydrodynamic layer ie Ziven by the syualion

cs%-/a/ B ;f{e 1)
where £ w the lopgth of tha tsaal or wall along naich the liquid moves;
Ae¢= the Reynolde cr)tsrion. ‘
The thermal unzixghle layar nas a thickneas

(‘ (7} # 2 (
o . T - 2)
thex e Ehenrn

"here ?q theam  : the Prandtl themotiechnical critariong

,9’., Chomn = .& (where )) = qynamic viscosity, of. = thermal conduetiviny).
8imilarly, the diffusion layer has a thickness

N S
A (3)
; ol W Pr ol F
where ﬁ”(‘* a }’)_ y avd 7D 16 a coe!fivient of molecular diffusion in 1iquia.

On tue analog; f mass eud bvat traneler in metal and +pploying Gauss' method, based on
the use of the Fourler—iick criterion, it may b: weitten that with the complete decertonise~
tion of the mouogoie:ular Laycr attaated on the surface of the 4lven bubble, the carbon conw-

seatration / ' /. At the distance X from the surtace of the zetal will be expressed by the
squation

[ele fClog  Fi5ee @
YD T
where / limcéd = the lniiiaml curbon concentration (msgupe SO it = 1.0%)
¢ = carbaa dlrfuzion coefficient (at € = 1600°C  t.is coefficient is equal
t0 6 x 107%a?/g0c);
T/ a dirtusion time (in Lkia cass the time of the existence of the oxygen
tubble, assume T: 4 8sc,). it can be caliulsted that during the time of

bed
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tho exissence of the bubble, the depth of the diffwaion wave penitretion X » AV 7 = 0.2ca,,
1.8, 8t this depth / ¢ /x =/ ¢ /m‘ sl.ready, because the criteriom funotion
g Vgﬁ?’i’) $aCOfULNE T Canes 15 equal to unity end that the maxiwus flow of the carbon Aif-
fusion, sccordina to Fiok ie

g I & dley :

L 3

which will rmourt ro .23 xg C/n2 hour, This 1is ceuentleily lower than tue carbon flos which
1a oxidized undar the conditions of ~a oxygen conveiter process fo.g., for g Y~ton converter,
the rete of cn.men oxidation fviated to the conventional bath-:urfuce, \/ = 1200 x ).

® /hour
This means that the aversge swiative outact-surfass of oxidiring escs eod metal Aduring a

feat {2 st Lozt tirec orders of magnitvde larser then the tunventiomel batl- vurface of the
coavexrter,

At the eame tiwn, 1o provids for iutensive deocarbonizing a thain (1 to o m8. ) layer of me-
tal contectling a goseoun yhase, Wt ty necosrury to heve & uontlnuous fead of cerboa to these
layers and tius feed mnnt be vigorons onough so s to support a ssail thicknese of the dirfugsion
layer nnd a large velue ot carton~conentraling cradlent, in {t,

In thin 2ane » twebulent mnnes~trunsfe= in the depth of metal ie of paramsount importance.

The effective roefficient of the turbulsnié diffunien can be representad in its geuoral
form by the following equation:

we{ :9;2‘;)»95;&3-’9{—'- 0 028 % '2/;5{0,’51/ "‘55)

where v = the velocity of liquid Rotiong

¢ = bvdraulic diagater oi the riow;

}/ = kirematlc viscaaslsy of the liquid,
it has been found axparizentaily tbat the effsctive diffusion coefficient with the dasis epem~
hesarth procesa bra a vajue in the raugs of 25 go 80 632/330. ¥ith an oxygem comverter prosess
it amounte to mevsral thousunde ca‘?/asm. L.e. 1% exomeds the solecular diffusion ecefficiemt
10% to 107 tines.

In this connectiom it Lscumes clcar that the rete of oxidation processes is closely connec—
ted with the hydrodynamicg of s acltcn bath. To find yew waye of intenslfying tha process requires
a complex lavestigeiion of iis chomise, hydrodysamics snd haet transfer {n wetal.

