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Corrosion of castable refractory in H,O/N,/H,S mixed gas at 900°C
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Abstract Refractories used in low-rank coal gasification reactors are usually exposed in a highly corrosive H,S gas at less
than 1000°C, and their mechanical properties such as erosion resistance and fracture strength decline with the exposure
time. However, the cause of the degradation of the mechanical properties has little reported yet. In this paper, two kinds of
castable refractories with different refractoriness had been exposed in a H,O/N,/H,S mixed gas with high H,S content for
100 hours at 900°C, and the changes of microstructure, crystalline phases and erosion resistance were compared before and
after the corrosion test. The weight of the refractories decreases due to the elution of silica in the specimens after the
corrosion test. The capillary porosities of the samples are reduced, but the erosion resistance of the samples is fatally
weakened after the corrosion test. There also are changes in constituent phases; dmitryivanovite (CaAl,0,) and amorphous
silica (Si0,) disappear, and gypsum (CaSO,-2H,0) and kaolinite (Al,Si,05(OH),) newly appear after the corrosion test. It is
obvious that the phase change from dmitryivanovite that works as a binding agent in the castable refractory to gypsum is
the main reason of the degradation of the erosion resistance, because the mechanical properties of gypsum are much poorer
than those of dmitryivanovite.
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Fig. 1. Schematics of the corrosion test equipment.
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Fig. 2. Optical micrographs of the surfaces of the specimens: (a) LC before, (b) LC after, (c) HC before, and (d) HC after the
corrosion test.
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Fig. 3. SEM micrographs of the surfaces of the specimens after the corrosion test: (a) LC and (b) HC.
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Fig. 4. XRD patterns of the specimens before and after the
corrosion test.
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Table 1

Table 2
Element content of the specimens before and after the corrosion
test (at%)

LC HC
Element

Before After Before After
(6] 54.6 584 55.6 68.8
Al 234 243 21.8 19.3
Si 17.3 11.5 19.7 10.2
Ca 4.7 43 2.9 1.1
S - 1.5 - 0.6

Table 3

Changes of capillary porosity, weight loss, and erosion loss of the
specimens before and after the corrosion test

Capillary Weight Erosion

Reffactory  State porosity (%)  loss (%)  loss (cc)
LC Before 12.5 - 0.85
After 7.9 5.2 1.11
HC Before 5.6 - 0.31
After 3.8 3.6 0.56

BIRAL, HCE 19.7914 10.2 at%E 48.2 % 7HAsksitt.
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Constituents of crystal phases of after heat-treated and after corroded specimens

LC

HC

Before corrosion
CaAl,O,, kyanite, corundum
After corrosion
CaAl,O,, corundum, gypsum, kaolinite

Quartz, cristobalite, mullite, anorthite, CaAl,O,,

Quartz, cristobalite, mullite, anorthite, kyanite,

Quartz, cristobalite, corundum, mullite, anorthite,
CaAl,0,, CaAl,O,

Quartz, cristobalite, corundum, mullite anorthite,
CaAl,0,, gypsum, a-CaSO,, y-CaSO,, kaolinite
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