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Abstract

Acicular ferit was investigated from the viewpoint of
orientation relationships among acicular ferit, prior
austenite, and inclusions. The Baker-Nutting
orientation relationship was observed between
acicular ferit and a TiO layer forming at inclusion
surfaces. Meanwhile, the Kurdjumov-Sachs
orientation relationship was observed between
acicular ferit and prior austenite. The results
indicate that acicular ferit is considered to nucleate
due to a low misfit with TiO layers; however, there
is still doubt. In case the TiO layer form at molten
steel, its orientation would be random with
austenite. Thus, acicular ferit nucleating with the
Baker-Nutting orientation relationship should have
no orientation relationship with austenite. In order
to address the issue, the inclusion formation
process was investigated by using the liquid-tin
quenching technique and the thermodynamic
calculation. The results reveal that TiO form not at
the high temperature such as molten steel
temperature but at below the solid phase
temperature such as austenite or ferit temperature.
As the result of orientation analysis between prior
austenite and TiO, TiO is not considered to form in
austenite. It can be assumed that TiO layers form in
order to match interface with acicular ferit.
Additionally, the Mn depleted zone were also not
observed. Therefore, acicular ferit is considered to
nucleate not due to the low misfit or the Mn
depleted zone but due to another mechanism.
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Apstrakt

Acikularni ferit je istraZivan s gledista orijentacije
odnosa acikularnog ferita, primarnog austenita i
uklju¢aka. Zapazena je Baker-Nutting orijentacija
odnosa igli¢astog ferita i sloja TiO koji se formira na
povrsini uklju¢aka. U meduvremenu, zapazena je
Kurdjumov-Sachs orijentacija odnosa igliCastog
ferita i primarnog austenita. Rezultati pokazuju da
se acikularni ferit smatra jezgrom zbog male
nepodobnosti sa slojevima TiO; medutim, joS uvek
postoji sumnja. U slu€aju kada se sloj TiO obrazuje
iz rastopljenog celika, njegova orijentacija bi bila
slu¢ajna sa austenitom. Dakle, acikularni ferit
nastao sa Baker-Nutting orijentacijom ne bi trebalo
da ima orijentacijski odnos s austenitom. U cilju
reSavanja problema, proces formiranja ukljuaka,
ispitan je pomocu tehnike kaljenja te€nim kalajem i
termodinamickim prora¢unom. Rezultati su pokazali
da se ne stvara TiO pri visokoj temperaturi kao sto
je temperatura rastopa Celika ali se stvara ispod
temperature Cvrstih faza, kao $to su temperature
austenita i ferita. Kao rezultat analize orijentacije
primarnog austenita i TiO, smatra se da se TiO ne
formira u austenitu. Moze se pretpostaviti da
stvoreni slojevi TiO ¢ine pogodnu medupovrsinu sa
acikularnim feritom. Osim toga, nije zapazena zona
osiromasena na Mn. Stoga se smatra da se
acikularni ferit ne stvara usled male nepodudarnosti
ili osiromasSenih zona na Mn, ve¢ drugim
mehanizmom.
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1. Introduction

In low carbon steel weld deposits, an acicular
ferrite microstructure is considered as the optimum
structure in terms of strength and toughness'™. The
microstructure consist of interlocked fine grains and
high angle grain boundaries*®. In general low carbon

steel weld deposits, the austenite to ferrite
transformation occurs from austenite  grain
boundaries'?”). The ferrites nucleating at austenite

grain boundaries such as grain boundary ferrite or
ferrite side plate are tendency to form a coarse
microstructure. However, when transformation at
austenite grain boundaries are suppressed and
inclusion compositions are controlled, ferrite
nucleates at austenite/inclusion interfaces®?. The
ferrite nucleating at an inclusion interface is
referred to as acicular ferrite due to the
morphology. It grows radially from each inclusion
and impinge another acicular ferrite grains*® The
formation mechanism of acicular ferrite result in an
interlocked fine microstructure with high angle grain
boundaries®’?