It ie premature to s1y thut at pregent toe quantitative golving of probleas arieing ia
this field ia alrcady avallable, wut meny polats are already becoming -lear, for instance, by
menus of gimulation, vaturslly, with takiag Lnto account specific features of sach of thase
three processen: hydrodynemic:, mas8s “runefer and neat trarafer,

The tovestigation of maus troansfor in liquids {in metal and sleg) has been greatly asalsted
by use of man-msde redio-active 150%0,. 67 ua wel) ar by the development of new methods for labo~
retory invaatigstiona of ¢ “fumsion in molten motals and slage, an impruved ireasuring technique
for high teaperatures and other achievementn o ptysicsl chemistyiy, thermotechnios and Lydro-
dynamics.

The coubined spplicetion of the laws of heat transfer in liquidse, hydrodynamics (mass
transfer, in pacticular) and hyslcal creatstey of metailu-gical processes hag rendered o
great service in investigatior of such proteases as  elecirosiag refinisg, Lbe continuous
Bpray process of gileeimaking (BISEA), 1 Uucovery L a wumbwer of lmportant detalis in the in-
teraction between 11quid petul 2rrpe nod slag, in arplanation of the roie of &8s bubbles (for
luctance, CO) 1in thigy procema, 1.l ectimation of the rols of heas copvection and mechanical
sgltation of metal. In tyuja WAY. somv lmportant 1estures Lave besn discovered of auch "old",
procuesss ge open-imarth and converter ones though dominating because nr their inportanse.
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In she pest faw yeare significant Succesa hes been attuined in the field ol investi-
gating the séruciure and pProperiies of wetallurgicsal mslte both of setel and elag, and, spe-
cltically, :n svutigutlon of the Yovme of presuncs of vartous compraents Ln *rese malts,

It ot gnte Lo ay thas understanding sho sature of aetal pafiping yrocesses, urystallle

TAIAN LT me s, Yhe e learau o of some Fine~strustare defectn An cros' metal i cumpletely
Daord un vra wodor Lhaopy ol Plguld @ tal corer ie gy the ropme of Japurity o curcence in
me i,

P05 nawural wiah ke Luent for WAYR vl p ramction ol rellnily, RPrGCERAGS LD RS rOve-
MmNy of B wLTOCune 0 CLpi o lited metal e 40 bts mAln puipls os0d oM Luae wotal i che?
princinien o tne theovy ot Los mrieuetuie o prysoe Th e wetelionereal slags.,

bmonyr aumarous, Lhough a%311 fop,t flefen i- Trogrrbed cv e eedmenta, tarortas 0F AtrUC=
tupae o Ve T, dn anpllcatton & s oce) ow L R Y T ‘e ferybly be used the model
S En adoag Lovetr L om whloh L e lor TP AT S WD B a0 has Denvi Loapleroly
dighurted, a4 4o ook P Rta g AvFemALt ¢ be nooghpouiiog “toms, io revgent to wash
HAREN WEOR, nes survi ved,

uis ¢oviial ondariny of stractnre, callad shuri-range ordsae™, is cormwlotsied Ly the
loveatigations into & aumru. of propertise of Mouid netnis (dunm +E¥. 7apchi tension, ther-

) caparity, vhiu.) on well ag by trecmodnami. pnd fevey ctvotural analys’ s,

Yt hon urer shesmy, {or dnetence, Lhut the ot 3 o Jrasrittiion curvet {or purs irow
U rimiingr te thoas for ;,,5& tren £y el they correspLll Sy Lhe truntuge of a volumetricsle |
Ay wonteresd ~uba), ehireas Terey paiiceng fO1 13g%e. o tho 2i1oys are stmilen oo i~ray pate I
terus UVow miLtentte £ [ann errtered euto),

Fuen i metsl te vonled, topecially whon e tasgacature aLocoaches the iiquidus
tempesature, therc uccur changes i ohe Myet.nl sraiertice af metal (its viacoaity, ther-
A8l cunduetivi ty, gte, ) Cue %o aa JDCTEABd in e vuiuas ol Lhe short-cange ordes, i.e.
qppeoacliing s Lid etale.

