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Austenite grain refining at the as-cast bloom surface by reduction of oscillation mark depth
RS JEHE—* S — g

Yasuhide Ohba, Shin-ichi Kitade and Ichiro Takasu

Synopsis: Austenite grain refining in the surface layer of as-cast bloom is effective for the reduction of surface cracks in steel

production. This study was carried out to clarify the influence of cooling rate on the as-cast austenite grain size

and its growth mechanism. Depth and interval of oscillation marks were reduced and the austenite grains at the

bloom surface were refined under the oscillation conditions of shorter stroke and higher frequency. The average

cooling rates were estimated to be from 6 to 16 K/s in austenite phase temperature and the rates were related to

characteristics of oscillation mark. It was found that the austenite grain growth direction did not vary even when

characteristics of oscillation mark changed. The austenite grain size below the surface layer was also determined

by austenite grain size at the bloom surface.
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Table 1. Chemical compositions of the specimen (mass%).

C Si Mn

P S Cr

0.20 0.30 0.83

0.017 0.017 1.18

Table 2. Casting conditions.

Condition ©) ) ® @ ®
Bloom dimension [mm X mm] 380 x 490
Casting velocity [m/min] 0.5
Superheat [K] 25
Oscillation stroke [mm] 4 4 2.6 2 2
Oscillation frequency [cpm] 104 129 160 135 208
Negative strip ratio [%] 75 80 75 60 75
Negative strip time [s] 0.22 0.19 0.14 0.13 0.11
Mold powder CaO/SiOz 0.6
Mold powder viscosity at 1573K [Pa-s] 2.4

*1 MR- -BEREVY— TORIBRIN—T
* 2 BUEER REMT I —T
*3 MR- -BREREVY— TOBRIFRIIL—TE. PhD
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Fig.2 Appearance of bloom surfaces. (a) Casting condition 1, (b) Casting condition 3, (c) Casting condition 5
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Fig.4 Micrographs of austenite grains at the cross section of oscillation marks.
(a) Casting condition 1, (b) Casting condition 3. (c) Casting condition5.
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Fig.5 Relationship between OSM depth and austenite
grain size at different depth from surface.

Fig.6iC. BERRENSDRS (L) EFHY Y HRE(DED
BfRzRY, BEIRSFREDEI NO—T - &Y 17Ut
ICEEO BRO-~ODIREIC. HHEREED y KIS ML
JHOMENREHON, Flo. VREIL. BRO~OH(C
BRENMNRD/NS ABIFERESLOTHY . AR
ANODRS EFIY NEEDEICITERBERNEBDOON
foo BAICIE. RED~OZENZENDIELEDBRDE
NEHFZR LI, BT DFig.8ICRFRT DA ENzEh
DEHRDIEZIL. FIIERELEZASND,

Sanyo Technical Report Vol.15 (2008) No.1



1600

1200 |

800 |

® Condition D
A Condition @)
@ Condition 3
@ Condition @
@ Condition B

v grain size, d/ um

400

0 3 6 9 12
Depth from bloom surface, Z/mm
Fig.6 Relationship between depth from bloom surface

and austenite grain size for different oscillation
conditions.

4, BEE

HEYHNEICKEZEZADBERL LT, SARE. K&
REH. NEY. WERLEZRITHIENTED, 20D
25, SEOXRKETIE. WERISENILEL MEDLE
BETCENENRHETH DIz, €I T, HEYHEICDN
T, WEREHSIOSHREDERNSREI LI, IR
Srelg —HEREFOEREFIBIEZEDTT IV L
W, #ERKER(N) Z A HRHE B AL EL (no) THRARIE L 7oA 81
fEERRIE(n/no) & REERE (L) Z FEBFE SR KR (db) THRAZME
L7 g REERE (L/ do) EDBRICDNTRL TS,
ﬁﬁﬁ%*%otbj\ n/noD’L/deDEFTERITHLT DI E. &

