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Refining and Qualty of Slabs and Heavy Plates Produced
by 40t Electro-Slag-Remelting Process

Yutaka HIROSE, Kazuo OKOHIRA, Takaharu SHIMIZU,

Nobuo SaTO, Masazumi HiRAI, and Minoru NISHIWAKI,

Synopsis:

Our experience and study on the refining and solidification in a 40 t slab ESR process at Yawata Works
and the properties of the rolled heavy plates are reported in this paper.

Inclusions in the ESR ingot are quite small and few. Desulphurization to gaseous phase plays an impor—
tant role in the total desulphurization of ESR. The deoxidation is discussed form the viewpoint of Al-O
equilibrium. In order to obtain hydrogen contents lower than 1 ppm, the control of atmosphere and the

use of recycled slag are necessary.

The secondary mist cooling practice has been developed for the prevention of ghost lines in large ESR

ingots.

Heavy plates rolled from the ESR ingot show excellent ductility and impact.properties to convetional

materials,

A high reliability in material properties is secured by the application of ESR process.
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Fig. 1. Electrode configurations and longitudinal

sectional view of a bifilar ESR furnace.
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Photo. .1. Typical inclusions in electrode and ESR ingot.
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Fig. 16. Pool-depth estimated by calculations.
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Fig. 17. Comparison of dendrite arm.spacings.

— 273 —



2216 &% & &

% 63 4 (1977) ®13%

S - print Macrostructure

Cooling condition A

S = print Macrostructure

Cooling condition B

Photo. 2. Comparison of the structure of the ESR ingot produced under A-and

B-cooling condition.
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Fig. 18. Carbon distribution in ESR.ingot.
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Fig. 22. Impact properties of 99%Ni steels.
(Transverse direction).

BAEERR L CLORBREL LKL KThHD. V/aH
EROLEORBIEICETL L, BREFADOWTHORE
THRE LR RT L ¥b»b. ¥, Fig. 24
WARIE AR 15R 0 REBUC 1T HK 0 i (RAw) % SRR P
DERBICOWTHTHE LEBERETT. R4 WERBRA
DORIRALE BRI < BVWESE L, RAZETIZERD
Hhsv. BAEOSHES LS EED R LXK O
BT 5EHELZ BOBELbIT, &< RAyy @
MERKREEDOBRERCROND I 257 —7 1 7
MHLTCEbdDTHAE ZRTWAE®, Fig. 25 |3I4EK
[Eo ESR #d RAwz % BREME WL BHTHS.
ESR M TREELTEY R PELIhDZ L Bbh

— 275 —



2218 & & @ ® 63 &£ (1977) g13=

Plate thickness: 100mm and 130mm
Orientation Land T

P Testing temperature
m(‘\
5 [e) 0°C
S ® -20°C
L2330 A -40°C

s
§ A -60°C o
€
]
£
Lce 2
=
>
»e
T © 10
5% A

0
] 10 20 30

Charpy V-notch impact energy at
one quar ter- thickness * (kg-m)

Fig. 23. Comparison of impact properties at one
quarter and half thickness of Si-Mn steels
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Fig. 26. Mechanical prorperties of 5 Ni-Cr-Mo-V steels (plate thickness 65 mm).
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Fig. 32. Schematic representation of the growth
of V-segregation streaks.
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Table 1. Comparison of the critical conditions
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37
R 4.
Tashiro ! )(ér=i2£§;n%) ~4.1cm | 4.0an
Ingot o
- e=24 £ =0
Suzuki | 2) € > 875R™M! R—0.156 R=2_:4
(39
ESR | Hara ) 3) gp < 45° 2 §2.5°

% Ghost line is not yet completely suppressed.

— 279 —



2222 & r M

% 63 & (1977) 132

REREBRERLOCIZ, T. NuMiO L0888 X0 L
€ Table | jz7R L7z,

BREEBEE S /P R RERITES®MIC 5 S
TH, HRLOEHE ESR fitflic b HTi3E 5. &E
BFSR, T. Nomi 50831, SHKS085 2848 7T
VEIRITRRAERIRIC A D, EEL50F L& onwT
LAFEO BET HK Ui Ao 6, 25 52.5° XiEH
MBEEHANC ATV BIC L b 5T, EEBI IR
WEELBRDLNLP D/ EThr5X 5, WiFh
SAEBRBERICED T E O, 2k. ZThiZERLD
FRFREA 0.2~0.9% C £ TOAVIRE I L a3
HOTWVHDEH L, BRDLE X KERESDOHERITFEN
BB olERAEBL2BRTVWEHDEEILLNS.

7.

40t K= 7 7 ESR oM s BB L, *
DOPEE £ &, 1K, BIEFE CERELMSEH L,
BV ERE L EE O T Ch KBV EM Rt X 5
L EZTF L. KBIR T TORLEKRE 2 S+ % 0 CFE
IR EETICRE L.

(1) JE&{E%hE - ESR JLERZ X D A RONTEDH
ISIEEM &7 D, BT DB LMBRATEWIEKIGIC /N
fBl, dpLIlFEis. T, MHROMEHBEZ LD,
NIEIOH LA DFIREE T CHED THE L1 5.

(2) Wbk : ESR 2 k17 % B g+l 5ic
Vs SULRERE & FEYC FIF T 50 Ea3H 0, 0.002%
DFDSvNvoillGdZE LTRETE 5.

