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Pred dvajset in vec leti so bile v strokovni
literaturi razprave o oligoelementih prava moda.
Po objavah v zadnjih letih b1 sodili, da te proble-
matike skoraj ni ve¢, jeklarje pa le vsakodnevno
mucijo tezave izpolnjevanja omejitev, ki posta-
jajo iz dneva v dan tezje dosegljive. Pri odlo¢itvah
o dispozicijah izdelanih SarZ se vse pogosteje
sprasujemo, kaj vemo o =»8kodljivcihe v jekluy,
kdaj, kako in v kaksnih koli¢inah so tako imeno-
vani oligoelementi spioh Skodljivi? Kje so meje,
ki jih lahko Se dopusS¢amo? Vse kaZe, da so se
raziskovalci na tem podroc¢ju utrudili ali pa so ob
nereSenih problemih postali malodusni. Odgovo-
rov na postavljena vprasanja Se ni! Danasnji naéin
dela in tehnoloSke znadilnosti pa vse bolj neodloz-
ljivo terjajo jasne in nedvoumne odlocitve.

Oligoclementi baker, kositer, antimon in arzen
imajo manjso afiniteto do kisika, kot jo ima Zele-
zo, zato vec¢ji del vsebnosti teh elementov, ki pride-
io z vlozkom v jeklarsko pe¢, v jeklu tudi ostane.
Tezave z ulinkovitim prebiranjem starega Zeleza
povzrocajo, da vsebnost oligoelementov v jeklu
naraS¢a, posebno Se s kroZenjem staro Zelezo —
viozek.

V zvezi z omenjeno afiniteto do kisika selek-
tivna oksidacija povrSine izrine oligoelemente iz
Skaje in mocno povefa njihovo koncentracijo v
povrSinskem sloju jekla. Pri dolo¢enih pogojih
ogrevanja se ¢lementi Koncentrirajo po kristalnih
mejah avstenita. To povzrodi zmanjlanje trdnosti
zveze med kristalnimi zrni avstenita in nastanek
medkristalnih razpok v zafetku valjanja. To po-
kvari povr§ino valjanca in vodi k izme¢ku.

Slika 1 kaZe primer take obogatitve mej avste-
nitnih zrn, kjer prihaja celo do staljenih evtekti-
kov. Meritve na elektronskem mikroanalizatorju
So v tem primeru raziskave, izvriene na Metalur-
Skem inStitutu v Ljubljani", pokazale vzdolZ kri-
stalnih mej nad 90 % bakra, do 2 % niklja, do
1,25 % arzena, do 0,55 % antimona in do 3,8 %
kositra. V drugih primerih' je Vodopivec ugotovil
sestave 60 % Cu, 30% Sn in 459% Cu, 28 % Sn,
20 % Sb. Nastala tekoc¢a faza ima po njegovih me-
ritvah taliS¢e pod 700°C in po literaturnih podat-
kih veliko omocljivost. Zato se vrine v notranjost
jekla po avstenitnih mejah, oslabi njihovo kohe-

* SZ Zelezarna Ravne

Content of residuals in special
steel grades and some
observations of properties
influenced by them

INTRODUCTION

Some twenty years ago discussions on residu-
als seemed to be very fashionable in technical
references. In the last few years this topic has
almost disappeared but steel manufacturers still
have their every day difficulties in fulfilling the
limitations which are becoming less attainable
from day to day. When deciding on dispositions of
manufactured melts we tend to ask ourselves
what we really know about the »injurers« in steel,
when, how and in what quantities the so called
residuals are unfavourable at all? How are the
allowable boundaries to be defined? The investi-
gators seem to have got tired or lowspirited by
all the unsolved problems. There have simply been
no satisfactory answers to the questions connec-
ted with residuals so far. But present production
practice and technological characteristics are such
that unambiguous decisions can be admitted no
delay.

The residuals copper, tin, antimony and arsen
hove a lower affinity to oxygen than iron. The-

Slika 1

Obogatitev oligoelementov po mejah avstenitnih zrn zara-
di selektivne oksidacije (F. Vodopivec)

Fig. 1

Enrichment of austenitic grain boundaries with trace
elements due to selective oxidation (F. Vodopivec)
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zijo in povzrofa raztrganine pri preoblikovanju.
V ze omenjenem delu sta Rekar in Brifah ugoto-
vila, da naras¢anje vsebnosti bakra, arzena in an-
timona povecuje gostoto in velikost povrsinskih
razpok pri vrofem upogibu. Intenziteta trganja po-
vréine pa se Se pove¢a pri binarnih ali ternarnih
kombinacijah, pri éemer je vpliv antimona mnogo
veéji od vpliva arzena. Maksimum pokljivosti je
pri 1100°C.

Razumljivo je, da ima povrdinski sloj, ki ima
druga¢no sestavo kot jeklo, tudi drugatne preob-
likovalne lastnosti, Na tem podro¢ju so bile izvr-
$ene zelo Stevilne raziskave, ki so pokazale, da se
pri oblikovanju obogatene plasti razli¢ni elementi
razli¢no obnaSajo. Sistemati¢ne preiskave so po-
kazale, da pri selektivni oksidaciji arzen, antimon
in kositer oblikujejo zvezni obogateni sloj z ena-
komerno debelino, ¢e so v jeklu sami ali v kombi-
naciji. V primeru, da vsebuje jeklo tudi baker,
pride do prerazdelitve elementov in spremembe
oblike obogatenega sloja. Arzen se ohrani v ena-
komernem sloju, nad njim pa se v fazi, ki je bo-
gata z bakrom, zbereta skoraj ves antimon in
kositer.

BAKER

Baker je lahko v jeklu namerno dodan legirni
element za izboljSanje odpornosti proti koroziji v
naravnih atmosferah ali za doseganje nekaterih
magnetnih in drugih fizikalnih lastnosti jekel. To
podrodje prisotnosti bakra v jeklu ni predmet te
obravnave, ki je namenjena spoznavanju vplivov
nenamerno prisotnega bakra — oligoelementa v
jeklu.

Koli¢ina bakra v jeklu med 0,20 in 030 % je
pri danadnji tehnologiji izdelave jekla Ze povsem
normalna. Manj bakra v jeklu dosegamo le s
skrbno izbiro vlozka in s posebnimi tehnoloSkimi
postopki v proizvodnji. Posamezne taline z nad
0,50 % bakra niso nobena redkost. Prav ta dejstva
postavljajo vpraSanje bakra v ospredje tako pri
reSevanju vsakodnevne proizvodne problematike,
kot tudi pri Stevilnih raziskovalnih temah.

Ze dolgo je poznan vpliv bakra na predelav-
nost jekla in nastanek povrSinskih napak. Pozna-
na je lomljivost v rdefem zaradi bakra, povrSinske
raztrganine in posebne oblike krokodilove koze.

Baker vpliva tudi na mehanske in nekatere
druge pomembne lastnosti jekla, ki so odloilnega
pomena za uporabo.

Znano je tudi, da je vpliv bakra in drugih pri-
sotnih oligoelementov ve¢ kot le aditiven.

Povsem maravna je Zelja jeklarjev in uporab-
nikov jekla, da bi mogli dolociti najve¢jo dopustno
koli¢ino bakra v splosnem, ali za dolo¢ene poseb-
ne primere. To je zelo kompleksno vprasanje in
prav gotovo bo Zelja po jasnem odgovoru, brez
Stevilnih omejitev veljavnosti, $¢ dolgo ostala neiz-
polnjena.
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refore the most part of their contents arriving into
the furnace by batch, remain in steel. Troubles
with efficient scrap iron sorting cause increase of
residuals content in steel, especially because of
scrap iron — batch circulation.

In connection with the already mentioned rela-
tion of the oxygen affinity the selective surface
oxydation displaces the residuals from the scale
and strongly increases their concentration under
the surface layer of the steel. At definite heating
conditions the elements are concentrated on auste-
nite grain boundaries. The connection between
crystal grains is therefore weakened and in initial
rolling the intercrystalline cracks appear. This
spoils the rolled product surface and causes
troubles.