ICHERDERABZRT MRAB/NTA=T 1 28N
BB mE(n =0)o@EmEAmE(n’ —1)att®#1L
?Rﬁiﬂd)szk WCEH@ L TS, Fig.7 ™ 2. Bk
EEF‘R1OO>350‘<O*¢M;|L7‘3‘F1&ESZ§EH&0)E§{?* I A
TR . BERRBEANHRSEN DS 07219 NIiESRIT.
BARBELDaDHE. §EHh5n" -0 DHB[ICKEKT D

Heat Flow Direction
0 ;Growth Direction

_a [

(100>

Fig.7 Relation among {100), growth direction and
heat flow direction'™ .

23

AL =23V —URSDERICLDHES Y KOMMIE

EBEZD. ZDEDBMEDTTIE. n' 30~ 1DEDIE
=D, ' DENMISEMSIFE, DIUBERRSEIC
BRI DIFE. KBRNEDPHICEZ D, —F. 1’ DfE
NS BDIFERERISEIVICSKBY, n'=0. D
FUERAEIIH L CRRISFTICRET DIESICIE. K
BRNEE IS, Fig.6ICRLHERERANODR
SEFEYYRBEDBRICONT., YHRERE(ADSKIUHER
RENOSDRS (L) = ZNZNAERIE(d) THRLU THEAE

2 3 =
% Ti_l ® Condition (D
g“ ' A Condition @)
‘5 @ Condition 3
> 2t ¢ Condition @)
Z @ Condition B
§ 1
=
=
g
5 |
Z 0

0 5 10 15 20

Normalized growth length, L/do

Fig.8 Relationship between normalized growth length
and normalized grain size.

ELUIEHRZFIQ.8ICRT, dollld. BEFO~BOZFNZEN
DRFZE COFE Yy HNEDEZBIV . D2, n/nodDi¥E
Hhd/dEmBDZ END. SIRSARLUTZL/ do& n/neDES
RN L/do& d/doDBRICERLIEEZ S, n'=0~1%
NZNIZDNWTIEIRBERTEMTE LI EN D, Bonl:
bl Tlfkg?ﬁﬁlzig BICELETRLIE. B&W. HRO~G

[CFEB Y RBRORE DI =1, DFW YHNDOEBLERE
Hm@ﬁﬂlgﬁi nmllco YRIOBRERBICDWT,
m'=1IBERESENDEE. 1’ =03 RFENDK
RICHIET D, ZDi=H. 1’ DEHANSLMIEAERERE
2T S HRRRABANDKRERNEVFREICHET D,
FHRIREISRADEI NO—7 - 8TATILEICED Y KR
DIEEIE. MEDRE S TILIH T 2HNKUEE o/
HEEZOND, LML, FDERODBESNDIE. HEIRED
RECHD ST VYROBREABICETIIEL . BRAE

FRIFFTEAERDONEN DI,

Fig.9lZ. OSMRS EHFARENO2MMRSABETD
BEBHEE (Rs) EDBERERT, ZRTVYRSA T
—LBEEY) . OSMIUBRDRsIZ18~27K/s, OSM&ER
DRsIF7T~18K/sBELREL DI ENTE. OSMAE
DRislE. OSMILBBICLEER L T10K/sIEEERM Dzs Rislc
W DOSMREDFEIZDINT, OSMIEREHER NI ERS
MaWWERARH oA, ZOMEEIE. OSMAIRELS
TIHE<OSMILERTHERKRICERO DNz, Zhld. OSMR
SHMER T DI ET. OSMAE 1 EBHY DREEND

Sanyo Technical Report Vol.15 (2008) No.1



AL —2arV—URSDERICKDEHES Y RO

30
A A A At the top of OSM
T O At the bottom of OSM
B o A
Ex o
s
on
E 10 |
g o
@]
0
0 100 200 300 400
OSM depth/pm
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