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Abstract

The purpose of this study is to evaluate the self-heating for the carbonized woody biomass, and to provide the

essential information on storage management to contribute to the realization of co-firing at pulverized coal power

station. In this study, the authors conducted two kinds of experiments for self-heating characteristics. (1) As a result of

the isothermal self-heating experiment, the amount of heat generation was higher than that of bituminous coal and

lower than that of subbituminous coal. It was found that there was little change in the self-heating property for

consolidation of the samples. (2) As a result of the adiabatic experiment simulating storage in a silo, the temperature

rising rate of carbonized woody biomass was about 1.2 to 2 times higher than that of bituminous coal, but about half

that of subbituminous coal. The storage time of carbonized woody biomass can be referred/grasped from that of

bituminous coal and subbituminous coal in the actual operation of the power plant. Since the rate of temperature rise

due to self-heating tends to increase as the amount of fixed carbon increases, fixed carbon is an important control index

when relatively evaluating self-heating.
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Table 1 Typical properties of feedstocks

FR CFR-1 CFR-2 BC SBC
e Forest Residue Carbonized Forest Residue Bituminous Subbituminous
Coal Coal
Country of origin North America North America North America Australia Indonesia
Moisture(*1) 29.2 <0.1 <0.1 5.2 27.8
(wt%)
Proximate Analysis(*1)
(wt% dry basis)
Ash 2.9 6.90 3.55 12.5 3.2
Volitile Matter 83.2 57.90 66.35 35.1 52.5
Fixed Carbon 13.9 35.20 30.10 52.4 44.3
Fuel Ratio
(ash-free basis) 0.17 0.61 0.46 1.49 0.84
Ultimate Analysis
(wt% dry ash-free basis)
C 48.8 61.20 59.00 73.8 70.2
H (*2) 6.39 5.19 5.68 4.95 5.23
N 0.36 0.55 0.46 1.82 1.04
(¢} *3) 41.50 26.10 31.30 6.5 20.3
S 0.02 0.02 0.02 0.49 0.13
Calorific Value(*4)
HHV 20.63 24.75 23.96 28.75 217.87
LHV 19.18 23.58 22.68 28.64 26.69
(MJ/kg dry basis)

*1: According to JIS M 8812, *2 : JIS M 8819, *3:JIS M 8813, *4:JIS M 8814
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Points of Metal Surface

Temperature(*) 1pG Incinerator
—
I Biomass Air
Circulating | -
Gas Inner Cylinder| | Pyrolysis gas

LPG

H

Ai Exhaust gas
r Outer Cylinder
Furnace

Cooling Woter

Cooler

[
O
Stack Items Specifications
Size of H2.5m X W2.3m X L10m
Carbonizer
3%
Size of $0.8m X L7.5m
Inner Cylinder (Heating part : L6m)
Carbonized )
biomass Feed Capacity 100~ 150kg/h
‘ Carbonization 250~600°C
Temperature
Residence 15~50min
time

(*) The inner cylinder surface temperature was measured with a radiation

thermometer attached to the outer cylinder.

Fig. 1 Outline of carbonizing test facility
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Table 2 Typical evaluation methods for self-heating and spontaneous ignition

