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Prediction of Slagging Propensity of Coal Ash
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Energy Conversion Research Department, Korea Institute of Energy Research
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Abstract— Eight coal samples from sub-bituminous to anthracite were ashed according to ASTM ashing procedure.
Slagging and fouling indices calculated from chemical composition and fusion temperatures were compared for
each coal ash. To find the more simple and the more correct method than the method used at present for
prediction of slagging, color indices were measured and the volatile amounts in coal ash were also determined
by using the TGA. Furthermore, ashes were melted at 1600C and then resolidified by cooling to room temperature.
Total pore size on polished surface of sample were measured, and the relationships between color, volatile amounts
and total pore size with slagging propensity were investigated. From the results, it was found that the color
index is likely to be used as an index that descriminate roughly the slagging propensity of coal ash. And it
was also found that the volatile amounts in coal ash and the pore size on polished surface of molten and resolidified
sample have close relationships with fusion termperatures and calculated viscosity of coal ash, so they are also
likely to be used as a new prediction method of slagging propensity.
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Table 2. Chemical composition of sample coal ashes.
Semple Name  Si0, ALO, TiO, P,0O, FeO, Ca0 MgO Na,O K, 0O BaO SrO SO,
U 742 15.78 08 013 345 169 05 0.28 0.66 0.05 0.03 0.07
N 6253 2864 121 029 119 025 026 007 188 0.19 0.06 034
C 5775 230 102 044 41 223 094 041 152 0.15 0.05 329
P 669 2052 092 0.26 456 149 051 0.25 0.72 0.08 003 1.54
A 4923 1813 082 035 6.08 1217 228 047 132 0.56 012" 071
R 3258 2749 125 024 2123 411 185 0.24 0.87 017 0 163
D 5218 3267 171 0.23 379 066 073 03 512 0.1 0.03
J 5211 3153 146 0.24 441 1.0 0.89 0.17 361 009 003
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Table 3. Calculated slagging/fouling indices of sample coal ashes.

Sample Name Base/Acid n(1426) Ry Total Alkali
U 0.0725 3390.1 4.82 0.71
N 0.0395 61054 5.198 1.294
C 0.1125 1959.2 6.107 1.389
P 0.0852 2644.2 5442 0.719
A 0.3274 1724 9.707 1.329
R 04615 20.3 14.272 0.806
D 0.1224 2608.9 6437 3633
] 0.1184 2065.0 6.61 252
Table 4. Fusion temperatures of sample coal ashes at oxidizing and reducing atmosphere.
Oxidizing Reducing
Sample Name
IDT ST HT FT AT IDT ST HT FT AT
U 1427 1474 1496 1563 136 1423 1457 1476 1502 79
N 1600 - »1600 -
C 1452 1489 1520 1541 89 1373 1474 1498 1523 150
P 1446 1494 1520 1538 92 1414 1478 1499 1516 102
A 1199 1222 1249 1283 84 1154 1197 1217 1243 89
R 1395 1424 1430 1437 42 1204 1236 1257 1271 67
D 21600 - 21600 -
] <1600 - 1591 1600 -
AT: FT - IDT
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Fig. 1. Fe,0; -Si0, -Al, O,, Ca0-SiO, -ALLO, ternary diagram for the sample coal ashes.

Table 5. Measured colour indices of sample coal ashes.

chromaticity ClE. XYZ
Sample Name
X y X Y Z
U 0.348 0.342 44 432 393
N 0351 0.342 : 554 54.1 484
C 0.363 0.348 377 362 30.1
P 0.386 0.357 353 326 236
A 0.356 0.352 430 426 355
R 0.400 0377 305 28.2 16.0
D 0.35 0.345 452 446 393
] 0.348 0341 44.2 433 396
A4 B9171e A9 gte wlmshd 94| AR R, A, 0.40 —— . , . :
C P U2 £4Z %T7 AXE Ae T F AUck @A
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Fig. 2. Chromaticity diagram for the sample coal ashes.
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Table 6. Correlation coefficients(R’) of color indices
with other slagging/fouling indices.

X y
Fe, O, 0697151 0.855102
Res 0471225 0.724674
Base/Acid 0407427 0.679703
1(1426) 0.228691 0393923
total alkali 0.235242 0.176825
-
—_— "
—_—
— ’
__\N :

Fig. 3. TGA thermograms for the sample coal ashes.
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Table 7. Volatile amounts in sample coal ashes.
Sample Name

Volatile amounts in Ash(wt.%)

U 138
N 042
C 2.58
P 19
A 543
R 446
D 031
J 0.77
1800 T T T T T
3)
°— 1600 .
o
3
2
é 1400 .
5
2
1200 4
1000 1 i t 1 1

o] 1 2 3 4 5 68
Volatiles in Ash(wt.%)

Fig. 4. Trend of fusion temperatures vs. volatile amounts
in ash.
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Fig. 5. Typical photographs of polished surface for the molten slags. U D
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Table 8. Total pore area for polished samples of molten
slag and the calculated viscosity at 1600°C.