Since the late 1970s when the acicular ferrite
microstructure was identified, many researches
relating to acicular ferrite nucleation mechanisms
were carried out""®. The role of inclusion has been
discussed, and several nucleation mechanisms have
been proposed''™®:; however, the nucleation
mechanism of acicular ferrite has not been
established. As one of the possible nucleation
mechanisms, it was proposed that acicular ferrite
nucleates due to a low misfit with inclusion
phases™' TiO, TiN, and spinel structures are
known to be as the phases having a low misfit with
ferrite™'®. The minimum misfit is represented when
the Baker-Nutting orientation relationship is
observed between ferrite and the phases'®™.

In practice, TiO layers have been observed at
inclusion surfaces by microscopic observation;
moreover, the Baker-Nutting orientation relationship
has been identified between the TiO layers and the
adjacent ferrite™.

Meanwhile, the KurdjumovSachs orientation
relationship exists between acicular ferrite and prior

austenite®”"'%. Acicular ferrite has been identified as
intragranularly  nucleated  bainite”;  thus, the
KurdjumovSachs orientation relationship is

observed in acicular ferrite as well as bainite or
martensite. It is indicated that the two orientation
relationships are involved in acicular ferrite
nucleation. One is the Baker-Nutting orientation
relationship between acicular ferrite and the
inclusion, and the other is the Kurdjumov-Sachs
orientation relationship between acicular ferrite and
prior austenite.

W

Kod
mikrostruktura sa acikularnim feritom se smatra

metala Sava niskougljeni¢nih  Celika,
optimalnom sa aspekta &vrstoée i Zilavosti'™?.
Mikrostruktura se sastoji od medusobno zakacenih
finih zrna i granica zrna pod velikim uglom*®. U
opStem slu€aju, kod depozita niskougljeni¢nih
Celika, transformacija austenita u ferit javlja se po
granicama austenitnih zrna"?"). Ferit koji nastaje na
granicama austenithog zrna kao i zrna po
granicama ferita ili strani feritnin plo¢a imaju
tendenciju da formiraju grubu mikrostrukturu.
Medutim, kada se transformacija na granici zrna
austenita potisne a sastav uklju¢aka kontrolise, ferit
nastaje na medupovrsinama austenit / ukljusak®®
Ferit koji nastaje na medupovrsini ukljucka naziva
se acikularni ferit zbog morfologije. On raste
radijalno iz svakog uklju¢ka i utiCe na druga zrna
acikularnog  ferita*®>  Mehanizam  formiranja
acikularnog ferita, rezultuje u medusobno
zaklju€anoj finoj mikrostrukturi s velikim uglom
granica zrna®'?.

Kasnih 1970-ih, kada je identifikovana
mikrostruktura acikularnog ferita, sprovedena su
mnoga istraZzivanja koja se odnose na mehanizme
nukleacije acikularnog ferita''®" Uloga ukljuéaka se
raspravlja, a nekoliko mehanizmama nukleacije je
predlozeno’"®; medutim, mehanizam nukleacije
acikularnog ferita nije utvrden.

Kao jedan od moguc¢ih mehanizama nukleacije,
smatrano je da acikularni ferit nastaje zbog niske
nepodobnosti sa fazama uklju¢aka''®. Za TiO, TiN
i spinel strukture se zna da kao faze imaju nisku

nepodobnost  sa  feritom™ . Minimalna
nepodobnost uoCena je 1!3(?9()1 Baker-Nutting

orijentacije odnosa ferita i faza .

U praksi, TiO slojevi su primeceni na povrsini
ukljuCaka pri mikroskopskom posmatranju; Stavise,
Baker-Nutting orijentaciia odnosa utvrdena je
izmedu slojeva TiOi susednog ferita'®.

