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Effect mechanism of calcium-bearing and iron—bearing minerals on slag
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Abstract ; In order to study the mechanism of slag blockage of pulverized coal gasification, the industrial slag samples ( normal slag samples

and unnormal slag samples) taken from coal gasification unit and the XZ coal ash slag samples ( experimental slag samples) obtained from

bench scale tube furnace in different temperature and reducing atmosphere were investigated. The ash chemical composition, crystal mineral

composition, microscopic morphology and chemical composition of the micro—zone of slag samples were studied by X-ray Fluorescence

(XRF) ,X-ray diffractometer (XRD) and Scanning Electronic Microscopy combined with energy Dispersive X—ray Spectrometer ( SEM—

EDX) respectively. The results show that the main reasons of slag blockage of coal gasification is the formation of anorthite and iron preci-

pation in slag samples. The iron precipation in slag under reducing atmosphere is caused by the formation Fe—O-S eutectic,which is con-

verted by FeO,FeS_ and FeS. The temperature fluctuations of gasifier operation is likely to lead to the formation of anorthite ,and the mas-

sive formation of anorthite in slag is intrinsically linked to the enrichment of iron minerals and the precipitation of elemental iron.
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Table 1 Proximate and ultimate analysis of XZ coal sample %
Tl IR ST
Mad Atl thaf chl Cad Had Na:l Oad Sad
3.97 24. 48 7.46 65.07 64. 26 2.51 0.73 2.55 2.48
F2 XZBENREFERRIKSHEE
Table 2 Ash chemical composition and ash melting temperature of XZ coal sample
A=A % RN rliELEE / C

Si0, Al, 04 Ca0 MgO Fe, 04 TiO, DT HT FT

46. 12 25.34 4.78 0.53 15. 38 2.11 1275 1313 1357

R3 TABHHIRLFEERR
Table 3 Ash chemical composition of industrial slag samples %

AR Si0, Al, Oy Fe, 04 Ca0 MgO TiO,
Al 43.26 20. 69 7.99 14.02 1.10 1.30
A2 49.42 22.38 4.08 10. 93 1.39 2.38
A3 48.07 22.92 4.60 10. 77 1.42 2.69
A4 46.79 20. 59 9.62 12.33 0.80 2.35
B1 34.82 42.78 2.64 15.98 0.70 0.96
B2 44.16 30. 05 0.39 20. 38 0.95 0.62
B3 1.97 0.01 78. 83 2.70 0.38 1. 04
B4 1.79 0.01 62.51 2.82 0.31 1.15
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Fig. 1 X-ray diffraction spectrum of normal slag and

abnormal slag
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Fig.2 SEM-EDX analysis result of normal slag & abnormal slag
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Table 4 Micro—area chemical composition of normal slag & abnormal slag At%
ik WS C 0 Si Al Ca Ti Fe S
1 — 68. 67 14. 38 8. 84 4.34 0.41 2.69 —
Al 2 — 62. 38 14.94 8.20 6. 04 0.38 4.96 —
3 1.48 62. 54 15. 48 8.52 6.75 0.59 4.14 —
1 — 4. 10 16. 64 10. 78 6.32 0.57 0.50 —
Bl 2 — 63. 81 15. 46 10. 64 7.73 0. 60 1. 08 —
3 — 67.18 15.30 9.71 4.28 0.34 1.70 —
1 — 52.07 — — — — 35.64 12. 30
B3 2 — 56. 44 — — — — 31. 86 11.05
3 — 55.09 — — — — 33.96 10. 95
M AR 3.3 5 Al fEIE AR AU, Rk

20/°)
Q—M % A— KA H—RRE s T— BT 8k
Ol—BiAbAS : M—BEk A G— 45 KA 1—8k
B3 FREET XZ %A #EH K XRD # H
Fig. 3 XRD patterns of slag from XZ raw coal at different

temperatures
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Table 5 Mineral composition of slag from XZ raw coal at different temperatures %
M/ C Vap s A R RN ok E[FTTES
900 40. 41 10.91 — 9.30 4.08 19. 51
1 000 12.97 24. 69 0.56 4. 61 6. 89 47.37
1 100 7.57 24.34 1.02 3.48 9.13 50. 25
1 200 2.13 26.95 1. 65 2.03 9.24 55.40
1 300 0.36 27.61 1. 88 1.95 6.98 61.73
1 450 — 28.45 1.96 1. 80 6.94 60. 85
) > 950 C ) 1000 ~ 1200 C
3(ALO, - 28i0,)) ——— FeO + 3A1,0, - 2510, ———
3 ALO, - 28i0, + 4 Si0, (1) 2Fe0 - Si0, + FeO « ALO, (7)
750 - 900 C FeO + ALO, + Si0, — 2%, Fe, ALSi,0
Fe,O0, + CO Fe,_,O + CO, (2) el + + 1 € 1518
Fe, 0 +CO—2"" 2" peo +co, (3 (%)
€1ox e ) o3 gmmmEm
~ 900 C “ o
FeO + CO Fe + CO, (4) 30 2 X Tl R S R IR B R A S AL
900 ~ 1000 C R I i 2R LS L
FeO + Si0, FeO - Si0,  (5) mn AET ) 2E 1 RT3 S B X Ak 2 Eﬁf\ﬁ*ﬁf 93
o~ o T LI O 2 % 9L, M 95 65 701 B 1
FeO + FeO - Si0, 2Fe0 - Si0, WA R R AR Ak O, BAREG fbad
(6) %Iﬂﬂ. 4 E?mo
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Fig. 4 Schematic diagram of transformation process and precipitation pattern of calcium—bearing and iron—bearing minerals
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