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Of late the problem of reising the standards of quality and properties of metal utili-
sed in various branches of machine industry has become increasingly urgent. In addition to
that, a large-scale construction of industrial projects in the districts of the Extreme North
haes added up to the urgency of the problem by the necessity of a substantial iwmprovement of
the quality of mass production metal. The standards of metal have become more rigid in the sense
that depending upon its utilization it is a must to keep down detrimental impurities (sulphur,
phosphorue, oxygen), nonmetallic inclusions, as well as to improve mechanical properties along
the transversal planes of rolling and to decrease the anisotropy of the properties. It is also
of vital importance to decrease the limit of cold-shortness and increase the factor of ducti-
1ity to increase the contact strength and steel weldability.

The analysis cf the commonly practised industrial process of steel-amelting in electri -
cal furnaces, spen-hearth furnaces and oxygen ccnverters and the results of a host of rese -
arch seeking further development of the above process showed that its potentialities with re-
gard to fully meeting the said rejuirements and metal standards had been exhausted to & great
extent. It was necessary to develop new process methods to substantially increase the methal
quality indices without any appreciable increase of the capital investments and the produc =~
tion cost of finished rolled products.

In metallurgical practice there has been a well-known method of improving the quality
of steel wbose characteristic feature was to mix the molten mstal, when tapping the furnace,
with the so-called syntbetic slag previously put in the ladle, the slag possessing high refi-
ping qualities with regard to metal.

Owing to a bhighly extensive iucrease of the metal-slag contact surface added up by vigo-
rous mixing and high refining qQualities of synthetic slag, the processes of metal-to-slag con-
version of sulphur and oxygen take placs mich fester and fuller than by tbe ordinary method
of steel melting in electric arc furnaces and, the more so, in open-hearth furnaces and con-
verters., In addition to that, under certain conditions synthetic slag can absorb nonmetallic
inclusions present in the metal.

A large-scale industrial trial in electric-furnace steelwaking, open hearth and conver-
ter shops of the refining method by liquid synthetic slag gave every ground to consider that



the application of thir method enables the above requirements of consumers to the qualisy of
steel to be met to a greater extent,

In addition to that, however, it was found that the effi:lency of synthetic slag appli-
cation can vary to 4 great extent depending upon many factors and first oi &ll, upon the me -
tal deoxidation technology.

With a view to finding the optimum parameters of the steel refining process by synthe -
tic slag and the maximum utilization of its potentialities, research on physico-chemical pro-
pPerties of synthetic slags as well ag on the characteristic features of their reaction  with
metal in che « ourse of intensive mixing was undertaken. Rased upon this, the laws governing
the formation uf nonmetallic inclusions in steel under the conditions of 1its refining by syn-
thetic slag were found and the industrisl process of steel melting in the furnace before <ihe
treatment by synthetic slag was worked out. The technology of the process provides for inclu-
sions with required properties, for a low content of all kinds of inclusions in the finished
metal and for a high level of mechanical properties of finished rolled products.

During 1963-1967 five electric-furnace steel making and open-hearth shops of four me -
tallurgical works introduced the industrial process of steel melting with its refining in the
ladle containing liquid lime and alumina synthetic slag.

By the end of 1967 more than 1.5 mill. t of steel had been melted by the above method,
the steel types being as follows: ball-bearing, carbon, alloyed constructional, tool, carbon
and alloyed for tube strips, carbon and low-alloyed for big diameter pipes etc..

The metal melted by the new process has undergone allround research at metallurgical
works and machine building plants, as well as in specialized machine huilding inscitutes. Ag
& result of thisg research, it is found that the steel refined by synthetic slag hag the fol-
lowing advantages:

1. The sulphur comtent is 2 to 3 times lower and the oxygen content is 30 to 50 per cent
lower than in the ordinary steel.

2. The content of non-metallic inclusions iB 2 to 4 times less and fine cracks presence
is 5 to 10 times less, depending upon the steel grade.

