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Uporaba sekundarnih surovin je pomembna iz dveh
razlogov, in sicer ekonomskega in ekoloskega. Zato je
potrebno organizirano pristopiti k zbiranju teh surovin,
ker se jih v nasih Zelezarnah naredi mesecno tisoce ton
(Skaja, ostruZki, odbruski, . . .).

V tem Cclanku bomo obdelali uporabo nekaterih
sekundarnih surovin, ki nastajajo in se uporabljajo v talil-
nith agregatih v slovenskih Zelezarnah.

uvoD

Za sekundarne surovine je potrebno na mestu izvira
preskrbeti ustrezne zabojnike in kosare ter loéiti posa-
mezne odpadke po kvaliteti in kemicni sestavi, da bi jih
ponovno vrnili v proizvodni proces. Potrebno je izkori-
stiti vse kovinske komponente, ki se nahajajo v sekun-
darnih surovinah, predvsem pa legirne elemente. Zelo
vazno je poznati, kolikéna je vsebnost legirnih elemen-
tov, da bi se dolocila tocna sestava vloZka, da ne bi bilo
ob raztalitvi velike razlike med nacrtovanimi in dejan-
skimi analizami,

Razdelitev odpadkov po skupinah je doloéena na
osnovi vsebnosti posameznih in podobnih elementov ter
zdruZevanja tistih kvalitet, ki omogoéajo maksimalno
izkoris¢anje posameznih elementov pri ponovni prede-
lavi. Izredno je vazno skladiscenje teh surovin, da ne bi
prislo do mesanja. Nepravilno izradunana sestava viozka
vpliva ne samo na stroske proizvodnje, temved tudi na
zmanjSanje izkoristka, slabse produktivnosti in kvalitete
ter povecanje zalog jekla neustrezne kvalitete. Napaéna
kemi¢na analiza pri raztapljanju vioZka je povezana z
materiainimi izgubami, ker se v takih primerih izdeluje
jeklo slabse kvalitete.

V slovenskih Zelezarnah se uporabljia $kaja dokaj
redno kot vioZzek pri proizvodnji jekla v elektroobloénih
peceh (EOP).

Problem ostruzkov je v glavnem resen in vsaka Zele-
zarna svoje sama uporablja. Z uporabo odbruskov smo
zacetniki, Ceprav se ze uporabljajo v nekaterih Zelezar-
nah. Poseben problem pa predstavijajo ostanki brusnih
plo&¢, korund, emulzija in olje. Najvecéji pomen bomo dali
uporabi Skaje kot vioZek v elektroobloénih peéeh, ker se
je ze zacela uspesSno uporabljati.
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Utilization of secondary raw materials is important for
two reasons, first for economic and second for ecologic
reasons. Therefore, the collecting of thousands of tons
of raw materials (mill waste, turning waste, grinding
waste, . . .) which are produced monthly in our iron and
steel works should be properly organized.

The paper deals with the use of some secondary raw
materials which are produced and utilized in melting fur-
naces of Siovenske Zelezarne Iron and Steel Works.

INTRODUCTION

The reclamation of secondary raw materials requires
appropriate containers and baskets disposed at proper
places, and sorting of waste material according to its
quality and chemical composition. All metallic com-
pounds of waste, especially those containing alloying
elements should be recycled back into the production
process. The knowing of exact composition and amount
of alloyed waste material is very important for proper
composition of metallic charge which should at melt
down differ from the aimed composition as little as pos-
sible.

The classification of waste into several groups is
based on the content of definite and similar elements
and on the grouping of those grades which make it pos-
sible to obtain the highest yield of particular elements in
subsequent recycling. Proper storage of these materials
{o prevent from mixing different groups is very import-
ant. Miscalculation of metallic charge composition influ-
ences not only production costs but results in lower
yield, lower productivity and poorer quality as well as
rise of steel stored due to improper specification.
Improper chemical/ composition at melt down is asso-
ciated with material loss because it ends in the produc-
tion of lower grade steel.

Intense work on collecting waste materials started
recently in Slovenske Zelezarne with the aim of recyciing
in particular own shops or for sale to others. As regards
machining waste (turnings) each ironworks uses its own
waste. The use of waste from grinding is yet at the very
beginning. Special problem are used out grindstones,
corundum, oils and emulsions. The use of mill waste is
emphasized, since it has already been successfuily used
as a part of metallic charge for electric arc furnaces.

