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Table 1 Proximate and ultimate analyses of raw coals with different particle sizes

. Tkt wi/% TCERIHT W/ % Qnetar/
R4z /mm
Mar Aar Var FCar Car Har Or Nar Sar (MJkg™)
W 0~1 0.66 40.44 24.09 34.81 44.12 309 980 078 111 16.81
I 1~2 0.84 4170 2420 33.26 43.15 325 928 074 104 16.45

M 2~3.2 094 4542 2293 3071 39.41 309 940 0.68 1.06 14.91
M 3.2~6 122 4122 2338 34.18 43.14 324 931 075 112 16.41
WM 6~8 1.09 4450 23.86 30.55 40.61 317 898 071 094 15.32
#M 8~10 112 4545 2279 30.64 39.42 314 921 067 0.99 14.93
¥ 0~1* (1~2) 0.82 4440 2355 31.23 40.62 304 941 071 1.00 15.39
W 0~1* (2~3.2) 0.99 4280 2406 32.15 41.76 311 957 073 1.04 15.92
W 0~1* (3.2~6) 1.04 4369 2345 31.82 41.12 306 941 072 096 15.63
¥ 0~1* (6~8) 120 41.06 2391 33.83 43.47 320 924 077 1.06 15.63
M 0~1* (8~10) 1.18 39.74 2445 34.63 44.99 329 901 079 1.00 17.20

Ik 0~1 0.37 4543 10.63 43.57 4521 233 425 067 174 16.86
IR 1~2 0.46 4481 1032 4441 45.71 258 374 063 207 17.00

Ik 2~3.2 0.43 40.67 10.32 48.58 49.63 248 403 069 2.07 18.74
Ik 3.2~6 0.43 4758 10.33 41.66 4221 222 441 065 250 15.70

Ik 6~8 043 52.02 1032 37.23 38.12 212 532 077 122 13.68
I 8~10 057 5126 10.88 37.29 38.79 215 561 0.64 098 14.04

IR 0~1* (1~2) 039 40.16 10.25 49.20 49.70 254 454 072 1.9 18.76
I 0~1* (2~3.2) 0.43 4358 10.17 45.82 46.76 243 414 065 201 17.45
I 0~1* (3.2~6) 0.49 5151 10.04 37.96 38.76 210 470 058 1.86 14.06

IR 0~1* (6~8) 052 42.96 11.06 45.46 47.28 249 424 067 184 17.70
Yk 0~1* (8~10) 055 49.85 1041  39.19 41.04 226 439 071 120 14.97

2L 0~1 274 26.82 3757 3287 47.84 356 1405 142 357 18.15
2L 1~2 280 22.03 3885 36.32 51.49 3.76 1507 152 333 19.55
2L 2~3.2 3.06 19.78 39.57 37.59 53.34 391 1499 154 338 20.30
ZL] 3.2~6 2.86 20.59 39.59 36.96 53.30 397 1444 156 3.28 20.29
4r3 0~1* (1~2) 317 2125 38.83 36.75 52.26 3.89 1480 153 3.10 19.84
213 0~1* (2~3.2) 3.10 19.99 39.28 37.63 53.16 398 1504 156 3.17 20.19
219 0~1* (3.2~6) 3.29 17.98 40.34 38.39 54.37 396 1563 163 3.14 20.81
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Fig.1 Flow chart of ash formation and attrition experimental
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Fig.2 Particle size distribution of powdered coals
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Fig.4 Ash particle size distribution of three types of powdered coals
a— NI b—SCIRTCMIE ;s c— 2L AR

XoF AP FEERE , BBCAE AT R 5 3oy R 80 BSE RO P8 73 A1 (X531 g Y S —— 0 7 M A
HH AR o R o LR e e X T LT RE R, 5 ST A H AR BR R A AR m ORI 5 B 7 AR S
B AN, ZLIRTRBCRE A AR Hh L RORE FA) 5 2 o B2 1 T 20%.

N T HEH A CFB K15 PC-CFB A, K 5a Fros W] 4l s ke 7>
A, FFCAAE IR REEME, 32 IR L CFB B T2 (B 0~1 mm BOBURL ELEEAR
BERAK) F PC-CFB K715 (AEIRFE 4 0~1 mm, 256 B 4 BOKHERE, 4% I8 SRRy i
BRERURL BT AR B AL BN, WA AR 7 A HEAT V5o $2 I 7 145 2 Ry B A kL



FEATtnl 5 B, 25 R8BI st R R ERIORL L {8 P A5 A AL AR I AN BE PRAIE A AR 24 il
BN Tmm PUN, N7 5RERE 8, £/ S B4 H 7 RT 1 mm BRAR G E.