veanigatiog iarms of the precence ol faiities e meral ls of groat importence
for vhe turnosrv f zeiad relinleg protesncs. The U igo.ynuslcs wdy probndbly in a greater
degrne, cbe scnetlcoe ol oL, laparities from seral giosuly deperd op the bincing
ehevgy af tha ariclea dY.801ved In Lhe moiai as el e tue “ulvent itsell, ¢~ the irras
of thic tindic., and the type of prouiag Jorucd b e Japurities #3th wtoms of the £0i-
vent,

Ribhout ‘avingroce.m - to o ¢zeription of merous axperimental investigations of
this problem, on'; carbiln mouk ilkaly reenlly o1 guch Lo stigntions will be nreceated
herefu.

Tome ARFoen il einiuy bew Uisselved in wheie lea fom 097 and 2 1n 8ol ten petal.
They feiws pelanively aLnlle gidure ®ith the  umscound lag crea tone, Fez*, at tha expenge
of the Conwlvme Zorwen Lu hererepeiar U ond), the eoplds o reeqr thy Loms «ithin Lnoge

FLoups wry shrenge v Sres the o bondu with L corToun

S s
WOE !

crue 0T tle Satwent (Shough,

under favy . rati ¢onaltians @i bson on uPighborlng #i g au TXYM DRY e Tee
bl S < ‘s’l

Plocid by anci 5oa attn o) oy weuk vends betwer povugs patt L YT e pef L n and

Beivarta vl L Ltk winplaceaen: oF these wivupen 10 4 w boundaries otweey 1oa meld

and Lue pheel  suriousdiog 18 Vderering or Yl surtae mad thoge late.vacigl tenastons of
the walt) v & *thesr Pacting tnte olhap

AR aie, Dau0 alag. Fhospiorus und
nitraren oo flmrac e ey SY uoeaclier eorvgy o i coperelrio Ante cacilion wiuh atoms
(toums »f 1ouny thiv sicn nse for vhe vart tobat they to 5 lepser twgrey It ¢4 toe
Lheraotynanis Choracielianins and FiveLtal propectics of ITtgall coorn. Howev.:r, most

Pely 18 el (omir - ruls.oviig atoble BrOUpE of She e Treel ane o Fe-N. (niy st high
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~oneemtrations «f pbosphorus or Bitrogen the bonde within such gToups becone cmpletely satu-
Poted, 1,8, molecules Poz.l witk heterpolar bond ape formed, which manifests itsol?, for inw
stance, in » cubateatiel lowering of gurfm:e feusicn of tye velt, in ar {ncreage of its visoo-
#ity at ¢ given Ovarieatiag ubove +i Yiguidun line, otc,

Taking inic accocat s i fferent depreug op bond ea-urgticg *itoin tndividual groups
Fe--3, Foed, 2Way (8 LR PR N Bl ltanecuw pr.opae 0% L90 LY ey 10238 ¢f rx1stence of each
ol chese o@vay ) (ix g Rabived qroan ga g s SeCken ancat, Ty Ap AR Lnt thig 3upposiiion
o justi®iad PERALILY £ o qren co g Waloyo Uy oo, *locy winh gogin Acloys of Pewt 1t Bay te
sxperted that sope . . . . CoEred kv An dew ag rgpy oY% 0 ~‘“‘)*‘ fn the athey band, accord-
lug to some datu, Alraacy ac 1w COnC atrations of cay aon (0,5 b Do Y therpe beging a PTOCens
of consoildariown o vranps Lo particl - anyg formueiun or Rox- JRAEHY taloiiesn,

Moaily, iers D oan b dta irdicating thge YOG ave fovmed whieh An tuesr composition
approach hjc. Peipite thg rorvsact -mpertance o Yuol 1oy, wog 1ite1, reliable wxperimene
tul dats 1y ael ratated, ard ¢ oLe g Uil we sy imate the gy tlon of ¢ .arbam contalined 4n

each Of iLhege oo #oe e axtaceuce, o, WO Bmr omy by, werbeinty Lt hune {5 present,

