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Obdelava jekla s streljanjem oplaséene Zice
v Storski in ravenski jeklarni

Treatment of Steel in Store and Ravne Steelworks
by Injection of Cored Wire

V. Presern*, D. Kmeti¢*, A. Rozman**, P. Bradun***

Postopek streljanja oplascene Zice, poinjene s CaSi,
borom, titanom, Zveplom, ogljiikom itd. predstavija nov
nacin izredno natancnega dolegiranja in obdelave jekla s
kalcijem v ponovci. Novo tehnologijo smo v zacetku
1988 priceli uvajati v Storsko in ravensko jeklarno, danes
pa Ze predstavifa standardno prakso obdelave jekla v
ponvi. Prikazali smo rezultate uvajanja tega postopka v
pogledu vsebnosti 2vepla, kisika in kalcija, sestave Zlin-
dre, Cistosti jekla, modifikacije in livnosti.

1. UVOD

V slovenskih Zelezarnah imamo Ze vecletne izkudnje
pri obdelavi jekla v ponvi z vpihovanjem CaSi. Z uvedbo
tega postopka v redno proizvodnjo smo dobili CistejSe
jeklo z modificiranimi vkljucki, kar omogoca odlivanije je-
kla tudi z ve¢ kot 0,025 % aluminija na kontinuirni livni na-
pravi za gredice manjsih presekov. Pomemben uéinek
vpihovanja CaSi je tudi odliéno razzveplanje, kajti brez
posebnih tezav dosegamo vsebnosti Zvepla, manjse od
0,010 %.

Najvaznejsi razlogi in glavne prednosti uvedbe po-
stopka vpihovanja CaSi so bili" # %

— Obdelava jekla s CaSi omogoéa kompletno modi-
fikacijo aluminatnih vkljuékov v z aluminijem pomirjenih
jeklih. S tem je odstranjena nevarnost masenja izlivkov
med litiem na kontinuirnih livnih napravah za gredice z
majhnimi preseki.

— Kot posledico odlitnega razzveplanja, dodatne
dezoksidacije, modifikacije vkljuékov in moénega pre-
mesavanja jekla v ponvi, dobimo &istejSe jeklo z dobro
povrsino gredic.

— Nekatere mehanske lastnosti, kot n. pr. Zilavost v
preéni in vzdolzni smeri, trdnost in elongacija, se lahko
povecajo do 30 %.

Ker pa ima postopek vpihovanja CaSi poleg nastetih
prednosti tudi nekatere pomanijkljivosti, so v svetu v
zadnjih nekaj letih razvili in zelo hitro uvedli v redno pro-
izvodnjo obdelavo jekla s streljanjem CaSi v obliki pol-
njene Zice.
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Injection of cored wire with CaSi, boron, titanium,
sulphur, carbon, . . . Is a new method of a very accurate
additional alloying and of treatment of steel in ladle with
calcium. The new technology was introduced in Store
and Ravne Steelworks in the beginning of 1988, and to-
day it is the standard practice of steel treatment in ladle.
The reults of the introduction period from the point of
sulphur, oxygen, and calcium contents, of slag composi-
tion, of steel purity. of modification, and of castability are
presented.

1. INTRODUCTION

Slovene Ironworks have a many-year experience
with steel treatment in ladle by injection of CaSi. Intro-
duction of this method into regular manufacturing en-
abled to obtain purer steel with modified inclusions, thus
steel with even more than 0.025 % aluminium could be
continuously cast into billets of smailer cross sections.
Essential effect of CaSi injection is also excellent desul-
phurisation since sulphur contents below 0.010 % are
achieved without special difficulties.

The most important reasons and the basic advan-
tages for the introduction of CaSi injection were' 23;

— Treatment of steel with CaSi enables practically
complete modification of aluminate inclusions in alumini-
um-killed steel. Thus the danger of stoppage of nozzles
in the continuous casting equipment for billets of smaller
cross sections was removed.

— Purer steel with good surface of billets is ob-
tained due to excellent desulphurisation, additional de-
oxidation, modification of inclusions, and good stirring of
melt in the ladle.

— Some mechanical properties, e. g. toughness in
lateral and transversal direction, strength, and elonga-
tion can be increased up to 30 %.

Since the CaSi injection metod has also some disad-
vantages beside the mentioned advantages, the treat-
ment of steel by the injection of CaSi in form of cored
wire was developed in recent years in the world, and it
was very rapidly introduced in standard steelmaking.

The main reasons for introduction of this method in
our steelworks were:

— Treatment by the injection of cored wire is a sim-
ple method, and it demands no additional technical
knowledge.
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Glavni razlogi za uvedbo tega postopka v nase je-
klarne so bili:

— obdelava s streljanjem Zice je enostaven posto-
pek in ne zahteva skoraj nobenega dodatnega tehniéne-
ga znanja,

— velike koli¢ine argona (ve¢ kot 1000 I/min), ki jih
potrebujemo pri vpihovanju CaSi pogosto povzrocijo, da
se Zlindra odpre, kar povzroca reoksidacijo taline in po-
vecanje vsebnosti dusika;

— postopek vpihovanja CaSi je ob&asno povzrogil,
da ni bilo mogoce pravilno zadeti vsebnosti aluminija,
imeli smo teZzave s kontrolo temperature, prihajalo pa je
tudi do prekinitev procesa vpihovanja zaradi masenja
kopja za vpihovanje;

— postopek obdelave jekla s streljanjem oplaséenih
Zic je mnogo bolj fleksibilen in omogoca tudi zelo natan-
¢no dolegiranje oz. dodajanje elementov, kot titana, bo-
ra, ogljika, Zvepla.