100 ‘ 25 —
(@) -7 (b) i o3 A
7 TFER EANAL
80 o 20f
L e
~ - - o\o
-7 2 15F
& eo} o =
= 2 R
I ; i 10}
= a0 o I
jnig 7
= ,
Rk @ 5|
20}¢
?I o 1 1 1 1 1 1 1 1 1 L 1
0. 0,0,0,0,0,0,0 O0pd <
0 L L . L ‘0.0&0&\0‘0@\0'&0\6\0'9\0'&\0'7\00“\ S P8,
0 2 4 6 8 10 20, o O G2 G5
s g ) . S g
JRIEERIAZ [ mm FRAFLAE | mm
20 20
(© 7 43 o (d) fﬁﬁi*ﬁk&&
PR BN BRI AL
15F 15k
=3 S
= 10} & 10f
R R
) i
X fi=¢
5F 5
0 N y N . . M M H | N O 1 1 L 1 1 1 1 1 1 1 1
o0, 0 0,0,0,0,0 0o <2 QA Cp Gy 9, 9, Q5 Q5 0, Op A A
Oy O o N A RS YN 0, % "Go N, s A R R ° v
K2 ‘9\0.06‘\0.\/\0\{96\\0.\9\00 Q57 v % \0.06»\0.\/\0\7& \0.6\\019 0y s ¥ <
7 W mm WKL | mm

5 B OIKL B S A T 5
Fig.5 Calculation results of ash particle size distribution of powdered coals
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Fig. 6 Fluidization attrition rate constants of three types of coal
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Experimental study on ash formation and attrition characteristics of

coal for powdered circulating fluidized bed boiler

HAN Peixing">®* SHANG Manxia? ZHU Junping® LIU Liang?
HUANG Zhong!>%>* LIU Qing?, KE Xiweil>*4
(1. Shanxi Research Institute of Huairou Laboratory, 030032 Taiyuan, China, 2. Department
of Energy and Power Engineering, Tsinghua University, 100084 Beijing, China, 3. Taiyuan Boiler
Group Company, Limited, 030008 Taiyuan, China; 4.Beijing Huairou Laboratory, 101499 Bei-
jing , China)

ABSTRACT The ash formation and attrition characteristics of coal are one of the important
factors affecting the fluidization characteristics and heat and mass transfer performance of CFB
boilers. The coal samples used in the ash formation and attrition experiments of conventional CFB
boilers are obtained by simply screened from 0-10 mm coarse raw coal particles, while the PC-CFB
boiler uses 0-1 mm pulverized coal directly prepared by the coal crusher. The mineral composition
of pulverized coal crushed to 0-1 mm is different from that of pulverized coal simply screened to 0-
1 mm, hence the ash formation and attrition characteristics of the both are different. Consequently,



the ash formation and attrition experimental data of conventional CFB may not be applicable to PC-
CFB. Therefore, an experimental method of ash formation and attrition characteristics suitable for
PC-CFB boiler was proposed. Three kinds of coal samples, Jiaocheng anthracite, Shuozhou bitumi-
nous coal and Honghe lignite, were selected to carry out conventional CFB and PC-CFB ash for-
mation and attrition experiments respectively. The ash formation and attrition data of coal samples
in the particle size range of 0-1 mm under the two experimental conditions were analyzed and com-
pared, and the chemical composition of ash samples was determined. The results show that there
are significant differences in the ash formation and attrition experimental data of the fragmentized
powdered coal and the screened pulverized coal of the three coal samples. The proportion of coarse
particles in the ash of the fragmentized powdered coal of each coal type is higher than that of the
screened pulverized coal. The distribution of ash particle size of powdered coal ash calculated by
the conventional CFB and the PC-CFB ash formation method tends to be consistent in the range of
0.2-0.5 mm. However, there is a significant difference at both ends. The fluidization attrition rate
constant (Kaf) of the screened pulverized coal and the fragmentized powdered coal is also signifi-
cantly different. Therefore, the original conventional CFB ash formation and attrition experiment is
no longer applicable, which verifies the necessity of the ash formation and attrition experimental
method of the PC-CFB boiler.

KEYWORDS powdered coal circulating fluidized bed, ash formation characteristics, attrition
rate, fragmentation, ash composition analysis

HIGHLIGHTS An experimental method of coal ash formation and attrition applicable to
powdered coal circulating fluidized bed (PC-CFB) boiler was proposed. After the coal sample was
dried and screened, the coal samples larger than 1 mm were crushed to 0-1 mm and then burned
statically, later, the conventional ash formation and attrition experiments was carried out. Different
from the conventional method, the coal sample was obtained by simple screened from 0 - 10 mm
coarse raw coal particles, the PC-CFB ash formation and attrition method adds the fragmentation
steps of coal samples with different particle sizes larger than 1 mm, which solves the problem that
the conventional ash formation and attrition method caused by the heterogeneous distribution of
coal mineral components is not suitable for PC-CFB boilers. The ash formation and attrition char-
acteristics of anthracite, bituminous coal and lignite under conventional CFB and PC-CFB method
were obtained, and the main factors leading to the difference of ash formation and attrition of pul-
verized coal under two experimental conditions were analyzed.

HIGHLIGHTS An experimental method of coal ash formation and attrition suitable for PC-
CFB; ash formation and attrition characteristics of anthracite, bituminous coal and lignite; XRF
analysis of ash composition; the main factors of the difference of ash formation and attrition char-
acteristics between the screened pulverized coal and the fragmentized powdered coal.