A8 10 ALY0T.BE v g, (¥n, Cv, Niy N ag 'y thex al tors 'n .ron solutious whick
sprroximute 1deal onng r. whioo winding Lorce BedteRn ilenticn, gromg ‘or {ona) approvimate

those between flerunt s vomg (er :o.m;x“. Thut L pe- A IR ecnB o n g oo B

lee, Buch meiiy g Pebin, ka-¥t, otc ., trsemble L og ¢ .mtayy, wageee, fatrusion sciii~aolutions,
Only siiteom g, te i cerptagp axtent, s uminivy show a increramey *nergy ot inding with

etoms of irny whey .if ICLYd Lo {rn, Ay WYy late 1o Pa-Di aj; “y have heen found Eroy.s spproxie

sating stolehioncor,c CMec LAt iea ) Fe-Di, whicy hng been €M tebely oroved, and w;¢p 35%,

Uy welght, copnys of BliloDa, whe Talt B T T P coertain 68T sy AARY Lyplcal features

of lijuld metais,

The past s YeHTE LBve best charact. pi ZeC by considersbhje fuccesnss ig investigation of
the sbructurs of iiqudd reiasiiorgical alagse.

A8 Tar harg g4 "erties, rthe i~ -, TR uf the stractore of % tallurgival alags was ore~
ated and savelored a4 HBOADUe ponden s, crgopgg 1L shouid be Roted that Ly Chagt, tipe, in sany
£1ields of rhesy 8try, tothgion, POTORTL N L L L6 been recignlred thel Lhe cxryele! lattice of
uih mMincralg ag e, eulakidon, falides COneleta of . yg ilica.ly “barged ion Particloes,
Lthali they do a..t - drrBRAt B OuRLGrG s aLe oy TAHCRLIGBALY neotpe) R0lecul-a with the complete-
ly eaturated vale-t (inn) teaas #LhhiL eech of thea,

Even suchi aimogr electringlly Bur~onducting migermls 4B guats (:i_toz} or rutile (1‘102)
represent s continyuus "tyeng™ of satlone (in the lregent rage si“" and I‘il“) and oxygen
aniogs.

Urlting muoy higercla yimidg Ynlutions - relativel; gagl: lonn (cationg Such as 102*,
C‘uz’, ¥n<t ate. ang anlune, 27, g 1= 2ad lerge ~omp.eq.oq, ~lways negutively cbarged,

foxi Ligvance, o1 leon~oxyen, a).wximun-onvgan. nnoupburu.-o:qygen. ete, (b‘n)::"
1,03, AI0)"arc.).

»

51,087,

The dive.gen:e of oplotons of L, luvestia bore LEME, 1h bhe zain, to the point concerpe
g tars portion and, conssquernily, .he rele o1 tye CRGSEY of Lok Letvinposiar beng within ee~
parate aniop complexcs, AsaumpLions save becn mtated thy: Mac‘;x'outimu‘_y wiliggociated mo-
lecules sxiat together with AON8, thow.. such w corcoprinn ahouid ue considered *r-oneoun,

T hynothecis of llCl'uhMieregen:-".':y of lug caused by Coulomh vorces hae pixyed & great
ole in underatara-hug vIGeeguee laking place »ith participut on of 3lag.

Por lnstance, in g g.lt .. aisting »f tue following jong: pet* (0.83 £), ca®* (1.068),

x/ In fact theas Belts are st1ll not idenl, myt they myuproximnr. thne ideal opes closer
than other folutione in Lron,
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02~ (1.aD), 810:" (2.788) (everywhore in parentheses are shown the effeotive radii of the
lons), oxygen icae bunch primarily neur the iron ion, because 1t ia a atronger one (the force
of the iop i wstimatad aeording te the valve of the ratio of ita cixrge to the effective
vedins), wheres: v tho sbuve of the weaker calcium ions and ac their nc).gxbours. resain
Sit)““*:oae (which te & Yovays d:Ere'e are eabject to volirizetion) or 31222 10.:15 which xvg.ult
frou the Aiainbepration of "‘C'a 1ons according tu the squations ‘.sw,‘ = (57 4 81207 .

