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Alteration of Refractories of High Frequency Induction Furnace

during Steel Refining under Vacuum and/or Atmosphere

Synopsis:

Masataka KAMARURA, Masaaki TAkAGI,

Shigeru MIURA, and Eijiro IsHIKAWA

In the refining of steels with the high frequency induction furnace, some reactions arise between the

furnace refractory and molten steel.
furnace life.

Then, the high temperature properties of refractory affect on the

In this paper, with the vacuum and atmospheric induction furnace, the alteration of refractories
after the melts being charged were studied by the macroscopic and microscopic observations, chemical

analysis and X-ray diffraction method.
refining of the molten steel was also discussed.
The results were as follows:

The relation between the alteration of refractories and the

1. The alteration of the furnace refractories was much affected by the atmospheric conditions, the
chemical composition of steel melts and the characteristics of refractories such as compound constituent,

particle size distribution and casting method.

2. The deep penetration of the molten steel into the refractory through cracks and the metal

deposition on the vacancy in the refractory were observed.

surroundings.

These metals gave some alterations in

3. The inner surface of furnace refractory was probably kept in fused or partially fused state,
because some complex oxides were produced by the reaction between molten steel and refractory

materials.

4. The thin film of molten steel was spread on the surface of refractories after tapping and oxidized.
The alteration of refractories occursed by the chemical reaction with this oxidized film and the diffusion

of it.
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Fig. 1. Schematic diagram of H.F. induction furnace

and sampling position.

Vacuum------200 kg

Capasity {Atmosphcric ------ 1t

Table 1. Details of sampling.

Kind of Ordcr Of
Furnace refracto furnace Position in furnace Sampling layer
¢ Y renewal
No. 1 top of molten bath .
No. 1 (200 mm under furnace top) No. 1 thin metal film
No. 2 middle No. 2 d it
v (350 mm under furnace top) o- epost
No. 1 No. 3 back corner | No. 3 surface (initially stamped)
(vacuum) No. 2 bottom
(500 mm under No. 4 center No. 4 coloured g;l:arll:)brown or
furnace top) ac
No. 5 front center| No. 5 sintered (stiffened)
No. 3
No. 6 as stamped
No. 1 top of molten bath
300 mm under furnace top)
.2 No. 1 ( P
Ne © No. 2_middle No. 3 deoosic
(700 mm under furnace top) o- €pos
A No. 3 bottom No. 3 surface with coloured layer
(atmos- No. 3 No. | (1 000 mm under furnace top) {dark brown or black)
pheric)
Fig. 5 sintered (stiffened)
No. 4 No. I
u No. 6 as stamped

Ex. a symbol, V-1-2-2-4, means a sample taken from Vacuum induction furnace No. | Refractory-Second renewal of
furnace-at Middle position (350mm under furnace top)-coloured layer.
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Table 2. Tap number and constituent of melts.

. Order of
Furnace Kind of furnace Number of Kind of steels melt in each furnace
refractory renewal heats
1 44 Ni-base high alloy, austenitic stainless,
Vacuum 1 g ‘;g heat resisting steel.
2 1 80 Alloy tool, high speed tool steel, 18-8 series
Aﬁm_os— 3 1 82 stainless, 13Cr series stainless, Ni-Cr-Mo
phenc 4 1 80 steel.
Table 3. Characteristics of refractories.
al. . .. Sinter-Max.
§ g > Chemical composition (%) t]?:rll];ity Main ing  |Temp.| Stamp
T .
éé%Mg}Au% SiO, | CaO | Fe,04 Others |(g/cm?) | component (%??Hflmmw
TiO,, Na,O periclase (MgQO) + Air
v| 1 |68.5| 2.0 | 2.5| tr — K07 CrOy| 285 [pinc (MgO ALe,) | 1600 1800 (Al
2 | 68 | 28 2 |« | 1.0 2.90 v Tso0 |1800 | 7
Al 3 |oo~73] 24~27 | 2~3 [1:3 | |1.0~1.5)K,0, NayO | 2.86 ” 1600 1800 | #
- 1600 Vibra-
4 |72.4| 236 | 1.4] 1.5| 0.2 TiO, 2.72 gﬁjﬁﬁgﬁﬁfﬁffggjb y |~ 1870 ftion
-8 11650 casting

