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Characteristics of layered ash deposition in Shell coal gasification syngas cooler

HAN Ruiwu, TAN Houzhang, WEI Bo, WANG Yibin, ZHANG Peng
(MOE Key Laboratory of Thermo-Fluid Science and Engineering, Xi’an Jiaotong University, Xi’an 710049, Shaanxi, China)

Abstract: Serious ash deposition and fouling from the synthetic gas cooler in Shell gasifier was studied. The
physicochemical characteristics of samples were investigated by X-Ray Fluorescence Spectrometer (XRF), X-Ray
Diffraction (XRD), Scanning Electron Microscopy and Energy Dispersive Spectrometer (SEM-EDS) respectively
to explore the mechanisms of ash accumulation problem. The results showed that the deposition had an obvious
layered structure. The inner layer, which presented red color, had the highest degree of crystallization and stiff
structure. Its dominant mineral components were calcium sulfate, iron oxide and ferrous sulfide. The middle layer
presented yellow color. The amount of Fe and S, the crystallinity and hardness all decreased. The outer layer,
which presented grey color and had the lowest amount of Fe and S, was amorphous, soft and porous. The differences
of color, hardness and mineral components among three ash layers are due to different interaction of adhesion and
sintering as the deposition surface temperature increases with the growth of ash thickness. Ash composition,
temperature, reaction atmosphere and pressure are all important factors. And the selective deposition and
accumulation of iron-bearing minerals with low melting point in heat transfer surfaces are important sources of

initial layer.
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Table 1 Proximate analysis and ash fusion temperatures of coal

Proximate analysis and sulfur content/%

Ash fusion temperatures/C

Mad Aad Vad FCad

DT ST FT

2.72 14.92 27.48 54.88
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Table 2 Ash component analysis of coal/%

SiO, ALOs Fe,03 CaO MgO

NaZO KQO T102 SO} MDOQ

52.0 24.0 5.1 6.0 0.8

0.4 0.5 0.8 10.5 0
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Fig.1 Sectional morphology of ash deposits in sampling position
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Fig.2 Chemical composition of fly ash and layered deposits
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Table 3 Chemical composition of selected areas

Mass fraction/%
Areas

O Na K Mg Al Si S Ca Fe
1 25.52 / 0.95 0.72 7.59 33.63 / 26.60 4.80
2 46.05 0.54 0.79 0.51 13.02 33.50 0.80 4.79 /
3 44.17 / 1.14 0.77 10.78 34.57 1.43 4.58 2.07
4 45.89 0.52 1.34 0.50 11.72 32.77 0.96 3.73 2.13
5 51.62 1.01 0.84 0.28 5.92 17.98 7.90 7.80 6.65
6 47.90 1.10 0.96 0.34 10.22 21.60 4.65 5.67 7.57
7 27.55 0.88 1.79 0.36 7.33 21.96 4.74 6.89 28.49
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Fig.6 Formation mechanism of layered ash deposition
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