U meduvremenu, Kurdjumov-Sachs orijentacija
odnosa postoji izmedu acikularnog ferita i
primarnog austenita 3, 4, 7, 10). Acikularni ferit je
identifikovan kao unutargranularni nastao beinit”;
dakle, Kurdjumov-Sachs orijentacija odnosa se
javlja kod acikularnog ferita, kao i beinita ili
martenzita. Pokazano je da su dve orijentacije veza
uklju€enih u nukleaciju acikularnog ferita. Jedna od
njih  je  Baker-Nutting orijentacija  odnosa
acikularnog ferita i uklju¢aka, a drugi je Kurdjumov-
Sachs orijentacija odnosa acikularnog ferita i
primarnog austenita.
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In this study, crystallographic  orientation
relationships were investigated among acicular
ferrite, inclusions, and prior austenite. Additionally,
the formation process of inclusions, which have a
dominant influence on acicular ferrite formation,
were investigated by using the liquid-tin quenching
technique® and the thermodynamic calculation. In
consideration of the results, the acicular ferrite
nucleation mechanisms were estimated.

2. Experimental

Specimens were low carbon steel welds fabricated
by submerged arc welding process. TiB containing
wires were used in order to stimulate acicular
ferrite formation. Chemical compositions of the
weld deposits are shown in Table 1.

W

U ovoj studiji, istrazivani su odnosi kristalografske
orijentacije acikularnog ferita, uklju¢aka i primarnog
austenita. Osim toga, procesi stvaranja ukljucaka,
koji imaju dominantan uticaj na stvaranje
acikularnog ferita, ispitani su tehnikom kaljenja u
rastoplienom  kalaju®® i  termodinamickim
proratunom. U razmatranju rezultata, mehanizmi
nukleacije acikularnog feritanisu odredeni.

2. Eksperiment

Epruvete su od zavarenih spojeva niskougljeni¢nog
Celika zavarenih EPP postupkom. Radi stimulisanja
nastajanja acikularnog ferita, koriS¢ena je zica koja
sadrZi TiB. Hemijski sastav metala ava prikazan je
u tabeli 1.

C Si Mn P S

Ti Al B O N

0.062 0.26 147 0.012 0.004

0.014

0.005 0.0028 0.018 0.0044

Table 1 Chemical compositions of weld metals
Tabela 1 Hemijski sastav metala Sava

Microstructures were observed with optical
microscopy (OM). Samples were mirror polished
and etched by 2% nital. Inclusions were
observed with transmission electron microscopy
(TEM). Thin foils for TEM observations were
prepared by the focused ion beam (FIB) milling.
Elemental compositions of inclusions were analyzed
with energy dispersive X-ray spectrometry (EDS).
Inclusion phases were identified by selected area
diffraction patterns (SADPs). Inclusion and ferrite
orientation relationships were investigated by
SADP. The orientation relationship between
acicular ferrite and prior austenite is investigated
using electron backscatter diffraction (EBSD)
technique. Samples for EBSD were prepared using
across section polisher. The orientation data were
measured with a 100nm step size. As reliable data
of retained austenite orientations was not obtained,
the prior austenite orientations were determined
with the prior austenite reconstruction method?®".

The schematic illustration of the liquid-tin
quenching technique is shown in Fig. 1. A coated
electrode was set in a welding groove. Tungsten
inert gas welding was practiced on the coated
electrode. The welding current is 150 A and the
welding speed is 2 mm/s. Liquid-tin melted at
300°C were poured onto weld deposits in the
welding process, and quenched weld deposits
were prepared. The thermal distribution of deposits
before quenching was estimated by using heat
conduction analysis.

Mikrostrukture su uoCene opti¢kim mikroskopom
(OM). Uzorci su polirani do ogledalastog sjaja i
nagrizeni 2% nitalom. Uklju€ci su posmatrani
transmisionim elektronskim mikroskopom (TEM).
Tanke folije za TEM posmtaranja, pripremljene su
glodanjem fokusiranim snopom jona (FIB).
Elementarni sastavi uklju¢aka analizirani su
energijom disperzivne rendgenske spektrometrije
(EDS). Faze uklju¢aka identifikovane su preko
odabranih podrucja difrakcijskih uzoraka (SADP).
Orijentacija odnosa ukljucka i ferita ispitivana je
pomocu SADP.