GENERATION OF MILL WASTE AND ITS
PHYSICAL-CHEMICAL PROPERTIES

Heating of steel before hot working proceeds in
atmospheres composed of different gases which more
or less intensely react with solid steel surface resulting
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NASTANEK SKAJE IN NJENE FIZIKALNO-KEMICNE
LASTNOSTI

Segrevanje in Zarjenje jekla pred vroéim preoblikova-
njem poteka praviloma v atmosferah, ki intenzivno reagi-
rajo s povrsino trdega jekla. Kot produkt teh reakcij je
Skaja, ki je stalen spremljevalec jekla med procesom
preoblikovanja. Nastanek Skaje je odvisen od mnogih
dejavnikov, od katerih so najbolj pomembni: sestava
jekla, temperatura in ¢as zarjenja. Skaja nastaja pred
toplotno predelavo na povrsini jekla pri visokih tempera-
turah in med obdelavo. Oksidni sloj, ki nastane z oksida-
cijo Zeleza v zra¢ni atmosferi, je sestavijen iz treh plasti.
Od kovine navzven je najprej plast wustita, nato plast
magnetita in na vrhu plast hematita. Razmerje debelin
teh slojev' je v pogojih idealne oksidacije 95:4:1. Obi-
¢ajno pa tega razmerja ne dosezemo zaradi vpliva napak
v oksidnem sloju in na meji kovina-Skaja, vendar se mu
valjarniska $kaja precej pribliza. Pri mnogih jeklih pri
standardni tehnologiji ogrevanja nastane skaja, ki pri
valjanju odpade le delnc s povrsine ali pa sploh ne.
Tesno oprijeta povrsina Skaje je vzrok velikemu izmecku
ali pa mocno zniza vrednost konénih polizdelkov.

Oprijemljivost Skaje je najmanjsa pri ogljikovih jeklih,
ne gede na to, pri katerih temperaturah in v kaksni
atmosferi so Zarjena. Pri jeklih, ki so legirana s silicijem,
se $kaja mnogo bolj drzi kovinske povréine. Skaja je pri
teh jeklih dvoplastna in ima pomembno vlogo pri njeni
porusitvi. Podobna je Skaja pri jeklih, legiranih z nikljem
in kromom. Pri jeklih, ki so legirana s samim kromom do
priblizno 1 %, $kaja bolj odpada kot pri jeklih, legiranih z
1 do 2% Cr in Ni. Pri vi§jih koncentracijah kroma (do
14 %) je spet prisotna dvoplastna $kaja in se trdno drzi
kovinske osnove. Ne glede na to, kaksno je jeklo in
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Slika 1
Transportne poti Skaje v Zelezarni Jesenice

Fig. 1
Mill waste transport at Zelezarna Jesenice

in the formation of scale the presence of which is there-
fore inevitable in hot working. The generation of scale
depends on a number of factors. The most important are
the composition and temperature of steel and the time
of heating. Scale is formed on steel surface before and
during hot working at high temperatures. The oxide
formed on steel surface by the oxidation of iron in air is
composed of three layers. From metal to outward there
is first a layer of wistite followed by magnetite layer and
finally there is a top hematite layer. The thickness ratio
fo these layers (1) in ideal oxidation conditions is 95:4.:1,
respectively. Usually this ratio can not be achieved due
to defects in oxide layer and on metal/oxide interface
however, it aimost holds for mill waste. Standard heating
of many steels results in the formation of oxide layer
which during rolling does not or only partly breaks off
the steel surface. Strong adhesion of scale to steel sur-
face is cause for high cast off or decrease in value of fin-
ished semi products. The lowest scale adhesion is
observed in carbon steels irrespective of heating tem-
perature and atmosphere. In silicon alloyed steels the
bond between scale and metal surface is much
stronger. Scale on these steeis has two layers which
have a significant role in their break off. Nickel and
chromium alloyed steels have similar scale. Scale on
steel alloyed up to 1% chromium only breaks off more
easily than on steel alloyed with 1—2 % Cr and Ni. At
higher chromium content (up to 14 % Cr) two-layer scale
strongly adhered to steel surface appears again. Irre-
spective of steel grade and its alloy content the thick-
ness of scale layer decreases with increasing tempera-
ture and oxygen potential of flue gases (2). The compo-
sition of flue gas and heating temperature has a much
stronger influence on scaling rate of carbon steel as
compared to alloyed steel.

