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Abstract: In order to systematically explore the combustion characteristics of an anthracite used in iron ore sintering the
combustion characteristics and microcrystal structure of Sihe and Chengzhuang lump anthracite its cleaned powder coal and
coke powder are compared and analyzed by TG-DTG XRD and other methods the ash index ( p,,) is proposed to evaluate
the influence of ash on combustion performance and the influence of solid fuel particle size on the combustion
characteristics of cleaned powder coal and coke powder of Sihe and Chengzhuang is analyzed. The results show that the
ignition and combustion performance of Sihe and Chengzhuang cleaned powder coal are significantly improved the ash
index value is significantly reduced and the combustion characteristic parameters are closer to that of coke powder. With
the increase of solid fuel particle size the average combustion rates of Sihe and Chengzhuang cleaned powder coal and coke
powder are decreased by 22.57% 10.97% and 15.53% respectively. Chengzhuang cleaned powder coal has the best
stability when burned in the batching mode of mixed particle size and it has advantages over coke powder for sintering
production. The XRD analysis results show that compared with Sihe cleaned powder coal the microcrystalline structural

parameters of Chengzhuang cleaned powder coal and coke powder are more similar which is consistent with the
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experimental results of thermal analysis.
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Table 1 Proximate and elemental analysis of the solid fuels

( ) 1% ( ) 1% /

C H 0 N S (MJ-kg™")
84. 09 6.02 9.89 84.10 2.56 2.11 1.03 0.31 30.73
84.20 6.35 9.45 84. 44 2.77 1.91 1.13 0.30 31.30
83.05 5.64 11.31 82.49 2.81 2.05 1.00 0.34 31.28
84. 58 5.98 9.44 84. 41 2.99 1.78 1.04 0.34 32.08

87.97 0.23 11. 80 87.17 0.77 0. 64 0.91 0.51 35.23
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Table 2 Main chemical composition of ash in solid fuel %
Ca0 MgO $i0, Fe, O, AL O, TiO, Na,0 +K,0
7.52 1.45 48. 46 4.92 34. 47 1.17 2.01
5.91 1.03 48.53 3.35 37.80 1.25 2.12
4.19 0. 86 48. 46 4.11 38. 64 1.63 2.12
4.15 0. 87 47.76 3.23 40. 30 1.75 1.93
4.47 0. 89 51.08 7.79 32.41 1.75 1. 60
( 5.0 mm x 10.0 o —a;
Ul]] :B X 7’J T ( 2)
mm) i~
; @ P = T.i - Tl ( 3)
100 mL/min; B
20 °C /min 1 000 C C= ;‘; (4)
) v, Xv,
: = 5
| @gD o (5)
' C B °C /min; @,
’ % a % .
6y J
C
’ S .
o 2
’ 2.1 .
° TGDTG
° 1 .
o= (1) 1 5
my — m,
400 ~900 C
o 3 mO
mg;, m, t mg;, m, ’
mgo
( ) (2) ~(5)
( GB/T 33304—2016) TGDTC ’ ’ ;
(T; C).
.1
(1, C). (v, min"")
(1, ) o
T Tp o
(v, min~') . (¢t s). .
(C min~'*C %) (S min**C 7).,



48 2

(a) ; (b) v () v (d) (e
1— D 2— : 3—DTA.

Fig.1 Thermogravimetric analysis curves of anthracite cleaned powder coal and coke powder
3 .

Table 3 Combustion characteristics of anthracite and washing coal cleaned powder coal and coke powder

T,/C T,/C v, /(mgemin~") T;/C v, /(mgemin~') €/(1077 min~"*C?) S$/(10~" min2+°C ) t/min

532.8 636.2 0.005 7 770. 4 0.084 2 2.007 9 2.194 5 12. 43
549.9 646.0 0.005 5 813.5 0.0759 1.818 8 1.697 0 13. 81
444.5 655.1 0.101 0 811.8 0.054 5 5.1119 3.4318 18.37
450.6 683.7 0.096 0 880. 7 0.046 5 4.728 1 2.496 4 21.51
509.6 670.3 0.088 6 905.9 0.050 5 3.4117 1.901 9 19. 81
(pu %) :
C-O o

. w( Si0,) +w( Al,0;) +w( Ti0,) 100% (6)
Par = Aaan X w( Ca0) +w( MgO) +w(Fe,0;) +w( Na,0) +w(K,O) X ’




2023 2 5
“ A % ; w( Si0,) .
w(ALO;) . w (TiO,) . w ( CaO) . w ( MgO) . ;
w( Fe,0;) .w( Na,0) .w( K,0) Si0,
AL 0,.TiO,.Ca0 + MgO . Fe,0;. Na,O . K,O
% - o
1 0
2 5 o
(6) . 2.2
2 0
4 (0~
0.5mm 0.5~1mm 1~3mm 3~5mm) 3
2 3
Fig.2 Comparison between p,; values of anthracite ° 3

cleaned powder coal and coke powder
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Fig. 3 Thermogravimetric analysis curves of cleaned powder coal and coke powder under different particle size
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min "' 10.97%;
. 0.054 5 min " 0.042 2 min "'
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Table 4 Combustion characteristics of cleaned powder coal and coke powder under different particle size
- /¢ T,/C v,/min"' T;/C v, /min”' (107 mii/“ ) (107 mii/'z'OC ) t/min
0~0.5 444.5 655.1 0.1010 8I11.8 0.0545 5.1119 3.4318 18.37
0.5~1 482.1 688.8 0.0691 944.0 0.0433 2.973 1 1.363 7 23.10
1~3 508. 1 798.9 0.0568 979.1 0.0425 2.200 1 0.9550 23.55
3-~5 537.5 927.5 0.0625 1011.0 0.0422 2.1633 0.902 9 23. 68
0~0.5 450.6 683.7 0.0960 880.7 0.0465 4.728 1 2.496 4 21.51
0.5~1 470.8 684.6 0.0675 913.3 0.0452 3.0453 1.507 2 22.13
1~3 492.3 664.8 0.0599 971.2 0.0418 2.4715 1.063 7 23.95
3~5 515.3 663.2 0.0467 998.1 0.0414 1.768 8 0.729 5 24. 14
0~0.5 509.6 670.3 0.0886 905.9 0.0515 3.4117 1.901 9 19. 81
0.5~1 519.7 664.9 0.0776 912.1 0.0509 2.873 1 1.603 4 19.92
1-~3 536.6 882.9 0.0589 974.3 0.0457 2.0456 0.959°5 21.89
3~5 562.8 918.5 0.0727 1022.5 0.0435 1.995 2 0.946 5 22.99
2.3 XRD
L,(nm); oo ( ) ;
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Fig. 4 XRD test results of cleaned powder coal
Y ’ and coke powder
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Table 5 Crystal structure parameters of cleaned powder coal and coke powder
20/(%) plrad dyinm  dy/um L /om L/nm L /nm
v 002 100 y 002 100
21.21  25.58 43.98 0.0686 0.0693 0.1120 0.4197 0.3482 2.1561 2.7318 2.1459
21.17  25.61 44.04 0.0684 0.0686 0.0958 0.4189 0.3478 2.1507 3.1953 2.1679
21.26  25.76  43.76  0.0727 0.0722 0.0851 0.4179 0.3458 2.0271 3.5911 2.0585
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