Figure 1 shows an example of such enrichment
on austenite grain boundaries where even molten
eutectic appear. Measurements on electron micro-
analyser, carried out in the Institute of Metallurgy
in Ljubljana" showed over 90 % Cu, to 2 % Ni, to
1.25% As, to 0.55% Sb and to 3.8 % Sn along
crystal boundaries. In other cases' Vodopivec
found compositions of 60 % Cu — 30 % Sn and
45 9% Cu — 28 % Sn — 20 % Sb. According to his
measurements the melting point of the molten
phase is below 700°C and according to reference
it shows considerably great wettability. Therefore
it interpolates along the crystal boundaries of
austenite, weakens their cohesion and causes
tearings during deformation. In the paper, already
referred to, Rekar and Brifah found out that
increase in copper, antimony and arsen contents
increases the density and size of surface cracks
in hot bending. In binary and ternary combinati-
ons the surface cracking is even more intense,
whereby the influence of antimony is far stronger
than that of arsen. The maximum crackability is
found at 1100°C,

It is clear that the surface layer having diffe-
rent composition than steel also shows different
deformation properties. Numerous investigations
carried out in this field showed that in forming
the enriched layer different eclements behave
differently. Sistematic research showed that in
selective oxidation the residuals arsen, antimony
and tin form a continuous enriched layer with
regular thickness when they appear in steel sepa-
rately or in combination. In case that steel also
contains copper, the elements are redistributed
and the form of the enriched layer is changed.
Arsen is saved in a regular layer, practically all
antimony and tin gather in a phase over this layer
which is rich with copper.

COPPER

Copper is an alloying element which can be
deliberately added to improve resistance to corro-
sion in natural atmospheres or to obtain some
magnetic and other physical properties of steel.



Po binarnem Fe-Cu sistemu® je topnost bakra
v gama zelezu pri 850°C 4 % in pri 1094 °C 8 %,
Torej bo baker kot oligoclement vedno v trdni
raztopini, ¢etudi prisotnost nekaterih drugih ele-
mentov zelo zmanjsa njegovo topnost.

Najvecja topnost bakra v feritu je pri 850°C in
znasa 14 %, a se ze okrog 700° zmanij$a na ca.
04 %, pri sobni temperaturi pa v glavnem ne pre-
sega 0,2 %. Kveder® potrjuje ugotovitve drugih
raziskovalcev, da se nekatere lastnosti jekel za¢no
bistveno spreminjati prav pri vsebnosti 04 % Cu,
in s tem opozarja na zvezo med vplivom na last.
nosti in topnostjo v feritu,

Vpliv bakra na pokljivost povrsine je dobro
raziskan in v tem pogledu so si mnenja dokaj
enotna, tako da so nekako definirane maksimalne
dopustne koli¢ine bakra v jeklu, posebno v pove-
zavi s kositrom. Na drugi strani pa so mnenja o
vplivu bakra na lastnosti jekel tako heterogena,
da skoraj ni mogode dati kakih zaklju¢kov dose-
danjih raziskav. Ob Stevilnih publikacijah in zelo
revnih ugotovitvah se vsiljujejo pomisleki o po-
manjkljivi usmerjenosti in sistematiénosti doslej
opravljenih raziskav, ki so vsekakor zelo razdrob-
ljene ma parcialne probleme, iz katerih zaradi
spremljajoCih vplivov ni mogode graditi kompleks-
nih zaklju¢kov.

Kveder® povzema iz literature nekoliko podrob-
neje naslednje pomembnej$e ugotovitve:

— Silvert! trdi, da se za¢ne izraZati neugoden
vpliv bakra na kakovost povrSine jekla pri vrodi
predelavi Ze pri 0,2 % Cu, posebno ob prisotnosti
0,010 do 0,015% Sn. Za predelavo jekla v litem
stanju, kar je seveda najpomembnejse glede na
poznane probleme zaletka vrofe predelave, po-
stavlja Pejcoch®? to vsebnost bakra in kositra kot
najve¢jo dovoljeno, Povedanje kositra na 0,02 ze
pri 0,15% bakra hudo poslabfa predelovalnost
jekla,

— Na osnovi preizkusanja klinastih valjarni-
8kih vzorcev dovoljuje Pejéoch®? pri navadnih
konstrukcijskih jeklih najvedjo koli¢ino bakra
0,45 %. Ze ob prisotnosti 0,02 % Sn se kritina de-
formacija mo¢no zmanjsa, zato je v tem primeru
tudi dovoljena vsebnost bakra znatno manijsa.

— V zvezi s prisotnostjo bakra je najbolj kri-
titno temperaturno podroé¢je 1150—1200°C.

— Zaradi ve¢ kot aditivnih vplivov kombina-

cije Cu in Sn je iz literature poznana omejitev po
Melfordub. 3

Cu + 8Sn = 04 s tem, da je razmerje Cu/Sn > 4

Kasneje je Melford ta empirijski izraz raziril
s tem, da je enako uposteval vpliv kositra in anti-
mona, obenem pa je uvedel nov faktor E — indeks
obogatitve. Temu faktorju je Vodopivec oporekal
veljavnost’; ugotovil je namreé, da se zbira talina
iz bakra, kositra in antimona v drobnih kapljicah
med $kajo in jeklom ter ustvarja velike lokalne
obogatitve, ki dosegajo 100 in ve¢ od povpreéne
sestave.
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The range of copper presence in steel is no topic
of this paper which is meant to recognize the in-
fluence of undeliberately present copper as a
residual.

Copper content between 0.20 and 030 % is
quite normal in classic technology of steel ma-
nufacturing. A lower copper content in steel can
only be achieved by careful batch sampling and by
special technological production cycles. Individual
heats containing over 0.50 % Cu are not extra-
ordinary anymore. These facts have pushed the
problem of Cu content in the foreground in solving
the everyday production problems as well as in
numerous investigations.

The copper influence on deformability of steel
and surface defects has been known for a long
time. Brittleness in red caused by copper, surface
tearings and special forms of crocodile skin are
also known.

Copper also influences mechanical and other
important steel properties what is of decisive
significance for steel application.

It is also known that the influence of copper
and other residuals is more than merely additive.

The wish of steel manufacturers and users who
would like to be able to define the highest allowa-
ble copper content in general or for some special
cases, is quite natural. This wish of a clear answer
without numerous validity limitations represents
a complex problem and it cannot be expected to
be fulfilled in near future.

In binary Fe-Cu system® the solubility of Cu in
gama iron at 850°C amounts to 4 %, at 1094°C
it amounts to 8 %. Therefore copper as a resi-
dual will always be found in solid solution
although its solubility is considerably lowered by
presence of some other elements.

The highest solubility of copper in ferrite is at
850°C amounting to 1.4 %. At 700°C it decreases
to approximately 0.4 %, and at ambient tempera-
tures it doesn’t exceed 0.2 % on the whole. Kve-
der® confirms the investigations of some other
authors that some steel properties begin to change
expressively right at the copper content of 0.4 %
and calls our attention to the connection between
the influence on properties and solubility in fer-
rite,

The copper influence on surface cracking has
been accurately investigated. The opinions are
quite uniform so that it is possible to define the
maximum allowable copper contents in steel,
especially when connected with tin. The findings
about copper influence on steel properties on the
other hand are so heterogeneous that it is impos-
sible to draw some general conclusions from the
results of the previous research work. Although
numerous papers on this topic have been publi-
shed, the findings have been rather unsatisfactory,
thus causing doubts about orientation and syste-
matics of the previous research work being cut
into partial problems allowing no complex conclu-
sions to be drawn.
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Slika 2

Obmoéje dobre in slabe sposobnosti za vroco predelavo po
podatkih iz literature in lastnih ugotovitvah glede na
razmerje vsebnosti Cu: Sn (J. Rodi¢)

Fig. 2
Good/poor warm workability ranges according to Cu: Sn
relations (J. Rodi¢)

— Pursian in Zeise® ¢ sta ugotovila pojavlja-
nje povrsinske pokljivosti pri kovanju, ¢e je bilo
v jeklu ve¢ kot 0,3 % Cu, Se posebno ob prisotno-
sti ve¢ kot 0,025 % Sn (slika 2). Baker v koli¢inah
do 0,3 % po mnogih ugotovitvah v literaturi ne
vpliva na lastnosti,

Vir 1 navaja Stephensonovo ugotovitev, da se
Melfordovi rezultati dobro ujemajo z ameriskimi
izkusnjami. Gotovo je, da je veljava Melfordovega
kriterija odvisna ne samo od koli¢ine oligoelemen-
tov, temve¢ tudi od specifiénosti pogojev livne in
predelovalne tehnologije za jeklene bloke, pa tudi
od proizvodnega programa. Zato smo se odlo¢ili,
da preverimo, kako je uporaben v razmerah Zele-
zarne Ravne.