The amount and quality of scale in Slovenske Zele-
zarne works depend naturally on the steel grades pro-
duced. The mill waste is collected in bins and trans-
ported by the use of containers to waste storage. The
transport is mainly mechanized. The waste contains also
water and oil depending on steel processing technoiogy.
Waste materials of different composition grades are
often mixed because of different steel The relation
between chemical composition of steel and its scale can
be seen in Table 1 and 2.

Mill waste in Zelezarna Jesenice is not sorted
according to quality. It is collected into baskets and con-
tainers and then transported by trucks to dosage bins
as seen in Fig. 1. Therefrom it is transported to steei-
works where it is used as addition to metaliic charge.

Table 1: Chemical composition of scale from different steel
grades

Scale grade
wt. % CK45 VCMo UtopMo1 OCR 12
140

c 0.16 0005 0010 0014
Si 0.42 017 0.41 0.20
Mn 0.45 0.48 0.28 0.34
P 0015 0012 0024 0.011
s 0018 0004 0007 0.011
H.0 0.08 0.06 0.05 0.045
Cr 0.27 0.54 1.76 85
Mo 0.03 0.09 0.33 0.08
FeO 617 a73 472 256
Fe,0, %5 610 485 558
F e 0.36 0.46 093 063

= = 0.12 0.06
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kolikéne so v njem koncentracije legirnih elementov,
pada debelina $kaje s temperaturo Zarjenja in s kisiko-
vim potencialom dimnih plinov’. Sestava dimnih plinov in
temperatura Zarjenja najmoéneje vplivata na hitrost ska-
janja ogljikovih jekel. mnogo manj pa so te spremembe
ocitne pri legiranih jeklih.

V slovenskih Zelezarnah se izdelujejo razliéne kvali-
tete jekel in je zaradi tega razlicna tudi koli¢ina in kvali-
teta Skaje. Skaja se zbira v zbiralnike in s pomoéjo kon-
tejnerjev odvaza na skladis¢a. V $kaji je prisotna voda ali
pa mascoba, kar je odvisno od tehnoloskega postopka
predelave jekla. V glavnhem je mehaniziran transport do
zabojnikov oziroma zbiralnikov. Veékrat nastane mesa-
nica, ki po svoji kemiéni sestavi ne spada skupaj, ker se
zbira iz razliénih kvalitet jekel. Da bi imeli &m bolj$i vpo-
gled v kvaliteto skaje, ki nastaja iz razliénih vrst jekel,
bome prikazali v tabeli 1 in 2 kemiéno analizo jekel in
ustrezne Skaje.

Tabela 1: Kemiéna analiza skaje razliénih kvalitet jekel

Kvaliteta $kaje

Kemijski element

alispojinavut % kg5 VOMO UtopMo1  OCR 12
c 016 0005 0010 0014
Si 042 017 041 0.20
Mn 045 048 028 0.34
P 0015 0012 0024 0011
s 0018 0004 0007 001
H.0 008 006 005 0.045
Cr 027 054 176 85
Mo 003 009 033 0,08
FeO 617 373 472 2556
Fe.0, %5 610 485 558
Fe... 036 046 093 063
v - - 0.12 0.06

Tabela 2: Kemi¢na analiza jekel, iz katerih je vzeta kaja

Kvaliteta jekel
Kemijski element
vut % ckas  YON® UtopMo1 oOCR 12
C 0.39 0.40 0.39 2,06
S 0.007 0,030 0.015 0.027
Si 0,19 027 1,06 029
Cr 029 1,10 5,00 11,46
Ni 017 0.30 027 0,16
Cu 0,18 0.30 022 o1
Mn 0,58 0.70 0.39 047
Mo 0,05 0,18 1.27 0.09
P 0.015 0,035 0,024 0.019
Al 0.004 0.020 0,014 0.06
v — - 0,29 -