A1l she cludfau o Wbt bing prve enabled cotalicoyiots Lo rrofoundly analyse ybe transi~
tion of impurities irom wetal juio elng, %o reallzc the role of the alog as a substance
transferring “ayyau o Lydrvgen Lo the pural from the furnace atmoaphi:ry, protect.ng the me—
tal ‘rom pensircating alteogen vod sulphur to it from the furnecs atrosphere sund as a mediom
whlek 13 2bic ¢ arsinmilate nop-me talize faclusions which cowe to the surface from the liquid
retul. Ae is g oornlly koow., on Lils “&8¢ uiose such methods for metal puritication as elect~
ros8leg vaflulue, & trealr.nt 1 oLeass of syntastis B.ag8, casting uader axotherwic alags, an
epnlicatior o axotuermic terrvaller s, ete,

Tte: Lrvest getiom of tne necha tom and kinulics of the procaenes of refining metsl by me-
ane of gas vud 3.3 pheSes fuve rise to bie eRCIgence of & new brench of the theory of metallur-
cical procussse, the pnyaical “hemintry of surface phenomens, f.e. a branch of physical che=-
mimLyy which atodier vluredses Eaking slace o contact surtaces such as matul-slag, zetal-gas
ant even @otslesolic (rerre to. wsi. vlye any particie situnted within @ volume of Jiquid,
the resaliant ferce of Bl attractico betwean Ghin perticle and itg neighbours is not equal *
to «erv., It i¢ direcivd raward, anc pIpencicuier to the surface «: tihe liquid, god determines a
#pucilic enwrny ateie of the wurrace lay«: of Lhe pertlc:es which ia termed as"surface energy”
or "surface teasion’ .

This speciric Sa6TRy stave of tow swrface Jayer 1emults, for instunce, in a pronounced
irregularity of the die‘ribution of tho digsvived matcer and, to a certain extent, in enrich-
ing the surface layer of the liquid by tbis matter, i.0. in so-celled adsorptics (symbolised

. Pooode . de-
B ar N (7
vhere / C / » econcentration of diseolved matter;
G = surtac: tenatom, erg/eq.ca.

Using the conception of adsorption :t ig possidle, st leest smiquantitetively, o eatimase
the concentration of the 4!gg0ived mattor in the adsorption layez, if the influence of the
concsutration of the Ai4s0lved matter bas been determined experimentally. For instancs, 1%
is knowr, thet st @ wviphur concentcpti on ¢t 0,05 to 0,06 % by volums, the ratic of the quan-
ity of the atows of irom nnd telpbar ir the surface layer .5 equal to one, j.e. in 1ts com=
Pesition, this layer approxisntes vhe compounid Fa8,

The thesr; cf ndaorptisn procesccs Lo to be employsd when ere investigated such procesw
ses o¥ Lhe oxidetion of coarbe  and aulphus ¢n the jurface of wsstal dropy situsted in sn oxi~
diging grs, as vhe odicrption of fasvs froa o gou phuss, for tnstence, HE = 20, 24 = 2H

ods
and ZEM, = /M and tos revarse procesaes (gus aesoiption). A uuaber of physical phenomens

are a'mo coonecio¢ with ane cotermfaac Ly suriuce forcas and wne &otive power of all these
procesmey e o exessive surfac: suervy, «hitn Las bLeon concentreted on the curtace of a0me
a.sp2rasd ,hnses.

