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Refinement of Austenite Grain Structure by Additions of
Ferrite Stabilizer Elements in 0.2 mass percent Carbon Steel
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The present study focuses on the control of austenite (gamma) grain structure in carbon steels
during the continuous casting and reheating process of the steel slab. The formation of coarse as-
cast gamma grain structure after the continuous casting leads to surface cracking during the bending
and straightening procéss of thick-slab and during the direct rolling of thin slab. The coarse as-cast
structure is also responsible for the formation of coarse alpha ferrite/pearlite grain structure in ready-
to-use carbon steel. Hence, the refinement of the as-cast structure is quite an important issue in the steel
production. Addition of alloying elements is one of the methods for controlling gamma grain structure.
Comprehensive understanding on effects of alloying elements on the microstructure in each process
of the carbon steel production is essential for producing high quality carbon steels. The additions of
ferrite stabilizing elements lower the tempefature for gamma transformation/solidification (Tgamma).
The decrease in Tgamma is expected to yield the refinement of the as-cast gamma grain structure,
because the pinning effect of alpha phase on the as-cast gamma grain growth should occur at relatively
low temperature. However, the effect of additions of the ferrite stabilizing elements, more specifically
Al, P and Si on the gamma grain structure during the casting and reheating process have not been
clarified yet. The purpose of the present study is to clarify the effects of Al, P and Si additions on
the as-cast gamma grain structure and inverse transformed gamma grain structure in 0.2 mass percent
carbon steel. This thesis consists of eight chapters and the organization is explained below.

The first chapter was devoted to describe the brief outline of this thesis. The detail of the background
of this study was provided in the chapter 2. In the chapter 3, the effects of Al addition on the as-cast
structure have been clarified in detail. The as-cast structure obtained from permanent mold casting
consisted of Coarse Columnar Grain (CCG), Fine Columnar Grain (FCG) and Coarse Equiaxed Grain
(CEG) regions. The Al addition led to refinement of the as-cast structure because it increased the FCG
region and decreased both the CCG and CEG region. AIN was rarely detected and Al segregation was
not significant. Enhanced P segregation by the Al addition is considered as the cause for the refinement
of the as-cast structure. Our thermodynamic calculation showed that high P concentration significantly
lowers the Tgamma. )

In the chapter 4, the effects of single addition of P and simultaneous additions of Al and P on the as-
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cast structure were investigated in order to clarify the effects of P segregation on the as-cast structure
and to obtain evidence of the enhancement of P segregation by the Al addition, respectively. The
P addition/segregation in fact led to the refinement of the as-cast structure. The enhancement of P
segregation by the Al addition was successfully confirmed with experimental evidence. Importantly,

the refinement of the as-cast structure can be obtained with low P concentration when Al is added.

In the chapter 5, the effects of single addition of Si and simultaneous additions of Al, Si and P
on the as-cast structure were also studied in detail. The Si addition resulted in the refinement of
the as-cast structure. Hence, the addition of any ferrite stabilize element other than Al, P and Si
is generally expected to produce the refinement. The Si segregation is proposed as the cause for
the refinement since high Si concentration lowers Tgamma, as demonstrated by our thermodynamic
calculation. ‘Meanwhile, in the samples with simultaneous additions of Al, P and Si, the refinement
of the as-cast structure originated from the Si and P segregations. Si addition/segregation however did
not affect the P segregation significantly. It is also important to note that lowered P concentration is
feasible to obtain the refinement when Al and Si are added.

In order to initiate the studies on effects of additions of the ferrite stabilizer elements on inverse
transformed gamma grain structure and influences among these elements during the reheating process,
the effects of single additions of Al and P on the gamma grain structure were also investigated in the
chapters 6 and 7, respectively. The Al addition inhibited coarsening of the gamma grain structure
because of pinning effect of AIN and solute drag effect of Al segregation on the grain boundary.
Meanwhile, the P addition inhibited the coarsening of the gamma grain structure likely due to solute
drag effect of P segregation on the grain boundary and decrement of the grain boundary surface energy.

Finally, the important findings in the present study were summarized in the chapter 8. P addition
is effective for the refinement of the as-cast gamma grain structure in carbon steel. However, the pres-
ence of P is generally harmful to the carbon steel. The present study demonstrated that the refinement
~ of the as-cast structure can be obtained by small amount of P addition when Al or/and Si is added.
Furthermore, in spite of the fact that the Al addition is not as effective as the P addition for the refine-
ment of the as-cast gamima grain structure, the Al addition is more effective than the P addition for the
refinement of the inverse transformed gamma grain structure due to the pinning effect of AIN.