Method Overview R;ﬁgmer Index Ref.
SIT: Time to
The reactor filled with the sample is kept at a constant reach the
temperature in an N, atmosphere, and after the SlT:Q specified SIT: 16,
temperature stabilizes, air or oxygen is supplied to the ~ 110°C~ temperature, 17)
Adiabatic reactor. The temperature of the supply gas is etc.
Method controlled so as to follow the temperature of the
sample. SIT (Spontaneous Ignition Tester) method, R70. MAR: R70:17,
R70 (Mean Temperature RiseRate from 40°C to R70, MAB: Heating rate 18) .
70°C) method, MAB (Moist Adiabatic Benchmark) 40~T70°C between 40 MAB:17,
method SHT (Self Heating Temperature) method, etc. and 70°C 19)
SHT: 20)
A reactor filled with a sample is installed in a constant
temperature bath and air is introduced. By raising the
temperature of the constant temperature bath from
room temperature at a constant rate, the sample
CPT temperature is delayed and the temperature rises, and 110~220°C CPT CPT: 17,
Method the temperature at which the constant temperature 21)
bath and the sample temperature are equal is called
the Crossing Point Temperature (CPT). The smaller
the CPT value, the higher the spontaneous
combustibility.
After suspending the basket made of wire mesh filled
with the sample in the constant temperature bath, the Wire
Ignition Point  constant temperature bath temperature is maintained 80°C. 140°C Critical ignition Basket:
Measurement  at a constant temperature. Measure whether the ' temperature 17 22)'
sample can be ignited or the critical atmospheric '
temperature at which the sample ignites.
DSC: A constant amount of heat is applied to the DSC:
sample, and the endothermic and exothermic Disc.reﬂonall
reactions of the sample are measured. Y
C80: In a closed container, measure the minute C80: Eeatdquanhty
Calorimetric  calorific value while suppressing the evaporation of Ordinary a(sjethon )
Method moisture. Measured from ordinary temperature to Temp~ endo etr;mc )
300°C at a heating rate of 0.1°C/min. 300°C and exothermic
reaction
TAM: The sample is held at a constant temperature, gﬁd’\iﬂr{ar
and the amount of heat absorbed and the amount of T Ny
heat generated by the sample are measured. emp.
150°C
The BOD Oxi Top method, which measures the oxygen
Oxygen absorption rate, was applied to coal. A method of 10. 20 30 Amount of
Consumption  measuring oxygen consumption by utilizing the 40;’C e oxygen 23)
Measurement  phenomenon that CO, is generated by the reaction of consumption

coal and oxygen.

X Experiments may be conducted outside the temperature range shown in this table.
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Temperature Range : 5 - 90°C
Stability : =0.02°C

(a) Device

Volume : 20 mL
Material : Glass

Fig. 2 TAM Air™ Calorimeter
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(b) Ampoule (Sample bottle)
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Fig. 3 Outline of storage safety evaluation facility
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Fig. 4 Procedure of adiabatic storage test

3. HRLER
3.1 RERERICK DRBEN

SRR BE R 2 DO, M EM o R(E R L ova
RO B CIMEEZHE L=, TOMEE Fig. 5 (ORT. &
HiFEs DR CFR-1 1, 442 75 kl/kg DREEETH -
7o ZOfEIE, #EF K BC ® 67 kikg L0 IEEmNHL 00,
HiJER B SBC @ 80 kl/kg L VK<, MM RILH DA
CREVEI TR S R & IR T RO TR Th o7z, £, Ml
FER BRAL DIER 72 L CFR-1 &£ E# &V CFR-1%*% L4
Dl FEEIITE A EERITR 6N D 0Tz, ZDT,
PRELOgIE L BT DO NN RY T HOBLENLT U 7y

Vol48. No.l

_73_

MELTH HORBWEICREL 5 X 2O ATREMER E . —
75, RIBEAYAR DAHTHE R Fig. 6 (2 B9 5 &, MHFEM R
{8 200 mesh /SR GG OB IBVT, 200
mesh ORFEBCRI T2 75 um LA FICH ) O BEEIA) 12,

JE# 72 LD CFR-1 THJ 42%, [E# & Y D CFR-1*THI 30%
FEETH Y, Briquetting Machine |2 L AJEHE % —HATH Z
LT, RIRENETHVIRREEL o TND Z ERDnD . B
(2RI BOGRFE 1, —BRAICRIRDS R EWIE EBL 72
HHDEBZHND T LD, RN K E W CFR-1%, CFR-
1, SBC, BC DJIE CHRAEZ /NI DI L TV 5 ATREM:
5. I CFR-1*ORIEESAIA CFR-1 L IZIEA—Th
o 7cyty, CFR-1*OFRENEITFHIMME L 0 K& W alpgtkas

N EX SE



Masami ASHIZAWA, Maromu OTAKA, Tetsuya SHOJI, Akimasa YAMAGUCHI and Hiromi YAMAMOTO

100.0

60.0 |

400 |

Amount of heat generated by self-
heating, kl/kg

0.0

BC SBC

CFR-1 CFR-1*

* 1 a crushed sample of briquette (Consolidated sample)

Fig. 5 Amount of heat generated in an isothermal state (Measurement results by TAM Air)
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Fig. 6 Particle size distribution of samples
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Fig. 8 Results of storage test for SBC
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Fig. 9 Results of storage test for CFR-1B
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non-linear region (0-6 hours) shown in Fig. 10.
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