3+ The impact strength of alloyed constructional ateel across the texture increases by
1.5 to 2.0 times at the room temperature and approximately by 1.5 times at low temperatures.

. The steel becomes much less prone to embrittlement and possesses a greater dactility
factor up to the moment of fracture, The deformability of steel under most difficult conditi-
ons of voluminous strain, the strain concentration and low temperatures increases by 2 to 3
times,

5. The impact strength to fracture steel refined by synthetic slag is 30 per cent higher
than that for fracturing ordinary steel.

6. The ductility or steel is by 30 to 40 - ar cent higher at temperstures of hot mechani-
cal treatment.

7. The steel i3 much lese prone to cristallizing cracks during welding which makes for
speeding up the welding process and broadening the range of application of the highly effici-
ent electroslag wclding. It should be noted that it isg particularly important for structures
of a special make for Northern regims that the metal ig much lssg prone to embrittlement during wel-
ding and the lmpact strength of the nearthe-weld area increages by 2 to 3 times.

These advantages are pronounced in diminishing the number of rejected steel producte in
Betallurgical works and machine plants as well as in increasing the life of steel products.
Por example, the lite of ball bearings increases on an average by 70 per ceat.
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fow years to come it is envisaged not oaly to prectise aa ever ineresaing application of
this industriul process of 8lioyed eteels melting dut aleo te |
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Bo e Al feule L0 e pELirer ataed ur #leg thes iacluione of e ®le 0 rOR MR SRDEE eilicatesn,
o Yransfer of oxrrin “rd wetal to Slag QoMU L Lae e of A st fbutire Lalpe, un the oue
head; %6 ohtain o Low.~ conten* L7 2EyeeY cles o tved Y5 thy motal afi.. trostment wlth syntbatic
R.ngy on the - thos LANd, 't contrihirec Bioe iles ' e milig Cunesut Lo LL» cogpasttion of
Prizery Incluaic. s and ta g lete joration of the o mAdftiene w o dor walnn they +ve a~pirilated br
£ 2, Yhe rlobuiar Lac usione towad L {alaned metal sus tar  epatcst relurions non-easeind-
ler G by iy, ‘orwes was, beerl wen \i5uxialze bSORLLiem und mangenese. ACter the treatsent
wl’k 2lsg ras been completed {1 tue 20 ~ma gy treming the mateai and corling it y she 2oulde,

£10% ‘macluptions corlirue o Lo reade (1 alza Y Anpg <0 tha cepavrailor o” § pew wno-netellic phara

&urliog ohe coclin: 0f £l e matsl and ace riched wity situte. 6o accouat 27 intarsction of alu-
¥ vie nlage Tie okide banded uiiusions e procducts

0f | ilaruition ar tlg reaalning oxrgea Clue.iued in he riatal after treatuent with slag and

“Aviinici. The dureniione of tue oxide "mrd. and raicoulae vily gifter, dmpending on ine smoumt

of &luzininn adied o, deovidaiion. 134 an increrac B “ne sxeuhi ¢ the sdded sivnluiom, sore

wi
2300 Lo Sa Ghae motal @ni v<.ule. roa
b
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Wore corvadum anc wyloels are formed, Buc :ne peesibilitiss of :urther $rowta of glisduies, due
ts the alllcaie phase yeparstiog red Lhe .52l cra lin! ted.

Unlice Shs “vipsrteut <. tae 2ieg mAtEl csuistiun auring its surbulent mation, tle forced
conlescoanc: oo maropoteilfc tuclurl e a4 the cias lrariots is cdared, Abcwe ., DY the iow

viscomity of tie o oute N Lg camLi, e 0 RO NP L L ter rooge tiwl a° the Lour jary eith
tne BeTul.