2. OPIS POSKUSOV

Tako v Storah kot na Ravnah so nabavili dvoziino na-
pravo za streljanje oplascene Zice.

Polnjena Zica je v obliki samonavijalnih kolutov. Pre-
izkusili smo s CaSi polnjeno Zico, premera 13 mm in
9 mm. Vsebnost kalcija v CaSi je vedno 30 %.

Zico s premerom 9 mm smo streljali v ponev s hi-
trostjo ca 150 m/min, 13 mm Zico pa s hitrostjo ca 75 m/
min.

V ravenski jeklarni smo postopek streljanja uvedli pri
VAD tehnologiji, ki zagotavlja vsaj 20-minutno premesa-
vanje z argonom po zadnjem dodatku aluminija.

V Storski jeklarni pa smo isto¢asno s procesom stre-
lianja Zice uvedli tudi premesavanje z argonom skozi ka-
men na dnu ponve, kar nam bo omogocilo zadostno pre-
mesavanje.

V nasi standardni tehnolo3ki praksi bi morali za uspe-
Sen potek postopka obdelave jekla s streljanjem oplas-
¢ene Zice v ponvi zagotoviti naslednje pogoje*:

— dolomitno baziéno oblogo,

— uspesno dezoksidacijo z aluminijem,

— dobro dezoksidirano, baziéno, dobro tekoco Zlin-
dro z majhno vsebnostjo FeO+MnO (tipiéne analize
Zlinder pred streljanjem in po njem so prikazane v tabeli
1).

- zadostno koli¢ino Zlindre v ponvi (v svetu upora-
bljajo med 6 in 12 kg Zlindre na tono jekla).

Vsekakor pa je potrebno zagotoviti pravilno sestavo
in ‘ljsoliéino Zlindre v ponvi tudi zaradi naslednjih razlo-
gov™™

— Great amount of argon (over 1000 I/min) needed
in injection of CaSi powder often causes the slag "open-
ing", and thous the melt is reoxidized and nitrogen con-
tent is increased.

— Injection of CaSI powder sometimes caused that
the correct aluminium content could not be achieved,
there were difficulties in temperature control, and the in-
Jection was periodically interrupted due to stoppage of
the injection lance.

— Steel treatment by injection of cored wire is
much more flexible process which also enables a very
accurate additional alloying or adding titanium, boron,
carbon, sulphur.

2. DESCRIPTION OF EXPERIMENTS

In Store and in Ravne steelworks twin-wire feeder
was purchased.

The cored wire is in form of self-winding coils, and
CaSi cored wire, 9 and 13 mm in diameter, was tested.
Calcium content in CaSi was always 30 %.

9 mm thick wire was Iinjected into ladle with around
150 m/min, and 13 mm wire with around 75 m/min.

In Ravne steelworks the injection process was intro-
duced in the VAD technology which enables at least a 20
minute stirring with argon after final addition of alumini-
um.
In Store steelworks the cored wire injection was in-
troduced together with the argon stirring through a po-
rous plate on bottomn of ladle which will enable sufficient
stirring.

In our standard technological practice the foliowing
conditions must be achieved for a successful treatment
of steel with the injection of cored wire into ladle’:

— dolomitic basic lining,

— successful deoxidation by aluminiumn,

— waell deoxidized, basic, easily flowable slag with
low FeO-MnO contents (typical slag analyses before and
after the injection are given in Table 1),

— sufficient amount of slag in ladle (6 to 12 kg slag
per ton steel are applied in the world).

Anyhow, the correct composition and the amount of
slag in ladle must be achleved also due to the following
reasons® ©:

— to create the possibility of binding the products
of deoxidation and desulphurisation reactions,

— to avoid the reoxidation of steel with atmosphere
air,

— to avoid uncontrolled reactions between slag and
steel.

Tabela 1: Tipiéna sestava 2linder pred In po streljanju oplastene Zice s CaS|

CaO % MgO % Si0; % ALO, % FeO % MnO % CaF, %
Jeklarna pred 46 16 16 12 2 1 7
Store po 50 16 15 125 1 05 5
Jeklarna pred 52,5 10 15 12 15 1 8
Ravne po 53 10 145 13 1 05 8
Table1: Typical composition of slags before and after the injection of CaSI cored wire

Ca0 % MgO % Si0; % Al,O; % FeO % MnO % CaF, %
Store Before 46 16 16 12 2 1 7
Steelworks After 50 16 15 125 1 05 5
Ravne Before 52,5 10 15 12 15 1 8
Steelworks After 53 10 145 13 1 05 8
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— da ustvarimo mozZnost vezave produktov reakcij
dezoksidacije in razzveplanja,

— da prepre¢imo reoksidacijo jekla iz atmosfere,

— da prepre¢imo nekontrolirane reakcije med 2lin-
dro in jekiom.