(3) JiEE : [O] v~z 1750~ 1800°C ¢ [Al]
L DFECHE T HEC I 525, ZOBRERA T ZHBIE
EOFEMEL 0¥y 100~150°C EH EL 72 5.

(4) AKFEL : BAKEICERS FOFFERHE, 2
ZURLEE®D Ny 2k O HRLDREF AR I BE
FSH Puzo @I b B — L OSERAE L, HBLE
7o) 1ppm DUFOEKE L NV OFER DS WRETH
5. ’

(5) PWE:510mm [FokBo kR Mmmbin © R4
TH= 7 vz, 2 bSEEFIAL, HEKXE3
BIRER AT L. ¥/, BN OSBRI aiED Td
<EHETH 5. ~

(6) #MHE: ¥@its X OEESAIECmLEL, »oR
TR TS. 5T WALEH ED T Dl vyl
%, FHEOBH VR EETE 5.

I

BRI EAMEELZTT Yy, F—20NEL
FEHEECHIINE, BET, RIEELE, B)IEHE,

MEREST, FH—{, RESHE, BBts LAEE,
REREBOHEKE, BRI aL—v s U5 E8ichio
TRAMEZ VL WIHBENE RO X DR 7
L%t

'8 [

1) H. Kajioka, K. Yamacuchi, N. Sato, K. SoE-
JiMa, and S. SakAcucHI: Proc. 4th. Int. Symp.
on ESR, Tokyo (1973), p. 102

2) FESNGEHGT: HEKENAEE  (1975)

3) HMAGIUIRMEKT: HHMBSER  (1976)

4) WM E, #L OB, BEH: gEE, 25
(1976) 3, p. 54

5) M. M. Kruev and A. F. KABPUKOVSKY: i =
Y7 FwrAT gtk S45 p. 152.(AVER
#t)

6) A. CHOUNDHRY, J. KLINGERHOFER, and M. WAL-
STER: Proc. 2nd. Int. Symp. on ESR Part}II,
Pittsburgh (1969), p. 161

7) H. Miska and M. Warster: Arch. Eisenhiit-
tenw., 44 (1973), p. 19

8) 4. McLEaN and R. G. Warp: JISI, 204 (1966),
p. 8

9) W, HIER, HAE—, 28 W &
$M, 61 (1975), A 65

10) W. HoLzGRUBER, A. SCHNEIDHOFER, and H.
JAEGER: Int. Symp. on Special Electrometa-
Hurgy Kiev (1972), p.306

1T) N. Pockuingron: JISI, 211 (1973), p. 306

12) B. I. Mepovar, V. I Artamnov, V. M.
MarTiN, and M. N. Kauinjuk: Int. Symp. on
Special Electrometallurgy Part I, Kiev (1972),
p. 101

13) J. H. Warsn, J. Cuieman, P. B. KiNg, and N,
J- GranT: J. Metals, 8§ (1956), p. 1568

14) L. E. RusseL: J. Soc. Glass. Tech., 41 (1957),
p- 304

15) it &, BB $:, 62 (1976), S499

16) T. Numi, M. Miura, S. MatsuMoTo, and A.
Suzuki: Proc. 4th. Int. Symp. on ESR, Tokyo,
June (1973), p. 322/336

17) W. HorLzGRUBER, P. MAcHNER, Ch. KuiscH,
and L. ScHwarz: Report from the Research
and Development Departments of Bohler Bros.
Co. Ltd.

18) Yu. V. LaTtasH and B. I MEDO\?AR: Electroslag
Melting, p. 76

19) AR, EARMINA: k&8, 62 (1976), S457

20) miEEE, TRET: ki@, 62 (1976), S455

21) K B, KFFEMB, BB R, EE: &
&, 62 (1976), S501

22) D. C. HiLty, et al: Electric Furnace Steelma-
king vol. II. (1963) [John Wiley & Sons] New
York

23) SRR, HABIA: &L, 63 (1977), p. 55

24) &k E, Sk B, BE &, £HEL &F
gk, 32 (1968), p. 1301

25) Bl VE TROAE, MESH, RIS, Anms:
# &8, 62 (1976), p. 1641

26) WHkwEE, RBHEZDY, hEEH, FA—{, &
& gke#, (1976), S710

— 280 —



%3578 40t ESR [ZRFHMEZE L HHITL>WT 2223

27)

28)
29)

30)
31)
32)

33)

FIRWH 19 FBS: SWEAEER (T)
1966, p. 197 [ %Fkt]

NEFEHR: kLW, 61 (1975) 14, p. 2998
&RELS, WF—R, FLmE, HEBEI: HE
¥ALEAKHEMES 124 (April 1973) p.46
KR Rk, wiEmss: gkrd®, 53 (1967) 1, p.
27/37

BEE—, &OBfT: Bed, 56 (1970) 2, p.
212

(1971) 10, p. 1654

SR, EAMI: &M, 63 (1977) 1, p. 45

34) BRRM, EARRBM: £ xE, 63 (1977) 1, p. 53

35) <FJIFHER, MEFFEME, EABS: sk, 4
(1958) 11, p. 1259

36) C. BenEeDICKS, et al: Arch. Eisenhiittenw., 3
(1929/30), p. 473
(1971) 9, p. 1479

38) S. M. CoprLEY, A. F. Giamel, S. M. Jounson,
and M. F. HornNBECKER: Met. Trans., 1(1970),
p- 2193

39) I’ Hk, FHEXR, #HoRE: #eW, 62
(1976), S97

— 281 —