Upostevajoé razpoloZljive literaturne vire in
lastne ugotovitve statisti¢nih obdelav 10-letne do-
kumentacije, bi bila s poenostavitvijo medseboj-
nega vpliva na linearno regresijo najprimernejsa
omejitev

Cu% 4 13Sn% =< 045

Stephenson navaja, da v jeklu z 0,15 % C pove-
¢anje kositra od 0,002 do 0,056 % zmanjs$a defor-
macijsko sposobnost pri vrodi torziji na polovico.
Podobno velja za jekla z 045 do 1 % C, vendar je
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Referring to various reference sources Kveder®
resumes the following important findings:

— Silver®! maintains that the unfavourable
influence of copper on steel surface quality in hot
deformation begins already at 0.2 % Cu, especially
if 0.010 to 0.015 % Sn is present. Pejcoch®? belie-
ves that these Cu and Sn contents are the highest
allowable in steel forming after casting. Accord-
ing to the known problems that could be met with
in the initial state of hot deformation the steel
deformability after casting is most important. The
increase of Sn content to 0.02 % badly influences
deformability already at 0.15 % Cu.

— On the basis of wedge form rolling mill
sample testing Pej¢och® ? declares that the highest
allowable copper content in normal structural
steel grades is at 0.45 %. If 0.02 % Sn is present,
the critical deformation is strongly weakened, so
the allowable copper content in this case must
also be considerably lower.

— The most critical temperature range con-
nected with copper presence lies between 1150 and
1200°C.

— As a result of more than merily additive in-
fluence of Cu and Sn combination, Melford's
limitation®3 is known:

Cu+8Sn=04
with Cu/Sn > 4

Melford completed later his empirical limita-
tion considering an equal influence of antimony
and tin and introducing a new factor, E — the in-
dex of enrichment. Vodopivec exprimed doubts
about the real significance of this index noting
that the melt rich in copper, tin and antimony
gathered in droplets at the scale steel interface.
High local enrichments are formed and the con-
tent of residuals could reach values as high as a
few hundred times more than the average content
in steel.

— Pursian and Zeisse® 4 found surface britt-
leness during forging of steel grades containing
more than 0.3 % Cu, especially when more than
0.025 % Sn was present (Fig, 2). According to the
references copper content of up to 0.3 % has no
influence on steel properties.

Stephenson, quoted in ref. (1), states that Mel-
ford observations agree with the general experi-
ence in USA. It is clear that the validity of the
Melford criterium depends not only on the con-
tent of residuals in steel, but also from his compo-
sition as well as from the casting and hot working
of steel blocks. It has been decided therefore to
check how the Melford limitation could be applied
in the Ravne Steelworks.

Considering the available reference as well as
our own statistical data processing over a period
of 10 years, and simplifying the reciprocal influen-
ce on linear regression, the most appropriate
limitation would be:

Cu% + 13Sn% =< 0,45
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preoblikovalna sposobnost jekel zadostna za nor-
malno valjanje tudi Se pri 0,30 % Sn. Ta vsebnost
pa je dale¢ nad ugotovljeno vsebnostjo kositra v
nasih jeklih,

ARZEN, ANTIMON IN KOSITER

Arzen, antimon in kositer so moéno topni v
feritu in manj v avstenitu. KaZejo mo¢no nagnje-
nost k dendritskemu strjevanju in pospesujejo se-
kundarno trakavost jekla.

Antimon poveCuje nagnjenost k popustni krh-
kosti, torej tudi k staranju, zato ker zmanjsuje
topnost ogljika v feritu. Podoben vpliv na lastno-
sti jekla ima kositer. Gabroviek je ugotovil, da
kositer poveda nagnjenost jekla k staranju in da
dodatek aluminija njegov $kodljiv u€¢inek odpravi.

Iz raziskav na Metalur§kem inStitutu v Ljub-
ljani' je mogoce sklepati, da kositer nima neugod-
nega ucinka na plasti¢nost jekla pri pocasni de-
formaciji, nasprotno pa moéno zniza zilavost, tako
v staranem kot v nestaranem stanju. V zelo Siroko
zastavljenem delu sta Rekar in Brifar opredelila
uc¢inek bakra, antimona in arzena v razli¢nih kom-
binacijah na mehanske in tehnoloSke lastnosti
jekla. V grobem lahko iz tega dela povzemamo
naslednje ugotovitve:

— Obravnavani oligoelementi ne vplivajo na
raztrzno trdnost in razteznost v normaliziranem
stanju;

— baker znizuje prehodno temperaturo Zilavi
— krhki lom;

— arzen je brez u¢inka na prehodno tempera-
turo zilavi — krhki lom;

— antimon to prehodno temperaturo izrazito
povisa.

Za legirana jekla ni na voljo podatkov, na osno-
vi katerih bi mogli opredeliti uc¢inek kositra. Do-
mnevamo, da povecuje kaljivost in zniza Zzilavost
jekla ter povisa prehodno temperaturo, vendar ni
enotnosti o tem, kolik3en je njegov ucinek. Kaze,
da prisotnost molibdena v jeklu odpravi $kodljivi
u¢inek kositra na Zilavost, vendar ti rezultati niso
bili potrjeni.

Moremo torej sklepati, da baker in arzen v
mnozinah, ki jih sedaj najdemo v nasih jeklih,
nimata zaznavnega ucinka na stati¢ne in dinamié-
ne lastnosti malooglji¢nih jekel. Povisanje koli¢ine
antimona in kositra bi lahko kmalu imelo za po-
sledico zniZzanje zarezne Zilavosti jekel. Problema-
ti¢na je opredelitev koli¢ine, do katere sta ta dva
elementa neskodljiva. V dosedanjih raziskavah so
bile ¢esto razlike med posameznimi Sarzami zaradi
drugih vzrokov tolikne, da so presegle uéinek
dodanih oligoelementov.

BIZMUT

je razmeroma malo raziskan. V jeklih je njegova
vsebnost reda velikosti desettisoCink odstotka.
Povzro¢a krhkost in moc¢no poslabSa plasti¢nost
v vrotem?.

According to Stephenson, an increase of Sn
content from 0.002 to 0.056 % in a steel grade with
0.15 % C lessens the deformability at hot torsion
to half the value, In steel grade containing 0.45 %
to 1% C the situation is the same though defor-
mability of steels for normal rolling is satisfactory
even at 0.30 % Sn. This Sn content highly exceeds
Sn content in our steel grades.

ARSEN, ANTIMONY AND TIN

Arsen, antimony and tin are highly soluble in
ferrite and less soluble in austenite. They strongly
incline to dendrite solidification and enhance the
secondary banded structure.

Antimony increases the inclination to temper
brittleness and consequently also to ageing
decreasing the carbon solubility in ferrite. Tin has
similar influence on steel properties. Gabroviek
found out that tin increases the inclination
to ageing and that its unfavourable effect can be
minimized by aluminium addition.

From the research work carried out in the
Institute of Metallurgy in Ljubljana' the conclu-
sion can be drawn that tin doesn’t show unfavour-
able influence on the plasticity of steel in slow
deformation but on the other hand it strongly
reduces toughness in aged as well as in not aged
condition. In a very broadly stated research, Re-
kar and Brifah have defined the influence of
copper, antimony and arsen in different combi-
nations on mechanical and technological proper-
ties of steel. The following findings can be drawn
from their research:

— The discussed residuals have no influence
on tensile strength and alongation of the steel in
normalized condition.