— 704 —



Fh i L EEDE S

EFE OB R OBOHEE R
B &2 # B # @ & WK
B E # B8 H #
B & B K B OF —
B & #BER = @ W A

%0 X E %
Refinement of Austenite Grain Structure by Additions of
Ferrite Stabilizer Elements in 0.2 mass percent Carbon Steel

(7254 MESALRERINC L 50.28—k ¥ F REHO
F— A7 4 MERANBROMBGIL)

REMOBEEHEEIC IV T, B RED 5 HERNCIAT TEAREERA — AT F 1 b (y) RS
FERL. ChAglEREEhEsEEcTLibic, 7254 b » 718—5 4 MEBOHEXILORA
LixBieth, REMTHOMEERECEEMEIC K 3MRSEE D ICERERRIST CLARE
DREL 55 TW3, COREDRRIROF=HICILEESE v RO MMIEMED CTEETH S,

BETEOBHINC X 28 vy OEBEIHIZE A SRALNTED. BROAETRORE
KL TRV ODMHIENMREE N TV, . §-7 254 FNEEILTETH B U VORI
o Ty KHERAE L AT 22 EANEEELDICENT VS, L LAKNS, UGNy
AR MMM B — 5 CHOMLOER L 755 L1 5 BORES 53 0T, FRTE y ML
D= S OB ERIMTTRREDT BA TR,

OS> HERICH U, AR TR, VY OROBERER L OD T OHIMEE a3 R
THEHFLNHEOBRICHATVS, LRD& S e, BHOGINTEOEECOVTIREL DR
HERETNTNE LD, TROEAHRIEFE UEBFEERNEFRIE ATV, Th
Wi, RFZETIRY VEMRNOESr BIEXE3 &5 ABESRREARMOMRICEE L, 514
BENTRTHB 7 INVIZI LA RICEE Ui, A% EICLNE, ChBbORRR S RU
Y REHOY VAOTEREROE B, ChEORBHFIMCE > TY VIRHNBEEThBC L
BEREEND, ABIZIE. Uik y ML EOED TR O ZD A H = A LEHEH
KA ERENE LT, yRIEBOEKIENZE LW 02 8/t MNEERENRIC, TV
=YL, VRO A BHRINDSRIE TR y MR O B CIORRRORIRAE TE U3 HE
88 y AN OB B HE LIt b O TH B,

E—E TR AREOREXERRTRRITV S,

B, WOEERESEEICEY AMEE, BED y HEMEomEICSRL. AREOEELEN

— 705 —



EBRRNTWNWS,

BEBTR. 7V LEMARETHR y MEBNOREZEBR L T\ 5, SHEHEEER
CHEWT, 7V 2T MERINMICE S REDL RS AICRE T 28 A% AR v $I (Coarse
Columnar y Grain, CCG) fEBMNEER L. FOIRICIZE K58 y I (Coarse Equiaxed y Grain,
CEG) MR LTz, THIR U7V I =Y LG T, CCG & CEG DRI AR v ki
(Fine Columnar y Grain, FCG) SREMER Lize 7TV = LGRINBRENX Y2 T & T FCG
AU, CCG FENBAT 2T EAWREN, TIVI =7 LGINC K 2 HHEZhEDEE & i
i ofr. HBBERRUTEESHFNS, FCGIKBVWTELWVWY VEHBPELTVR T EREDTS
n. FY RS FMEBROU VR K > TS L I3 y HAVERE TREL. Colbic y &
REOEAEESL L y BAEET y MERLIZC LItk > Ty y HEHMENE Uiz T EHSR
i, '

FEETIE. VU BEERNOBERUTTIVIZVLE Y VOBEARINORERSBRLTVS, V
> OB & o THH y MBS LT3 C e BREN, ZFLT, FIVIZILEY VD
WEHME, FAThOTEORIAINK Db, MMLEREINE €2 2 LAERICRE NI,
CHNRAEAEOFTHOHCEDICT VI =T LNY VIEHREBEE SR LIcKk>TECKC
B, HBERRCEESTH AN Ao, Lz oT, 7IVIZYAGNICK > T, KUYV
BECEOTEELVMMESRERRI 2 LRI,

BRETIR., F A ROBIMGI. BXUTNVIZIL, ¥R, VU YOESEMOEESYERT
W3, A EEMHRINTS y OMMILRNEC B L PHELN o T, Ee, 7VIZ
Ly VY, A ROEEBMCK > TZORMRIIFRIC KB LERENT, IEL. A REBM
F. VVIRMEBEBERZCLEDE, FARZDLDDEHMNT y 2D E 83 T & THME%E
L3 T EMNALMICE T, :

EARBETIR, UEE y BRSNS 37V =Y LGEMOBEEBRLTVWE, TIVIZT LG
Mz &k > TR LTz AIN B, EERE y OREBRERICENT, EVikbRFL LTHIC L TH
ZREMEBOMHLEE U BB RO R ST, LIEN- T, 7 =T LM, BER
OEBR CHERBHEBEOWT K U TH MM RERET 2 2 LRSI N

FBHBETE, YERE y RIS 2 ) Y RINOBEE#ER L TV, U VRN & - TRERE
FERICETOMMIENEC T DD, ZORIIT IV LTHRT/IEVY, LieR-T, #EH
D WA E TOWMMILEE X T, AMANRRT 27NV I T LRUTY YOBAEM
DEMEIRE N,

BN\EIR., RRXOBTETH B,

CHEET RIC, R, KEMOFHH y AiERR CUERE y R RIEFT T 251 M EE
CREOEECHL THLUNAERHRELELOTHD,. 20X EEFL EEREORBICL
EELT, UbAI7IBRETEETZ VAR ED IS VYTV A M RAERIFIA U# LW iBRH
HEOBBICEWTEMT 3L AAEBLDHH 5, &> TEHIR, tEEAEEL (T D

- RARREENZERHZLDLED B,

— 706 —



