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Examination of the Carbonization Behavior of Coals by Using Raman Sectroscopy and
Kinetic Analysis of Hydrogen Formation

Hiroyuki NAKAGAWA, Ryuichi ASHIDA, Kenji KUMATA, Kouichi MIURA, Kanji MATSUDAIRA and Kazuya MIYAGAWA

Synopsis : Caking coals, which are main raw materials of metallurgical coke, are carbonized through softening, melting, and subsequent resolidification

by heat treatment. The carbonization process after resolidification is poorly understood because of the difficulty of the analysis of the solid
amorphous carbons, although it is recognized that the carbonization process affects significantly the strength of coke. In this study, the car-
bonization process was examined from two aspects: one is the analysis of the hydrogen formation rate during carbonization and the other is
the examination of the carbonized coke by the Laser Raman spectroscopy. Formation rate of H, was analyzed by using the so-called distrib-
uted activation energy model to obtain the distribution of activation energy for the hydrogen formation reactions. It was found that the peak
activation energy decreased with the increase of the caking property of coal, indicating that the formation of hydrogen is closely related to the
caking property of coal. It was proposed to utilize absolute intensity of Raman spectrum for characterizing amorphous carbons. The absolute
intensity of Raman spectra for coals carbonized at 600—1300°C decreased with increasing heat treatment temperature. The decrease was well
correlated with the amount of H, produced up to the final temperature, indicating that the absolute intensity decreased by the condensation
reaction of aromatic rings and/or cross-linking reactions. It was also found that the peak around 1600 cm™" disappeared and the sharp peak
around 1580 cm ™' appeared by further heat treatment over 2000°C when Raman spectroscopy was interpreted in terms of absolute intensity.

These results show that the Raman spectrum reflects the proceeding of carbonization of coal.

Key words : coal; coke; hydrogen formation; Raman spectroscopy; absolute intensity.
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Table 1. Ultimate analysis and ash contents of coals used.

Ultimate analysis [wt%daf} Ash content

Coal C H N O(diff) [wt%db]
GNY 873 50 1.7 6.0 8.0
ENS 810 50 1.0 130 7.9
SNK 7641 51 05 183 35
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Fig. 1. Experimental setup for analyzing gases produced
during carbonization.
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Fig. 2. Weight change and gas formation rates during car-
bonization for GNY raw coal.
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Fig. 3. Comparison of hydrogen formation rates during
carbonization.
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Fig. 4. Distribution of activation energy for hydrogen for-
mation reactions.
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Fig. 5. Raman spectrum of GNY coal carbonized at
600°C.
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Fig. 6. Raman spectra of GNY coals carbonized at 600—

3000°C.
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Fig. 7. Change of R value against the heat treatment tem-
perature.
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Fig. 9. Change of the Raman spectra during carbonization
for GNY coal.
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Fig. 10. IG and hydrogen yield during carbonization.
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MO R L 5 0ROKFEEE 2 RETT 572010,
600°C LIFE TOARRERISDEERI§ 5 L L iz, K
RIEMD T~ 2 ZXT PO & AE RS THRT 577
BEREL, BIRE CHLM L KBEID AR P L%
WU R, LTORRMEL Nz,

B BWEMAL T 3L ¥ — & RO WO KR ERIE A
WHIZH Z % & U 7= Distributed Activation Energy Model



(DAEM)EIZBWT, 3FOREL 3 HBHETOEREL» L
AOERE PR ER TIZEE b R L ¥ -5 2 HEE
FTHIENTE, ZORBR, BEHOBVERIEEKE
RSO EEL = AL F - FHOE - BHELS BB &
Bbhbhrolz,

REND 5= 2T P IZBWT, 1600 cm™ {13
DGV FDOE—2 L 1360em™ fFHEDOD/SY FOE =2
MEIL, BEEREAEL BRI ONTETFTL TN Z &
Bbhrotz, ZOBMEIZES BEDK T, REMWE
BT 2 LR AEBHEAADEICEBIEREIND Z LI
koTosv v REHICkE-DEELZON, ¥612, T
D 1600 cm™ FHED Y — Z ik, 2000°CTEE O &ZiE AL H
THEL, P DIZ1580em ™ IZBEMEE ICHR T 5
Vx—ThE—IHRENB I E b o7z, ThEDE -
SOETHED &S BRFEBEICHEK T 521200 TRS
BRIV BETH BH, BAREICERETSZ
ik, ZOoDE— 2 5~1300°C DIERBIR TORFENLD
ETICERBRICEETAZERHL, v 2AXRT FADM
WREARFENNDOEITEFML 5> 2FETHE I Lhb
Nolz,

AWFRO—EIE (#t) HARSEMH 2 HERIER T — 2
ZACIEARFE R D BB THEHE X N7z, GNY KD 3000°C 2L
BRI, BEBATLFEO BRI —KICR 7272072,
ZZICEHOB AR T B,
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