— Copper decreases the transition tempera-
ture.

— Arsen has no influence on transition tempe-
rature.

— Antimony considerably increases the tran-
sition temperature.

There are no data for alloyed steels on the
basis of which tin influence could be defined. It
is supposed to increase hardenability and to
decrease toughness as well as to lincrease the
transition temperature. But there are no uniform
opinions as to how expressive its effect is. The
molibdenum presence in steel seems to minimize
the unfavourable tin influence on toughness but
these results haven’t been confirmed yet.

Therefore it can be concluded that the copper
and arsen contents which are presently found in
our steel grades, can have no perceiving influence
on static and dynamic properties of low carbon
steels. Increased antimony and tin contents could
quickly result in a lower notch toughness, Deter-
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SVINEC

povzrota med kovanjem in valjanjem razpoke ob
robu ingotov. Izlota se vzdolZz primarnih zrn in
med dendritnimi kristali’,

MOLIBDEN IN VOLFRAM

povecujeta kaljivost, zmanjsata raztezek in poslab-
Sata preoblikovalno sposobnost v vrofem, pred-
vsem pri avstenitnih jeklih zaradi tvorbe ferita.

KOBALT

ima majhen vpliv. Njegova prisotnost je nedo-
pustna samo v nerjavnih jeklih za jedrsko tehni-
ko, zato se tam najveCkrat zahteva omejitev
maks. 0,01 % Co.

NIOB

kot oligoelement moéno poviSuje mejo plastic-
nosti.

CINK

v jeklarskem procesu izpari, ker ima visok parni
tlak.

VSEBNOST BAKRA V ELEKTRO JEKLU

Podatki o povpreéni vsebnosti bakra v elektro
jeklu Slovenskih Zelezarn dokaj dobro sovpadajo,
¢e uposStevamo strukturo asortimentov v proiz-
vodnih programih.

Skupine jekel @ :l'pm ronstrukcysko. Unalloyed
? Groups of Legirana zo cemenfacio. Alloyed case
Cu%| steel grade hardening
(@ Legirona konstrukcijska. Alioyed
0.6p—1— ’ structural
B fzbron vioZek. Selecled scrop
E ¥ 2 Poseben vioZex. Special scrap
a 8 Ogliikova orodna jekio. Carbon
05 ——-L- tool steels
- @ Orodna jekia za hiadno delo. Cold
N work tool steels
i @ Orodna jeklo za vrode delo. Hot
04 work tool steels
2 @2 'S/;Mn Jeklena liting, 12 % Mn stee!
L castings
- A @ Nerjovna/ognjeadporna. Stainless/
03 heat resisting )
A A
.Q’ B
ONONONONONONG) ®
Skupina jekla
Groups of steel grade
Slika 3
Statisti¢na analiza vsebnosti bakra v razli¢nih vrstah jekel
(J. Rodi&)
Fig. 3
Statistical analyses of copper content in diverse steel
grades (J. Rodid)
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mination of the contents up to which these two
elements have no unfavourable influence, is very
problematic. In the previous research the differen-
ces between individual melts were often so great
that they exceeded the influence of the added
residuals.

BIZMUT

hasn’t been accurately researched yet. Its content
of order of magnitude in steel is ten thousandth
percent, It causes brittleness and strongly reduces
plasticity in hot

LEAD

causes cracks on ingot edges during forging and
rolling. It is precipitated along primary grains and
among dendrites’.

MOLIBDENUM AND TUNGSTEN

increase hardenability, reduce elongation and hot
deformability especially in austenitic steels beca-
use ferrite is formed.

COBALT

possesses minimal influence. Its presence is unal-
lowable only in stainless steels for nuclear techni-
que, the demanded limitation there is max. 0.01 %
Co.

NIOB
as residual strongly increases the yield point.

ZINC

having a high vapour pressure evaporates in steel
manufacturing process.

COPPER CONTENT IN ELECTRIC STEEL

Considering the various assortiments of pro-
duction programs in Slovene iron works, the data
of average copper content in electric steel are
quite uniform.

Figure 3 represents a resume of copper content
from the Ravne Steelworks documentation? 45
in characteristic steel groups for a period of ten
years. The general average is about 0.2 % Cu, only
in high alloyed steels and by special batch sampl-
ing an average content of less than 0.18 % Cu could
be expected. Copper content of less than 0.25 %
cannot be guaranteed in the present production
conditions. In the group No. 5 the copper content
in structural steels manufactured from a specially
purchased batch — scrap iron with a guaranteed
low copper content, is shown.

Because of the technological characteristics
and batch circulation an increase of copper con-
tent in steel must be expected. This general ten-
dency is shown by two examples in Figures 4 and
5 in the form of statistical control charts x-R for
individual months over a period of three successive
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Statisticna kontrolna karta za vsebnost bakra v jeklih z
nizko vsebnostjo ogljika (J. Rodié)
Fig. 4
Statistical control chart for copper content in low carbon
steel grades (J. Rodig)

Slika 3 prikazuje povzetek vsebnosti bakra v
jeklu iz dokumentacije Zelezarne Ravne® %5 za
desetletno obdobje po znacdilnih skupinah jekel.
Splodno povpredje je okrog 0,2 % Cu, le pri visoko
legiranih jeklih in ob posebni izbiri vlozka lahko
pricakujemo povpre¢no vsebnost pod 0,18 % Cu.
Vsebnost bakra pod 0,25 % v danih pogojih proiz-
vodnje ni mogoce ve¢ zagotoviti. Pri skupini §t. 5
je prikazana vsebnost bakra v konstrukcijskih je-
klih, izdelanih iz posebej nabavljenega vlozka —
starega Zeleza z zagotovljeno nizko vsebnostjo
bakra.

Ob tehnoloskih znadilnostih je zaradi kroZenja
vlozka treba pricakovati naraséanje vsebnosti ba-
kra v jeklu. Ta sploSna tendenca je za obdobja
treh zaporednih let prikazana z dvema primero-
ma na slikah 4 in 5 v obliki statisti¢nih kontrolnih
x-R kart po mesecih. O¢itno je veliko nihanje vseb-
nosti bakra, kar je ob znanih problemih nabave
vlozka iz razliénih izvorov povsem razumljivo.
Nujno potrebno bo skrbeti za pomlajevanje vioZ-
ka, pri ¢emer bo pomembna tudi uporaba Zelezo-
ve gobe.

VSEBNOSTI DRUGIH OLIGOELEMENTOV

Vsebnosti kositra precej nihajo, kar pripisuje-
mo vplivu izvora starega Zeleza za vlozek (slika 6).

Srednje vrednosti’ nihajo od 0,011 do 0,027 %
Sn, najve¢je vsebnosti pa od 0,020 do 0,045 % Sn.

To so ugotovitve statistiCne analize 8787 3arz
za devetletno obdobje® 7s 95 % statistitno zanes-
ljivostjo.
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Slika 5
Statisti¢na kontrolna karta za vsebnost bakra v orodnem
jeklu za delo v vrofem (J. Rodid)

Fig. 5
Statistical control chart for copper content in hot work
die steel grade (J. Rodig)
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vears. A great copper content oscillation is
obvious which is quite understandable considering
the known problems connected with purchasing
from different sources. Greater care will have to
be payed to batch tappering with a special respect

to iron sponge.

CONTENTS OF OTHER RESIDUALS

Tin content oscillate a great deal due to the
influence the origin of scrap iron has on the batch
(Fig. 6).

Medium value oscillate’ from 0.011 to 0.027 %
Sn, and the highest content from 0.020 to 0.045 %
Sn.

These findings were obtained by a statistic
analysis of 8787 metls carried out in a period of
two vears* 7 with a statistical probability of 95 %.

In guaranteed pure scrap iron separately pur-
chased for batch, the average Sn content of
0.006 % was found.

