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Some Important Factors Affecting Hydrogen Pick-up and
Oxidation during ESR Treatment

Akira Masur, Yasutoshi SASAJIMA,

Naoki SARATA, and Minoru YAMAMURA

Synopsis:

ESR experiment was made by a test furnace (600kVA) in order to investigate the hydrogen pick-up
and oxidation of Al, Si, and Mn during ESR tereatment.

From the studies on the behaviour of hydrogen during ESR treatment, it has been found that the partial
pressure of water vapor in the atmosphere, gasfslag interface area, slag composition, electrode hydrogen
content, remelting rate, and slag quantity are the factors that control the hydrogen content in ESR ingot.
Based on these test results, and on the assumption that the transfer rate of (OH~) through the gas/slag interface
controls the hydrogen pick—up velocity, a mathematical model was made for the behaviour of hydrogen
during ESR treatment. The physical and chemical constants used in this model were discussed.

From the experiments on oxidation of metal, it was found that SiO, content in slag played a very important
role for the oxidation of metal and that Si, Al and Mn contents in metal were in an apparent equilibrium
with slag compositions. By using these test results, a mathematical model for the oxidation of metal during

ESR treatment was made and discussed.
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Table 1. Experimental conditions.

1. Mold size : 180 mm dia. X 1 400 mm height for

round ingot, 130 mm x 310 mm X
1 400 mm for slab ingot

2. Electrode size : 80 mm dia, 100 mm dia. for
round ingot 70 mm X 250 mm
for slab ingot

Remelting voltage : 30V~50V AC
Remelting current : 2kA~6kA
Remelting rate : 70 kg /h~170 kg/h
Slag type : CaF,~Al,0,-CaO type
Slag amount : 5 kg~12 kg

Py, of atmosphere : 0~25 mmHg

W w0 N O U s w

Chemical analysis of electrode (9)

C [ S [Mo] P | S Al H

0.37 0.15 10.60 5.010
~0.43~0.35~0.90] 0-030] 0.035° "5 tr.
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Fig. 1. Effect of water content in ESR flux on

hydrogen pick-up during ESR treatment,
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Fig. 2. Effect of water vapor pressure on hydro-
gen content of steel in steady state during
ESR treatment (other conditions are
constant).
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Fig. 3. Effect of slag composition on hydrogen
content in steel. (*mmHg, **kg/h)
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Fig. 4. Effect of remelting rate ( /' )and gas/slag
interfacial area (S-s) on hydrogen content
of steel in steady state during ESR
treatment. (*mmHg, **kg/h)
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Fig. 5. Surface temperature distribution of elec-
trode in longitudinal direction.
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Fig. 6. Changes of metal and slag compositions
during ESR treatment.
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Fig. 7. Effect of specific remelting rate (y) on

oxidation of metal during ESR treatment.
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Fig. 8. Effect of SiO, content in slag on
oxidation of metal (V=>50V).
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Fig. 12. Hydrogen removal rate in unsteady state
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15Ca0 DO 3FEREOA ST ONWTARE T pIT2OWT

EET 5.

HWITETHET L7z 60CaF,-25A1,0,-15Ca0 DA T 5
zonTiE 4=1.73 »Esh, UL»d A=const/
V7reo(FeQ) TH DT LibrDlc. EHIT, DA
55D rre0 % M. WAHLSTER 5 OHE 5 LHET
LETTHD, LIrDYERD (FeO) 119 0.5% T
T H DD T, A=3.23V/ 7, o(FeO) & LTEEX
Tz LB TESL. i 70CaF,-30A1,0;, 20CaF,-40
Al,04-40Ca0 iz oW Tk, (FeO)ix§y0.5% THH,
TFeo & M. WaHLSTER 5LOHEDHLMET H &N
Zh 10 & 6 THBEDT, thThd A 25{HT5 &
Table 2D :kh &70%-

PIRDOWVTIE, BOENF— 2057w T, (10) X2
HUVWERT — 20 bRDTHL. ERIEILENLTHLORA S
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EEERY Fig. 131R LA ZZTAI TR I D
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Fig. 13. Relation between hydrogen content and
water vapor pressure for 20CaF;-40A1,0,-
40Ca0O and 70CaF,-30A1,0,.
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Fig. 14. Comparison of observed and calculated
values for hydrogen content.
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HEIMOKFESE LAk, LD fEET 9.3, Thomas #
T 8.6, FIFTO5DERZMELTVS. ZhbHDfEs
RBELT, YERTROAEIELLHEL V25 THS
5,

PR SO BFER 5 RO KBER SR L, 2355/
2 VDK ESE L EZRDTWD. BEDOR )L -
5 & 75CaFy-25Ca0 3 X7 43CaF,-30CaO-2A1,0,-
21810, DR F /KL, FhPhi 10 X083 2k
%. Table 2 DWEERA L N3 L EFEGA, 257
MBEDMR E2H 25 L AT ETH S L vk X
5,

4-1-3 BREFVOEEE
EFNVOBELFAN L7700, EREE»SLHEIN-
KFRE (R0 LESRASHE L 2 g
Fig. 14 2R L. OFT: @FMIWWFh 3 8 ikaemk
RIREEZR L, XEMIFEEHREBOKEIBES R LW
5. LI OMEXENEE DT BRKEIRERERT
EHMETHDOICHL, OFIERAZIRERY 3.1
ppm T, ESR MHUZ X Y §9 1 ppmo ik E s & 74
Th5.

%7z, Fig. 3, Fig. 4 e R Lpghigiz 4 <c=5
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Fig. 15. Change of SiO, content in ESR slag
during ESR treatment.
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ELRfe LR LTH D, Lrd ESR sy
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DFRINRERE  2CaF,+8i0,=2CaO+SiF, t D FEIC
2T SiFy L LTHREZIRTVWE EEZLRS. YR
EREREERBOEE CaF, 28 Si0, i el LT+4rie
FETHOT SO, REICHFTEI0EFEELTCHE
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THo SO, REE X 2 b0ERKE SiF, & LTo
HEPZEXTCRRDOX S IHETE 5.
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T T, ksir, VNEEESY, 451 IEE/MBEEO Si

v 2 (%) &R
LOR» LREEMMBTR 5 5o Si0, B —
[EITRHT 52 EBFHRIN, TOEHE (Si0,)s 12
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(D HXORYM S X ksip, &3k 572, Si, Mn,
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