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Effect of Soaking Treatment of Continuously Cast Bloom on Manganese
Segregation of High-Carbon Steel Wire Rod |

Tkuo OcHIAI and Hiroshi QHBA

Synopsis :

A study has been made on the diffusion behavior of manganese in the macrosegregation spots of con-
tinuously cast bloom during soaking treatment prior to bloom rolling in order to reduce the martensite
structure, which is caused by manganese segregation and reduces the wire drawability, in Stelmor-cooled
high-carbon steel wire rod. Eutectoid steel samples (SWRS80B) sawed off from the middle part of a 300
mm X 500 mm continuously cast bloom were heated at 1 573 K for 0.5 to 5 h and the manganese concentra-
tion profiles were measured with EPMA.

(1) Manganese microsegregation peaks (concentration peaks) were substantially annihilated by a soaking
treatment of 1 573 K X 1 h, even though calculations based on the previously reported diffusion constant of
manganese in austenite predicted the presence of high microsegregation peaks after a soaking treatment of

1573K X 5h.

(2) The difference between the experimental and the calculated results in the diffusion rate of manganese
decreased with increase in the strain of hot rolling, and thus approximately the same diffusion constant as

previous works was obtained for wire rod.

(3) It is thought that the excess vacancies, which are generated by the pores existing in the mac-
rosegregation spots of continuously cast bloom, accelerate the volume diffusion, and thereby the soaking
treatment of the continuously cast bloom has the industrial significance for the reduction of manganese mi-
crosegregation, as well as carbon and phosphorus segregation.

Key words : high-carbon steel ; wire rod ; manganese ; segregation ; soaking ; bloom ; diffusion ; continuous

casting ; martensite.
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Fig. 1. Schematic representation of sampling
method of soaking test samples of cast bloom.
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Photo. 1. Solidification structure at the central
segregation zone of continuously cast bloom
(Transverse section). Massive dark spots corre-
spond to macrosegregation spots.
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Fig. 2. Schematic representation of EPMA scan-
ning for measuring central segregation in wire rod.
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Photo. 2. Microstructure of central segregation

zone of wire rod (Transverse Section, picral
etched).
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Fig. 3. Effect of soaking treatment of bloom at
1523 K on concentration profiles of manganese mi-
crosegregation peaks in wire rod.

Table 2. Martensite occurrence ratio of Stelmor-
cooled wire rod (SWRS 80B, 11 mm).
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Fig. 4. Effect of soaking treatment on concentra-
tion profiles for manganese and sulphur segregation
in large macrosegregation spots in bloom (EPMA
diagrams).
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Fig. 5. Effect of soaking treatment on manganese
concentration profile for large macrosegregation
spot in bloom { Calculated diagram, D=D*).
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Fig. 6. Relationship between soaking time and

maximum concentration of manganese microsegrega-
tion in large macrosegregation spots in bloom

(Soaking temperature : 1 573 K, EPMA).

EHERT. chih, Mn oI uRii—-2sE8i
PRIFEFE 1h LN TREBICIKT §5 2 &25b 2 5.
Fig. 6 T, AP IUERIIVT NS Fiek DYLEH
BRICKVEELZERTHL. 9IKMT L LT, ¥~
7% & 1.8mass%, ©— 7@ 180um » I 7 ufRire—
7 HEE 1.1 mass% OEHIREH LICHEBUIZHFEST S
EARFE Lz, F7z, FFEE 3 RIEEBETVICXEDITO
2. Thibb, RELSFLICHASD T Mn OBEBRK
B A A A BELE 180 um DEFED I 2 v {RITHL
(%7 :1.1 mass%, /> :1.8mass%) 7%, Mn B
1.1mass% O+ — A5 F 4 bhIC1BEIFFEL, 3R
BB B EANE L CRIE L 72, midia (1 )N HLEk
B D* *HOCEBELERETH B 05, EBRERL
DERIKEV, TRIIHFLT, EB, Thbb, K
#¥% D* o 55 f5e LTEELAERE, EBRERLE
HEWRW—HERT.

4. & %=

4-1 BHOhLRFHICETR2TIT YA FOER

2 FNVE T HEHBMICB TS Mn ORATIREE <V
FUHA P OEFEOBBICOVWTEET L. B O
RATRICBII A~V T v 4 MERICE L Tid, Mn LA
Mz, FRCRITFLTYS CBXU P OBELEREIC
ANBLERHS., LAhL, ThoEDTLHEE Mo ik
NTHEAMIC B XIFTTEEWIS V. T/, LHUEEN
KEWSH, 1573 KX1h O IZ X H SRR
bEDPUMRITIZIZITHBL TWBY. L2 T, &
MicBIFB< LT 44 FOERIE, & LT, Mo
WY — 2 @& LBMEEOGHIEE KT TS L E 2
Thwv, ZFVETEHEHZIZISERGIIGEBTE 572

20
I .
¥ 15 Martensite
g
-
4
s or Pearlite
8 earli
%5—
S
0 | | |
1.0 1.1 1.2 13 14

Mn (mass %)

Fig. 7. Relationship between manganese concentra-
tion and critical cooling rate for 0.82 mass% car-
bon steel.
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maximum concentration of manganese microsegrega-
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temperature : 1 573 K, EPMA).
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ples with reduction in cross-sectional area by hot
rolling.
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KR TOIELR & LT, RERO L S 1 EHKIRED
92~95% &\ K IR TI EEIHECE— Fix
HCHAH7:5® Porosity (3BRIZSIL % A L THAILEK
RRETHLEZDONRYLEbNR L. BREZEILOB
HEX= 7 aRRoOMB-BELMHATL L, BX
O, £hiZd L DT EELHEROERNERYITH 2 &
HEBOBFEETH 5.

5 #

B R FERBA O Mn BITICB LI THAHBLED
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NI SATRSEF % FlV CHBIMIEEER 2 17V, EEIC &
=7 URHTRINO Mn RHT 79 7 4 L OZEAL % BE
THEEDIZ, ERBE SN TOBIEEK Y BV CfF
DREERRLOERIZOWTERL /2.
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(2)1573KX1h oFEMEIZ LY Mn @ 3 7 ORI
V— 733 & A SR L, BHIREIT O A 05 5. —7,
ERME SN TV LEHEEEHTURIT 7o 74 V%
FHE L2284, 1573 KX5 h OB T b A HRIEHT
FOI ORI — 7 3BHELERERE - L W,

(3)Mn DIEGEE BT AEREFIEOERIE, 8
FTHRORKEL, BEFEROTAOBIIIE b &2 TR
Y5 H WM TRHEEOERIILAEARAEDLN RV

(4 )R ORAEEIICH 725~ 7 ORATHLIL, BE
IHED 72012 Porous i+ L ), F0E, Pigg
BEULOZEILENETHEEZOND, DX 28%

il

LRI B 2 12T 5 720, Porosity ® % WA IS
AT Ma OEBGEEAMAT 2 L Z X 5h 5.
(5)8H MBI XY 3 7 0 R ¥ — 2 L BA
GIZHBT B, BHRETZEET S I e TENIC
DB W, L L, VT 44 roEE R
L35 &0 BEd»SEREMEM O Mn FiFEE L
7235E, BERTNEFEITEEHRENT Lo 3 7 ofFiric
BRESND. 2070, HRZaE, C * PIRIT
EFEEE, MnRHTICHLCOERTH Y, EREREH
DINTH A MhIEFEE LT ITENLEREZAET
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