Skaja zelezarne Jesenice se ne loéi po kvaliteti na
mestu nastanka, temvec se zbira v zbiralnike in potem v
zabojnike ter se s tovornjakom odvaza na dozerske bun-
kerje (slika 1). Po potrebi se odvaza iz bunkerjev z
zabojniki oziroma tovornjaki za vloZek v jeklarno. kaja
vsebuje okrog 28 % Fe,0, in 57 % FeO. Vazno je pouda-
riti, da Skaja vsebuije priblizno 6 % vlage, ki ne dela nobe-
nih problemov pri zakladanju v EOP. Tocka sintranja
znasa 1020°C, mehéanja 1400°C in taljenja 1550°C ter
nasipna teza 2.8 t/m’. Skaja v Zelezarni Store vsebuje
priblizno 40 % Fe,0, in 53 % FeO in neznatne koli¢ine
drugih elementov, tako da se lahko uporablja kot viozek
v EOP. V Zelezarni Ravne je potrebno loéiti $kajo na
mestu nastanka tako, da bi se lahko uporabljala kot vio-
Zek v jeklarskih peceh. V slovenskih Zelezarnah letno
nastane priblizno 24.000 ton Skaje.

Table 2: Chemical Composition of Steel

Steel grade

wr. % CK45 VCMo UtopMo1 OCA 12

140
c 0.39 0.40 0.39 206
s 0007 0030 0015 0.027
Si 0.19 027 1.06 0.29
cr 0.29 1.10 5.00 11.46
Ni 0.17 0.30 0.27 0.16
Cu 0.18 0.30 0.22 0.11
Mn 0.58 0.70 0.39 0.47
Mo 0.05 0.18 127 0.09
P 0015 0035 0024 0.019
Al 0004 0020 0014 0.06
v — — 0.29 2=

The waste contains 28 % Fe,O; and 57 % FeO. It should
be emphasized that the waste contains approx. 6 % of
moisture which does not cause any problems in charg-
ing of EA furnaces. Sintering, softening and melting
point of the waste is 1020, 1400 and 1550°C. respec-
tively. The volume weight is 2.8 t/n¥. In Store Ironworks
the waste contains 40 % Fe,O; and 53 % FeO beside
small amounts of other compounds so it can be used as
addition to EAF charge. In Ravne Ironworks the waste
should be sorted according to grade if it is to be used
for the charge of EAF. Slovenske Zelezarne produce
about 25 kt/year of mill waste.

UTILIZATION OF MILL WASTE

The use of scale in steelmaking requires its sorting
along the whole line from jts source, storage, raw mate-
rial preparation to EA furnace. The scale can be sorted
according to chemical composition into alloyed and non-
alloyed scale. Alloyed waste is then divided into groups
on the basis of quality and alloying elements The sorted
waste must be stored in suitable baskets and containers
which are transported to storage terminals.

When using alloyed waste the possibilities for the
best utilization of all alloying elements should be consid-
ered. First of all the exact amount and composition of
alloyed waste should be known. Sorting and storage
errors are harmful for production costs and steelmaking
technology. The sorting is based on such kind and con-
tents of alloying elements in order to obtain the best
recovery of definite alloying element in further process-
ing. Proper reclamation of secondary raw materials is
important for the best utilization of expensive materials,
ensuring the uniform and high quality level of steel grade
and maintaining sound environment. Among problems
associated with the use of mill waste for charge of melt-
ing furnaces is decline from the planned melt-down
composition which results in higher production costs in
steelworks and rolling mills because of a rise in stored
amount of steel of improper grade. The efficient control
of the contents of alloying elements can strongly
decrease deviations between the actual and planned
chemical composition of the melt and increase the econ-
omy of the production of alloyed steel,

Mill waste is added to the charge of melting furnaces
as iron and oxygen bearing compound to promote the
oxidation in melting stage, and formation of foaming slag
after the melt-down. Mill waste brings mainly Fe.O; and
FeO which exert favorable influence on dephosphoriza-
tion which proceeds in an oxidative atmosphere and at
appropriate temperature. The results of research (3)
have shown that dephosphorization with addition of mill
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UPORABA SKAJE

Da bi Skajo lahko uporabili v procesu proizvodnje
jekla, je potrebno njeno logevanje pri samem izviru,
potem pri skladi&enju, pri pripravi viozka in v celotni
verigi od nastanka do uporabe v EOP. Skajo lahko
lo¢imo po kemiéni sestavi, in sicer na legirano in nelegi-
rano. Legirano $kajo pa lo¢imo na osnovi legiranih ele-
mentov po skupinah in kvaliteti. Tako loceno Skajo je
potrebno skladis¢iti v ustrezne kosare in zabojnike, ki jih
transportiramo v za to dolo¢ena skladiséna mesta.