Odnos izmedu orijentacije acikularnog ferita i
primarnog austenita istraZzen je pomocu tehnike
difrakcije povratno rasprsenih elektrona (EBSD).
Uzorci za EBSD su pripremlieni poliranjem
popre¢nog preseka. Orijentacioni podaci su mereni
sa veli¢inom koraka 100nm. Kao pouzdani podatak,
orijentacija zaostalog austenita nije dobijena, a
orijentacije primarnog austenita su odredene
metodom rekonstrukcije primarnog austenita 2"
Sematski prikaz tehnike kaljenja rastoplienim
kalajem dat je na slici 1. Oblozena elektroda je
postavljena u Zljeb za zavarivanje. TIG zavarivanje
je isprobano na oblozZenoj elektrodi. Jacina struje
zavarivanja je 150A i brzina zavarivanja je 2mm/s.
Tecni kalaj istoplien na 300°C se izliva preko
deponovanog zavara i kaljeni metal Sava je
pripremljen. Distribucija toplote depozita pre
kaljenja procenjena je pomocu analize provodenja
toplote.
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In order to estimate the inclusion formation
behavior, the thermodynamic calculation were
carried out by using FactSage software. The
equilibrium conditions were calculated from 300°C
to 2200°C. As for the calculation conditions, all
weld deposit compositions excluded phosphorus
and nitrogen were used, and FToxide and FSstel
were used as the databases.

Kako bi

W

se procenilo ponaSanje formiranja
uklju¢aka, termodinamicki proradun je sproveden
pomoc¢u FactSage softvera. Uslovi ravnoteze su
izracunati od 300°C do 2200°C. Za uslove
proracuna, koriséeni su sastavi metala Sava, izuzev
fosfora i azota, a FToksid i FSstel koriSéeni su kao
baza podataka.

Liquid-tin

\

Fig. 1. Schematic illustration of liquid-tin quenching
SlI. 1. Sematska ilustracija kaljenja te¢nim kalajem

3. Results

Amicrostructure of weld deposits is shown in Fig.2.
The fine acicular ferrite microstructure is observed.
Figure 3 shows a SEM micrograph of inclusion.
The inclusion is a spherical shape and several
ferrite grains elongating from the inclusion are

observed.
Wl 2o i SUE T ol
1% 7 e
:‘ f '— “'-r # i

Fig. 2 The microstructure of welds
SI.2 Mikrostruktura Sava

Figure 4 shows the elemental distributions of
inclusion. As shown in Fig. 4, the inclusion
consists of the multiple phases. The Ti-rich layer is
observed at the surface of inclusion; additionally, it
form a planar interface with ferrite. From the results
of SADP, the phases in the inclusion identified
as the amorphous phase, the spinel structure, and
a-MnS.

3. Rezultati

Mikrostruktura deponovanog metala Sava data je
na sl.2. Zapaza se mikrostruktura finog acikularnog
ferita. Na sl.3 prikazan je SEM mikrograf ukljucka.
Zapaza se uklju¢ak sfernog oblika i nekoliko
izduzenih feritnih zrna.

'.UDle.UE’Jﬂ‘ el

Fig. 3 The SEM micrograph of inclusion
S1.3 SEM mikrograf uklju¢ka

Na sl.4 prikazana je raspodela elemenata ukljucka.
Kao $to je prikazano na sl.4 ukljucak se sastoji od
vise faza. Sloj bogat Ti zapaza se na povrSini
uklju¢ka; dodatno, stvara planarnu medupovrsinu
sa feritom. |z rezultata SADP, faze u ukljucku
identifikovane su kao amorfne, strukture spinela, i
a-MnS.
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Figure 5(a) shows the TEM micrograph of the

interface between the inclusion and ferrite. The
SADP of Fig.5(b) was obtained by the circle in
Fig.5(a). The SADP indicate that the Ti layer is TiO,
additionally, the Baker-Nutting orientation
relationship is identified between the inclusion and
adjacent ferrite.

