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Characteristics of Carbonaceous Particles Derived from Coal-fired Power Plant and
Their Reduction

Ho Young Park' - Young Ju Kim - Geun Sil Yu - Chun Kun Kim* - Dong Hun Kim*

Combustion & Thermal Engineering Group, Korea Electric Power Research Institute, KEPCO

*Nam Dong Power Generation Company, Yong Hung Power Station

ABSTRACT : The unburned carbon in fly ash, recently occurred in the coal-fired Yong Hung power station, caused some problems in ash
utilization and boiler efficiency. This paper describes the analysis of unburned carbon and six coals, some tests performed at Yong Hung
Boiler, and the results of combustion modification for the reduction of unbumed carbon in fly ash. From the physical and chemical
analysis of unburned carbon in fly ash, most particles were turned out to be hollow cenosphere and agglomerated soot particles. The sooting
potential from six coals used in the plant were investigated with CPD(Chemical Percolation Devolatilization) model. The results showed that
the higher potential was presented to Peabody, Arthur, Shenhua coals rather than other coals. It was necessary to measure the coal flow rates
at each coal feeding pipe for four burner levels since they affect the extent of mixing of soot with oxidant, in turn, the oxidation rate of soot
particles. The unbalance in coal flow rate was found in several coal pipes. We successfully reduced unburned carbon in ash by increasing
the excess air and changing the SOFA's yaw angle.
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Table 1. Properties of six coals used in Yong Hung power plant

Item coal unit Peabody Shenhua Arthur Ensham Sanseo Elk Valley

Heating value(dry) keal/kg 6,771 7178 6,823 6,649 7,157 7,187
moisture 6.58 3.63 3.85 4.96 5.51 1.26

Proximate Analysis ash Wi 12.29 7.71 15.82 16.34 9 13.49
(dry) volatile matter 42.55 3347 33.88 25.74 27.61 23.39
Fixed carbon 38.58 55.19 46.45 52.96 57.88 61.86

C 69.58 77.09 70.81 70.59 76.05 78.72

H 5.55 4.74 5.03 435 431 431

Ultimate Anlysis 0 . 10.31 9.03 5.22 5.58 8.56 1.8
(dry) N e 0.93 1.04 176 1.60 0.97 115

S 0.47 0.1 0.73 0.69 0.59 0.36

ash 13.16 8 16.45 17.19 9.52 13.66
Hard Groove Index HGI 41.73 63.28 51.41 65.07 54.67 106.97

IDT 1,285 1,121 1,379 1,232 1,361 1,416

Ash fusion ST . 1,535 1,178 1,556 1,271 1,380 1,461
temperature HT ¢ 1,572 1,181 1,595 1,288 1,400 1,481
FT 1,609 1,185 1,595 1,301 1,404 1,503

Si0; 62.18 34.69 64.72 61.09 62.58 60.15

AlLOs 27.73 15.69 24.99 22.55 20.26 24.76

Fez0; 2.04 9.28 3.54 6.7 9.03 2.89

Ca0 2.13 27.42 1.41 3.01 2.59 3.84

Ash Analysis MgO wi% 1.36 1.12 0.78 1.00 0.5 0.76
Na;O 1.26 1.07 0.31 0.53 0.57 0.49

K0 0.36 0.93 1.04 1.24 1.09 0.71

TiO, 1.61 0.63 1.40 1.18 0.79 1.69

SO; 0.73 8.05 0.43 1.35 1.27 2.93

other 0.60 1.12 1.38 135 132 1.78

Table 2. Results of ICP analysis of a collected sample

No. item wt. % No. item wt. %
1 Si as SiO; 59.11 9 Ni as NiO nd
2 Al as ALO; 22.73 10 Zn las ZnO nd
3 Na as Na,0 0.86 11 P as P,Os 0.20
4 Ca as Ca0 3.95 12 V as V,0s nd
5 K as K20 1.88 13 Ti as TiO» 1.64
6 Mg as MgO 0.36 14 Pb as PbO, nd
7 Mn as MnO nd 15 S as SO; 0.40
8 Fe as Fe;Oy4 2.14 16 carbon 6.73

nd : not detected
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Fig. 2. ‘Magniﬁcation of the sample shown in green circle of
Fig. 1(x 500).
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' Electron Image 1
Fig. 4. Magnification of the sample shown in red circle of
Fig. 1(x 10,000).
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Fig. 5. Magnification of the sample shown in red circle of
Fig. 1(x 10,000).
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Element W eight% |Atomic?
C 92.60 97.48
Q 212 1.68
Al 0.37 0.17
31 0.41 0.1%
cl 0.14 | 0.05
Ti (.20 0.0%
Cu 057 0.11
Zn 0.43 0.08
Au 3,15 0.20

Total 108

Fig. 6. EDS analysis of the sample shown in purple rectangular in Fig. 5.
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Fig. 7. Schematic diagram of coal devolatilization.
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Fig. 8. Schematic diagram of soot formation.
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Table 3. Amounts of tar expected from CPD model

