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Differences in the Coking and Non-coking Coals from the Standpoint of Carbon Structure
Jun-ichi OzAK1, Yuki UozuMl, 4sao OYA, Koji SAITO and Sadayoshi A1ZAWA

Synopsis : The purpose of the present study is to clarify the differences in the carbon structure of cokes derived from coking coals and non-coking coals.

The structures of the carbonized coals at 1000°C were estimated from the X-ray diffraction and Raman spectroscopy measurements of the
carbons heat-treated at 3000°C. This was based on the conventional recognition in carbon science such that the structures of carbons become
obvious after heat-treatments at graphitization temperature, 3000°C. Three polymers and five coals confirmed the above recognition from the
analyses of the carbons prepared at different temperatures. Essentially, coking coals and non-coking coals could be classified to graphitizing
and non-graphitizing carbons, respectively. By close inspections of carbon (002) X-ray diffractions of 3000°C treated coals, it was found that
the degrees of graphitizing and non-graphitizing abilities of coals were not as complete as the typical polymer-derived carbons. The Raman
spectra of the carbons from non-coking coals prepared at 3000°C revealed the inhomogeneous structures of the carbons, because they gave
position-dependent Raman spectra. Structural models of the cokes from coking and non-coking coals by taking account of continuous self-
dissolving model were proposed. The important point of the model is that cokes consist of ordered matrix and disordered ‘islands’ in the ma-
trix. The differences between the coking coal-derived ones and the non-coking coal-derived ones are found in the size and the distribution of

the disordered islands.
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Table 1. Ultimate and proximate analysis of the coals used
in this study.
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Fig. 1. Wide angle X-ray diffractograms of the heat-treated polymers at different temperatures, (a) 1000°C, (b) 1500°C, (c)
3000°C. NP: naphthalene pitch, PVC: poly(vinylchloride), PF: phenol-formaldehyde resin.
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Fig. 2. Raman spectra of the heat treated polymers at different temperatures, (a) 1000°C, (b) 1500°C, (c) 3000°C. The abbrevia-
tions for the polymers are presented in Fig. 1. Spectra obtained for different areas are overlapped for each sample.
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Fig. 3. Wide angle X-ray diffractograms of the heat-treated coals at different temperatures, (a) 1000°C, (b) 1500°C, (c¢) 3000°C.
K9: K-9, GO: Goonyella, SH: Shinka, EN: Enshu, JE: Jellinbah-East.
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Fig. 4. Raman spectra of the heat-treated coals at different temperatures, (a) 1000°C, (b) 1500°C, (c) 3000°C. The abbreviations
for the polymers are presented in Fig. 3. Spectra obtained for different areas are overlapped for each sample.
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Fig. 5. Enlarged X-ray diffractograms of the heat-treated
coals at 3000°C. (a) (002) region, (b) (10) region of
graphite.
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Table 2. Parameters obtained from XRD and Raman spec-

troscopy.
Sample XRD Raman
PIe ooy (nm) L, (nm) To/lg () Std. dev.
K9-3000 0.338 474 0.13 0.03
GO-3000 0.339 293 0.15 0.01
EN-3000 0.342 10.7 0.29 0.1
SH-3000 0.344 9.7 0.61 0.21
NP-3000 0.337 69.4 0.07 0.08
PVC-3000 0338 69.6 0.09 0.02
PF-3000 0.34 2.8 0.48 0.41
o et —————T—
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Fig. 6. Enlarged Raman spectra of the heat-treated coals at
3000°C. (a) 2nd order spectra and (b) st order
spectra.
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graphite.
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Fig. 8. Models of the structures of cokes derived from (a)
coking coals, and (b) non-coking coals. The
hatched part and the blank part indicate the places
with ordered BSU and with disordered BSU, re-
spectively.
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