The resu.its ¥ . a0 L AR P TS N L LTI SRy W saking
steel 0. 4 ° . vt s D S A oo ol L el iy BT a8 orolastton of
Ciglsheo maetn. sub cihe L) ,ut. . 4 % o B VTS S

Toe Secr Lo, o odily o aaln R N Tt 1 ael .. of ~"ae] as ) the Lime of
el T £ 1L VET . DL Ia0E.C.. AT s s Lo Tt L., T, el W L rntar 0 emsbam Ln toe
aotal 80 LLho" Sesiiy uo 5l e emse fov s Loales ATE Jamee in bue rucegs of reafining

with =yothett: aoa Fuou w0l SuFpace dn ceat Y Ll o smEAcr buws  the feta. i3 oXidised
T1RD el vorp taped b wed LTI ek o & metie - 1o fteat, b o evtery cage Tao setal L de-
axidised % ... A WIDLUM atlwr Deite L omsiod with syntee .y clag.

The rax81n Leviled Lo $-4Buns . 8aC Amp. $atig e o LeCaRe Y ¢ ) e egqulment used
for 1%e le, iom-ata’ v, e ea*el 1ul . ¢ Gpiie an Tus crhennive apilicuiun of Lnle techao-
logy fm tB- &% iwas . ug Lo by

L T B R PR S N O N T # weer Q%D L1e refining o %he ledle
PN A1QUic Sgntrduic ol 08 LLaTrdaeum L B dwe o asbli. A simace &31 coen asarth gteel-
BaRABE 8109 "' Lot ir@a W atee’ earwg.

By th er ! 0 % esl v sar app..ed 1 BuUag ver aze wid & LAl million rone ! eteel
Inteuded fa. mosL d.ve vy a- . Yl @ik, orTof and el L@zt ciraibuiel steel. trol, cardea
and allcyed st-el 1:r piy. dliievn, cacbon o J:w-siloy stea, 1cr larga diameter plpes, ete.

The Weinl orodiced soromdlag Y tie New 1A nrology wes com;irehensivris invertigated ab
ires and stec.  lenty s0d BACRinL L Uladlae WL K kL. mw R 5peCus.lneq sachine--culldiag
lnstitutes.

As @ reai it o Nase lpienigatiing, Lie 1o2l:iveing puincipal edve. tages of ateel refined
With syuthetic 4ing LavVe Des. entruo.leled).

Wheu we’® a1 in ehec' i sre—-hrnaces, tLe swiphur centent in the i1teel is iower LI
times (Teb. e '+, 1ol “3yu8n « wimat by 2O-50% Lisa 1t ardina~y jteel. Opec -hearth steal refined
Wit ayuttstic siag oolwions from F our €3 .lve Slaee le.us ruiphur than oplinary open-hearth
steel.

The reductlor ir “ie . oate.t of euipnar iu tlr watal [ravided a substantial lecrease in
Abe prllatior eltr sulpdid- Liusicun. Tue pezuicl,atiua ol i JRLBALIC bisg Lb Lhke ,TOCecses
of devrmidation Of @elaL, visr 5side D o~wetAii. Al sos. uis Wik requiyred ,roperties are ob=
talned, Lec asle (7 puas.lls t0 refu o “oneldereily tLe Lellation L7 mets. Wit cide L8Ciee
sloms 8- wo.:..

Lo th~ tiral suniyeis, the tota. contont ! acc-meteli'c inclusiors in v*sel 1:fined with
syntbetic slag, enen appracssd LY tie mett i M ouieling tue pollutet fieads 5F vialos, is
five Lo ten time: .uw . tgy in Atasl . L.e same g:ada so.ted gorsrding * sbandar' techmoloe
-

The decres:e Lt bur cnlart L aulpour and cob-astellic inc) sjuns iG 0tees Lir 20t am end
in 18seif. Pnle tenda & nange 1. tDs way of 1Bp - vement BAr; (roperties ol stes)i and to better
the bebaviour »f -teel whop {n operation.