It ir cvivent, that the sore disperned is the given phage, the larger is the specifie
coatect surface of this phase with tie phasss surrounding it:

fapec * H—

&




{(? = tobal surfase of the rarticles of tin phese, 3 . botal wcight of the particlss of this
pbase), the clearer mmuifesty lisesf %e astion of the surfice forces,

As the examples showing ths manifestation of these forces com merve tbe forwation and
“suttling” of slag foea, dissolving ¢! brard berticles ir elag, "walging" ellact, the Mermngong
affact, “atrusturing” of the surface alag-layer, =tc,

The thaory o: surface fencmena bag fovad un €apeciglly vide applicat ten in refining metal
rom one-metellie ineluricao namely, tha preaucts o) deoxidetion. ALl the atages of this coge-
nlex procens, i.e, tho conception of Sue incluasoag, thety growth, their coalescence, or mutue
al adbeaion, ant, tinally, theip flosting up ang being abssrhed by slag media, ure coused by
thu teadenocy of tha E73%€u to the decrerau in the ercrgy conzentrated in 1% and to the decresss,

wcording to trs mecond low vl thoumoedparnics, {n the aurfece energy content éccording to the
rquaLiont

O %2 NS X 640
~heve AT - change in the inicc.h-ge gurface ot 4nc aysteu,
6’ » lutirphese Epecific cnerzy of the systen,
NZ SlERge AN tuw Ynopnpiceed s “horwmic Lobnntigl,

In the litaratare thora B8 Blitunenie 1> the effact that 2 high value of the peoific in.
srphases ener,y at the intevtare o7 sie vhases, naiely, inclusions-molten ®etel, are the main
‘av3e providing for an axXtoemely high rate of the removal from the metal of 1nclusions which
te an if in a "physical uigagrestisnt™ with the nurrounding metal,

This poiut ¢f view sbovld he corsidered ag srranecus. ke intarphage
precest & vectrrial valu- £d caunot cpuge g directed aovesent
‘en ouly eishar Puciligare o Lamper thilg process,

12 the aruerphn. e r or-i et tia interrace of wetal-inclusions, 1ig larze, this fTacilitates
b mutue) edncsich of inclusionn, thet, coneclidation; the forde causing floating up incresses;
160 incresies the provavility tiai inclusiomns will be carried out by the upvard convection
WITerts of mat,l and, in most cases, iaerermes the rote of the abscrption of {nclusions by the
Y layer, *f thire 18 surh on the surface of the metal,

Chenjenl thermoiyaamics has achisvel groat successss in the mathematical description of ine
ridval procesies of 8teclmaking, 48 o aclence describing the equilibrium of the proceases,
“0moynanice, with the Eoder level ot axporisental techoiqus, has €veat possibilities for
UTing the cquilidriva itself and studyirg uhe dependence o7 thc equilibrium stata op external
*adisions.

In the recant Jears the taske of the chemica) thermodymanics of steelmaking processes have
“on «.& followse;

energy alons dree nog
834 removal of inclusions, it

1. The Verification of the formerly obtaimed data corncerning tue chonge of the thernodyna-

i¢ fvactions of the syeten state with heating, with allotropic changes, the formation of asolu-
74028 83d cuemical reacticns.

2. Btudying the equilibrivm of various Processes in widened temperature ranges.

I. Studying the nature ¢f molten motal and slag, tte poraibility of the spplication ‘n such
Aales of tac lews waien govern the ideml, real and Tegular solutions and finding ways for de-
"oudnation of the aculvity of compoasnt« of guch solutions. Under ooaditions of modern metal-
Jrgienld processcs, are involved ratLler kigh terparutires (2500-5000°l and even higher), which
‘taliurzi-te h:d not to deal with berors, and for which it would be erronecus to extrapolate
».8 ralutinng eiperizentally frund for c¢c.islderably lower temperatures. Iu this case ars im-
el extresely high temporaty es of the reaction some involved with axygen blowing in conver-

TS and opeu-Lesarth faxances, strong overhcuting of wetal in slectrosleg refining and vacuum
. ¢ remalting gad 8eny other procwsses.