Pri uporabi legirne Skaje bo treba poiskati moznosti
&¢im boljse uporabe vseh prisotnih legirnih elementov.
Zato je zelo pomembno, da poznamo njenc koli¢ino in
kemic¢no analizo. Napake pri skladiséenju bi bile celo
Skodljive za ekonomijo in tehnologijo izdelave jekla. Raz-
delitev po skupinah in kvaliteti poteka na osnovi vsebno-
sti posameznih elementov in zdruzevanja tistih kvalitet,
ki omogocajo maksimalno izkoris¢anje teh elementov pri
ponovni predelavi. V slovenskih Zelezarnah letno
nastane priblizno 24000 ton $kaje. Ce legirne elemente
dodamo s skajo. potem bomo rabili manj ferozlitin. Eden
od glavnih problemov pri uporabi $kaje v talilnih agrega-
tih je odstopanje sestave jekla ob raztalitvi, kar vpliva na
povecanje strosSkov proizvodnje v jeklarni in valjarni
zaradi kopicenja zalog jekla neustrezne kvalitete. Z ucin-
kovito kontrolo vsebnosti legirnih elementov je moZno
znizati razlike med naértovanimi in dejanskimi vse-
bnostmi legirnih elementov v talini in dvigniti ekonomi-
¢énost proizvodnje legiranih jekel.

Skaja se dodaja v talilne agregate kot nosilec zeleza
in kisika za potek oksidacijskih reakcij v fazi taljenja in
tvorbo penece zlindre po raztalitvi viozka. S $kajo prina-
$§amo v viozek v glavnem Fe,0, in FeO, kar zelo ugodno
vpliva na razfosforenje taline, saj poteka v oksidativni
atmosferi in pri ustrezni temperaturi. Rezultati raziskav’
s0 pokazali, da je razfosforenje taline boljSe pri dodatku
Skaje kot rude, saj je koeficient porazdelitve fosforja
med zlindro in talino pri dodatku apna 4,83, skaje 19,54
in rude 11,42. Zelezov oksid iz $kaje pospeduje razta-
' pljanje CaO v zlindri. Na ta nacin dobimo tekoco aktivno
zlindro z Zze vsebovanim FeO. Razfosforenje poteka med
taljenjem vloZzka oziroma njegovi raztalitvi. Izkoristek
Zeleza pri SarZah je glede na vrsto dodatka najboljsi pri
Sarzah z dodatkom Skaje. Pri teh Sarzah je oksidirano
manj Zeleza iz taline v zlindro. To je zaradi tega, ker je
dodatek Skaje prinesel potrebno koli¢ino FeO in s tem je
zmanjsan FeO, ki je dobljen z oksidacijo Zeleza iz
viozka. V Zelezarnah Jesenice in Store se redno upora-
blja skaja za razfosforenje, razen pri izdelavi kromovih
jekel, ker bi se krom oksidiral oziroma povecal se bi nje-
gov prehod iz taline v 2Zlindro. Kisik iz Skaje povzroca
oksidacijo fosforja in silicija na fazni meji Zlindra-talina in
je zato potrebno zmanjsati vpihovanje kisika za ustrezno
vrednost.

Skaja se zelo uspesno uporablja za desiliciranje sive
litine. Za zagotovitev taline z nizkim odstotkom silicija
moramo imeti ustrezno sestavo Zlindre. Za oksidacijo
silicija iz taline rabimo kisik, ki ga veZe v SiO, in tako pre-
haja v Zlindro, kjer se veZze s CaO in Zelezove okside.
Zelezovi oksidi Fe,O, in FeO iz $kaje sluzijo kot oksi-
danti, tako da namesto cistih komponent sistema
Ca0O-FeOQ,-CaF, uporabliamo $kajo za desiliciranje.
Rezultati desiliciranja sive litine s Skajo so dali izredno
dobre rezultate® in je Ze v praktiéni uporabi.