3. METALURSKI REZULTATI

3.1, Kalcij

Osnovna naloga kalcija pri obdelavi jekel, pomirjenih
z aluminijem, je modifikacija Cistih trdnih aluminatnih
vkljutkov v tekoCe kompleksne vkljuéke, vrste CaO-
Al,O,.

*Vsebnost kalcija v jeklu mora biti tolikéna, da je raz-
merje kalcij:aluminij vecje kot 0,147 ®, ko pride do modifi-
kacije v Zeljeno obliko kompleksnih vkljuékov s talis§éem
pod temperaturami litja jekel.

Da pa v glavnem dobimo takéno razmerje, je potreb-
no poznati izkoristek kalcija pri streljanju oplaséene Zi-
ce. Ugotovili smo, da je bil izkoristek pri opazovanih tali-
nah med 15 in 25 % in je vedji in v oZjih mejah trosenja,
kot je pri obdelavi jekla z vpihovanjem drobnozrnatega
CaSi. Primerjava izkoristkov kalcija pri treh razli¢nih me-
todah, ki smo jih uporabljali v slovenskih Zelezarnah, je
razvidna s slike 1; razmerje med kalcijem in aluminijem
pri opazovanih talinah pa prikazuje slika 2.

Izkoristki kalcija se zelo dobro ujemajo tudi s podatki
iz drugih jeklarn po svetu’ 21911,

Koli¢ina kalcija je v osnovi odvisna od koli¢ine doda-
ne Zice in dokazali smo, da lahko v nasih pogojih pri¢a-
kujemo optimalne rezuitate pri naslednjih koli¢inah do-
dane Zice polnjene s CaSi:

— ogljik <0,25 % :0,7 do 0,9 kg CaSi/t
— 0,25 % <ogljik<0,40 % :0,7 kg CaSi/t
— ogljik <0,40 % 10,4 do 0,6 kg CaSi/t

Razdelitev vsebnosti aluminija in kalcija za nekatere
poskusne taline prikazujeta sliki 3 in 4.
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Primerjava izkoristkov kalcija pri vpihovanju CaSi, uporabi Ca-
Fe-logov in streljanju oplad&ene Zice s CaSi
Fig. 1
Comparison of calcium yields in infection of powdered CaSi, in
applying CaFe logs, and in injection of CaSi cored wire

3. METALLURGICAL RESULTS
3. 1. Calcium

Basic task of caicium in the treatment of aluminium-
killed steel is the modification of pure solid aluminate in-
clusions into liquid complex inclusions of CaO-ALO;

Caicium content in steel must be such that Ca/Si ra-
tio is greater than 0.14" ° when modification into desired
form of complex inclusions with melting points below
the casting temperature of steel is achieved.

In order to achieve such a ratio, it is necessary to
know the yield of calcium in the infection of cored wire. It
was found that the yield in tested melts varied between
15 and 25 %, and it is higher and in narrower limits than
in the treatment of steel by the injection of fine grained
CaSi. Comparison of calcium yields by three different
methods being applied in Slovene Ironworks is shown in
Fig. 1, and Ca/Si ratio in the investigated meits in Fig. 2.

Calcium yields are in a very good agreement with the
data of some other steel plants in the world” % ' 1!

The amount of calcium itself depends on the amount
of added wire, and it was proved that the optimal results
can be expected for our conditions at the following
amounts of added CaSi cored wire:

— carbon<0.25% ;0.7 to 0.9 kg CaSi/t
— 0.25 %< carbon< 0.40 %: 0.7 kg CaSi/t
— carbon> 0.40 % . 0.4 to 0.6 kg CaSi/t.
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Calcium/aluminium ratio in tested melts
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Slika 3:
Vsebnosti aluminija in kalcija v poskusnih talinah v Storski je-
klarni
Fig. 3
Aluminium and calcium contents in tested melts in Store steel-
works
3.2 Kisik

Ker je konéna vsebnost kisika v jeklu eden od naj-
vaznejdih kazalcev kvalitete jekla, smo analizirali spremi-
njanje vsebnosti kisika od streljanja Zice s CaSi do kon-
¢ne vsebnosti v izvaljanem jekiu.

Ze kar v uvodu lahko postavimo vazno ugotovitev, da
so rezultati poskusov jasno pokazali, da je bolj kot sam
vpliv kalcija in aluminija za vsebnost kisika v jeklu odlo-
¢ilno premesavanje z argonom in sestava Zlindre v pon-
vi. Taline, ki naj bi po termodinamiénih zakonitostih imele
vec kisika, pa so bile dovolj prepihane z argonom pod
ustrezno 2lindro, so imele bistveno manj$e konéne vse-
bnosti kisika od neprepihanih talin.