Figure 6(a) shows an inverse pole figure (IPF) map
of ferrite phase and (b) shows the <001> pole
figure. The black circle in Fig.6(a) indicate the
inclusion. The several grains elongating from the
inclusion are observed. The calculated prior
austenite orientation is plotted at blue squares in
Fig.6(b). The 24 Kurdjumov-Sachs variants are
plotted as yellow circles. The ferrite orientation
indicated by the arrow in Fig.6(a), which represents
the nucleation points, is plotted at the red points in
Fig.6(b). As shown in the figure, the deviation
between the ferrite orientation and the nearest
Kurdjumov-Sachs variants is only a few degree;
therefore, it is identified that acicular ferrite
nucleates with almost the Kurdjumov-Sachs
orientation relationship. Figure 7 shows the cross
section image of weld deposits quenched by liquid-
tin. Steel and tin are mixed in the place which
existed as molten steel before quenching. The
calculated thermal distribution is shown in Fig. 8.
The lines in the figure indicated 800°C and 600°C.
From the calculation results, it is estimated that the
temperature of area 3 in Fig. 8 was below the ferrite
transformation temperature. Figure 9(a)~(f)
show the TEM bright field images and Ti
distributions of the inclusions extracted from the
areas indicated by numbers in Fig. 7.

W

Na sl.5(a) prikazan je TEM micrograf medupovrSina
ukljucka i ferita. SADP sa sl.5(b) dobijen je iz kruga
sa sl.5(a). SADP indikuje da je Ti sloj TiO, dodatno,
Baker-Nutting orijentacije odnosa ukljucka i
susednog ferita.

Na slici 6(a) prikazana je inverzna slika pola (IPF)
mapeferitne faze i (b) koja pokazuje <001>sliku
pola. Crni krug sa sl.6(a) indikuje ukljucak.
Zapazeno je nekoliko izduzenih zrna iz ukljucka.
Proracunata orijentacija primarnog austenita
prikazana je plavim kvadratima na sl.6(b).
Kurdjumov-Sachs 24varijante prikazane su kao zuti
krugovi.Orijentacija ferita naglasena je strelicom na
sl. 6(a), koja reprezentuje taCke nukleacije,
prikazane su kao crvene tac¢ke na sl. 6(b). Kao $to
je prikazano na slici, odstupanje izmedu orijentacije
ferita i najblizih Kurdjumov-Sachs varijanti je samo
nekoliko stepeni; stoga, utvrdeno je da acikularni
ferit nastaje sa skoro  Kurdjumov-Sachs
orijentacijom odnosa.

Na sl.7. prikazan je poprecni presek deponovanog
metala $ava kaljenog teénim kalajem. Celik i kalaj
se mesaju u mestu koje je postojalo kao rastopljeni
Celik pre kaljenja. lzraCunata termiCka raspodela
prikazana je na sl.8. Linije na slici oznaCavaju
800°C i 600°C. Iz rezultata proracuna, procenjeno
je da je temperatura oblasti 3 sa sl.8 bila ispod
temperature transformacije ferita. Na slikama
9(a)~(f) prikazana su TEM polja svetlih slika i
raspodela Ti ukljuCaka ekstaktovanih iz povrsina
oznacenih brojevima sa sl.7.

