


Wear analysis of tap-holes at two ferrochromium production furnaces
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Figure 6—Inspection just after removal of the quick-replaceable carbon
blocks revealed that very little of the tapblock remained in (a) Furnace A and
(b) Furnace B

were superimposed onto the design drawing - see Figure 7. As
can be seen from the drawing, only in the order of 50% of the
sidewall refractory surrounding the tapblock remained. The wear
observed was probably a result of a combination of sidewall
refractory wear associated with each of the clovers and wear
associated with the tapping of liquid slag and alloy through

the tap-hole and associated lancing activities. For Furnace B, a
wear profile could unfortunately not be determined due to time
constraints.
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In the sections below, the phase distributions for specific
conditions are presented as a function of temperature. The
conditions were alloy or slag on their own, and slag or alloy in
combination with C or SiC refractory.

Equilibrium phase distributions of alloy and slag on their
own

In Figure 8, the results for alloy and slag only are presented.

At temperatures below 1500°C a solid iron-containing chrome
carbide is present (see Figure 8a). Above 1500°C the alloy will be
100% liquid. In the slags, a spinel (Cr, Fe, Mg, and Al-rich) and
a liquid slag phase are present in the temperature range 1550°C
to 1750°C. As the temperature increases, the liquid slag phase
increases as expected. The slag:spinel ratios for Slag 1 and Slag 3
are very similar over the temperature range, ranging between 2.3
and 4.5. For Slag 2, the ratio is higher over the temperature range
and ranges between 3.9 and 7.8. The lower spinel content in this
slag is expected due to the absence of spinel-forming Cr and Fe.
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Equilibrium phase distribution of alloy reacted with
refractory

In Figure 9, the results for alloy in contact with refractory are
presented.

For alloy in contact with C-based refractory, three phases are
present: the C-based refractory, the liquid alloy, and an iron-
containing chrome carbide with an increased carbon content
(metal-cation-to-carbon ratio is 1.5 for the carbide formed in
Figure 9a, compared to 2.3 for the carbide formed in Figure 8a).
This carbide phase is present only at temperatures below 1475°C.
The slight reduction in the amount of C-based refractory is either
due to the formation of (Cr, Fe),C, or to solution into the liquid
alloy.

Figure 7—Numbered courses of bricks to the right-hand side of the tap-hole
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Figure 8—Equilibrium phase distribution as a function of temperature for
only (a) Alloy 1 or (b) Slag 1 to Slag 3

Figure 9—Equilibrium phase distribution as a function of temperature
for Alloy 1 and (a) C-based refractory and (b) SiC-based refractory at an
alloy:refractory mass ratio of 1:1
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For alloy in contact with SiC-based refractory, only two
phases are present: the SiC-based refractory and the liquid alloy.
In the temperature range under investigation, the reduction in the
amount of SiC-based refractory is due to solution into the liquid
alloy.

From these results, it can be concluded that two potential
corrosion mechanisms apply: chemical reaction or dissolution,
described by the following three chemical reactions:

<C>= (C) [2]
<SiC> = (8i) + (C) [3]

Chemical reaction: <C>*+(Cr)+(Fe)= <(Cr,Fe)sC2>> [4]
* C can also be in solution as per Equation [2]

Dissolution:

where:

<M> depicts species present as a solid phase
(M) depicts species present as a liquid phase
M depicts species in solution

M depicts species present as a gas phase.

Equilibrium phase distribution of slag reacted with
refractory

In Figure 10, the results for slag in contact with C-based
refractory are presented.

For all three slags, spinel and liquid slag phases are present
in the temperature range under investigation. Interestingly
enough, the slag:spinel ratio initially increases and then
decreases with temperature in all three instances.

For all three slags, SiC forms as a reaction product at around
1600-1650°C. The amount of SiC formed is greatest for Slag 2
(see Figure 10b).

In the slags with Cr and Fe present (Slag 1 and Slag 3),
liquid alloy forms in the temperature range under investigation.
For Slag 3, the iron-containing chrome carbide with metal-
cation-to-carbon ratio of 2.3 observed in Figure 9a also forms at
temperatures below 1590°C.

From these results, it can be concluded that one potential
corrosion mechanism applies: a chemical reaction - described by
Equations [5] to [7]:

Chemical reaction: 4<C> + (SiO,) = 2<SiC> + 2CO [5]
<C>+ (EeQ)** = (Ee) + CO [6]
<C> + (CrO)** = (Cr) + CO [7]

** Dissolution of the spinel phase will play a role, not indicated here

In Figure 11, the results for slag in contact with SiC-based
refractory are presented.
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Figure 10—Equilibrium phase distribution as a function of temperature for
C-based refractory: (a) Slag 1, (b) Slag 2, and (c) Slag 3
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The liquid slag phase is present in all three cases in the
temperature range under investigation. Only for Slag 2 and Slag
3 are there spinel slag phases, and only at temperatures below
1600-1650°C.