Razdelitev skupnega konénega kisika v poskusnih
talinah prikazujemo v tabeli 2.
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Slika 4
Vsebnosti aluminija in kalcija v poskusnih talinah v ravenski je-
klarni
Fig. 4
Aluminium and calcium contents in tested melts in Ravne steel-
works

Distribution of aluminiurm and calcium in some tested
melts is shown in Figs. 3 and 4.

3.2. Oxygen

Since the final oxygen content in steel js one of the
most important parameters of the steel quality, the varia-
tion of oxygen content from the infection of CaSi cored
wire to its final content in rolled steel was followed and
analyzed.

The results clearly showed that the oxygen content
in steel is more influenced by argon stirring and slag
composition in ladle than by calcium and aluminium,
which is an important finding. The melts which should
contain more oxygen according to thermodynamic rules
but they were well stirred with argon under a suitable
slag contained essentially less oxygen than those which
were not stirred.

Tabela 2: Razdelltev skupnega konénega kisika v poskusnih talinah obdelanih s streljanjem oplaséene Zice s CaSi

Otot, % <0.0030 0.0031~0.0050 0.0051—0.0070 >0.0071
Ravne
(20 talin) Delez 30 65 5 0
Store
(50 talin) Delez 10 46 40 4
Table 2: Distribution of total final oxygen in tested melts treated by the injection of CaSi cored wire

Otot, % <0.0030 0.0031—0.0050 0.0051—0.0070 >0.0071
Ravne
(20 melts) Portion 30 85 5 0
Store
(50 meits) Portion 10 46 40 4
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Slika 5
Primerjava nadusiCenja zaradi vpihovanja CaS| in streljanja
opla&éene 2ice s CaSi
Fig. 5
Comparison of nitrogen pick-up in injection of powdery CaSi
and CaSi cored wire

Ustvarjanje pogojev za dovolj majhne konéne vse-
bnosti kisika je nujna naloga, saj trdijo'? "*, da lahko za-
dostno Cistost jekla pricakujemo le, ko je skupna vse-
bnost kisika manj$a od 0.0050 ali celo 0.0040 %.

3.3 Dusik

Povprecne vsebnosti dusika v jeklu iz nadih elektroo-
bloénih peci so 70 do 100 ppm. Pri obdelavi jekla v ponvi
pa pride do poveéanja vsebnosti dusika v jeklu. Z merit-
vami v razli¢nih fazah tehnoloskega postopka smo potr-
dili, da se vsebnosti dusika poveéajo.

Izdelali smo primerjavo poveéanja vsebnosti dusika
med talinami, obdelanimi s streljanjem Zice, polnjene s
CaSi. in z vpihovanjem CaSi, kar prikazuje slika 5.

Pri vpihovanju CaSi pogosto prihaja do pove&anja
vsebnosti dusika za 20 in ve¢ ppm, povpreéno poveca-
nje vecjega Stevila talin pa je bilo 15,5 ppm. Rezultati ob-
delave s streljanjem Zice pa kaZejo, da je povecanije vse-
bnosti dusika za polovico manjse.

Razlog je, da prihaja pri streljanju Zice le poredko do
odpiranja povrsine Zlindre oz. jekla v ponvi, ker upora-
bljamo bistveno manje koli¢ine argona kot pri vpihova-
nju in je reakcija mnogo mirnej$a.

3.4 Zveplo

Znano je, da postopka streljanja Zice s CaSi ne upo-
rabljamo za razzvepljanje. Pri poskusnih talinah z opti-
malnimi kolig¢inami uporabljene Zice so bile stopnje raz-
2veplanja med streljanjem dejansko majhne (do 15 %).

e v uvodu smo omenili, da lahko pride pri obdelavi
lekla z vegjo vsebnostjo Zvepla (nad 0.020 %) do tvorbe
Cistih vkljuékov, vrste CaS, ki imajo viscko talis¢e in lah-
ko povzrogajo masenije izlivkov, podobno kot &isti alumi-
natni vklju¢ki. Eden od pogojev za uspesno obdelavo s

Distribution of total final oxygen in tested meits is
shown in Table 2,

Creating the conditions to achieve sufficiently low fi-
nal oxygen contents is an urgent task, since it is
claimed™ " that a sufficient purity of steel can be ex-
pected when total oxygen content is below 0.0050 or
even 0.0040 %.

3.3. Nitrogen

Average nitrogen contents in steel from our electric
arc furnaces vary between 70 and 100 ppm. During stee!
treatment in ladle nitrogen content in steel is increased.
Measurements of nitrogen content in various stages of
technological process confirmed this.

A comparison of the increase of nitrogen content be-
tween the meits which were treated by the injection of
CaSi core wire and by the injection of powdered CaSi
was made, and it is presented in Fig. 5.

When powdery CaSi is injected the nitrogen con-
tents often increase for 20 or more ppm. The mean value
for a greater number of tested melts was 15.5 ppm. The
results of treatment by the injection of cored wire show
that the nitrogen content is increased for half of previ-
ous values.

The reason is that injection of wire only seldom
causes “the opening" of slag layer in ladle since smaller
amounts of argon are applied than in the injection of
powder, and the reaction is much more smooth.