Viscosity Total Pore
Sample Name ‘

(1600T) Area(mic’ )

U 602.8 4814

N 349.2 4110

C 2031 1874

P 351.2 3945

A 323 324

R 7.02 363

D 135.1 4660

J 1245 7440

Total Area Surveyed: 13745.811mic’

Energy Engg ] (1995), Vol. 41)
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Fig. 6. Trend of calculated viscosity vs. total pore of
molten ashes.

gots el 4t 4706 23§82 X (Table
)2}2] BAE Figure 4°] e slch Figure 4014
Beulel o] slEF ekl We AEe 442
ERF Y2 AS G F Ut EE AR U, P 5
F7te] WALE Be| glovt §F2EFA FT &,
2455 2y AL BAE Holx it}
A TGA & 3z A4 Al 44259
H7)9} o] Z2HE FAAGLE viwH As}A o 23|
Z & e EAuyoz ddsed TGAS Ze
dEA 9] e A5 A Y F4o] gidsitie
Aolm2 FitzF EHo o £§4 A5 o
Helg By o Aore $ gl

3-5. E8AIHS Z&37|

1600CE HHE Bdeje] $HL2E FAR 25
olt}, whebA] o] XA & ¥ FIAA AEE
HE 2o 7 BEd P Fa3Rs A
sl AR B £ §Xg SR He ®d
A AL Fate] FEe] w2 §AN4E
AR FE2T e ot werd.

SFAIHFA AN BHAIL ZA e HEH 4]
o] FHAMAE Figure 50 YehRem 72+ 2|59
TEAE E43te] Table 8o el i) Figure 5
oA A Bnbe} zho] 2t A5 9 Hwlo FAE FEA7]
2 el AME GERE B 7 ded A8 DE vy

& FTFE, 281 £FLE7t EE AR AE T
Ao &R YeAS & 5 ok A8 FFE
¥ F2AYAM PR Aoz 45224 1600

olp

ollAX| 2 M4 M1E 199514 58

Colxg Age AFUAT A ot g2 4
9lt}. Table 89l 1600Tel A Watts} Fereday “”
o2 AiE HEE o] Yeluilslel 1600CM A&
A R} o] HE7} do} 22§ 354 S e A8
o] LxojAe] AbFdAel vlmy Fo} LA A
ARG W& FAY ¢ oy F=rh =AY AR
N, D, J53 2] o] 2xoA = 2435 &-§=HA ok
FELFANA AJEEL o] F YA =9 Al 7
FEo BzpET Aol2 Fe crackeVt FEE ¥A
A el

AT 2] AANFTEFR7E o] xRN HEe)
BA4 7} ks b= o] Table 89 7o) EHRA <]
o]9] &A1& Figure 69 etk A= AxE 9%
Algo] gtellA whalute} zro] fradwt I FHAute
#g2AL 71FoR § HoloA FujFdsted 3
45z deros #Adsmg FUYFdebd ol
AMdE Aze Y3 d2gke] H 4 gt geiA
o] & Tl FulFdstg =2 EH3Y Figure 6
ofl A B=ule} Zho] 1600CH A o] HE o} FE A7 9=
vy AP AuAde 23 okn B ok B8
NAA 8 71 Folol Hgyt ARG AHAG 4
QAo AF7R Y Aoz r EZAY BY 9
Hz o Aigle]l &5 FEZY T2 o)
T3] vt sbsdiche g ofngit,

3-6. ERES

A7 R4S A53ke s AHgEx
UE 2 E 52X 5L FHo] Barsta tfitol
AgE o] Qlew AdAe] Aol EAPPEoIT) &
AFelA Adstn e HES 4 AEF HuF
27, 48489 FEIVE 14T WYL IEA
2% P A 49 B & FA4E 24
TER ¢ ded Fd ARE 160C7HA S 4§37
AellA IS 2Y3n BF 489 Fo 29y
HE F33e dH I5HAE FAA Y @ 5
e el @A dA7tA e AYFst g
A A7 HFAIRe $7b Ho o
b 2ok g dEHes shsAE Rdddn
i o] Atstaat g

4.4 £



A% 3§ §344Y A% 51

23 e 2 Y 31A uw dudslr] A3 g
#5321 Y=k o] & et AR AL A
fd2o9 TGAE |83l s¥F e 489
1600C A1 €] molten slagg TEL °|& $2X)H &
dell gAY FEF27)E BAEe olE §AAY
e #AE A3k

AgAF 38 4L IBF Fed ¥aa UHY
FAE Z2 gle] APz 3o FHAFE A
TEE F e AEEHN A" 5 9ler] TGA
o3 3 EF Az AL 3P 5259, 2
g3 $ZAHY FEFA7]E 1600CH A HExe} B
g BAE 22 3] o]ER o] 43 kst
G5l A Rd{fell Ao Mz o] g3 & oS0
bedt Aoz gasdn)

L
(D logn=(0.05784)(silica percentage)—1.8452 (A-1)
where n=viscosity in poises at 1426C
silica percentage=/( S0, +Fe, (ii%CaO M )(100)
D Ry =(%;;—X—’I‘“§L) (A-2)
o=y

Based on SiQ,+Al, O,+Fe, O,+Ca0Q+ Mgo= 100%
M=0.00835 SiO,+0.00601 Al O,—0.109
C=0.0415 Si0,+0.0192 Al, O,+00276 Fe, O,

+0.016 CaO—392
fs: severity factor

Tmo (OC) fs
1000 09
1100 13
1200 20
1300 31
1400 47
1500 7.1
1600 114
() Total Alkali=Na, Ofas %)+0.6509 K, O(as %)

(A-3)
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