Wor—-matalli. aciusliis have the =6t ,tuowzed e = L o Lue upe:atang coarac teristies
of ball-bearing +teeli. The coarss lAC . usians OB Lhe vorking sutete of roiling tes: ‘ug parss
or near it grad.si .y cruab.u pon cyoiic losdi g, being more :risble in comparl. 3o eith tae
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setal. 4 sits of destruction of the metal originated, sud the bearlng is put out of operation.
Thers ure meny publi.eticn. lo wnichk Jicer. counectisn as: beon estabilished bMetween the content
ol coarss locivriony in tue zetal nd toe curabliiity Of btes—ings. There was therelore every
reagsa V0 Leileve inx: ileel vl e’ #ltlo cyntuoetis zlag, rontalning as Lt does 8 smaller amount
of incluei ma, @il. [uipers woeoter Jatigue ~:(.8'ence. The stand %ents caccied nut on 2 great
number 0f Lo ngr Dave o ly cadfiras tRis apcraption, The regletance of besvimis gadn A
rteel Telinsd @it ceynllatic ilap of ‘he aver e sxcoctel by T0F tpat ot besvlpge o! stesl sel-
tod in tha came Tomiacec seovodtion to s ded Yool cuy.

The ievel .1 Qi oty ot o powat repgbo wpt S tutomivy o paen srorertisa is of cu
Alderanie lop voAnce "o BUIDCIUTEL BUae f 7 (fucent destius .l .o, yalei Le tacle msteciai in
the MArufailure f pa Diams AS] anchaR!&e 57 sver s wino-e. lne il lever ol wurtiliny enedles
etee) procucts o witie ad batier tymasis laalda end cver:ueding arn fiacreapens the ~esistance
of steel to bo'rise runt rre. e c9l o1 Aucdlilty Lo cLerccterized Ly Lhr vedaer of elonge~
L1on, recking sud JBpa . rirangla. D ofeel comtuatring oacge Lac oA at various Jatrinental
Wmpur Liss, tas rmtbtev ase criver a0t upon Cvyetalclzoeior 1o the LDountarias o thie grains and
then Lisdo azuiome - iliong etretsl clang the ofrectiva >0 colilng. as . cesult, ths eeial becomes
Resky o it Lhe diieCticn BTAL: YErie (0 10} L g vad thDeis gppears an snigotropy of 1te propsstics.
Ap the dlva tien i ai'es By atiorts appitlet bo steel o odurts ary great'r d'PCer under opera—
timg conditions, tra warnitude of snientivly 01 the atee! propestise fa, paturally enough, one
07 ite major cravatteristice v wia.h ote awability of ‘o orodacts will depend to u ¢cmMmaidew
rab!s exteat.

Table 2

Compars.ive conv a« of uieswur fa ste! s fined wiih syrthetic piag and
Lii vhesi miLiad accorliny to slandar? teciialogy

- P e e

arede of Capesiuy

f Techioi oLy ! Sumber ' Nasber of Average cunteat
ateel of cup- of melving | of Leats witia of sulphur pct

: Lace, ?:.ma: ; heate ' sulphur con- x

¢ ' . ¢ tant of .

: . . s 0,00 ot .

or Lege, pob -
sHs 100 Steraard 106 38 0.008
38 10 73 0.005
~CNA L) Standmrd 14 21 2.00€
TG S8l 20 65 0. 006
I0XGEA &0 Btandarsd 16 12 0.009
100 3h 20 100 J. 004
SOR0ERA &0 SranGard 20 35 0.067
1Co BoH 18 95 0.004
A HABA 40 Standexd ad 20 C¢.008
100 35H 20 a5 0.005

OWing to emsiicr poliutisn eith various detrizental lejuritiss, steel refined with sy~
hetic slag ;vier-ses & nigne~ levei of Auctility acrora the diresticu of rolling, theif
greator wniformity, a chnller antsctropy of th: properiles and hicher resistance to cold.
Bosably, "L+ lapec’ sbiengi™ ATrocs the :ib=e in alioyed struc.ursal steel ilncreases 1.5-2
Simss at rnom Lemperature and 1.5 timea ab low temientnres,

The index anisciropy ¢ tre Prepsriien 0l tesl likewise incrusaces 1.5-2 times.