Table 1. Particle size distributions of No. 2~4
refractory.
(for atmospheric type furnace)

Size
<0.49 | 9:50 1 1.00 | 2.00 |, 4 -
Ref (am) ~0.99 |~1.99 |~3.99 (‘mm)
No.‘ (mm) | (mm) | (mm)
2 34.59, 12.49,| 19.39, 25.8 8.09%
3 4]1.7 13.9 20.3 19.9 4,2
4 47.8 16.7 10.9 8.2 |16.4
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Table 5. Thickness of altered layer in vacuum
furnace wall.

Layer ( mm)
Deposit
Position

Surface | Total

Top Fused 8.5
Middle 4 8.5
Side corner 4 19.8
Bottom | Side wall } 7.8 [ 17.4 ' 25.2
Back corner 11.7 ' 4.4 16.1
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Table 6. Microstructure of each layer in vacuum-furnace refractory.
(Melt No. V-1-1)

Layer U 'llzx;lk‘i;ss d Alteration of structure
‘r 1. Spinel (MgO-Al,O;) crystals in the fine grain matrix.
Sintered ¢ 5~7 ' 2. Loosely connected and essily collapsed.
s U 3. Dispersed fine metal particles of a little quantity.
1?, i 1. Strati-form layer (rather like eutectic) of spinel and periclase (MgO)
Coloured 4~6 ; containing much other precipitates.
| 2. Larger metallic particles.
I. Eutectic-like structures different from that at the start and same as seen
Surface 5~7 after fused or partially fused.
2. Metallic blocky grains and spherical particles of large quantity.
i . . 1. Fine strocture of fused refractories and other oxides mixed with
Deposit 3~ metallic phase.
1. Needle shaped refractories (oxides) much deposited in neighbour of
Thin tal 46 metal layler.
- me 2. Much nitride (Ti), sulfide and oxide type inclusions in metal film
and the layer of refractory.

sintered periclase and spinel.

mixture of eutectoide and matrix.

metal in fused oxide.

complex oxide in matrix and

(sintered) (coloured) metal particle, (surface) (deposit)
Photo. 1. Microstructure of vacuum furnace refractory.
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Photo. 2. Nitride and sulfide in metallic film.
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Fig. 2. Variation of chemical composition in
vacuum furnace refractories.
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Fig. 3. Variation of chemical composition of metal
particles in refractory (Vacuum furnace).

Table 7. Nitrogen and sulfur content in refractory and metallic layer of vacuum furnace.

Nitrogen Sulfur
No. Position Content (%) No. Position Content(%)

V-1-1-1-2 Deposit layer 0.04 ‘ O-1 Raw material 0.010
V-1-1-2-1 Metallic layer 0.79 L V-1-1-4-2 Deposit layer 0.028
V-1-1-5-1 ” 0.02 V-1-2-2-4 Coloured layer 0.016
V-1-2-3-1 4 0.43 V-1-2-2-2 Deposit layer 0.049
V-1-3-2-5 Sintered layer 0.03 V-1-2-3-2 # 0.063
V-1-2-2-2 Deposit layer 0.35

V-1-3-3-2 4 0.15

Notice : Analytical values were estimated by the method for the iron and steels.
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Table 8. Diffraction analysis of refractories (Vacuum).
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Photo. 3. Cross section of furnace wall.
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Photo. 4. Micrestructure of atmospheric furnace refractory,
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Fig. 4. Variation of chemical compositions with each layer at the middle of furnace wall.
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Fig. 5. Chemical composition of metal particles
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Fig. 6. Comparison of vacuum and atmospheric furnace with alteration of refractories.
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