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Profiles of Temperature, Voltage and Local Heat Generation in Slag
Phase and Metal Pool of ESR Unit under Operation

Masahiro KAwakAMI, Kazuhiro NAGATA, Minoru YAMAMURA,

Naoki SAKATA, Yoshio MIYASHITA, and Kazuhiro Sylvester GoTO

Synopsis:

Local temperature and voltage in the molten flux and metal pool beneath the clectrode of ESR porcesses
were measured directly by a bare hot junction of W-WRe thermocouple.

The temperature in. the flux during remelting was almost uniform at 1 7504 30°C. No temperature gra-
dient was found at the metal pool-flux interface. The temperature in the metal pool decreased smoothly
downward in the pool with a platea at 1 500°C which was the liquidus temperature of the steel used.
The iso—voltage line was densely distributed at the electrode—flux interface and broadened toward the
metal pool-flux interface. Most of the “Joule heat” in the flux was generated very close to the electrode.
However, Faradaic heat generation at the electrode—flux interface was hardly found.

It is suggested from the experimental results that refining processes, not only slag-metal reaction but also
inclusion removal take place mainly at the metal pool-flux interface. Because the temperature in the
flux was uniform even with the localized heat generation, a violent convection should exist in the flux.
One of the driving forces for the convertion, the pinch effect of the current, was calculated. The
selection of the proper voltage and current in order to have a good shape of the metal pool was suggested on
an I-V diagram.
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Table 1. Melting conditions.

Mold 180 mm ID, 1400 mmL

Plain carbon steel (S40C) 100 mmg
Ele;:tr_odle Liquidus temp. 15004+1°C
materia Solidus temp.  1428+45°C
Flux ANF-6, CaF,-30wt2,Al,0;, 8 kg
Voltage 50V (on control pannel)
Melting
rate 100 kg /h

3.0 to 3.2kA (manually adjusted to
Current keep the above melting rate.)
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Fig. 1. Construction of the probe, a) only for
voltage measurement, b) for simultaneous
measurements of temperature and voltage.
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1. center, 2. half radius of the electrode, 3. 15mm
outside of the electrode, 4. 5mm inside from the
mold.

Fig. 2. Position of the probe embeded in the
electrode to measure temperature and
voltage under the elecctrode. Four bro-
ken lines indicate vertical movement of
the probe.
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Fig. 3. Shape of alternating voltage recorded
between stave and base plate with
oscilloscope.
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Fig. 4. An example of simultaneous measurements
of temperature and voltage at the center.

AC-DC o v N— % — Dk, REMEEZEST, <
WENDGTATERL, BEEFTRTNVRNDERIC
M—LTKRbL.

RO T o — TRBOFEZ KD B, BREEDRD
HE L, BEHOEFEEOMCL 2T o ~TDR5 4
XD FRRERE A Kk, AIERRD & BT AE.
B, RETT LT, 22 0T~V ER5 FREDEE
BIEECH» 50T, X OREOLIE 2 EE FHOLE
DFEEE LT

3. Bl ® B B#

31 BELLUBTEORKATRE

Fig. 41z, BHGHRLIICHIT HEE S X CETOFR
HIERRO—FETT. MO LB Ehs & o728,
INThPr3X 5, HIEF +— FEIROE»SEDS
WHETTS. BERATISTADETIZIOVERLTY
. ATTICADRFER LY, ABicEhnsitns. 7
v —THBRTTRCH LR, BEIHENRD S
HEILTW M, 2 Z VTP~ Nit A5 &, ALKIBOR
Balhds. Zhiky, 220 F— i35 SREOR
BZIEMEICED Z LMW TE, BMOFRSIL 4 20—
LA TREDONMEI &2 Ik, ZTOBFIRESHOE
Bix, Fo— TERBHSERDT, BEMOE — Remo
—ERASIEIMICIE X, IREESDS BN LWE X D3R A
TLEV, BHEDEMPEGHIC L 272D 2 b
ha.

MEN, BEENOTFHROD, BESOVERLT

—222 —

-



£

ESR ¥ o RS /LA A7—LHBOEESXCEMYTOMNE L BRBBSH 2165

2000

L . 1/:2rad.:
15000

1000

T

b
)
|
|
)
I
1
'
i
¢
[}
1
|
(
'
(
i
t
|
)
|
'
1
1
1
1
1
1
1
1
(
|

1
!
1
1
]
]
1
]
'
1
I
1
i
t

& ¢
1
1
[l
|
'
|
i
i
'
'
1
1
I
t
1
i
v

— center—3
L
3 o—o10—2)
;é_’,.' e Illg—i ’} center
500 ¢ a—all=2 1/2rad i
i
!
metal ])001 i slag g gas
0 . :
—50 0 50 100

distance from M—S interface (mm)

Fig. 5. Change of temperature along with verti-
cal line at the center and half radius of
the electrode.
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Fig. 6. Distribution of isotherm throughout the
slag phase and metal pool.
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Fig. 8. Change of voltage along with vertical line
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Fig. 10. Distribution of iso-voltage lines and
current pathes in the slag phase.
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ESR of $45C steel with 8 kg of CaF,60-
Al O,25-Ca0Ql15, at 30, 40, 50V, keep-
ing a constant current of 3.5 kA.
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Macro-structure of metal pool during
ESR of S45C steel with 8 kg of CaF,60-
Al;O425-Ca0l15, at 2.1, 3.1, 4.5 kA,
keeping a constant voltage of 50 V.
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13. -V diagram showing the shape of metal

pool and the optimum operating condi-
tion base upon 34 observations by macro-
structure.



