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Effects of Different Slag Systems and Equilibrium Time on the Element
Burning Loss and Inclusion Characteristics of the C—-HRA-3 Alloy
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Abstract: In this paper, the changes in element content and inclusion characteristics in C-HRA-3 alloy under three different
6-system slags, CaF,-Al,0;-CaO-MgO-TiO,-ZrO,, and five different slag-metal equilibrium times of 20~180 min were
investigated by metallurgical principles, FactSage thermodynamic calculations and scanning electron microscopy. The
results show that the contents of Al, Ti and Zr in the C-HRA-3 alloy decrease, while the content of Si increases, and the B
content maintains a small range of fluctuations after the slag-metal equilibrium experiment. When the equilibrium reaction
time is within 0~40 min, the contents of Al and Ti are 14.29% and 20.59%, respectively, lower than the original content,
and the Zr content changes maximally and decreases by 54.55%. As the equilibrium time exceeds 40 min, the contents of
Al, Ti and Zr fluctuate at a low level. The increase in equilibrium time can reduce the number of inclusions in the
C-HRA-3 alloy and has little effect on the average diameter of inclusions and the proportion of different sizes. The
inclusions mainly consist of spherical or near-spherical AlL,O; and MgO and TiN with edges and corners. Moreover, large
primary carbides easily precipitate from the matrix during solidification. Through research and analysis, SiO, and other
impurities should be strictly controlled in the slag, and TiO, and ZrO, components should be properly added to the slag in
the process of electroslag remelting of C-HRA-3 alloy. It is necessary to add Al into the metal bath, maintain a good
smelting protective atmosphere and improve the cooling intensity of the electroslag ingot.
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Tab.1 Chemical compositions of C-HRA-3 heat resistant alloy
C Si Mn P S Cr Co Mo Fe
0.067 0.028 <0.005 <0.005 0.000 4 21.85 12.21 9.17 0.071
Al Ti B Zr Nb W 0 N Ni
1.19 0.41 0.003 0.044 0.026 0.1 0.000 4 0.001 Bal.
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Tab.2 Experimental slag compositions before and after pre—molten

CaF, ALO; CaO MgO TiO, ZrO,
1 60.00 20.00 10.00 10.00 -
2 59.67 19.88 9.95 9.95 0.30 0.25
3 59.13 19.70 9.86 9.86 0.70 0.75
1 60.40 17.64 11.80 9.01 -
2 54.75 21.36 10.53 11.37 0.23 0.35
3 56.94 19.84 10.98 9.45 0.62 0.70

, TiO, ZrO, Al
o
1 2 40 min  C-HRA-3

Fig.1 Schematic diagram of experimental high temperature
tubular resistance furnace
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Fig.2 Content changes of C-HRA-3 alloy after slag-metal
equilibration for 40 min under different slag systems
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Tab.3 Activity of several components in different slag
systems

Asio, Qrio, Azi0, anlo,

1.35x10° - - 3.04x107
2 2.67x10° 3.77x10° 1.36x107 3.74x10?
3 3.17x10° 1.29x10* 1.85x107 4.26x10”

4 [10,14-16]

Tab.4 Component activity interaction
coefficient in alloy™*

¢ Mn  Cr Ni Mo Al Si  Ti @ Zr

Al 0.034 0.0450 -0.0376 -
Ti - 0.0250 -0.0166 0.016
Zr - - - -
Si 0.002 —0.0003 0.0050 -

0.040 - - -
0.086 -

0.059
0.058 0.11 - -
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Tab.5 Gibbs free energy of each reaction under different
slag systems

AG, AG, AG;
1 -53597.14 - -
2 ~79002.52 ~377 669.92 -258 905.56
3 -82967.06 -361 186.84 -256 787.01
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Fig.3 Variation of element content with equilibrium time in C-HRA-3 alloy
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Tab.6 Number and size of inclusions in alloy ingots at
different equilibrium time
/min 20 40 60 120 180
A i) 160.53 157.89 9737  65.79  71.05
4 3

Fig.4 Variation of mass percentage of three components in slag

/pm  2.82 3.16 3.09 3.48 2.76
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Fig.5 Statistical results of inclusion distribution in samples with different equilibrium time
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Fig.6 Morphology and energy spectrum analysis of typical inclusions in sample ESR-40
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