Fig. 4 EDS mappings of inclusion
SI. 4.EDS kartografija uklju¢ka
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Fig. 5 The interface between the inclusion and ferit: (a) bright field image; (b) SADP obtained from the interface
SI. 5. Medupovrsina ukljucka i ferita: (a) polje svetlih slika; (b) SADP zapazen sa medupovrs$ine

As shown in the figures, surprisingly, the Ti element
in the inclusions extracted from the high temperature
areas (Fig. 9(d) and (e)) disperse in the inclusions;
on the other hand, one extracted from the low
temperature area (Fig. 9(f)) agglomerate into the
phase inside the inclusion, and additionally form
the surface Ti layers. The results indicate that the Ti-
rich phase such as spinel structures and TiO layers
form not at the high temperature such as molten
steel temperature but at below the solid phase
temperature such as austenite or ferrite
temperature. Figure 10 shows the mass of inclusion
phases in each temperature. As shown in the
figure, in the welding process, a slag phase initially
form at 1850°C, and a Ti-spinel phase form at
1250°C. Even though a TiO phase was contained in
the calculation, a TiO phase did not form. The result
indicate that only the slag phase form at high
temperature such as molten steel temperature and
the solid oxide phases such as spinel structure
form below the austenite temperature.

Kao $to je prikazano na slikama, zacudo, Ti
elemenat u uklju¢cima ekstraktovanim iz
visokotemperaturnih ~ oblasti  (sl.9(d) i (e))
rasporeden je u uklju¢cima; a sa druge strane, onaj
ekstraktovan iz niskotemperaturne oblasti (sl. 9(f))
se gomila u fazu unutar ukljucka i dodatno sa
povrSine Ti slojeva. Rezultati indikuju da faza
bogata Ti kao §to su strukture spinela i slojevi TiO
ne nastaju na visokim temperaturama poput
temperature rastopa celika ve¢ na nizim od
tempratura transformacija u ¢vrstom stanju kao Sto
su temperature austenite ili ferita. Na slici 10.
pokazana je masa faza ukljuéaka na svakoj
temperaturi. Kao $to je prikazano na slici, tokom
procesa zavarivanja, faza $ljake inicijalno se stvara
na 1850°C, a faza Ti-spinel na 1250°C. lako je
faza TiO uzeta u razmatranje pri proracunu, faza
TiO se ne stvara. Rezultat indikuje da se samo faza
Sljake stvara na visokoj temperaturi poput
temperature rastoplienog Ccelika i faze &vrstih
oksida kao Sto je struktura spinela koja nastaje
ispod temperature austenita.

e <001>,
B <001>, (calculated)
K-S 24 variant
© Variant closest to the ferrite orientation
@ Ferrite orientation (nucleation point)

Fig. 6 The EBSD analysis: (a) the IPF map of ferit; (b) the <001> pole figure
SI.6. EBSD analiza (a) IPF mapa ferita; (b) slika <001> pola
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Weld pool

W

Welding direction

Fig. 7 The cross section image of quenching weld metal
S1.7. Slika popreénog preseka metala Sava

Fig. 8 The simulated thermal contribution
SI. 8. Simulirana raspodela toplote
4. Diskusija

4. Discussion
The results of the liquid-tin quenching technique
and the thermodynamic calculation indicated that Ti
phase such as a spinel structure form at austenite
temperature. Thus, the TiO would also form below
the austenite temperature. Concerning the TiO
formation temperature, two cases are considered;
the first case is at austenite temperature range, and
the second case is at ferrite temperature range. In
case TiO form at austenite temperature, TiO
would have a specific orientation relationship with
austenite. However, the specific orientation
relationship is not observed between the TiO and
prior austenite.

———— 300 nm TiK

0.5 pm TiK

Rezultati tehnike kaljenja te¢nim kalajem i
termodinamicki proracun indikuju Ti fazu kao
strukturu spinela nastalu na temperature austenita.
Sta vise, TiO takode moZe da nastane ispod
austenitne  temperature. Uzimaju¢i u obzir
temperature nastajanja TiO, razmatraju se dva
sluCaja; prvi sluGaj u opsegu austenitne
temperature | drugi sluaj, u opsegu feritne
temperature. U slu€aju stvaranja TiO na austenitnoj
temperaturi, TiO moze da ima specifiCnu
orijentaciju odnosa sa austenitom. Medutim,
specifi¢na orijentacija nije zapazena izmedu TiO i
primarnog austenita.

