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Hydrogen Contents of Slag and Ingot in ESR Process
Yasushi NAKAMURA and Kazu-umi HARASHIMA

Synopsis :

ESR experiment was made to determine the value of hydrogen distribution between slag and metal,
and to clarify operational factors influencing the hydrogen content of ingot at a steady state. Compo-
sitions of electro-slags used were GaF,-259%Al,0,, CaF,-25%,CaQ, CaF,;-25%,Ca0-25%Al,0,, CaF,-
3094Ca0-209Si0,, and CaF,-3025Ca0-102,Si0,-109%Al1,0;. Steels of SUS 304 type and S45C type
(0.45% carbon steel) were remelted at 200 g/ min under the water vapour pressure ranging from 1 to
16 Torr.

The experimental result showed that the ratio of the hydrogen content of slag to that of ingot was
kept at a constant value during ESR, irrespective of the hydrogen content of electrode and the water
vapour pressure. Accordingly, the observed ratio was concluded to be fully close to the equilibrium
concentration ratio.

The hydrogen content of ingot at a steady state was found to be expressed as a linear function of
two variables : the square raot of the water vapour pressure and the hydrogen content of electrode.
This observed linear function was proved to be consistent with an equation derived from a material
balance consideration of hydrogen in slag. On the basis of this consistency, the water solubility in

slag was evaluated and its dependence on slag composition was discussed.
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Table 1. Compositions of electro-slags and types of steels remelted with these slags.
Electro-slag Electeode
. ALO - ] ] [(H]
CaF, Ca0O (f%)’ Si10, MgO After ESR* | Type (ppm)
Slag- A i 43.5 30.2 1.5 21.2 0.9 0.4~1.2 Fe |
Slag- B i 42,0 30.8 10.1 10.8 2.0 | 0.4 Fe
Slag-C | 50 25 25 i — | 0.3~0.6 Fe §45C <0.3
Slag-D 75 — 25 — — | 0.4~0.9 Fe
i i
0.7~1.2 Fe S45C <«<0.3
Slag-E 100 — - - - ~0.15 Fe SUS 304 4.8%+*
0.4~0.7 Cr SUS 304 1.3%*
; . SUS 304 6.2
Slag- F 75 25 — — — 01502 & SUS 304 4.8
) SUS 304 0.8%+
* Result of chemical analysis for capped slag
**  No slag sample was taken during ESR
Table 2, Compositions of electrodes.
Steel tvpe C Si Mn Ni Cr ; H
yp (%) | (ppm)
S45C 0.43~0.49 0.26~0.30 0.73~0.79 — — <0.3
0.078 0.72 1.60 8.11 18.24 6.2
0.074 0.74 1.61 8.08 18.24 4.8
SUS 304 0.051 0.18 1.59 7.58 18.24 1.3
0.042 0.17 1.75 7.4l 18.26 0.8
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Fig. 2. Changes in the hydrogen contents of slag
and ingot with the ingot growth.
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Fig. 5. Relation between the water vapour pressure
and the hydrogen content of ingot treated
with Slag-E at a steady state,

[H], (ppm)
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Fig. 6. Relations between the water vapour pressure
and the hydrogen content of ingot treated
with Slag-B and Slag-D at a steady state.

WCE L Ly L FEHECIL & OBFREERETS.
JEEH, EWRBICBEFRRLS XT 5/ 2 Z Vv RE LB
L7o/KEw1T, BMTERIN/OKERIRE LY. L
2OT, FEPE LTR(3) DBfEBE LS.

m{[(H]—[H]o} =kuSu{(H)—Kul[H]} - (3)
T, m o ERREE (g/ min)
kg 2 SREESERL (g/ min- cm?)
Syt 255/ A ZVRER (cm?)
Ky PRI DIRE Y, Ko=fitmKR/f un)
(K2 WBFreEEs, fin, fon QB =
7 S DKEOEEFRE)
Sruy fan B, KRIRESEW D —EfEE Ad
B, 7z, BRSDEWIC XD S O™ LA

Table 3. Experimental results.
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Slag A | 3.0 0.63 — | 3.4 %%
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E| 32 03 047 2.2 1.9
F110.5. 08 024 | 11.0 1.6
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Fig. 7. Comparison of the observed values of
hydrogen content of ingot at a non-steady
state with the calculated ones.
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