. coal Peabody | Shenhua | Arthur |Ensham | Sanseo ELK
yield(wt.% Valley

tar yield(daf) | 0.2787 | 0.2575 | 0.2886 | 0.2435 |0.2108 |0.1101
tar yield(dry) | 0.2420 | 0.2369 | 0.2411 | 0.2016 |0.1907 | 0.0951
daf : dry ash-free
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Table 4. Amounts of soot expected from atomic balance

% glet ol
1y |48

@ Hldee Wl Asgel ¥ Aoz & 4
goma

dry basis soot CO H; HCN | H.S ash
Peabody 17.17 5.03 1.36 0.50 0.14 13.16
Shenhua 18.04 | 4.07 1.03 0.52 | 0.03 8.00
Arthur 19.04 | 2.64 1.23 098 | 022 | 1645
Ensham 1598 | 238 | 087 | 075 0.18 | 17.19
Sanseo 1464 | 316 | 075 | 039 | 013 | 952
ELK valley | 8.49 0.35 038 | 024 | 0.04 | 13.66
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AHE Table 5] et S84 AL 282 760 MW
olen A& BF 2 Arthurgo|ich dutdez Z Wi

B f2L BAE A4 A BYBY vl BF

HEE 4

A Qo vEIIMil) £79 929 wEF o
Z7 Aglel wet Hud /3 A7 288 & Aok

470 Z9/47) 2EE £ 167) Coal Piped] ZAASE
& Az I8 Coal Flows} £5%u ¥$)Q] Coal Pipe: 471
o A=A ¢kgkew, 37] Coal Pipe: 3&8EH o AL
U A) Coal Pipel 7.8~38.6%7H4) WoAUT 31t Corner
¥ Coal FlowE £33 Z% 2 Piperith Atol7h Ashd o

1 #u #A9) BAH= -52~+38.6%, #BY) %)=

-13.6~

S ¢ F Utk AAFoE B T FEE &L sootE +14.5%, #C9) A= -4.8~+6.5%, #D9] AXH%) -11.7~
Table 5. Measurements of coal flow rates
Burner level Level A Level B
Measured value ICNR | 2cNR | 3cNR | 4CNR | ICNR | 2CNR | 3CNR | 4CNR
Velocity(m/s) measured 24.1 ‘ 24.8 24.6 23.8 23.1 23.7 22.1 24,0
designed’ 53.8 53.1
measured 50.3 49.3
Coa(lt/f)k’w measured at comer | 1110 1741 1191 9.84 1079 1329 1085 1439
deviation at orner(%) -1.465 +4.845 -0.655 -2.725 -1.54 +0.960 -1.480 +2.060
deviation(%) -11.7 +38.6 5.2 217 -14.1 +5.8 -13.6 +14.5
designed 129 124
PA Flow measured at corner 1371 131.0
(h) deviation at orner(%) 33.92 35.01 34.72 33.49 32.54 33.41 31.19 33.83
deviation(%) -0.365 +0.725 +0.435 -0.795 -0.203 +0.668 -1.553 +1.088
Mill Level C Level D
measured value ICNR 2CNR 3CNR 4CNR 1CNR 2CNR 3CNR 4CNR
Velocity(m/s) measured 22,6 23.0 232 24.0 23.8 23.3 244 24.0
designed 534 532
measured 44.0 49.7 »
Coa(lt/hF)low measured at corner 1047 1172 1082 1098 11.86 14.50 12.29 11.05
deviation at orner(%) -0.527 +0.723 -0.178 -0.018 +2.075 +2.075 -0.135 -1.375
deviation(%) -4.8 +6.6 -1.6 -0.2 +7.8 +31.8 -11.7 -0.5
designed 126 125
PA Flow measured at corner 130.8 135.1
(vh) deviation at orner(%) 31.85 32.40 32.74 33.85 33.54 32.84 34.44 34.29
deviation(%) -0.86 -0.31 +0.03 +1.14 -0.237 -0.937 +0.662 +0.512

PA : Primary Air(coal transporting air to the burner)

CNR : Corner

J. of KSEE / Vol, 28, No. 10, October, 2006
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Table 6. Changes in SOFA's yaw Angle

. ; Corner Corner # 1|Comer #2 |Corner # 3 Corner # 4
Modification
Before modification] -15% +15% -15% +15%
After modification -15% +15% -15% -15%

-15%

1 +15%
Fig. 9. Schematic diagram of SOFA's yaw angle.
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, AANEZ) A AEE B FHAA AEaRY
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Fig. 11. Unburned carbon in ash before modification f com-
bustion condition for blended coal(Shenhua + Pea-
body) : 5 mL and 3 mlL.

Fig. 10. Reduction of unburned carbon in ash.
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Fig. 12. Unburned carbon in ash after for modification of
combustion condition for blended coal(Shenhua + Pea-
body) : 0.1 mL and 0.3 mL.

Fig. 13. Unbumed carbon in ash after modification of com-
bustion condition for Arthur coal : 0.1 mL and 0.9 mL.
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