(©)

——————— 0.5 um TiK

Fig. 9 The inclusions obtained from the numbered areas: (a)~(c) TEM micrograph extracted from numbered areas; (d)~(f)
Ti distributions
S1.9. Ukljucci zapaZeni u numerisanim oblastima: (a)~(c) TEM mikrografi ekstraktovani iz numerisanih oblasti; (d)~(f)

raspodele Ti
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Fig. 10 The result of thermodynamic calculation
SI.10. Rezultat termodinami¢kog prorac¢una

Thus, it is reasonable to consider that the TiO layer
form at ferrite temperature range; in other words,
the TiO layer form after the acicular ferrite
formation. TiO is known to be as unstable phase in
thermodynamically'®. As for the reason of TiO
formation, it can be assumed that the TiO layer
formed due to the low misfit with acicular ferrite.
Therefore, the acicular ferrite nucleation and TiO
formation are assumed as following. At first,
acicular ferrite nucleate with the KurdjumovSachs
orientation relationship. And then, TiO layers form
with the Baker-Nutting orientation relationship with
acicular ferrite. When TiO form after acicular ferrite
nucleation, the mechanism of acicular ferrite
nucleation would not be the low misfit theory.

(a) Across TiO layer

Prema tome, opravdano je smatrati da se sloj TiO
stvara u opsegu feritne temperature; drugim
re€ima, sloj TiO nastaje posle stvaranja acikularnog
ferita. U termodinami¢kom smislu'® TiO je poznat
kao nestabilna faza. Kao razlog za stvaranje TiO,
moze se pretpostaviti da se sloj TiO stvara zbog
niskog neslaganja sa acikularnim feritom. Dakle,
nukleacija acikularnog ferita i stvaranje TiO su
prepostavljeni kako sledi. Kao prvo, acikularni ferit
se ujezgrava sa Kurdjumov-Sachs orijentaciom
odnosa. A onda se slojevi TiO stvaraju sa Baker-
Nutting orijentacijom odnosa sa acikularnim feritom.
Kada se TiO formira posle nukleacije acikularnog
ferita, mehanizam nukleacije acikularnog ferita ne
moze biti teorija niskog neslaganja.

(b) Across MnS
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Fig. 11 The measurement of Mn: (a) across TiO layer; (b) across MnS
SI. 11 Merenje Mn: (a) preko sloja TiO; (b) preko MnS
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The low misfit between inclusion phase and ferrite
has been believed as the important mechanism
stimulating the acicular ferrite nucleation. The
interfacial energy become the lowest when the
coherent interface are formed. In this case,
however, only the ferrite/inclusion interface has
been considered. At the time of acicular ferrite
nucleation, the two types of interface are formed.
One is a ferrite/inclusion interface, and the other is
a ferrite/austenite interface. Thus, the
ferrite/austenite  interfacial energy must be
considered as well as the ferrite/inclusion interfacial
energy. The acicular ferrite nucleation would not be
stimulated when only one interface are matched.
For example, it is known that TiN particles do not
have much potential for acicular ferrite nucleation,
though TiN have the low misfit with ferrite.

As for the reason, TiN particle have cube-cube
orientation relationship with austenite. Acicular
ferrite nucleating from TiN with the BakerNutting
orientation relationship have the Bain orientation
relationship with austenite. There is a deviation
between the Bain orientation relationship and the
KurdjumovSachs orientation relationship; thus, the
ferrite/austenite interfacial energy increase in case
acicular ferrite nucleates from TiN.

In case the low misfit theory is not the main
mechanism of acicular ferrite nucleation, the Mn
depleted zone is considered as another important
mechanism. The mechanism is the theory that the
driving force for ferrite nucleation increase by the
formation of Mn depleted zone around inclusions.
Mn element around inclusions are considered to be
absorb into Ti;Os or MnS. In the present study, the
measurement of Mn depleted zone was carried out.