Arsen contents are in all steel groups practi-
cally the same, the scattering is considerably low.
It was observed in 8774 melts in the 0.024 to
0.032 % As range for a period of nine years® 7. No
considerably lower As contents were observed in
guaranteed pure scrap iron, separately purchased
for a batch.

There are only few data available for antimony
content. These contents vary in the range of 0.003
to 0.012 % with almost no regard to steel grades —
from unalloyed to stainless and tool steels.
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Pri posebej nabavljenem zagotovljeno ¢istem
starem zelezu za vioZek smo ugotovili povpreéno
vsebnost 0,006 % Sn.

Vsebnosti arzena so pri vseh skupinah jekel
zelo enake in trosenje je razmeroma majhno, za
8774 sarz v obmociju 0,024 do 0,032 % As za devet-
letno obdobje* 7. Tudi pri posebej nabavljenem
zagotovljeno Cistem starem Zelezu za vloZek ni-
smo ugotovili bistveno nizje vsebnosti arzena.

Za vsebnost antimona v jeklu imamo razme-
roma malo podatkov. Skoraj ne glede na vrsto
jekla, od nelegiranih do nerjavnih in orodnih, so
vsebnosti v obmocju 0,003 do 0,012 % Sb.

Do neke mere problematicna postaja Ze vseb-
nost niklja kot oligoelementa. V nelegiranih kon-
strukcijskih jeklih smo ugotovili v dveh letih pri
3388 3arzah povprecno vsebnost 0,06 % Ni, pri
malo legiranih konstrukcijskih jeklih pri 1625
Sarzah povpreéno vsebnost 0,10 % Ni, pri orodnih
jeklih za hladno delo povpre¢no 0,15 % Ni in pri
orodnih jeklih za vroce delo 0,18 % Ni. Le pri
ogljikovih orodnih jeklih s skrbno izbiro vlozka
in kontrolo dispozicij po prvi analizi Se drzi-
mo povpre¢no vsebnost niklja pod 0,05 %.

(1) Nelegirana za poboljSanje. Unalloyed
structural
Legirana za cementacijo. Alloyed case
hardening
Q) Legirana za poboljsanje. Alloyed
&d structural
g ;sg A,B Razli&na Easovna obdobja
’ [ Different time periods
0040 i
%
%
0,030
7 7
7% 27
% 2%
%% 4
0,020 NN | 77 -
%
77
% 0
0010 ; o
7 v
%Y g
% 7
== o AoF 8
Slika 6
Statisti¢na analiza vsebnosti kositra v razliénih vrstah
jekla
Fig. 6

Statistical analyses of tin content in diverse steel grades
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There are some problems represented by Ni
contents, In unalloyed structural steels an average
Ni content of 0.06 % was observed in 3388 melts
in two years while in low alloyed structural steels
the average Ni content in 1625 melts was 0.10 %. In
tool steels for cold and hot work the average Ni
content was 0,15 % and 0.18 %, respectively.

Only in carbon tool steels with very careful batch
sampling and disposition control an average Ni
content of less than 0.05 % after the first testing
can be obtained.

Similar situation was found for Cr content
being a steel polluting element. In unalloyed
structural steels an average Cr content of even
about 0.15 % was found with the extreme contents
approaching 0.30 % Cr thus causing a lot of diffi-
culties already after the first testing. The Cr con-
tent is essentially lower only in the carbon tool
steels but in the regular production practice it is
almost impossible to expect a deliberately manu-
factured melt with a satisfactory guaranteed
shallow hardenability of the extra-special quality
gradation. A melt with such characteristics ought
to be specially sampled in the present situation.

INVESTIGATIONS

In the »Slovenske Zelezarne« a coordinated
program for the residuals influence investigation
was accepted in the year 1975. The coordination
of the research work was entrusted to the Insti-
tute of the Metallurgy in Ljubljana with the fol-
lowing goals:

— to define the highest concentrations of
residuals in individual steel grades when steel can
still be hot worked without faults having at the
same time all the prescibed properties,

— to define the interval of the highest influ-
ence of residuals on hot deformability and to
find out whether the unfavourable influence could
be minimized by means of simple technological
steps.

On the whole we restricted ourselves to the
research of copper and tin influence, these two
elements being most frequent in steel and having
the most unfavourable effect on deformability
because of enrichment under the scale.

Copper increases the tensile strength and yield
point and decreases the elongation.

With higher copper content the precipitation
hardening is considerably effective, the hardness
increases.

In investigating the hot work die steel UTOP
Mol (W. Nr. 2343) with an increased copper
content of 0.45 % no special unfavourable influ-
ences on properties tested in the quality control
and considered essential for the quality determi-
nation of this steel could be found.



Podobno je ugotovljeno stanje pri vsebnosti
kroma kot onesnaZevalca jekla. Pri nelegiranih
konstrukcijskih jeklih je povpre¢na vsebnost kar
okrog 0,15 % Cr, ekstremne vsebnosti pa se pribli-
Zujejo celo 0,30 % Cr, kar povzroa Ze po prvi
jeklarski analizi nemalo teZav. Tudi vsebnost
kroma je le pri ogljikovih orodnih jeklih ob&utno
nizja, vendar je v redni proizvodnji Ze skoraj ne-
mogode pri¢akovati namensko izdelano $arZo z za-
dovoljivo plitko kaljivostjo kakovostne gradacije
exstra — special. Sarzo s takimi specialnimi ka-
rakteristikami je treba v danaSnji situaciji pose-
bej izbirati.

RAZISKAVE

Slovenske zelezarne so v letih 1975.76 sprejele
usklajen program raziskav za spoznavanje vplivov
oligoelementov. Metalur$kemu institutu so pove-
rile povezovanje vseh raziskovalnih nalog z na-
slednjimi cilji:

— opredelitvi najve¢je koncentracije oligoele-
mentov za posamicne vrste jekel, da se jeklo Se
predeluje v vroem brez napak in ima pri tem
predpisane lastnosti;

— opredeliti za tipi¢ne vrste jekel interval naj-
mocnejSega vpliva oligoelementov na preobliko-
valnost v vroéem in preveriti, ali se $kodljivi uéi-
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Fig. 7
Number of cycles before first crack in specific tempera-
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nek da zmanjsati z enostavnimi tehnolodkimi
ukrepi.

V glavnem smo se omejili na raziskovanje ucin-
ka bakra in kositra, ki sta v jeklu najbolj pogosta
in glede predelovalnosti najbolj Skodljiva zaradi
obogatitve pod Skajo.

Baker povecuje natezno trdnost in mejo pla-
sti¢nosti, zmanjsuje pa raztezek.

Pri vedji vsebnosti bakra je precej u€inkovita
izlo¢ilna utrditev, poveta se trdota.

Pri raziskavah orodnega jekla za vrofe delo
UTOP Mo 1 (W, Nr. 2343) s poviSano vsebnostjo
bakra 0,45 % Cu v Zelezarni Ravne nismo mogli
ugotoviti posebnih kvarnih vplivov na lastnosti,
ki jih v kontroli kakovosti preizkuSamo in jih
smatramo kot odloilne za oceno kakovosti tega
orodnega jekla®,

Le s preizkusom termi¢nega utrujanja, ki po
nasih izkusnjah dokaj dobro karakterizira obna-
$anje tega jekla pri delu v vro¢em, smo ugotovili,
da baker zmanjSuje odpornost proti termi¢nemu
utrujanju (slika 7).

Za preizku$anje termicnega utrujanja smo upo-
rabljali preizkusance, prikazane na sliki 8, ogre-
vane in ohlajene z avtomatsko krmiljenimi ciklusi
na ustrezno adaptirani Peddinghausovi napravi'.

Primerjava preizkuancev jekla UTOP Mo 1
(W. Nr. 2343) iz dveh SarZ z razli¢no
vsebnostjo bakra 0,27 % in 0,45 %:

— S preizkuSanjem torzije v vrotem v tempe-
raturnem obmoéju od 800 do 1300 °C nismo ugoto-
vili med preizkuSanci obeh SarZz nobene pomemb-
ne razlike v $tevilu zasukov N in maksimalnem
momentu M.

