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Abstract: In view of the alkali metal erosion of furnace lining materials in the process of disposing metallurgical solid
waste in the high-temperature direct reduction process of rotary hearth furnace,the erosion behavior of such four different
alkali metal compounds as NaCL, KCL, Na,CO; and K,CO; at high temperature is studied. The effects of different alkali
metal compounds on the erosion behavior of the furnace lining materials are systematically analyzed by using the strength
test method and the high temperature erosion method, and the erosion mechanism of alkali metals on the furnace lining
materials is revealed by combining SEM, EDS, XRD and other detection methods. The results show that the alkali metal
compounds will erode and damage the furnace lining material , which will reduce the compressive and flexural strength of
the furnace lining material. The compressive strength of the K,CO, and Na,CO, furnace lining materials is reduced by
20. 6% and 15. 9% ,respectively,and the flexural strength is reduced by 19. 8% and 15. 1% ,respectively, compared with

the blank sample,and the compressive strength of the furnace lining materials added with KCL and NaCL is reduced by
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15.1% ,11.2% ,respectively,and the flexural strength is reduced by 16. 6% and 10. 9% ,respectively, compared with the

blank sample. After the erosion of the furnace lining material, the pores and cracks of its microstructure are

increased. High-temperature gaseous NaCL and KCL can erode the internal structure of the specimen through fractured

pores. No new crystalline phase is formed in the samples added with NaCL and KCL, and low melting point melts are

formed in the samples added with Na,CO, and K, CO;,such as potassium nepheline and albite.

Key words: rotary hearth furnace; erosion of furnace lining materials; alkali metal; compressive strength; flexural

strength
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Fig.1 Sample preparation and erosion process
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Fig. 2 Effect of alkali metals on the compressive

strength of the sample
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(a) NaCl, Na,CO;; (b) KCI, K,CO,
1—NaCl(12 h) ; 2—Na,CO,; (12 h); 3—NaCl(0 h);
4—Na,CO,(0 h) ; 5—KCI(12 h); 6—K,CO,(12 h);

7—KCI(0 h); 8—K,CO,(0 h),
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Fig. 3 Effect of alkali metals on the flexural strength

of the sample
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Fig. 4 Relationship between alkali metal compound

addition and sample erosion
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Fig. 5 Macroscopic appearance of samples eroded by

different alkali metal compounds
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Fig. 6 Macroscopic section appearance of samples eroded
by different alkali metal compounds
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Fig. 7 XRD analysis of samples eroded by different

alkali metal compounds
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Fig. 8 SEM analysis of samples eroded by different alkali metal compounds
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B G : (a) NaCl; (b) KCl; (c) Na,COy; (d) K,CO;
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Fig. 9 EDS analysis of samples eroded by different alkali metal compounds
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Fig. 10 Ternary phase diagram of Al,O,-SiO,-Na,O
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Table 2 Chemical compositions ( SiO, ,Na,O and Al,O;)
of different blocks (1 ~4) shown in Figure 10 %

X e w(Si0,) w(Na,0) w( ALO;)
1 0.392 21 0.202 06 0. 405 73
2 0.781 25 0.080 12 0. 138 64
3 0.714 20 0.118 16 0. 166 64
4 0.330 94 0.524 81 0. 144 25
3 g
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