Skaja se lahko uporablja kot dodatek pri sintranju
zelezovih rud. V ¢asu obratovanja plavZev na Jesenicah
in Storah se je vsa koli€ina $kaje uporabljala kot dodatek
v mesanico za sintranje. To je zelo koristna surovina, saj

waste is better than with the ore addition. Distribution
coefficient of phosphorous (P % in slag/% P in metal
ratio) at the addition of lime, mill scale and iron ore was
4.83. 19.54 and 11.42, respectively. Iron oxides in scale
promotes dissolving of CaQ in slag. Consequently,
active and fluid slag with a high content of FeO is
obtained Dephosphorization proceeds during the meit-
ing already. The highest recovery of iron was observed
in heats made by the addition of mill scale since a lower
amount of iron from the charge was oxidized into slag.
The addition of mill scale to EAF charge is reqularly
practicised for dephosphorization in ironworks Jesenice
and Store except for the production of stainiess steel
when the added scale would cause a higher chromium
loss. The mill scale in the amount of 2—3 % of metal
charge is added in the second basket when charging
EAF.

The mill waste has been very successfully used for
desiliconizing of gray cast iron. Appropriate siag must
be used to obtain meit with a low silicon content. Oxy-
gen is required to oxidize the silicon to SiO, which asso-
ciates with CaO and iron oxides in slag. Fe,0. and FeO
from scale serve as oxidizing means, therefore the scale
can be used instead of pure compounds of
CaO—FeQ.—CaF, slag system for desiliconizing. Since
very good results (4) were obtained in desiliconizing of
gray cast iron with mill scale it has been introduced into
practice.

Mill waste can be used as an addition in the sintering
of iron ores. Until the shutdown of biast furnaces in
Jesenice and Store ironworks all mill waste had been
regularly used as addition to sintering mixture. It was
very useful since it resulted in a higher strength and iron
content of sinter. Mill waste additions of 5—7 % to sin-
tering mixture have been used in ironworks which still
produce pig iron.

UTILIZATION OF TURNINGS

Turnings are produced by machining in mechanical
shops processing steel. Turnings are composed of
metallic particles of different size and shape. Chemical
composition of turnings depends on the kind of material
machined. Turnings can be recycled by adding to metal
charge in steelmaking furnaces however, certain diffi-
culties due to ailoy content, proper collecting and
volume weight have to be overcome. A low volume
weight is particuiarly characteristic for turnings obtained
from low carbon steel. The utilization of turnings
requires appropriate collecting and grouping according
to chemical composition. Turnings of low volume weight
can be grinded and pressed into briquettes for the
charge of electric arc furnace. Before pressing turnings
which often contain oil must be cleaned by the use of
detergent or by roasting at 560° C. Authors (5) hold that
cleansing from oil is not necessary because oil and fats
burn and produce additional thermal energy improving
the heat balance of EAF. An investigation showed that
addition of turnings containing oil to the charge of EAF
producing bearing steel resuited in 9.4 % reduction of
energy consumed per ton of crude steel. However, it
should be noted that oils and fats evaporate at higher
temperatures which can result in an explosive gaseous
mixture.

High grade turnings and similar waste can be
remeited in induction furnaces and foundries at times of
free capacity (6). The blocks produced in this way of
known and uniform composition are used in the produc-
tion of alloyed steel. Remelting of turnings in an induc-
tion furnace can exert favorable influence on electrical
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je povecevala trdnost in vsebnost Zeleza v sintru. V Zele-
zarnah, kjer $e proizvajajo grodelj, uporabljajo Skajo pri
izdelavi sintra, in sicer v koli¢inah med 5 in 7 %.