— Pri preizku$anju udarne Zilavosti DVM pre-
izkuSancev, izrezanih iz enakih palic vzdolZno in
preéno, smo ugotovili s primerjavo obeh 3arZ, da
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Fig. 9

Comparative warm torsion testing (A. Kveder)
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Only with thermal fatique test, which we
believe characterizes the behaviour of this steel
grade in hot working quite well, increased copper
content considerably lowers the resistance to
thermal fatique from those generally known for
this steel grade (Fig. 7).

For the thermal fatigue test the test pieces
shown in Fig. 8 were used, heated and cooled by
automatically steered cycles on an adapted Ped-
dinghaus installation.

Comparison of steel samples UTOP MO 1
(W. Nr. 2343) from two melts with
0.27 % Cu and 0.45 % Cu:

— With hot torsion test no important diffe-
rence in the measured numbers of rotations N and
maximum moment M, was observed in the tem-
perature range from 800 to 1300 °C.

— For the notch toughness test DVM samples
were cut out from equal bars longitudinally and
transversely. In comparing the two melts we
found out that the samples from the melt with a
higher copper content showed to 1 HRC higher
hardness. The average longitudinal toughness was
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Slika 10
Relativna sposobnost za vro¢o predelavo Stirih razli¢nih
vrst jekel v odvisnosti od vsebnosti bakra (A, Kveder)

Fig. 10
Relative warmworkability of four different steel grades
influenced by copper contents (A. Kveder).



je bila pri Sarzi z vi$jo vsebnostjo bakra trdota
preizkusancev do 1 HRC veéja, vzdolZzna zilavost
povprecno za vse razli¢éno toplotno obdelane pre-
izkusance za 11 % bolj8a in preéna Zilavost za
20—60 % slabsa.

— Pri preizkusanju zilavosti po posebni meto-
di Zelezarne Ravne za orodna jekla je bila povpreé-
na zilavost obeh SarZ za celotno obmocje variacij
toplotne obdelave skoraj enaka.

Pri kovanju ingotov teZze 41t ni bilo v redni
proizvodnji nobenih razlik in sta se obe Sarzi
kovali povsem normalno.

Da bi preverili te ugotovitve, smo opravili
serijo sistemati¢nih laboratorijskih raziskav na
metalurskem inStitutu v Ljubljani¢

— za pet reprezentantnih vrst jekel,

— za S§tiri gradacije bakra v obmo¢ju od 0,1
do 1,0 % Cu v istih mati¢nih talinah.

Rezultate preizkusanja torzije v vroéem kaze
slika 9.

Pri jeklu Ck 45 je neugoden vpliv bakra ociten
pri temperaturah do 1000°C, nad 1100°C se ta
vpliv zmanjsa in pri 1200°C postane prisotnost
bakra celo ugodna.

Pri jeklu EC 100 je neugoden wpliv bakra pre-
cej bolj o¢iten in se izraza Ze pri vsebnosti ca.
0,3 %,

Pri jeklu Utop extra 2 je vpliv bakra podoben
kot pri Ck 45, vendar nekoliko manj izrazit.

Pri jeklu UtopMo1 je wpliv bakra najmanj
izrazit, kar do neke mere potrjuje prej$nje ugo-
tovitve, zaradi katerih smo to nalogo naértovali.

Slika 10 $e bolj nazorno kaZe rezultate teh ra-
ziskav za primerjave®.

V celoti je Kveder® ugotovil, da baker negativ-
no vpliva na predelovalnost preizkusanih jekel in
jo poslabsa tudi do 70 %, vendar pa se v nobenem
primeru ni predelovalnost toliko zmanj$ala, da bi
jeklo ne bilo ve¢ predelovalno. Odloéilno viogo pa
ima lahko to zmanjSanje predelovalnosti v pove-
zavi z drugimi oligoelementi in pri obogatenju
lesteh pod Skajo. Pri vi§jih temperaturah vpliva
bakra ni ve¢ opaziti ali pa je celo pozitiven.

Pri raziskavah vpliva bakra na mehanske last-
nosti smo ugotovili:

— da baker ne vpliva bistveno na raztezek in
kontrakcijo;

— pri Ck 45 baker povea trdnost in mejo pla-
sti¢nosti, pri EC 100 pa ju moéno zmanj$a, medtem
ko je vpliv bakra pri orodnih jeklih za delo v
vroem manj izrazit. Ta vpliv je mnogo bolj jasno
izrazen v Zarjenem stanju kot v pobolj$anem, zato
v tem pogledu vplivu bakra ne pripisujemo poseb-
nega pomena;

— pri preizkusanju zZilavosti ISO —V (J) smo
dobili presenetljive rezultate®, Absolutne vrednosti
zilavosti so zelo razli¢ne in vedinoma izredno viso-
ke (slika 11).
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for all differently heat treated samples by 11 %
higher, whereas the transversal toughness was
lower by 20—60 %,

In toughness tests with a method developed
for tool steels in »Zelezarna Ravne« the average
toughness was practically equal for a whole range
of the heat treatment variations.

There were no differences in the normal pro-
duction forging of 4t ingots, both melts were
forged quite normally.

To verify these findings a series of sistematic
laboratory tests were carried out in the Institute
of Metallurgy in Ljubljana®

— for five representative steel grades

— for four copper gradations in the range
from 0.1 to 1.0 % Cu in the same parent melt,

Figure 9 shows results of hot torsion tests.

In carbon structural steel Ck 45 the unfavou-
rable copper influence becomes expressive at
temperatures up to 1000 °C. Over 1100 °C this infiu-
ence is lowered and at 1200 °C the copper presence
becomes even favourable.

In case hardening low alloy steel grade EC 100
the unfavourable copper influence is considerably
more obvious, becoming expressive already at con-
tents of ca. 0.3 %,

In the hot work die steel UTOP extra 2 copper

has similar yet somehow less expressive influence
than in Ck 45,

In the hot work die steel UTOP Mo 1 the cop-
per influence is the least expressive thus confirm-
ing the previous findings because of which this
research work was planned.

The results of these investigations are even
more clearly shown in Figure 105,

On the whole Kveder® found out that copper
unfavourably influences the deformability of the
tested steels decreasing it even by 70 %, In no
case however the deformability was decreased to
such an extent that the steel wouldn't be workable
anymore. The decreased deformability is of essen-
tial importance in connection with other residuals
and in their enrichment under the scale. At higher
temperatures the copper influence isn't observed
anymore or it even has a positive character.

In investigating the copper influence on mecha-
nical properties the following findings were
observed:

— Copper shows no essential influence on
elongation and reduction of area.

— In Ck45 copper increases hardness and
yield point, in EC100 it reduces them strongly,
whereas its influence in tool stels for hot working
is less expressive. It is far more evidently expres-
ed after annealing than after hardening and tem-
pering therefore the copper influence isn’t consi-
dered to be important here,
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Slika 11
Zilavost razlitnih vrst jekla v odvisnosti od razliénih
vsebnosti bakra (A, Kveder)
Fig. 11

Impact values of different steel grades Influenced by
copper content (A, Kveder).

Slika 11 kaze Utop extra 2 kot izreden primer,
ker baker izboljsa zilavost vse do 0,8 % Cu. Pri
ostalih treh vrstah jekel so razlike manjse. Kaze,
da pri teh povecanje bakra do okoli 0,35 % izbolj-
Sa zilavost, nadaljnje povecanje vsebnosti bakra
pa do okoli 0,60 % Zilavost poslab3a, nakar se le-ta
pri nadaljnjem zviSevanju bakra ponovno izbolj-
Suje. Pri 0,8 % Cu je povprecna Zilavost Se vedno
tako dobra kot pri 0,1 % Cu. Zanimivo je, da se
prav pri vsebnosti okoli maksimalne topnosti
bakra, tj. ca. 0,35 % Cu trend odvisnosti spremeni.

Prelomi zilavostnih preizkuSancev so zelo Zi-
lavi.

