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Study on structure and combustion performance of
Daliuta coal pyrolysis char by Raman spectroscopy
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Dalian University of Technology, Dalian 116024, China)

Abstract: In this study, the structure and combustion performance of pyrolysis chars from Daliuta raw coal,
vitrinite-rich sample, inertinite-rich sample and demineralized coal sample were studied by Raman spectroscopy.
The results showed that under the same pyrolysis conditions, compared with the pyrolysis char from Daliuta raw
coal sample, the pyrolysis char from the demineralized coal sample has more large aromatic ring systems (= 6
rings), higher ignition temperature and much low combustion performance. The combustion performance of
pyrolysis char from inertinite-rich sample is lower than that from vitrinite-rich sample, and the burnout capacity of
pyrolysis char from inertinite-rich sample is far lower than that from vitrinite-rich sample. The ignition temperature
(), the combustion reactivity index (f,¢x) and the wavenumber of D band (W) in the Raman spectrum of Daliuta
coal char has a good correlation; the correlation coefficients R’ obtained by the quadratic curve fitting are 0.9159 and
0.7133, respectively. There is no obvious correlation between burn-out temperature and Wp of Daliuta coal char,
indicating that the carbon structure of Daliuta coal char has a significant impact on the ignition temperature and
combustion reactivity index of the char, but is no regular effect on the burn-out ability of the char.
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Table 1 Vitrinite, inertinite and liptinite groups content in coal samples

Demineralized basis ¢/%

Sample Vitrinite Inertinite Liptinite

DLT-R 62.8 36.2 1.0

DLT-V 93.0 5.8 1.2

DLT-I 35.7 63.6 0.7

F2 BENTA ST RERS R
Table 2 Proximate and ultimate analyses of coal samples
Proximate analysis w/% Ultimate analysis wa.f/% b b

Sample My Ay Viar C H N S o H/C o/C
DLT-R 2.44 13.14 35.72 79.53 4.76 0.92 0.23 14.56 0.72 0.14
DLT-D 1.93 0.94 35.00 76.06 4.93 0.92 0.46 17.63 0.78 0.17
DLT-V 2.33 2.64 40.04 78.53 5.63 1.10 0.19 14.55 0.86 0.14
DLT-I 2.57 441 30.60 80.33 4.45 0.89 0.54 13.79 0.66 0.13

M,q: moisture of air-dried coal sample; Aq: ash content of dry-based coal sample; V. volatile matter of dry ash-free coal sample; o by

. b . .
difference; : atomic ratio

1.2 ABESHH
1.21 BHEAORESH
S ST 7R 15 ] NETZSCH-STA409PC/PG

BRI A b 4T o SEERFE N N 12 mg /A2
F, BN Ar, SR TRl 35 mL/min, T 3R
A 10 °C/min, M\ ZE IR T+ 2 900 C,
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Figure 1  An example of curve-fitting for a Raman
spectrum of char
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Figure 2 TG-DTG curves of DLT coals
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Table 3 Raman spectrum parameters of DLT raw coal and macerals-rich coal samples

Sample Wr Jom ! We Jem " Awr+vr+vu/Ap Av/Ag FWHM-G /cm |
DLT-R 1360.25(1.71) 1590.63(1.41) 0.85(0.04) 1.35(0.05) 89.11(1.72)
DLT-D 1361.00(1.50) 1590.25(1.09) 0.83(0.03) 1.45(0.06) 86.52(1.27)
DLT-V 1366.45(1.72) 1590.91(1.83) 0.90(0.01) 1.21(0.03) 89.84(1.76)
DLT-I 1361.60(2.58) 1592.50(1.20) 0.80(0.03) 1.42(0.06) 80.15(2.54)

in this experiment, each sample was tested 10 times, the table is the average value of 10 tests, and the value in brackets is the standard
deviation value of the 10 tests
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Figure 5 Spectra of chars obtain from DLT-R under different temperatures: (a): FT-IR spectra; (b): Raman spectra
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Figure 6 Raman spectra characteristic parameters of the chars from DLT-R and DLT-D pyrolysis
(a): Wp; (b): A(GR+VR+VL)/AD; (c): Ap/Aan; (d): Ap/Ag
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Raman spectra characteristic parameters of the chars from the DLT-V and DLT-I pyrolysis

(a)I Wp; (b)i A(GR+VR+VL)/AD; (C)Z Ap/Aa; (d)I Ap/Ag
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Figure 8 Curves of DLT-R chars combustion
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