3.4. Sulphur

It is known that the injection of CaSi cored wire is not
applied as a desulphurisation method. In tested melts
with the optimal amounts of applied wire, the desulphuri-
sation during Iinjection was virtually low (up to 15 %).

It was mentioned already in the introduction that
pure Ca$S inclusions with high melting point can be
formed in treatment of steel with higher sulphur content
{over 0.020 %), and they can cause stoppage of nozzles
like pure aluminate inclusions. One of the conditions for
successful treatment by the injection of cored wire is
sufficient preceeding desulphurisation.

Also steel with sulphur contents over 0.020 % was
treated by the injection of CaSi cored wire, but accurate
metallographic investigations did not reveal pure CaS in-
clusions. Thus we are of opinion that the obtained re-
sults confirm (also In agreement with some refe-
rences” '® that the permitted interval of sulphur content
at a suitable amount of aluminium and calcium is wider
than theoretically supposed® <,

3.5. Yield of Elements in Cored Wire

The yield of calcium which was added in form of CaSi
cored wire, and the yield in the injection of fine grained
CaSi was already discussed. Thus some data on yields
of boron and titanium which were added in form of
cored wire in Store and in Ravne Steelwork will be ex-
plained here.

FeTi and FeB cored wires were tested. FeTi wire had
13mm diameter and it contained 72 % titanium and
4.5 % aluminium, while FeB wire had 8 mm diameter and
it contained 12 % boron.

Both wires were tested in combination with the injec-
tion of CaS/ cored wire and just here the extraordinary
flexibility and suitability of the injection equipment with
two drives and guides was proved. As mentioned, the
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streljanjem Zice zato je, da zagotovimo zadostno pred-
hodno razzveplanje.

S streljanjem oplastene Zice s CaSi smo obdelali tu-
di jekla z vsebnostmi Zvepla nad 0,020 %, vendar kljub
natanénim metalografskim preiskavam &istih CaS vkljuc-
kov nismo zasledili, Zato menimo, da dobljeni rezultati
potrjujejo (tudi v soglasju z delom literature™ '®), da je
dovoljeno cbmocje vsebnosti Zvepla pri primerni koli€ini
aluminija in kalcija $irSe, kot ga navajajo teoretiéne pred-
postavke® 2,

3.5 Izkoristki elementov v oplaséeni Zici

O izkoristku kalcija, dodanega v obliki CaSi v Zici, in
o primerjavi z izkoristkom pri vpihovanju drobnozrnatega
CaSi smo ze govorili, na tem mestu pa bomo podali ne-
katere podatke o izkoristkih bora in titana, ki smo ju v
obliki polnjene Zice preizkusili tako v Storski kot ravenski
jeklarni.

Preizkusili smo s FeTi In FeB polnjene Zice (FeTi z
72 % titana in 4,5 % aluminija ter premerom 13 mm, FeB
z 12 % bora in premerom Zice 9 mm).

Obe vrsti Zice smo preizku$ali v kombinaciji s strelja-
njem Zice s CaSi in prav tu se je pokazala izredna fleksi-
bilnost in pripravnost naprave za streljanje z dvema po-
gonoma in vodiloma. Kot Ze receno, je namen titana
predvsem v vezavi dusika, bor v obliki karbida pa poma-
ga doseci Zeljeno obmocje zanesljive prekaljivosti.

Izradunani izkoristki tako titana kot bora so odliéni in
v zelo ozkih mejah trosenja in jih prikazujemo v tabeli 3.

Tabela 3: 1zplen elementov pri dodajanju v opladéeni Zicl

Analitiéno :
Element obmodije .Po";?i::’ D““;’::‘c el
dolo&evanja, (%) P P
titan 0.010 —0,050 80 5 Si+ Al
bor 0.0015-—0.0030 85 5 Si+AI+Ti
kalcij 0.0010—0.0060 15—25 Si+Al
3.6 Livnost

Ze dolgo vemo, da je livnost veine jekel, pomirjenih
z aluminijem (posebno pri postopku kontinuirnega uliva-
nja gredic manjsih dimenzij), najveckrat mo&éno zmanjsa-
na zaradi trdnih aluminatnih vklju€kov, ki se nabirajo na
izlivkih™. Do hitrega masenja manjsih izlivkov pride Ze pri
vsebnostih aluminja nad 0,010 %. Velika notranja medfa-
Zna energija aluminatnih vkljuékov v jeklu je tista pogon-
ska sila, da se aluminatni delci lepijo na stene iz ognje-
varnega materiala in med seboj.

Taksne teZave pri odlivanju jekel smo uspesno resili
z uvedbo postopka vpihovanja drobnozrnatega CaSi z
argonom. Vendar pa je od ¢asa do €asa Se prihajalo do
tezav pri odlivanju, predvsem zaradi veckrat nezaneslji-
vega zadevanja vsebnosti aluminija in pa, kot Ze omenje-
no, zaradi prekinitve postopka vpihovanja zaradi zamasi-
tve kopja za vpihovanje.

