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Thermoplastic Performance of the Solvent Extracted Ashless Coal and Its Applicability for Coke Material
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Synopsis :

Key words:

This study concerns with the thermoplastic performance of “Hyper-coal”, and its applicability for the coke material, which replaces to the
high value coking coal. Hyper-coal (HPC) is an ashless coal, which is made by applying the solvent de-ashing technology. Coal is extracted
with the coal derived recycling solvent, which consists mainly with 2-ring aromatics, at 360~380°C, and the solid material (RC, insoluble
coal including ash) is removed by gravity settling. From the coal extraction examination with a number of coals, we found that HPC has a
high heat value (>>35 MJ/kg) and an excellent thermal plasticity. HPC revealed much more excellent fluidity from lower temperature to high-
er temperature range than that of the parent coal. Moreover, not only from the coking coal, but also from the low rank coal, which has no
thermal plasticity, the produced HPC revealed an excellent thermal plasticity.

In addition, the mixture of HPC and RC also revealed the thermal plasticity, even though the parent coal was brown coal.

The characteristics and strength of the cokes, made by addition of HPCs were investigated. The thermal plasticity was improved when
HPC was added to various coals. The value of the I-type coke strength was maximum level when the HPC addition into blended coal was at
0.5 wt%. But excessive addition of the HPC deteriorated I-type coke strength. To get the reason, the coke breeze particle distributions in I-
type coke strength tests were examined. We confirmed that amounts of fine breeze (<0.25 mm) correlated with I-type drum index.
hyper-coal; solvent de-ashing; ashless coal; low rank coal; thermal plasticity; metallurgical coke; coke strength; I-type drum index.
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Fig. 1. Schematic flow diagram of Hyper-coal process.
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Table 1. Properties of coal for the extraction tests.

Heat value
Coal name moisture  ash VM C H N S Ogir [MI/kg]
[wt%]  [wt%]db [wt%] (daf basis) (gross)
ST 1.6 103 321 870 55 23 07 45 317
GR 23 6.0 356 847 54 23 06 7.0 323
EN 34 126 450 789 54 13 42 102 297
ON 3.2 114 450 794 56 21 12 117 278
ML 29.0 2.8 533 711 54 11 02 222 197
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Fig. 2. Plots on the Krevelen’s coal band of used coals.
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Fig. 3. High temperature extraction/filtration unit.
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Fig. 4. Photograph of 0.1 t/d Hyper-coal bench scale unit.
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Table 2. Properties of coal used for Gieseler plastometer tests.

Ro Softning Max. fluid log(MFD)Resolidified

Coal Ash VM C H N S O, temp. temp. temp.
[Wt%] db [Wt%] (daf basis) A [°C] [logddpm] [°C]
A 6.7 326 850 5.6 24 0.6 6.4 0.89 390 439 3.49 478
B 8.6 344 819 55 1.9 05 102 071 400 435 1.83 459
C 9.1 250 877 5.1 1.3 06 53 1.08 420 459 2.14 490
D 10.0 254 864 5.0 1.7 06 62 095 422 450 0.90 472
Table 3. Properties of blended coals for coke sample making.
Ro Softning Max. fluid log (MFD) Resolidified Blending
Coal Ash VM C H N S Oy temp.  temp. temp. ratio.
[Wi%] db [Wi%] (daf basis) ] [l [°C] [logddpm]  [°C]  [wi%]dry
E 9.9 178 91.2 49 09 02 28 157 458 488 0.85 508 15
F 9.5 213 896 50 14 04 36 128 424 466 1.79 499 25
G 8.7 325 8.0 56 24 07 64 085 39 439 3.38 472 35
B 8.6 344 819 55 19 05 102 071 400 435 1.83 459 25
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Fig. 5. Relation between coal extraction temperature and
extraction yield.
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coal extraction yield.
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Table 4. Properties of coal extraction products.