Domnevamo, da so ti pojavi povezani s top-
nostjo, oziroma z izlofanjem bakra®. V tempera-
turnem obmod¢ju izvajanih toplotnih obdelav je
topnost Cu v feritu okoli 0,35 %, Pri nizjih tem-
peraturah se topnost zmanjSuje in znasa pri sobni
temperaturi pod 0,2 %. Baker v trdni raztopini (do
0,35 %) povecuje trdnost in izboljsa Zilavost jekla.
Ce ga je v jeklu ve¢ kot 0,35 %, bo del bakra ostal
izloten. Trdnost in meja plasti¢nosti se bosta
ustalila, na Zilavost pa ti izlo¢ki vplivajo negativno.
Podrobnejsa Kvedrova hipoteti¢na razlaga® je za-
nimiva, vendar ne razloZi vseh odvisnosti, ki smo

106

— In toughness test ISO-V (J) surprising
results were obtained®. Absolute toughness values
are very different and mostly extraordinary high
(Fig. 11).

Figure 11 shows UTOP extra 2 as a special
example with copper increasing the toughness by
up to 0.8 % Cu. In the remaining three steel grades
the differences are smaller. The copper content of
up to approximately 0.35 % seems to improve the
toughness in them. By further increase of copper
content to about 0.60 % the tougness is lowered
and by still further increase improved again. At
0.8 % Cu the average toughness is still so good as
at 0.1 % Cu. It is interesting that the trend of
dependency changes at the contents around maxi-
mum copper solubility, that is at ca. 0.35 % Cu.

Fractures of test pieces show high toughness.

These phenomena are considered to be con-
nected with copper solubility and with copper
precipitation respectively®, In the temperature
range of the performed heat treatments Cu solu-
bility in ferrite was about 0.35 %. At lower tempe-
ratures the solubility is reduced, at ambient tem-
perature it is less than 0.2 %. In solid solution
copper (to 0.35 %) increases hardness and impro-
ves toughness. When more than 0.35% Cu is
present in steel, one part of it will remain precipi-
tated. Hardness and yield point will stabilize.
These precipitations unfavourably influence tough-
ness, Detailed Kveder's hypothetic interpretation
is interesting, but it does not explain all depen-
dency. In alloyed hot work die steels the copper
influence on hardness and yield point is largely
covered by carbide precipitation processes. The
phenomenon that more than 0.6 % Cu improves
toughness again is hardly to explain.

Torkar, Vodopivec and Arh? carried out inte-
resting investigations of residuals influence on
deformability of the cast steel surface. On the
basis of the previous research work a new method
of quantitative deformability testing was develop-
ed enabling more reliable determination of the
residuals influence on brittleness. This method
is important for the hot rolling practice.

After the surface is transformed, the coarse
cast texture along the surface collapses thus
changing the steel deformability there, Such a
step lowered the brittleness of steels which are
alluminium Xkilled thus having high Al and N
contents. This idea promising to decrease brittle-
ness by simple technological steps was to be labo-
ratory tested and verified in the course of indu-
strial production.

Brittleness was quantitatively determined by
counting and measuring cracks on tensile side of
bended samples.

An increase in the amount of tin results in
increased number of cracks, while increase in
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jih ugotovili. Pri utopnih legiranih jeklih je ver-
jetno vpliv Cu na trdnost in mejo -plasti¢nosti
precej prekrit s karbidnimi izlo¢ilnimi procesi.
Tudi pojav, da ve¢ kot 0,6 % Cu ponovno izboljsa
zilavost, je tezko razloziti.

Zanimive raziskave na podrocju spoznavanja
vplivov oligoelementov na preoblikovalno sposob-
nost povriine litega jekla so opravili Torkar, Vo-
dopivec in Arh’. Na osnovi ugotovitev pri raziska-
vah prejs$njih let so razvili novo metodo za kvan-
titativno preizkusanje preoblikovalne sposobnosti,
ki omogoca veCjo zanesljivost ocenjevanja vplivov
oligoelementov na pokljivost. Ta metodika preiz-
kuSanja je pomembna za prakso vrocega valjanja,

Ko se izvrsi prekristalizacija povriine, se poru-
$i groba lita tekstura ob povr$ini in se spremeni
deformacijska sposobnost jekla ob povriini. Tak
ukrep je zmanjsal pokljivost jekel, ki so pomirje-
na z aluminijem in imajo nadpovpre¢no vsebnost
aluminija in duSika. V tem je bila raziskovalna
ideja, ki jo je bilo treba laboratorijsko raziskati,
ker obeta enostavne tehnoloske ukrepe za zmanj-
Sanje pokljivosti, in te ukrepe nato na osnovi ra-
ziskovalnih rezultatov tudi v industrijski proiz-
vodnji preveriti.

Pri tej metodi so avtorji pokljivost kvantita-
tivno ovrednotili s tem, da so na natezni strani
upognjenih preizkuSancev presteli in izmerili raz-
poke.

Narascanje koli¢ine kositra povecuje Stevilo
razpok, naraS¢anje koli¢ine bakra pa njihovo dol-
Zino. Podalj$anje ogrevanja povzroa povefanje
dolzine in Stevila razpok. Razlike v pokljivosti
zaradi sestave in temperature avtorji razlagajo z
razliko v velikosti zrn avstenita pri temperaturi
deformacije in razlicnega prodiranja bakra in
kositra po mejah avstenitnih zrn.

Bistveno druga¢na je povrdina deformiranih
vzorcev, ki so bili ogreti po prejsnji prekristaliza-
c¢iji z ohladitvijo na sobno temperaturo. Na pre-
kristaliziranem jeklu se pojavijo podobne razpoke
pri priblizno 0,80 % bakra, kot na neprekristalizi-
ranem jeklu s priblizno petkrat manj bakra.

Laboratorijske raziskovalne ugotovitve so av-
torji verificirali tudi v industrijskih pogojih z
ogrevanjem in valjanjem dveh 4-tonskih blokov z
vsebnostjo 0,89 % bakra in 0,032 % kositra, od
katerih so enega po wvlivanju ohladili do temne
povrsine. Blok, ki je bil vroe zaloZen, je imel
Stevilne grobe povrsinske napake, medtem ko se
je prekristalizirani blok, to je po vlivanju ohlajeni
blok, izvaljal skoraj brez napak. Ta ukrep za
zmanjsanje vpliva visoke vsebnosti oligoelementov
na preoblikovalnost povrsine jekla je tehnolosko
enostaven in zelo ucinkovit.

Vpliv bakra in kositra na deformacijsko spo-
sobnost povrSine jekla po selektivni oksidaciji
povriine je najbolj izrazit pri temperaturi okoli
1150°C.

copper increases the length of cracks. Longer
heating results in the increase of both length and
number of cracks. Differences in brittleness due
to composition and temperature are explained by
different austenite grain size at deformation tem-
perature and by copper and tin penetrating along
austenite grain boundaries,

Surface of the deformed samples, heated after
transformation and cooled to the ambient tempe-
rature, is essentially different. In transformed
steel similar cracks are found at approximately
0.80 % Cu as those found in unrecrystallized steel
with approximately five times lower Cu content.

Laboratory results were tested in industrial
conditions by heating and rolling of two 4t —
ingots with 0.89 % Cu and 0.032 % Sn, one of them
being cooled to dark surface after casting. The
hot charged ingot showed numerous coarse sur-
face defects whereas the transformed ingot cooled
after casting was rolled out without faults. This
method to minimize the influence of high residu-
als content on the steel surface deformability is
technologically simple and very efficient.

The copper and tin influence on the steel sur-
face deformability after selective surface oxida-
tion is most expressive at a temperature about
1150°C,

CONCLUSION

Residuals, their contents and influences on
steel properties were sufficiently recognized from
various reference sources and numerous investi-
gations carried out in »Zelezarna Ravnee«. Consi-
dering the known circumstances no important
differences in the residuals content, especially no
trend towards lowering the content of residuals
could be expected. It is recommendable to further
investigate the residual influences on steel pro-
perties and to look for efficient technological
measures to prevent or to minimize the worst
consequences taking into account the known resi-
dual content that cannot be changed anymore. It
is here that efficient steps to minimize cobble and
missed production can be expected.