Z uvedbo postopka streljanja oplaséene 2Zice s CaSi
smo gotovo naredili tehnoloski korak naprej. Ne samo,
da pri vseh dosedanjih poskusih nismo imeli tehniénih
problemov in smo dejansko vedno lahko v jeklo dodali
Zeljeno koli¢ino CaSi, mnogo lazji in enostavnejsi ter ve-
liko bolj kontroliran je celotni postopek. Poleg tega pa
imamo $e novo mozZnost izredno natanénega dodajanja
" poljubnih koli¢in ostalih materialov.

aim of titanium addition is binding of nitrogen, while bor-
on in form of carbide enables to achieve the desired re-
gion of hardenability band.

Calculated yields of titanium and of boron are excel-
lent and in very narrow limits of dissipation, and they are
shown in Table 3.

Table 3: Yield of elements added with cored wire

Analytical region  Mean .
Element of determination  yield o Deoxx:_at;on
(%) (%) prachic
Titanium 0.010 —0,050 90 5 Si+ Al
Boron 0.0015—0.0030 85 5 Si+AlI+Ti
Calcium 0.0010—0.0080 1525 Si+ Al

3.6. Castability

It is known for a long time that the castability of most
aluminium killed steel (especially for continuous casting
of billets with small cross section) is often highly re-
duced due to solid aluminate inclusions which pile in
nozzles'¥. Smaller nozzles are rapidly stopped already at
aluminium contents over 0.010 %. High internal inter-
phase energy of aluminate inclusions in steel is the driv-
ing force for sticking of aluminate particles on the refrac-
tory walls and to each other.

Such problems in steel casting were successfully
solved by the introduction of the injection of fine grained
CaS! with argon. But difficulties in casting appear from
time to time mainly due to uncertainty in achieving the al-
uminium content or, as also mentioned before, due to in-
terruption of the process when the injection lance is
Stopped.

Introduction of the injection of CaSi cored wire
means certainly a technological step forward. Not only
that in all tests so far no technical problems appeared
and that always the desired amount of CaSi could be
added into steel, the overall method is much easier and
more simple and much more easily controllable. Be-
sides, there is still a new possibility for a very accurate
adding of optional amount of other materials.

4. METALLOGRAPHIC INVESTIGATIONS

The basic finding of metallographic investigations of
steel melts being treated by the infection of cored wire
was that a suitable amount of wire assures the modifica-
tion of aluminate inclusions and thus sufficiently pure
steel.

Typical composition of an oxide inclusion can be re-
presented by xCaO-yAl,Os-CaS and examples of such
inclusions in some melts are given in Figs. 6 and 7. The
inclusion contained 25 % calcium and 35 % aluminium.
Steel purity determined by the K4 method is presented
in . 4. It is evident that suitable shape of inclu-
sions® % '7 enabled to obtain purer steel.

Table 4: Steel purity determined by the K 4 method

Portion of melts, %

Way of treatment

K4<5 Kd4<15 K4<30
Untreated 0 50 85
Treated by injection of CaSi
cored wire 25 70 100

At a certain aluminium content in steel, there exists
theoretically a critical sulphur content above which for-
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4. METALOGRAFSKE PREISKAVE

Osnovna ugotovitev metalografskih raziskav jekel,
obdelanih s streljanjem oplas¢ene Zice, je, da smo s pri-
merno koli¢ino Zice zagotovili modifikacijo aluminatnih
vkljuékov in dovolj Cisto jeklo.

Tipicna sestava oksidnega vkljucka je x.CaO-
y.Al,0,-CaS in primeri takih vkljuCkov v nekaterih talinah
so prikazani na slikah 6, 7 a in 7 b, kjer smo v vkijuéku
doloéili 25 % kalcija in 35 % aluminija. Cistost jekla po
metodi K4 prikazujemo v tabeli 4. Ravidno je, da smo
dobili cistejse jeklo s primerno obliko vkljudkov's 1617,

Tabela 4: Cistost jekla po metodi K 4

DeleZ talin, %
QS oncelnre K4<5 Kd<15 K4<30
Neobdelane 0 50 85
Stre!jan;é Zice s CaSi 3 25 70 100

Pri doloCeni vsebnosti aluminija v jeklu obstaja teore-
ticno neka kriticna vsebnost Zvepla, nad katero lahko
pricakujemo tvorbo CaS. Istocasno pa je v jeklu potreb-
na dolocena koli¢ina kalcija za zagotovitev popolne mo-
difikacije Cistih trdnih aluminatnih vkljuckov,

Kot pa Ze reCeno, so nade raziskave potrdile, da gre
za SirSe dovolijeno obmocje vsebnosti aluminija, Zvepla
in kalcija. Cistih vkljuékov vrste CaS nismo zasledili, do-

C-0,2%
—- S -0012 %
Ca| S [ AL-0020%
| Ca -00040% |
Ot - 0,0039 %
Nr. 19440 5
C. 0551
CW.:072kgCaSi/t| PR
SZ-Zel Store
ﬂ_eel‘works_étoireg 1004
Slika 6
Tipicen izgled in sestava modificiranega vkljuéka
Fig. 6

Typical appearance and composition of modified inclusion

Mn| Ca| S
Si
Nr. 19104 C - 034% | Ca-00019%
Cludt Si - 019% 0,-0,0051%
cored - wire” Alit-0022% | Np=00110%
100kg CasSilt S - 0016%
SZ~Zel.Store Mn - 0,70%,
Steelworks Store

Al nr 19104

S' :‘-.‘.-A._.