Heat value
Coal Product Yield moisture ash VM C H N S Odifr.  [MJ/kg] 40
[wi%on feed daf] [wi%]  [wi%]db [wi%] (daf basis) (gross) E‘) oo ML
ST Raw coal 1.6 103 321 870 55 23 07 46 317 _i 35 L O@
HPC 61 0.0 005 298 86.6 5.0 19 07 59 359 PR O ,@
RC 37 0.0 254 247 809 35 2.1 08 127 24.3 T:é e ... HPC
GR Raw coal 2.3 60 356 847 54 23 06 71 323 ; 30 '.\
HPC 59 0.0 008 450 856 356 22 07 60 355 2 ® O’
RC 39 0.0 157 236 808 42 22 07 121 28.8 b1 \
EN Raw coal 3.4 126 450 789 54 1.3 42 102 29.7 E B RC "o
HPC 66 0.0 002 518 835 5.6 1.4 1.8 7.7 35.1 u
RC 31 0.0 289 403 802 4.4 14 20 121 22.5 A 20 L L
ON Raw coal 32 114 450 794 56 2.1 1.2 117 27.8 0 0.1 02 03
HPC 39 0.0 0.06 633 859 6.0 1.7 08 5.5 36.6
RC 58 0.0 156 199 848 34 25 1.5 7.8 23.5 O/C atomic ratio
ML  Raw coal 29.0 28 533 711 54 1.1 02 222 19.7 Fig. 7. Relation between O/C atomic
HPC 30 0.0 007 771 829 64 07 02 98 34.5 ratio and the daf-based heat
RC 55 0.0 45 514 814 35 14 02 135 28.1

value.

Table 5. Results of Gieseler plastometer tests of raw coals and products (JIS

MR8801.8).

Over the measurement it

100000
Softening Max. fluid Max. fluidity Resolidified REM 3
Coal Product temp. temp. (MFD) Log (MFD) temp. 3
[’C]  [°C] _ [ddpm] [logddpm] [°C] 10000
ST Raw coal 420 452 121 2.08 482 E [
HPC 322 443 28000 445 485 S o000k
RC - - - - - Appeared no fluidity =2 ‘
GR  Rawcoal 406 442 276 2.44 472 2 |
HPC 320 420 51990 4.72 483 = 100f
RC - - - - - Appeared no fluidity ‘LT:_
EN Rawcoal 380 422 1098 3.04 467 10k
HPC 211 247-440  >60000 4.78 465  Over the measuring limit F
RC - - - - - Appeared no fluidity : J
ON  Raw coal - - - - - No fluidity 1
HPC 275  297-441 >60000 4.78 492 Over the measuring limit 150 200 250 300 350 400 450 500
RC - - - - - Appeared no fluidity
ML  Raw coal - - - - - No fluidity Temperature [°C]
HPC 160 287-459  >60000 4.78 492 Over the measuring limit Flg 8. Gieseler curves of coal and prod_
RC - - - - - Appeared no fluidity uct HPCs.
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Table 6. Results of Gieseler plastometer tests of reheated HPCs.

Reheating Reheating Volatile Softening Max. fluid Max. fluidity Resolidified REM
temp. time matter temp. temp. (MFD) temp.
[Cl [min] [wt%daf] [°C] ['q [ddpm] [’c
ST-HPC*  29.1 322 434 2047 485  Another sample to Table 3
380 60 26.7 396 443 1 463
400 60 252 360 434 9 469
420 60 24.4 337 - - Solidified but not evaluated
430 60 22.0 - - Solidified but not evaluated

* ST-HPC: Extracted at 360 °C, 60 min. from ST-coal

Table 7. Results of Gieseler plastometer tests of HPC and RC mixture (Raw coal: ON).

Softening Max. fluid Max. fluidity Resolidified REM
Raw coal: ON temp. temp. (MFD)  log(MFD) temp.
[°C] [’C] [ddpm] [logddpm]  [°C]
HPC conc. [wt% daf]
100 275 297-441 >60000 4.78 492 Over the measuring limit
70 <281 284-441 >60000 4.78 475 Over the measuring limit
50 176 284-7 >60000 Skid ? Solidified but not clear
<45 - - - - - Appeared no fluidity

Table 8. Results of Gieseler plastometer tests of HPC and RC mixture (Raw coal: ML).

Softening Max. fluid Max. fluidity Resolidified REM
Raw coal: ML temp. temp. (MFD)  Log(MFD) temp.
[C] [ [ddpm] [logddpm] [°C]
HPC conc.[wt% daf]
100 160 287-459 >60000 4.78 492 Over the measuring limit
70 <287 290-439 >60000 4.78 459 Over the measuring limit
50 160 274-7 >60000 Skid ? Not solidified completely
45 197 274-? >60000 Skid ? Not solidified completely
T o RUBEED 20 180 1 il LEE TR 5 M- HPC I, i) ﬁ,ﬁ'%ﬁ@;ﬁ&é@%ﬁ?ﬁ%z<%UEF%:—
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Fig. 14. Relationship between the rate of breeze

(<0.25 mm) and I-type drum index.
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