The surface cracks are known to be connected
with scale forming during heating and therefore
with furnace conditions. We cannot expect that the
scaling intensity in forging and rolling mill heart
type furnaces could be essentially influenced on.
Perhaps it will be possible to introduce in near fu-
ture proceedings to protect the steel surface dur-
ing heating. These methods are presently known
but they haven’t been applied in production prac-
tice yet. An important and practically applicable
method is surface cleaning in the course of techno-
logical process as it must always be kept in mind
that only the steel surface has low deformability.
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ZAKLJUCKI

Iz obsezne literature in Stevilnih lastnih razi-
skav smo oligoelemente, njihove vsebnosti in vpli-
ve na lastnosti jekla zadovoljivo spoznali. Ob zna-
nih okolis¢inah ni pri¢akovati pomembnih spre-
memb vsebnosti oligoelementov v jeklih, posebno
pa ni pritakovati trenda zniZevanja le-teh. Bolj
priporoc¢ljivo je z raziskavami nadalje spoznavati
vplive oligoelementov na lastnosti in iskati ucin-
kovite tehnoloSke ukrepe za preprecevanje ali
zmanjSanje najhujdih posledic ob ugotovljenih
vsebnostih oligoelementov, ki jih ne moremo veé
spremeniti, V tej smeri lahko pritakujemo uspe$-
ne ukrepe za zmanjSevanje izmecka in neuspele
proizvodnje.

Danes vemo, da je pojav raztrganin na povrSini
pri vro¢i predelavi vezan na nastanek Skaje pri
ogrevanju, in torej na razmere v pe¢i, Malo je
verjetno, da bi se dalo v kovaskih in valjarskih
ogrevnih peceh bistveno vplivati na intenziteto
S§kajanja. Morda bo v bliznji bodo¢nosti mogoce
v industrijsko prakso uvajati postopke, ki so da-
nes poznani, a v praksi Se neuporabljani, za zas¢ito
povrsine jekla pri ogrevanju s premazi in emajli.
Pomemben in prakti¢no uporaben ukrep je pa
seveda CiS€enje v toku tehnoloSkega procesa, saj
se moramo vseskozi zavedati, da ima slabo preob-
likovalno sposobnost le povrSinski sloj jekla.

Prekristalizacija, dosezena z ohlajanjem in po-
novnim ogrevanjem je danes Ze dokazan in ved-
krat v praksi preverjen ukrep za izboljsanje pre-
oblikovalne sposobnosti problemati¢nega jekla.
To je najenostavnejsi postopek, za katerega pa se
zaradi stroSkov s porabo energije in Casa le tezko
odlo¢imo. Ce bomo znali kvantitativno in zaneslji-
vo opredeliti tveganje za nastanek izmecka, pa
bomo nalli prav v tem, sicer dragem postopku,
velike prihranke z reSevanjem kriti¢énih primerov.

Te ugotovitve so $e posebej pomembne ob ugo-
tovljenem dejstvu, da sedanje povpre¢ne kolic¢ine
oligoelementov — te Ze povzrocajo teZzave pri vroci
predelavi — e ne predstavljajo splo$ne kriti¢ne
nevarnosti za lastnosti jekel, razen dolocenih
izjem in nekaterih $e vedno odprtih pomembnih
vprasanj.

V kolikor je izpolnjen pogoj

Cu % + 13.Sn % =< 045,
lahko pri¢akujemo dobro preoblikovalno sposob-
nost pri normalnih pogojih vroée plasti¢ne prede-
lave.

Mnogo jekel se dobavlja z zagotovljeno Zila-
vostjo. Vemo, da antimon in Kositer zniZujeta
zilavost in povidujeta prehodno temperaturo. Go-
tovo bi bilo zelo koristno ugotoviti, od katere naj-
manjse vsebnosti je pricakovati pomemben uéinek
obeh elementov na Zilavost, posebno tedaj, ko se
jeklo dobavlja z Zilavostjo, ki je zagotovljena pri
nizki temperaturi. Vprasanje je tudi, kako prisot-
nost antimona in kositra v takih jeklih vpliva na
zilavost varov. Potrebno bi bilo tudi ugotoviti, ko-
likSen je vpliv alfagenih oligoelementov na intenzi-
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Today transformation achieved by cooling and
repeated heating is a proved and by practice
affirmed method to improve deformability of
problematic steel grades. Though the simplest
method, it is rather expensive and not often appli-
cable because of high energy consumption and
time required. If we develop a reliable way for
quantitative determination of cobble risk, this
otherwise expensive method will make conside-
derable cost savings possible.

These findings are especially important consi-
dering the fact that the average residual amounts
today — already causing difficulties in heat treat-
ment — represent no general critical danger for
steel properties though there are some exceptions
and still unsolved questions.

When the condition
Cu% 4 13.Sn % = 045,

is fulfilled, good deformability at normal conditi-
ons of warm working can be expected.

A lot of steel grades are supplied with guaran-
teed toughness. Antimony and tin are known to
lower the toughness and increase the transition
temperature. It would be very useful to find out
the lowest content from which on important influ-
ence of both elements on toughness could be ex-
pected, especially when steel is supplied with
guaranteed toughness at low temperatures. The
question is how antimony and tin influence the
toughness of weldings in such steels. Further the
influence of alfagene residuals on the secondary
banded structure is to be investigated. Finally the
influence of alfagenic residuals on delta ferrite
formation and its stabilisation is to be found out.
This problem is connected with perspective manu-
facturing of stainless steel grades and welding
electrode stainless materials.

There are very few data referring to alloyed
steels and influence of residuals on the de-
formation course and morphology as well as
on formation of microstructure and steel proper-
ties after hardening and tempering. This field
shouldn’t be neglected in further research as a
great part of the Slovene steel production includes
steel grades determined for heat treatment.

This paper has no intention to state any special
or even the latest findings in the field of residuals.
It merely represents a survey of our activity of
the last few years in solving the most urgent
problems by research work. It was our intention
to show what we presently know about residuals
and their influences and how we attend to their
content. We also wanted to show the way we
tried to explain their influence on steel properties
and on steel behaviour during deformation as well
as in application by means of deliberate investi-
gations and research work more or less connected
with production practice and control.
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teto sekundarne trakavosti. Dalje se nam zdi
potrebno, da se raz¢isti vprasanje, ki je pomemb-
no v zvezi s perspektivno proizvodnjo nerjavnega
jekla in dodajnega nerjavnega materiala, kako
alfageni oligoelementi vplivajo na pojav delta
ferita in njegovo stabilizacijo.

V literaturi je ma voljo najmanj podatkov o
legiranih jeklih in o wplivu oligoelementov na po-
tek in morfologijo transformacije ter na izobliko-
vanje mikrostrukture in lastnosti jekla po kalje-
nju in popuséanju, Tudi to podrodje ne bi smelo
ostati zanemarjeno pri bododih raziskavah, saj
velik del slovenske jeklarske proizvodnje obsega
prav jekla, ki so namenjena za toplotno obdelavo.

Ta ¢lanek ne predstavlja nekih posebnih naj-
novejsih raziskovalnih dosezkov na podroéju oligo-
clementov, ampak podaja le pregled dejavnosti
Slovenskih Zelezarn v zadnjem obdobju za reSe-
vanje najnujnejSih problemov v zvezi z raziskava-
mi. Na§ namen je bil prikazati, kaj pri nas o
oligoelementih in njihovih vplivih danes vemo,
kako njihovo vsebnost spremljamo in kako smo
z namenskimi preiskavami in raziskavami, veza-
nimi bolj ali manj na tekoc¢o proizvodnjo in kon-
trolo, skusali pojasniti njihov vpliv na lastnosti in
obnasanje jekel v predelavi in uporabi.

Navrgli smo nekaj vprasanj in tudi smernic za
nadaljevanje teh prizadevanj, proizvodna praksa
in raziskave naslednjega obdobja pa naj pokaZejo,
koliko so problemi res aktualni in kateri so naj-
pomembne;jsi,

Some problems together with orientation for
further research were put forward. Production
practice and future investigations will show
whether these problems are really actual and
which are the most important.
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