UPORABA OSTRUZKOV

Pri mehanski obdelavi jekla nastaja jekleni odpadek,
ki ga imenujemo ostruzki. Sestavljeni so iz kovinskih del-
cev razli¢ne oblike in velikosti, Kemicna analiza ostruz-
kov je razlitna, saj je odvisna od vrste matenala, ki se
obdeluje, Ostruzki predstavljajo povratni material, ki ga
lahko uporabimo kot dodatek vloZku pri proizvodnji
jekla, vendar se pojavljajo dolocene tezave, in sicer
glede stopnje legiranosti, pravilnega zdruzevanja in volu-
minoznosti, ki je zlasti izrazita pri ostruzkih, nastalih iz
mehkejsih vrst jekel. Da bi sploh lahko uporabili
ostruzke, jih je obvezno loéiti po posameznih vrstah ali
skupinah, odvisno od kemi¢ne sestave obdelanega
jekla. Voluminozne ostruzke lahko drobimo in nato bri-
ketiramo ter kot brikete zalagamo v EOP. Pred briketira-
njem drobnih ali predhodno zdrobljenih ostruZkov jih je
potrebno razmastiti, ¢e vsebujejo mascobo. Ta posto-
pek se lahko izvrsi z detergenti ali pa s sezigom pri pri-
blizno 560°C. Nekateri avtorji° trdijo, da ni potrebno raz-
mascevanje, ker olja in mas¢obe zgorevajo in pri tem
nastaja dolo¢ena koli¢ina toplote, kar zelo ugedno vpliva
na porabo energije. Rezultati raziskav so pokazali, da se
pri proizvodnji jekla za kroglicne lezaje iz vioZka, kjer so
bili dodajani ostruzki, ki so vsebovali mascobe, pridobi
okrog 9.4 % celotne potrebne energije za pridobivanje
ene tone jekla. Vendar je potrebno opozoriti, da se mas-
cobe in olja vplinijo ter pri dolocenih pogojih nastaja
eksplozivna zmes.

Mozno je pretaljevanje visokovrednih ostruzkov in
pomesanih odpadkov v indukcijskih peceh ali v livarnah,
ko so proste kapacitete®. |z taline se naredijo odlitki
znane kemic¢ne sestave, ki jih lahko dodajamo kot viozek
za proizvodnjo legiranih jekel. Pretaljevanje ostruzkov v
indukcijski peci lahko pozitivno vpliva na elektro prevod-
nost viozka v ¢asu taljenja in s tem na skupni cas izde-
lave taline. V casu zakladanja kosovnega kovinskega
vioZzka, kakor tudi v ¢asu talenja. je potrebno medpro-
store zapolniti z dodatkom ostruzkov. Ostruzke lahko
dodajamo tudi na povrSino taline, samo s pogojem, da je
v nivoju indukcijskega segrevanja.

V slovenskih Zelezarnah se ostruzki v glavnem upo-
rabljajo kot vioZzek v taliiniskih agregatih. Vendar je
potrebno pri predelovalcih legiranih jekel narediti razdeli-
tev ostruzkov po skupinah’ na osnovi kemiéne analize ze
na mestu nastanka in v skladis¢u.

UPORABA ODBRUSKOV

Obruski nastajajo pri brusenju jekla in je njihova
kemiéna sestava odvisna od vrste in kvalitete jekla.
V glavnem nastajajo tri frakcije odbruskov, in sicer prva,
ki pada v zaboj pod brusilnim strojem in je praktiéno
Cista kovinska substanca, ostali dve frakciji se zbirata v
multiciklonih odprasevalne naprave in vsebujeta fini
prah, odpadke brusilnih plos¢ in neznatne kolicine
korunda. Nekatere druge vrste odbruskov vsebujejo tudi
mascobe in emulzije. Prva frakcija odbruskov se Ze upo-
rablja kot vlozek za proizvodnjo jekla, vendar se morajo
lo¢iti po kemicni sestavi, kot pri Skaji in odstruzkih.
Ostali dve frakciji, ki vsebujeta ostanke brusilnih plos¢,
korund, olja in emulzije, predstavijata dolocene tezave
pri uporabi. Zato bi bilo potrebno izvréiti razmascenje in
potem magnetno separacijo. Tako ocis¢eni odbruski se
briketirajo ali peletirajo.

V slovenskih Zelezarnah nastane letno priblizno
10.000 ton in so se Ze zaceli uporabljati kot vlozek za

conductivity of charge during melting which results in a
reduction of time required for melt-down. When charg-
ing and during melting empty interspaces should be
filled by turnings. Turnings can also be added to the melt
surface if it is on the level of induction heating.
Turnings have been used in Slovenske Zelezarne
only as addition to the charge of melting furnaces. How-
ever, in steelworks which produce alloyed steel, turnings
should be properly grouped (7) on the basis of chemical
composition on the site of source as well as in storage.