The results are shown in Fig. 11. As shown in the
figure, however, the Mn depleted zone is not
observed. Thus, the mechanism is also not
considered as the main mechanism of acicular
ferrite nucleation. From above results, it can be
considered that the low misfit theory and the theory of
Mn depleted zone are not the main mechanisms.
Another mechanism is considered to act as the
acicular ferrite nucleation; therefore, further
consideration will be needed about acicular ferrite
nucleation mechanisms.

W

Nisko neslaganje izmedu faza ukljuCaka i ferita je
smatrano znacajnim mehanizmom stimulisanja
nukleacije  acikularnog ferita. Energija na
medupovrsini postaje najmanja kada se stvara
koherentna medupovrsina. U tom slu€aju, medutim,
razmatra se samo medupovrSina ferit/uklju¢ak. U
vreme nukleacije acikularnog ferita, formirana su
dva tipa medupovrsina. Jedna je medupovrsina
ferit/uklju¢ak, a druga je  medupovrdina
ferit/austenit. Tako se moraju uzeti u obzir i energija
medupovrdine ferit/austenit kao i energija
medupovrsine ferit/uklju€ak. Nukleacija acikularnog
ferita ne moze biti stimulisana kada se samo jedna
medupovrsina podudara. Na primer, poznato je da
Cestice TiN nemaju veliki potencijal za nukleaciju
acikularnog ferita, iako TiN ima nisko ne slaganje
sa feritom.

Sto se tite razloga, Gestica TiN ima orijentaciju
odnosa kocka-kocka sa austenitom. Acikularni ferit
koji se ujezgrava iz TiN sa Baker-Nutting
orijentacijom odnosa ima Bain orijentaciju odnosa
sa austenitom. Postoji odstupanje izmedu Bain i
Kurdjumov-Sachs orijentacije odnosa; zato energija
medupovrdine ferit/austenit raste u sluéaju
acikularnog ferita koji nastaje iz TiN.

U sluCaju da teorija niskog neslaganja nije glavni
mehanizam nukleacije acikularnog ferita, zone
osiromasene Mn se smatraju drugim vaznim
mehanizmom. Mehanizam je teorija da sila
pokretanja nukleacije ferita raste sa stvaranjem
zona osiromasenih Mn oko uklju¢aka. Element Mn
oko uklju¢aka se smatra absorbovanim u TiOs ili
MnS. U ovoj studiji, sprovedeno je merenje zone
osiromasene Mn.

Rezultati su prikazani na sl.11. Kao $to je
prikazano na slici, medutim, nisu zapazene zone
osiromasene Mn. Zato ovaj mehanizam takode nije
razmatran kao glavni mehanizam nukleacije
acikularnog ferita. 1z ovih rezultata se moZe
smatrati da teorija niskog neslaganja i teorija zone
osiromasene na Mn nisu glavni mehanizmi.
Razmatraju se drugi mehanizmi koji deluju na
nukleaciju acikularnog ferita, Smatra se da drugi
mehanizam deluje na nukleaciju acikularnog ferita;
zbog toga, naredna razmatranja treba da obuhvate
mehanizme nukleacije acikularnog ferita.
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5. Conclusions

Acicular ferrite was investigated from the viewpoint
of crystallographic feature among acicular ferrite,
prior austenite, and inclusions. The conclusions
obtained in this study are described as follows:

1. Inclusions consisted of the multi-phases. The
amorphous phase, the spinel structures, a-MnS,
and TiO layer were observed.

2. The Baker-Nutting orientation relationship was
observed between acicular ferrite and a TiO layer
forming at the inclusion surface.

3. The Kurdjumov-Sachs orientation relationship
was observed between acicular ferrite and prior
austenite.

4. From the results of Iliquid-tin quenching
technique and thermodynamic calculation, the TiO
layer is considered to form after acicular ferrite
nucleation. The TiO layer is considered to form due
to the low misfit with acicular ferrite.

5. The Mn depleted zone around inclusion were
also not observed.

6. It can be considered that the low misfit theory
and the theory of Mn depleted zone are not the

main mechanisms. Another mechanism is
considered to act as the acicular ferrite
nucleation
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