As an oxemple of tho necessity of an experisental sty of high temperatures, belew
will e given two equations ror the e’lubility of nitrazsu in pure ipons

188 s 15%5-.-;3‘ o - ~282. _ 0.95, d.5tmar ot al.
oY

1g &y = 15‘%‘;" = - ;".%29“ = 0,815 « ¥ Lg(1=~ f::—»”— 7y the present author ed al.
2 ST

Whare Pbar ie the baremetric prusanrs during the exprriment, PF. is the iron-vapeour tension

&% the teuporature of the vipardront, Botl equationg five very similar rejults for tempore~
tures 1n the racge of T . agn® o 19"""0,11;;" Phensus <t tempeTitvres in the renpe of

? = 2800° - P','L'.{)'"eb,’. the Firav oquation pivas alwest tvofold grcater valuss, for it does

rob teke into acecuat the evagorat.en o iron and, conaequently, w en the pressure ig fixed
st 1 atm in Ay part of the raziplont, it 4ses not &l'ow ior the fect that ws cemnot pro-
Luce the ae-w nitrogan precours ir - alcocvelrag of tla gas “optocting the liguid irom. The
¢~aporation ~I irva creates, as 1+ rurey aind of "ewing—off” of the nitrogen from the
roeface of the 5 -on,
The one-aiucs; hirre prvcsurae of the nitrogen Cortacting tho ovirhested iron can ba obe
tained only uraer a cous! dexraily higb-r preraurs of thin €88 in the wholv reaction volume.
An oxtrecely couple. task ~onfronted the seballurgists in tre “leld of estinrting the
12%4vity of the conponents ¢ £ aclien wobil 2o slag, Numerous exporiments ghow that in
the temperature rsnges ununl for steel prodastion, metel and slez are ver; far in their
Propertiea fror ld-nl sclutioms. Therefor:, in all expressions o. equilibrima constants,
"ot the concentrations of the reoactin? =1bast .noss ruat be Pregen‘, vt theip activities,
s involvas difficulties in determiring actlvity values ( (1 ) or sctivity coefficients
( ) according to the compoeition of the melt and its temperstu:e

ac = d'(f / C/
vaere / C / is & weight coucentratia. of the diassolved substance, Oply if for the melt wader
investigation we assuas a certain model, for inetance, that the rollutions of Cr, N1, Ma,
ete, 1n irom spproximate tdeal ones, or, that the solutioms of S, C, 0, eto. in liquid
iron close by regular ones, 1t 1o posaibias to give gome recsmmendations for calculating
13tivity coefricients ( ¥~ ) or interastion parameters for solution components ( e ) (s
is gonerally known, the interaction paraneter 4g determiped Ly the expression

e-—g%)

Eren thege simplitied cases of calculating ( ) involve difliculties associated with
the fact that we gererally bave to deal with muitd -omponent eolutions in which several
¢cmponents usually influence the value of the astivity coefficlent of a given components,
‘a other words, tus followirg relation is true for wulticompcnent melts:
- C s c
ae=Tgrer=0," 5"

To determine each of the particular valuos of § i extreuely difficult. G.Shenk has
wone it for thres componcat zolutions in i.on, assuring that the iron i{tgelf does not in=
fluence the a:ztivity cosfficients of both iesolved substances and taking into ancount .
only their reciprocal influence (i.e. taking into account only the values of 7, e n)-

In view of the laevitebility of rovgh agsumptions snd inacouracy of such oslculations,
L particular 'utereat is the direct cxperimental deteraination of the activity of cempo-
nents dissoiv 1 in metal,




As far as it i knmwi, substentigl Su0eessse in this direction have besa schisved waly

in devermining the tivity o dismclved oxygen.
Do deteraine tho Rctivity or corponense in sleg, ust Lag alro very often %o be mads of

d.tti‘omt modela, such am i prrfent Liate solution, the regular solusion, eto.

It 18 obricva that tach of the.e models ia Rore 0 less applicabls to only a certain
&TOup of alarm, (o & certain zamur of iy compositions.

