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Effects of Rapid Preheating on Coal Structure and Coke Strength
Makoto MATSUURA, Masaki SAsAKI, Koji SAITO, Kenji KaTo and Tkuo KOMAKI

Synopsis : At present, a rapid preheating process of coals prior to coke ovens is under investigation in the national project (SCOPE21). The effects of the
rapid preheating of coals on the coal chemical structures and the resultant coke strength have been examined in the present study.

The cracking reactions of the coals appeared to be suppressed in the case of the rapid preheating (10*°C/min) of the coals up to their soft-
ening temperatures, compared to slow preheating (10°C/min): the ratios of O/C and H/C in the rapidly preheated coals were found to be al-
most identical to those of the untreated coals. The NMR study revealed the enhanced mobility and structural relaxation of the coal molecules
due to the rapid preheating.

The rapid preheating of the coals improved the resultant coke strength. The enhanced mobility of the coal molecules, observed in the pre-
sent study, is thought to improve the thermoplasticity of the coals at the melting stage, which lead to the improved strength of the resultant
cokes.

The effect of CO, and H,O gas in the preheater on the resultant coke strength was studied. The estimated concentrations of CO, and H,0
gas was found to hardly oxidize the coals in the preheater.

In conclusion, the rapid preheating process of coals is thought to be effective to improve the resultant coke strength.

Key words : coal; coke; coking property; coal structure; SCOPE21; rapid preheating.
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Table 1. Schedule.
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Table 2. Analyses result of the coal sample.

Proximate Ultimate Gieseler
analysis analysis Pl
Coal ASHI VM| C | H l N l S | 0O | ST MF RST
(dry%) (daf%) °C | °C |iogadpm)| °C
CoalA |73 |332182.0 (51 [21 |05 [103] 401 | 430 | 095 | 451
CoalB | 84 {350 |81.0 |53 {20 |05 [11.3 | 387 | 434 | 224 | 458
Coal C |13.1 [224 (87049 {19 | 05 | 57 | 401 | 456 | 3.10 | 495
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Fig. 2. Experimental apparatus for the small scale test.
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Fig. 8. Effect of particle temperature on relaxation para-
meters (T,C) derived for rapid heated coal.
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Fig. 9. Effect of particle temperature on relaxation para-
meters (T,C) derived for slow heated coal.
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Fig. 11. Effect of particle temperature on relaxation para-
meters (T,Cp) derived for slow heated coal.

Table 3. Spectrum analysis by CRAMPS.

Heating rate [°C/min] 1x10*
Particle temperature [°c] 25 | 250 | 300 | 350 | 380 | 420
Ph-OH,Ph-S,Ph-N [8.3ppm] | 10.5]10.7 | 105 11.8 | 11.4 | 13.6
(Hydrogen-bond)OH,COOH {[10.5ppm]| 13.1 | 129 133 [ 109 ] 11 [ 87
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Table 4. Analyses result of the coal sample.

Coal Ultimate analysis
temp. C H N S (o) N/C | S/IC | O/C
[°C] |(daf%)|(daf%)|(daf%)|(daf%)| (daf%)|
raw coal 25(83.76| 5.14| 2.09] 0.58| 8.43] 0.021 ] 0.003 | 0.075
rapidly preh d coal 23518392} S5.13| 2.32| 051 8.32] 0.022 | 0.002 ] 0.074
3004 84.02) 5.13| 2.11] 0.50] 8.22 0.022] 0.002 }{ 0.073
340 { 8390 S.10| 2,11 | 051 8.38] 0.022) 0.002} 0.075
370 | 83.93| S.10| 217 0.52) 8.29] 0.022 | 0.002 | 0.074
4101 83.84| 5.05{ 2.10| 052} 8491 0.021 [ 0.002 | 0.076
slowly preheated coal 220 83.58| 5.03| 2.10| 049 8.80} 0.022 0.002 | 0.079
370 ] 83.70 | 4.78| 2.08} 0.53| 8.91/( 0.021} 0.002 | 0.080
420 8594 | 4.78] 1.79| 052 6.98| 0.018 | 0.002 | 0.061
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Fig. 12. Effect of particle temperature on hydrogen-bond
ratio.
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Table 5. Coke strength (DI}3°) of the rapid heated coal.

DI'®,
Non-heating | Preheating pan

25°C 350°C
CoalA:CoalC
=50:50(wt%) 79.5 825 +3
CoalB:CoalC

81.0 .
=50:50(wt%) 870 +6
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