Slika 7
a) lzgled medificiranega vkljuéka
b) Kvantitativna analiza tega vkljucka
Fig. 7
a) Appearance of modified inclusion
b} Quantitative analysis of this inclusion
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Nr. 24262

C.4721
(ECMo100-Z.R))

(20CrMo 5-DIN)
CW.: 0.49 kg CaSi/t
S7.-Zel. Ravne

Steelworks Ravne
C-0.20% Ca-0,0033%
S— 0,020.,0 O - 0,0036°/o
Si- 0,26 %/ N - 00112 %
Alet= 0,023 /s
Mn -103°%
Slika 8
Izgled in sestava modificiranega vkljuéka vrste CaO-CaS-MnS
Fig. 8

Appearance and composition of Ca0-CaS-MnS modified inclusion

kazali pa smo prisotnost kompleksnih vkljuckov vrste
CaS-MnS (slika 8), ki pa verjetno ne povzrocajo tezav
pri litju.

5. OCENA STROSKOV

Za ocenitev tehnologije streljanja oplascene Zice je
potrebna tudi groba ocenitev stroskov takega postopka
in primerjava postopka streljanja oplascene Zice s po-
stopki vpihovanja drobnozrnatega CaSi.

Moderna naprava za vpihovanje stane danes pribli-
Zno 10-krat toliko kot naprava za streljanje Zice z dvema
Zilama.

Sestevek in pregled nekaterih najpomembnejsih
operativnih strodkov in primerjavo teh stroskov med
obema postopkoma dodajanja CaSi podajamo v tabeli 5.

Podatke v razpredelnici smo dobili na osnovi nasled-
njih ocen stroskov

— CaSi prah za vpihovanje : ca 3 DM/tono

— CaSiv oplaséeni Zici - ca 9 DM/tono
— Elektri¢na energija : 0,08 DM/kWh
— Argon : 4DM/m?

Racunali smo, da je povpreéna poraba CaSi pri
oplas&eni Zici 0,7 ka/tono, pri vpihovanju CaSi pa 2,0 kg/
tono

Ocenijeni strodki pri uporabi CaSi v obliki polnjene Zi-
ce so 10,4 DM/tono in 15,0 DM/tono pri vpihovanju CaSi.
Ugotovimo lahko, da je minimalno zmanjsanje stroskov
pri prehodu na obdelavo jekla s streljanjem oplaséene
Zice 4,6 DM/tono jekla, kar se dobro ujema tudi s podat-
Ki iz tujih jeklarn’ ?',

mation of CaS can be expected. Simultaneously steel
must contain a certain amount of calcium in order to
achieve complete modification of pure solid aluminate
inclusions.

As already mentioned, our investigations confirmed
that permitted intervals of aluminium, sulphur, and cal-
cium contents are wider. Pure Ca$S inclusions were not
found, but presence of complex CaS-MnS inclusions
(Fig. 8) was confirmed, though they probably do not
cause difficulties in casting.

5. ESTIMATION OF COSTS

In order to evaluate completely the technology of in-
jection of cored wire, also a rough estimate of costs of
such a method and a comparison of costs between the
infection of cored wire and the injection of fine grained
CaSi are needed.

Modern injection equipment for gas injection costs
ten times more than a twin-wire feeder equipment for
cored wire.

The sum and review of some most important opera-
tional costs and comparison of these costs for the two
methods are given in Table 5.

Data in the table were obtained from the estimates of
the following costs:

— CaSi powder for injection :around 3 DEM/t

— CaSi in cored wire raround 9 DEM/t
— electric power : 0.08 DEM/kWh
— argon 4 DEM/m°

We have assumed that mean CaSi consumption for
cored wire is 0.7 kg/t steel while in injection of powdery
CaSi it is 2.0 kg/t.
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Tabela 5: Primerjava stroskov med vpihovanjem CaSi in stre-
ljanjem oplastene Zice s CaSi

jeni strodki v aprilu 1988 v DM na tono jekla pri letni ob-
delavi 50.000 ton jekla s CaSi)

Estimated costs in applying CaSi in form of cored
wire are 10.4 DEM/t, while in injection of powdery CaSi
they are 15.0 DEM/t. It can be stated that minimal reduc-
tion of costs is 4.6 DEM/t steel if injection of cored wire
is applied, which is in a good agreement with the data of