For Slag 1, C forms as a reaction product below 1580°C, and
for Slag 3 SiC forms below 1600°C.

In the slags with Cr and Fe present (Slag 1 and Slag 3), liquid
alloy forms in the temperature range under investigation. Gas
also forms in increasing amounts as the temperature increases.
For Slag 2 no gas forms as no Cr,0; or FeO are present in the
slag.

From these results, it can be concluded that one potential
corrosion mechanism applies: chemical reaction, described by
Equations [3] and [4] above, and Equations [8] and [9]:

Chemical reaction: <SiC>*** + 3(FeQ)** = (Fe) + (SiO2) + CO [8]

<SiC>*** + (CrO)** = (Fe) + CO [9]
** Dissolution of the spinel phase will play a role, not indicated here
*** SiC can also be in solution as per Equation [3]

Refractory consumption

From the results presented in Figure 9, the main corrosion
mechanism responsible for the wear of C- or SiC-based refractory
by FeCr alloy is the dissolution of the refractory into the alloy. As
can be seen in Figure 12, the potential for SiC-based refractory to
dissolve into alloy is greater than for C-based refractory.

From results presented in Figure 10 and Figure 11, the main
corrosion mechanism responsible for the wear of C- or SiC-
based refractory by FeCr slag is chemical reaction. This includes
the reduction of CrO and FeO in the slag to form alloy, and the
reduction of SiO, in the slag to SiC.
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Figure 11—Equilibrium phase distribution as a function of temperature for
SiC-based refractory: (a) Slag 1, (b) Slag 2, and (c) Slag 3
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Figure 12—Refractory consumption by alloy for (a) C-based refractory and
(b) SiC-based refractory
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For Slag 2, where CrO and FeO are absent, only SiC formation
applies and only for C-based refractory material. For Slag 1 and
Slag 3, both alloy and SiC formation apply. In alloy formation,
dissolution of the spinel phase into the slag to supplement
the CrO and FeO, reduced according to Equations [6] to [9],
plays a role. To what extent the reaction kinetics will allow for
the dissolution to occur during tapping is a matter for further
investigation. Based on the refractory consumption calculations
presented in Figure 13, C-based refractory as a tapblock material
will perform similarly to SiC-based refractory at temperatures
below 1600°C. At 1600°C to 1650°C, SiC formation will result in
increased consumption of C-based refractory, and at temperatures
exceeding 1650°C the SiC-based refractory will outperform the
C-based refractory. To what extent lancing affects the temperature
and slag composition in the tapblock, and how this contributes to
the mechanisms observed, will be interesting to understand.

Conclusions

» In the furnaces excavated, the tap-hole was one of two high
refractory wear areas, with the others being the sidewalls
around the clovers of electrodes 2 and 3. The life of the
tapblock in the open SAF was on average double that in
the closed SAF. The results presented here do not explain
the difference, and a similar study on the potential effect of
refractory corrosion by gas phases present in fully enclosed
SAFs will be useful.

» In both furnaces excavated, very little (if any) of the
tapblocks remained and the SAFs were basically operated
only with the quick-replaceable carbon block as the
tapblock.

» Thermodynamic calculations indicate that both alloy and
slag had the potential to corrode the tapblocks, either
through dissolution or through chemical reaction. For the
alloy, the main mechanism is related to dissolution of C
or SiC into the alloy. For slag, chemical reactions between
CrO, FeO, and SiO, in the slag and refractory are the main
mechanisms with alloy, SiC, and gas the reaction products
formed. At temperatures below 1650°C, C-based refractory
will potentially be the best choice in tapblock refractory,
while above this temperature a SiC-based refractory would
be preferred.

> Laboratory-scale investigations to confirm these
observations will be useful from an applied research
perspective, and to study the reaction mechanisms involved
from a fundamental research perspective.
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Figure 13 - Refractory consumption by slag for (a) C-based refractory and
(b) SiC-based refractory
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» Further investigation into the effect of the lancing process
on tap-hole wear would add significant value to the
understanding of tap-hole wear, both in terms of the effect
of the reaction between the refractory and oxygen in the
gas phase and also in terms of the changes in chemical
composition of the slag and the temperature changes in and
around the tapblock.
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