UTILIZATION OF GRINDING WASTE

Chemical composition of grinding waste depends on
the sort and grade of grinded steel. There are three frac-
tions of grinding waste. The first is collected in the box
placed immediately under grinding wheel. It is practically
pure metal. Other two fractions are obtained in dedust-
ing cyclones and contain fine powder, fine particles of
worn-out grinding wheels and a slight amount of corund.
Grinding waste sometimes contains oil and emulsions.
The first fraction has already been used for the charge of
steelmaking furnaces. It must be grouped on the basis
of chemical composition similarly as mill waste and turn-
ings. The use of the latter two fractions causes difficult-
ies, They must be cleansed from oil and emulsion and
subjected to magnetic separation. Afterwards the mate-
rial can be pressed into briquettes or pelletized.

There are 10000 ton per year of grinding waste in
Slovenske Zelezarne. Its utilization as charge addition in
steelmaking furnaces has already started. The results
obtained are encouraging. therefore relevant investiga-
tion should be continued.

CONCLUSIONS

In Slovenske Zelezarne thousands of tons of iron
bearing waste are produced annually. This secondary
raw material can be successfully utilized as addition to
the charge for steelmaking furnaces. Basic condition for
its usage in melting furnaces is its proper classification
into several grade groups on the site of its source. The
reclamation of waste is important from economic as well
as from ecologic viewpoint.

Mill waste has been very successfully used instead
of iron ore for charge of electric arc furnace. It brings
Fe.O; and FeO which have very favorable influence on
dephosphorization of melt. The iron oxides promote dis-
solving of CaO in slag which results in the formation of
active and fluid slag. Mill waste has also been used for
desiliconizing of gray cast iron instead of synthetic mix-
tures of different oxides and as an addition to the sinter-
ing mixture in sintering of iron ores.

Turnings from machining have already been used for
the charge of various melting furnaces despite difficult-
ies arising from sorting and grouping on the site of
source and in storage.

There are three fractions of grinding waste produced
when grinding steel. Coarse fraction is purely metaliic
and has already been used in steelmaking. Two other
fractions composed of fine iron powder, corund and
powdered particles of worn-out grinding wheels have
not yet been utilized.

Grinding waste containing oll and emulsion are not
used either. However, investigation is being continued
to obtain pure metallic material which could be subse-
quently pelletized or pressed into usable briquettes.
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proizvodnjo jekla. Rezultati so zelo vzpodbudni, tako da
bo z raziskavami treba nadaljevati.

ZAKLJUCKI

V slovenskih Zelezarnah nastane letno priblizno
24000 ton $kaje, 7000 ton odstruzkov in 10000 ton
odbruskov, Osnovni pogoj. da se lahko uporabijo v talil-
nih agregatih, je ta, da jih je potrebno razdeliti Ze na
izviru nastanka po skupinah na osnovi posameznih in
podaobnih elementov. Njihova predelava je pomembna iz
dveh razlogov, in sicer ekonomskega in ekoloskega.

Skaja se zelo uspedno uporablja kot vioZek v elektro-
obloéni pe¢i namesto rude. Prinada s seboj Zelezove
okside Fe,0; in FeO, kar zelo ugodno vpliva na razfosfo-
renje taline. Zelezov oksid iz $kaje pomaga tudi razta-
pljanju CaO0 v zlindri, tako da se dobi tekoca aktivna Zlin-
dra. Uporablja se tudi za desiliciranje sive litine namesto
sintetiénih mesanic razliénih oksidov in kot dodatek v
mesanico za sintranje Zelezovih rud.

Ostruzki se ze uporabljajo kot vloZek v razlicnih talil-
nih agregatih, ¢eprav so tezave pri loCevanju na mestu
nastanka in v skladis¢u.

Pri bruenju jekel nastajajo tri frakcije odbruskov
Groba frakcija, ki je prakti¢no Cista kovina, se Ze upora-
blja pri proizvodniji jekla, toda ostali dve drobni frakciji, ki
sta sestavljeni iz finega Zelezovega prahu, korunda in
ostankov brusnih plosc, se ne uporabljata,

Nekateri odbruski vsebujejo tudi olja in emulzije in se
tudi ne uporabljajo, vendar se raziskave na tem podrogju
nadaljujejo. da bi se dobila ista kovinska substanca, ki
bi se potem briketirala ali peletirala.
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