1o parts wibs 8 complex configurstion t.erve are Practicaily always rsady sites of destrue-

tion ead concentrstiom pouints of etrsoet: La tae shepe of different slote, grooves, etc. For
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tals reswou a highiy importart | eluse o 3ol ds Ate Cepat ¥ L[0T piestie detormation Before
destruction in a voluae-otre. 2ed utete anl 'mAder coadition of concentPationr of siresses, apd
particularly st vecuces ‘seperrru-en. Toic Jeai.re wan o cxdied L8 teacs uf besding sanples with
a noteh at difflarent tempyetvrau. The ~Lpo 0 5 atewd 1e0uned Wits snthetic wleg for paie -
tic defurmation ~crelteraviy racueds tre' 37 awi me w0 rd.ng tv slendad techeaslogy.

The vepidt g rnon Lle cnero T e vy d ot deliraring lecl retined wil. c Y.t etic ela.
ac™nas the alrecilon © e foap elracd cu Lle LfePare De ok that ety i af  eteel
Mwslted acconding LU LAIGAL . 8. LLLdv,

The gren? du.tllit’ Teaerve o iteh, e8d wiw) i ~a'ad at ., nusebagr o asachios "uiidie
works in toe redustien o redjacted poonc Y o AtEmL s BLY ksl ipe. Bar it e, Te 6 ited
nutz on gceount OF crnoEr, CULlte 0L U eTEGREe et v wlke oo Yty ] minatew ef Jme o,  Bhe

utoxblie Gk,

“"he iow lave: -t po:lulior of mieel reli.ad & u RTELDeT]  L.af i N Aetlimeats umpuri-
Yiem end. uwbove aii, +Ith oopanc alBo ANATLLEe . - L al@laBiial RPYHESLT C 3ie cwctiilte
3t Lempers=iv vrr o« Lov Jetormel O7. ol erEule, o L ot opal benta g e Lzmparat ive  of ‘.%a,s!‘;,
saaplee of chrome-nilicen-ga ganens - o0 Tooen v i v cebBatl sitg ware Sogtiurerd giter 8-

prozimately 100 {winia, aloi2 sub; 8 0. b ale Bl 1) Gr P80 & CUIG.0T v EcdBuBtl teChRo v
gy witaptood ol o7
thevlc siag can Lo aulcern- ! Toonon dmerattior ¢ G - oo eeler degite 00 reduttion in one

*

el s T MeE oy psn Yot Tacl mEeeats Cnal alee: celines with ayne
passaxe Licn ordinar=y pie .7, 13 ust CymIAg Tlasualve a0 v ok

It is well mow. thst witn o piec e 0ed Lant oy 0f et 1 tael, ‘b v a4l 3aB1IISY Aes
terioratea !l ite npropenelty incoecese s form cryrlall.zavio. creckF 0 the vourss of waldlag
as the coatent ot a lpbur viees. nat 1s wy ster]l refined with say.insilc niag, with a low come
tent of sUrhur, nornessss cono i rablY bDretier weldablilivy nd a lrecer  propensity to fomm
crymtellinntion voscka, Suc .oees alicwe uigher rater o: welding woe iU cau be epplied withis
& wider range ' L!zhly-procu~tive sisctrraiss walolo,. rxsmins fou ¢, the read rope of welded
Jointa o1 steel re‘ined wiih sypotiatlc Gaay BRE Lo wT folU molal Witk & lower comntent of sul-
pLur 1s leer (risble in trda rone Lo the coures of 1he =elllng cycle. Thom s of great sig-
nificuancs in the Doviet Unfon, since mics applisetion 9 steel revined with syntiscie slmg for
welded strictures :n the VFar Post mrco: will peimit oo rgdee oobrbenulally thelr reitlakility
and proleny trar servica,