E&{ﬁ%¢@x§ia}ﬂwﬁ—»¢®ﬁ§£;ﬁ%ﬁ%ﬁ@%%k%ﬂi%ﬁ 2171

60-A1,0,25-Ca015 % T S45C %igfF L7z L & D,
B OBREELET BN 3¢ @0 7~ VvORR
% Fig. 13 1088k Lz, R, K& v P — R
X, ABEEETELND P VEREBERNICE &
Db DTHS. Fi, ABTERALBESFEEtE
Zxbhs. Ak, BEE/ E-VFETCEDIHhDT
AVLA Y =D, SEROREEOBESD, TR
m%%%&&?t%z&hé-@@@ﬁ%ﬁ@f—w%
WITERRE 100~110mm ¢ OB TH D, BEEE
80mm ¢  L7-HAIch, BREENSLEROFEEAT
i3, UL Bign S vERPE LN

5. &

iEghozf ESR FROR T FB X0 Zv =
MR BoBES, ¥HREBHEEEAL, RELER
OFIRBMER TR, 22V T—VERT 7 REDRIE
BB LD, EMSIRE, Bk I OCRBED
AR ERER L. £ Ihid,

(1) 25 FHENORER, BRH-2778X0H
22 5 FREOEEEZRVT, EEE—T 1750430°C
ThHoOte. Fio, X ZNT—vERT T REERFE TR
EARNAL L, AT VRROEBMRIERIChE WD
L ots. X AP — VTR, BHEEMOWRER
B0 1500°C (HiE e 52t it B S FHOIRE 2B
HHET 5.

(2) =7 SERNOSBEABESMIBWEELLE CET
B0, »x&2TF— i EDL 2R EIREIT DT
tzo E1z, FELIE -V NERICOETICRDTED,
£ — U REEADLH 30% DOEHREMBHNL TV & RELN
7z

(3) =3 FHNOREI, X5, BELRE 2.0cm
FTCOTLIRONIBFITRI DT i, TOH
2l SRBEHOSHIEERMFTTHOR.
DLEoEERY b L CRD X S REERTTE D7

(1) EESHOBIERZRL D, %7 ShORRE
EORE, WMEEICORNE, ERiE, A XV EFEy
FRE, *ZNVT—VRET, 13F 9:7:9 oFFL
B LR, Lo T, REMEHT TR, HERIG
O FfiE & LT 17504+ 30°C D ffiw v X v LG
.

(2) ZBHBBEOEFEO CLKRLNZFATIERI>TY
bbb bYT, A7 7MAAREEE-EETHHT
L, AT SRORMRHSIEFCITT LW LB TS
FOEBHHO—2 L LTEBESIRC X B FNEFE
L, 27 7EAPLcTmE 12.6g 01x5E T

i

BT & s,

(3) AflEZERED L, BELOBRBLESREL
* 2 v P VRO BR B R B S .

A E BT T HICH D, SROWENE WIS E
LMo B AR (%) Sih TR R EIRIN — 5, RE
EHREMFEOERIGERMOBERLEY. &,
AWIEIIREAN 50 4EE RARKIMIIS, FMEEREIAFMAR
LEBREARSOREMEDO—2 L LT, F—FHEE
Ko EEHESEFOMEED D LEfTShE L. &
TR LTERAILET.

3 [

1) ESR %fke: HAKBHSEHRBHETS, w6
SEafm g% (1975), g2% (1976)

2) F LB, B OB, AR O SR,
61(1975), p. 139

3) P-O. MeLLBERG: Scand. . Met., 2(1973),
p.- 5

4) P-0. MeLLBERG: 4 th Int. Symp. on ESR,
Tokyo (1973)

5) A. MrrcueLL and §. Josui: Met. Trans.,
4(1973), p- 631

6) INEAES, BERHETES, WUZHR, TEWR: &
L@, 6(1975), S139

7) A. MrrcueL, S. Joshr,and J. CAMERON:
Met. Trans., 2(1971), p. 561

8) M. A. Maurvaurt and J. F. EruiorT: Ele.
Fur. Proc., (1970), p. 13

9) I BariN and O. Knacke: Thermochemical
properties of inorganic substances, Springer-
Verlag, 1973

10) A. MitcHer and B. Brurer: JISI, 208(1970),
p. 407

1) kEfD, B KA, WEEL: W,
62(1976), S96

12) =2 - %o -5y, <-4 - ¥ [=v7
brAZ SV ATV ), B VIBREA
1974, p. 170

13) D. N. PockLingTon: JISI, 211(1973), p. 758

14) J.D.W. Rawson, D.I. Dawson,and M.
Kirgkaam: PB report, PB-225, 715

15) REE—, BLERE, EXRBF: LM,
55(1969), p. 981

16) C. K. Cooper, D. GuosH, D.A.R. Kay,and
R. J. Pomrrer: AIME Elec. Furn. Steel. Conf.
Proc., 28(1970), p. 8

17) %A (@7 — 7 HE], EHRER 1970,
p. 165

18) J. SzekeLy and A. H. Diawarr: 5th Int.
Conf. on Vac. Met. and ESR, 1976, Oct.
Miinich F. R. Germany

19) R. C. Sun and J. W. PripGeon: 2nd Int.
Symp. on ESR, Mellon Institute, (1969)

20) R. EccErs and R. JescHARr: 2nd.
Japan-Germany Seminar, Tokyo(1976), p. 135

21) D. A. Dukpo, I. N. RuBLEVSKT, and G. S.
Tyacun-BeLous: Automatic Welding,
1(1960), p. 71

— 229 —



