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Quantitative Evaluation of Hydrogen Transfer.
Related to the Appearance of Coal Plasticity

Masakatsu Nomura, Satoru Murata, Koh Kivena and Tsukasa CHixapa

Synopsis : In order to investigate a relationship between chemical structural changes of coal and their thermoplasticity at the initial
stage of coal carbonization process, we conducted the evaluation of donatable hydrogen in coal by the reaction of coal
with hydrogen acceptable compounds. We also carried out the measurement of the *C-NMR of coal followed by the
estimation of carbon distributions of coal. To obtain more quantitative information, we applied the magic angle spinning
method (this is now believed to be the most quantitative) for the measurement. Gieseler fluidity is known to be one of
the representative parameters for coking coal. The tendency of the amount of donatable hydrogen of coal vs. coal rank

was similar to that of Gieseler maximum fluidity vs. coal rank. In addition to this, it is interested to note that the
behaviour of transferable hydrogen estimated based on *C-NMR measurement also showed a close relationship to that
of the above parameter. These results strongly indicate that the donatable hydrogen seems to be important to the

appearance of coal plasticity.
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Fig. 1. Schematic illustration of coal pyrolysis.m
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Fig. 2. Sketches of the two different mechanisms of coke microtexture formation: B, polyaromatic structural

unit ; @, molecular component ; -, aliphatic compounds.

Table 1. Analyses of the sample coals.

proximate analyses (mass%, db) ultimate analyses (mass%, daf) maximum fluidity

coal® ash VM FC C H N s O0° log (ddpm)
LS 9.5 23.5 67.0 88.3 46 15 03 5.3 2.30
GN 9.8 23.4 66.8 88.1 51 19 06 43 2.99
PM 73 343 58.4 857 55 17 1.0 6.1 3.81
WW 138 34.2 52.0 847 59 18 06 7.0 2.47
WB 8.0 32.9 59.1 827 45 22 06 100 0.95
KP 3.8 43.4 52.8 812 59 13 04 112 0.60

%LS : Lusca; GN : Goonyella; PM : Pittstone-M; WW : Workworth; WB : Witbank; KP : K-Prima ® By difference
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Fig. 3. Chemical structure of the polyaromatic
hydrocarbons employed.
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Fig. 4. Schematic representation of the reaction of
anthracene with coal.
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Fig. 5. Evaluated hydrogen donor ability (HDA) of
the sample coals from the reaction with
polyaromatic hydrocarbons.
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Table 2. The difference of heat of formation by
MOPAC-AMI1 method.

AH; (A)*  AHp (HA)*  A(AHp

naphthacene  86.9 57.7 -29.2
anthracene 62.9 38.3 -24.6
pyrene 67.3 49.4 -17.9

@ A : Aromatic compound, H,A : Di-hydrogenated aromatic
compound ; kcal/mol

b AH; (H,A) - AHg (A).
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Fig. 6. Relationship between carbon content and

maximum fluidity by Gieseler plastometer
of the sample coals.
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Fig. 7. Amounts of active methylene carbons deter-
mined by MAS *C-NMR.
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