The wens of stees. rvatined =, %5 ova7 etic vlag aimy »renil- conicerable "ece: Ve of refdu-
cing the weight o weldsl ssructures. pei'al ‘rvestigatiens have ~bown that wit! the sulphur
content in the marel -ang . ng Trer Q.00 to LI per, - re carbuon contant in the wmets! nay de
raiged by O.. -u,03 pot without debestorating welunbl Lty. [n= strvangth of toe setal ~orreepon-
dirgly increasss ~nd & poosibiilts cpeme up for s proportiunal relcticn i the fhicxhess of
the producty to e woiuen. nvostigh'inte Biva Lsen stucted oo present, sismed at makinug prac-
tical use of tuc ~dvantager 0 stefs relired w L APRtheLlc tisg an far as it weldebliity (s

concernud.

The iist 0 the alveantages o t*:") tefires wity syrinueric plag, "ar from complete, un~
questionab’y testifies to <2e great riluciural tiabitity muc plioongth of anck steel. These
sdvautagns tecame mani e it, atove s&ii, in ~ing the -oren Lo oato2! Al i1ep snd zteel woirks
and mechine--building isnts with regent ' . non-reve- ile fnclucions, be o.curreace »f  {ipe

cracke, exfoilation, tbe discrepanc; i a: 0 the ae-hanicel proveriiss sad the requirements,
the deficleocien of weldlag, cracxe upul seggiug o parto, ele.

The reduction in ncrap of cteel is the first but not tie wost ip,ortsnt comseguence of
introducing tdo necw techunlugy. The ma’p effect is sttained as & result of increasing the

1ife of ateel preducts.
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§42e of sheei produsta,
The 008t 6f LivASing & On 1 stsel il PBtheiis slsk sacuwie &t present to aboul 4% o1
tha 9% of stesi. The empenditurs on toeatius sieel w.Sh . yntbet.c - ‘ag 1o only partly ocom-

nesgated By 1ie pedunt oo auct age st mor and oteal works, wille .u tae elecirlc fuiusoe
vH Aay .4} @n £ 1 am. LG ey 6F Aprciisetely (M, wopieced ‘ui vl " shorter heot

Bl . b ATLBMIGEL. L. 0a K T BLAUZLEF £hee  ACTULV LAY b T o roew teclrodwuiy la ecamomically
ELreni R e culag e Tar Ao ceume L sle tel . rte 8 macis-ldldin vorss emd, chvrIly,
Ta Lwn s Ars o wf LFe 0T L astwiAtTons Cadloets Loab oamoter o0 Levad aniy Y Lucreacing
% e, 51 € 87 o BT aiime M oanen'a cus Jeblls X a0 ur e dhenetn donveived Lo lree
wowr ®ETH BIRC miL Lhe ¢ BEite. el . eoen, o soling oo oc.r L0n Lo ohRDLIORY.

Toe procpect: loa oL oriug Lae goallt. ol crod oantente l D00 dfvoue applicaticu by refy
FErfs . L whir T ke AyRtaet e klg o Yhe Ladle wum Lopeliered 81 ALng uigh 1a the Soviet
®ake ., It B enviecsge 0 Wy © erteid . Le seft few veam T2 oappotcetdon of thie tech—
@ .ca? La melting & 0 et tee, oul wisY 1o usbErL wu itr ani rofuctic. oo making 1.w-alloy rnd
c% M 2Bl TP vel g4 Bl iiwomB. 71 5 a. DE LAMOd Yot o ChpTeving Uhe o s8¢ of ihe metal
ta. 0F weldel stiuceuins anc st atl) 7ing the possible increas: 'u the stienygth ol steel by

F=laing the cefbéa ‘dutest i L.