Por the ber;. BLNES CCialating of sxideg: 7e0 (milsr freotion K, ' 00 (moler fractiom
Nz). €Ca0 (rolar fraction R?). Mz0 (l¥“). 8102 ("5) md ;’205 (116). saasuming them to be regulay
solutions, v.A. Kozbsupce dolived aquottlane for anigvy Y corifi.ents and theas squations hawve
already found o vide applteution, Faey sre as follows:

Por forrour oride:

- 1000 . . ; .
wd, - L SaRATIR N DI Wiy < W) N v 10.5 U 7R

¥or mang.necus ox! ir,:
. RRLEEA - . 195
o 3PS VR L e ey len, - lupo X, oto,
The avmbertnyg fur the coerrict. nie T 1o preserved tne nage &3 that for wolar frestioms,
Ihe ealculations of 2ll trs ooefficienta which stend in the right squation-meabers are
baned on the hent of a'¥xing or the oxides. For MO gng sm? z. l(2 5 ® = 10000 cal. Por Cad
snd 5102 &8 well sm for MeO end :?102 Fia K3~5 w L '.1“ ¢ = =~ 22700 cal, Vor Ca0 and P205

ABS.S = ~ 4300ca’,

3 L

The hoat of itixing FeO wyith 510, and 92‘3515 Aspumed o b equal to rerg,

A wide Popularity have aigo ac Quirtd the triple ung Guasitriple disgrams of slag ays-
Teng, perattting, for instancs, to deternine the activity of ferrcus oxide or calcivm oxide.
An exceptional Succens in this tiely has been acrieved by D.Chipman's school.

In econclusion, 1t 34 expedient to dweli ar one BOre field of the theory of Steelmaking
procesmes. 1t mey Lo tonventionally terend ay phymica. themistry f ucro‘etulursicnl pro~
ceseesd, i.e. auch bro:.csece which oceur in submicro- and mieroveolumes of Setal when it go-
l'difies.

Work in this Ticld .s chLal.rngec 1, discover phe dependence of the Properties of the
1 codused (prmarily. cast) retyul on thove procesgas wuich take pince during the crystallf=-
vation of the .etgl in the amall +o!umes 1 metas which are 8till 11quid and are anclosed
enoNg growing dendrite axes.

In these voluaes 8t11) go on deoxidation procecaes due to the fact that with the drop
in temperatire o¢ g Treinl, changes oscur in equilibrium ctoncentrations of the deoxidising
olamenta and dlsacivad oxXygen, son-metal}ljc lmcivusions, such 8 sulpnides, precipitate bee
causs of the decreage in their solubllity in metal when it cocls, and, finally, there takss
Place the evolution 0! gases from vhe solutiou and the formation or some typss of porosity,

111 quite Tecently, stuuies, of these procceses were Rreatly haspered by lack of APPIO~
priate technical means.

At Present, in [ifferent countries navs appeared snc been Swccesefully applied various
rathods for s+ uctura; anslveis: e.ectr: .ography (electron diftraction study), roentgeno-
érephy, neutronography (ncutwon-ditfractwn study) Or *8peciel value for the purposes whioh
have been mentioned sbove are such Lastruments ap scanning (i.c, Buccessively examining the
specimen from edge :¢ euge) electron nicrosnalyzers. They ave based on the appearance of
X-rediation on bombarding the sucface of Retal by elsctrons. This enables & quantitative
deteraination of componerts in the &Xposcd portion of ghe wetal, for lnatance, an analysis
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of mea-metallic iaclusions whioh occur in the irredtated area.

Interesting data can be obtained by sombining s laser and a Rass-spectrometer. By means
Of such & device it ig possible, for ins‘ance, to rtudy microirregularity in the distribution
of hydrogen in metal. It should bs ncted that different structural components of steel (fer-
rite, perlite) o1 cast iron {(cementice, perlits, lodeburite, graphite) have different con-
tents of hydrogen. In specimens of cast austenitic ntecl, hydrogen content 1e almost unifors
in the whole volume cf a grain, but ia highly increased (by 5-4 cu,ca. /100 g) in boundary
gones of the groin.

It may be presuacd that the dsvelopment of methods for microanalysie will Peruit to
disclose the genesis of the appearance of some dofects in metal and to develop nethods for
Sheir prevention,









