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Effect of kaolin on ash slagging and mineral conversion of Zhundong coal

ZHANG Li-meng' DONG Xin-guang' LIU Ke' TAN Houhang®® WANG Xue-bin> WEI Bo’
( 1.State Grid Shandong Electric Power Research Institute Ji’ nan 250002 China
2.MOE Key Laboratory of Thermo—Fluid Science and Engineering Xi’ an Jiaotong University Xi’an 710049 China)

Abstract: The XRD and TGA were used to study the ash slagging and mineral conversion of Zhundong coal
(ZDC) by adding different amounts of kaolin. The results show that the original minerals in Zhundong coal
mainly include calcite anhydrite and quartz and merwinite and dicalciumsilicate are produced at high
temperature. With the increase in the blending ratios of kaolin the ash fusion temperature decreases at first but
increases later. After adding 3% kaolin into ZDC gehlenite fayalite and merwinite are the main minerals
produced at high temperature which resulting in a low tempereture eutectic. When the blending ratio is above
6% anorthite becomes the main mineral that have a high melting point causing a great increase of ash fusion
temperature to above 1 380 °C. The slagging index calculation shows that the kaolin can relieve the slagging
degree of ZDC obviously when the blending ratio is above 6%.
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1

Tabure 1 Proximate analysis and chemical compositions of ash samples for Zhundong coal

Proximate analysis w/%

Chemical compositions of coal ash w/%

ST ¢/°C

M, A, Vo FC, Fe,0; Al,0, Ca0

MgO  TiO,  Si0, SO,  K,0  Na,0

29  5.12 2947 63.75 8.01 7.36 24.54

6.96 0.99 14.3 32.8 0.4 4.65 1360
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Figure 1 TG profiles of samples in different ashing temperatures
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2 XRD
Figure 2 XRD patterns of samples in different ashing temperatures
1: anhydrite CaSO,; 2: calcite CaCO,; 3: quartz SiO,; 4! hematite Fe,0;; 5. magnesium oxide MgO;
6: calcium oxide CaO; 7: akermanite Ca,MgSi,0,; 8: dicalcium silicate Ca,SiO,; 9: merwinite Ca;Mg( SiO,) ,

2.2
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° Figure 4 TG profiles of samples in different kaolin adding ratio
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Figure 3 Effect of kaolin adding ratio on ash

fusion temperature 3%



10 : 1179

1000 C : CaS0,—Ca0+S0,( g) (12)
CaCO,—Ca0+CO,( g) (7) Fe,0,—FeO (13)
Al,0,+28i0,*H,0—Al,0,°2Si0,+H,0 (8) FeO+Si0,—Fe,Si,0 ,( ) (14)
2Ca0+A1,0,+2Si0,—2Ca0 * Al,0, *Si0,( Ca,MgSi0,+Ca0 +Si0,—Ca;MgSi, 0
) +Si0,Ca0 +MgO +2Si0, — CaMgSi, 0 4( ) (15)
) (9)
CaO+AlL0, *2Si0,—Ca0 * Al,0, *2Si0,( N
) Na,O +AL,0, *2Si0, —Na,0 * AL,0, * 2Si0, " 10
) Na,0 *Al,0,*2Si0, +CaSO,—Na,Ca,Al,Si,0,, o "
(504) o ) FeS+0,—Fe,0,+50,( g) (10) 3%
Al,0,+28i0,—Al1,0,+Si0,( ) +Si0,
(11) 3% o
1000 C
5 XRD

Figure 5 XRD patterns of ash simples with different kaolin blending ratios at different temperatures
1: anhydrite CaSO,; 2: mullite Al,0,¢Si0,; 3: gehlenite Ca,Al( AlSiO,); 4: nepheline NaAlSiO,; 5: quartz SiO,;
6: anorthite Ca( Al,Si,04); 7: celestite NagCa,AlSic0,,(SO,) ,; 8: diopside CaMgSi,O4; 9: merwinite Ca;Mg( SiO,) ,;
10: fayalite Fe,SiO,; a: oligoclase ( Ca Na) ( AlSi) O,
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2 XRF
Table 2 Results of XRF analysis
Content w /% )
Element . - - Ashing rate
Cl Ti K Fe Si Na Al Mg S Ca 0]
815C 0.11 0.5 0.3 5.56 6.7 3.77 3.8 4.2 11 17.5 45.1 4.53
+3%kaolin 0.05 0.41 0.28 3.42 14.2 2.69 11.8 2.61 7.2 11.3 46.5 7.04
+6%kaolin 0.04 0.38 0.27 2.45 17.41 2.14 15.5 1.82 4.83 7.45 48 9.93
+9%kaolin 0.03 0.35 0.25 1.89 19.22 1.82 17.7 1.43 4.04 6.53 47.4 12.79
Kaolin 0.02 0.18 0.18 0.24 24.8 0.03 24.1 0.03 0.02 0.16 50.6 99.39
3
Table 3 Summary on oxides contents after normalization
Content w /%
Oxide - :
TiO, K,O Fe,0, Si0, Na,O Al 0, MgO SO, CaO
Ash sample 0.99 0.4 8.01 14.3 4.65 7.36 6.96 32.8 24.5
+3%kaolin 0.68 0.34 4.89 30.4 3.63 22.3 4.35 18 15.8
+6%kaolin 0.63 0.33 3.5 37.3 2.88 29.3 3.03 12.1 10.4
+9%kaolin 0.58 0.3 2.7 41.2 2.45 33.4 2.38 10.1 9.14
4
Table 4 Effects of kaolin on fusion characteristic index of ZDC
L ZDC ash +3%Xkaolin +6%Xkaolin +9%%kaolin Slagging
Slagging index
result level result level result level result level trend
ST 1360 slight 1275 medium 1380 slight 1420 slight -
B/A 1.97 serious 0.54 serious 0.30 medium 0.23 slight !
G 26.6 serious 54.84 serious 68.74 medium 74.33 slight !
Si0,/A1,0, 1.94 medium 1.37 slight 1.27 slight 1.23 slight !
Rs 1.2 medium 0.32 slight 0.17 slight 0.12 slight !
Fe,0,/Ca0 0.33 medium 0.31 medium 0.34 medium 0.30 slight !
Rz 4.5 serious 2.23 serious 1.39 slight 1.10 slight !
Sc 0.97 serious 0.61 serious 0.34 slight 0.26 slight !
4
ST 1300 C; 3%
3% ; 6% N N
60% ST
o 1275 C; 6%
o ST 1380 C;
3 6%
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