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Characteristics of Gas Evolution during Coal Carbonization
Koichi Matsuoka, Hitoshi Kawai, Takehiko Kumacar and Tadatoshi Cuisa

Synopsis :

Changes in mass with time due to gas evolution during carbonization were observed for particles and a cylindrical pellet
of various coals heated respectively in a thermogravimetric balance and a microautoclave. The experiments were
carried out for a range of the heating rate from 1 to 50K/min, the holding temperature from 673 to 823K and the nitrogen
gas pressure of 0.1 and 1.0MPa. Effects of these operating variables on the gas evolution characteristics were
experimentally examined. It was demonstrated that the gas evolution characteristics depend on the heating rate and
the holding temperature as well as coal nature. Moreover, the total amount of gas evolved at a holding temperature
was shown to be independent of the heating rate and to increase with the holding temperature. A simple reaction model
is proposed for gas evolution which assumes coal to consist of two components having different reactivities for pyrolysis
- one producing gas along with formation of semicoke via plastic intermediate and the other converting directly to gas.
The model parameters were analyzed by fitting the model to the observed results and successfully utilized to explain
observed results at different operating conditions.
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Table 1. Relevant properties of coal samples so far
used.

Ultimate Analysis Proximate Analysis

Coal (Abbr. ) c H 0* S N Ash Volatiles

[d.a.f.® wt¥] [m.£.° wt%)
Akabira (AKA) 80.7 5.9 10.5 0.6 2.3 4.2 40.6
Cerrejon  (CER) 82.3 5.5 10.1 0.5 1.6 1.0 37.7
Black Water (BLW) 86.8 4.9 5.8 0.4 2.1 7.7 26.4
Goonyella  (GOO) 87.4 4.9 5.2 0.6 2.0 7.6 26.4
Byron Creek (BYC) 86.0 4.7 7.5 0.3 1.5 23.8
Peak Downs (PDH) 88.4 4.9 3.9 0.6 2.1 21.4

Highway

a; by difference, b; dry-ash-free, c¢; moisture-free
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Fig. 1. Comparison between thermogravimetric
and microautoclave experiments for
changes in mass fraction with holding time
for CER coal particles and pellets heated at
50K/min and 0.1MPa-N, up to various hold-
ing temperatures.
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Fig. 2. Effects of heating rate on gas evolution for
AKA coal pellet heated at 1.0MPa with
holding temperature of 823K.
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Fig. 3. Gas evolution from AKA coal pellet heated
at 10K/min and 1.0MPa up to different
holding temperatures.
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Fig. 4. Gas evolution characteristics for different

coal pellets heated at 10K/min and 1.0MPa
with holding temperature of 823K.
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Comparison of gas evolution characteristics
observed for AKA coal pellet with those
calculated by model.
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Comparison of gas evolution characteristics
observed with those calculated for various
coal pellets and different heating rates.
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Table 2. Model parameters analyzed to explain gas evolution characteristics observed.

Coal Ts qn
[K] [K/min]

—<
1=
[

kCD kPO‘ kGO EC EP EG
[{1/min] [1/min] [1/min] [kJ/mol] [kJ/mol]l [kJ/mol]

] -1

AKA 723 10 0.23 0.60 5x10°%° 1.5x10'* 1500 418 314 54
748 10 0.24 0.65
773 10 0.25 0.65
823 10 6.27 0.70
823 3 0.27 0.70
823 2 0.27 0.70
823 1 0.27 0.70

CER 723 10 0.19 0.60 5x10°° 1.5x10** 1500 418 314 54
748 10 0.22 0.60
773 10 0.23 0.60
823 10 0.24 0.60
823 3 0.24 0.60

Goo 823 10 0.17 0.50 1x10°®*° 1.5x10'°® 1500 418 314 59
823 3 0.17 0.45

BLW 823 10 0.15 0.40 1x10°° 1.5x10'°% 1500 418 314 63
823 3 0.15 0.35

BYC 823 10 0.14 0.40 1x10%° 1.5x10'® 1500 418 314 63
823 3 0.14 0.35

PDH 823 10 0.12 0.20 1x10%° 1.5x10'S 1500 418 314 65
823 3 0.12 0.15
823 2 0.12 0.10
823 1 0.12 0.10
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