Vrsta stroska Vpihovanje  Oplastena foreign steel plants’ ',
CaSi Zica
e Table 5: Comparison of costs between the infection of pow-
Investicija v opremo 2 02 dered CaSi and the of CaSi cored wire e
. (Estimated costs in April 1988 in DEM/ton steel for annual tre-
yadrzevanie 15 o8 atment of 50,000 t steel with CaSi)
Ognjevzdrzna obzidava 3 .
Cost Powdered CaSi Cored wire
je (monolitno 2 0
sopje { ) Investment into equipment 2 0.2
Argon 0.1 .
(500 I/min) 0 Maintenance 15 05
Energlja za toplotne izgube 0.4 (prihranek  Refractory lining 3 3
(+10K) 5 kWh/t) Lance (monolithic) 2 0
Delo 04 04 Argon 0.1(500 I/min) 0
CaSi potreben za obdelavo (kg/t} (2.0} 0.7) Energy for heat losses 04 (Savings
(+10K) 5 kKWh/1)
Cena CaSi 56 6.3
150 104 Labour 04 04
gpno : : CasSi for treatment (kg/1) (2.0) 07)
Obdelava z opladéeno Zico 10.4 DM/t
Obdelava z vpihovanjem 150DM/t  Cost of powder 8 63
Total 15.0 104
Treatment with cored wire 10.4 DM/t
Tretment by powdered CaSi 15.0 DM/t

6. ZAKLJUCKI

Po nekajmeseénem delovanju novega postopka stre-
ljanja oplascene Zice s CaSi (pa tudi borom, titanom) v
Storski in ravenski jeklarni lahko ugotovimo, da s tem
postopkom uspesno nadomestimo postopek vpihovanja
drobnozrnatega CaSi pri izdelavi in odlivanju z alumini-
jem pomirjenih jekel.

S primerno tehnologijo lahko izdelamo in na kontinu-
irni napravi za gredice manjsih dimenzij odlijemo dovolj
€isto jeklo z majhno vsebnostjo kisika in primerno sesta-
vo ter obliko nekovinskih vkljuékov.

Najvaznej$e in najbolj pomembne prednosti postop-
ka streljanja oplascene Zice s CaSi in prednosti tega po-
stopka v primerjavi z vpihovanjem CaSi so:

— zaradi mnogo mirnejSe reakcije je manjSe pove-
Canje vsebnosti dusdika, vodika in tudi kisika. mnogo
manjsa je emisija plinov med reakcijo,

— izkoristek kalcija je pri streljanju Zice bistveno
bolj$i in v primerjavi z vpihovanjem je poraba CaSi skoraj
3-krat manjsa;

— v primerjavi s klasi¢no tehnologijo je neprimerno
bolj$i in v ojih mejah trosenja tudi izkoristek ostalih ele-
mentov, ki jih dodajamo v polnjeni Zici;

— manjSe so toplotne izgube: obi¢ajno pade tem-
peratura jekla med obdelavo s streljanjem Zice le
ca 10 K, kar je bistveno manj od skoraj 30 K pri postop-
ku vpihovanja;

— dana Je mozZnost skoraj idealnega dolegiranja ozi-
foma natanénega zadevanja vsebnosti nekaterih ele-
ptt::‘mov. kot n. pr. aluminija, bora, titana, ogljika, Zve-

— Z upostevanjem optimalne tehnologije dosezemo
kompletno modifikacijo aluminatnih vkljuckov v okrogle,
kompleksne vklju&ke z nizkimi temperaturami tali$é, ki
Ne povzrocajo tezav pri odlivanju z aluminijem pomirje-
nih jekel:

— Investicijski in operativni strodki so pri postopku
sireljanja oplaséene Zice manjdi v primerjavi s postop-

vpihovanja.

6. CONCLUSIONS

A few-months operation of the injection of CaSi (and
also boron, and titanium) cored wire in Store and Ravne
Steelworks confirmed that his method can successfully
substitute the injection of fine grained CaSi in manufac-
turing and casting aluminium killed steel.

Applying a suitable technology enables to make and
continuously cast into billets of smaller cross section a
sufficiently pure steel with low oxygen content, and suit-
able composition and shape of non-metallic inclusions.

The most important advantages of the injection of
CaSi cored wire, also in comparison with the injection of
powdered CaSij are:

— due to much smoother reaction the increase of
nitrogen, hydrogen, and also oxygen contents is smaller,
and much smaller is also the emission of gases during
the reaction,

— calcium yield is in injection of cored wire essen-
tially better, and compared with the injection of powde-
red CaSi the CaSi consumption is nearly 3 times lower,

— compared with the standard technology this
method is essentially better since yield of other ele-
ments added with cored wire is in narrower limits of dis-
sipation,

— heat losses are lower: usually temperature drop
of steel melt in treatment by the injection of cored wire
is only about 10 K, which Is essentially less than 30 K in
the injection of powdered Ca$i,

— the possibility of nearly ideal additional alloying or
achieving accurate contents of some elements as alumi-
nium, boron, titanium, carbon, sulphur, etc. is given,

— applying the optimal technology gives the com-
plete modification of aluminate inclusions into sphero-
idal, complex inclusions with low melting points which
do not cause difficulties in casting aluminium killed steel,

— Investment and operational costs for the infection
of cored wire are lower than those for the injection of
powdered CaSi.
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