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Consideration about quality evaluation of charcoal as fuel

Kenta Hyopo* and Yoshihisa Fujir**
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Nobel methods for the evaluation of wood charcoal as fuel were investigated. Speed of the elastic wave increased in
accordance with the increase of carbonization degree. It was suggested that the carbonization degree could be estimated
more precisely and in a wider range with the speed in comparison with the electric conductivity. The characteristics of the
frequency spectrum of the elastic wave propagated in the charcoal revealed to change in correlation with the amount of
cavity in the charcoal and as the result with the speed of combustion. Ii was suggested, both of the carbonization degree and
the combustion speed could be estimated at once from the propagation speed and the frequency spectrum of the elastic
wave generated and propagated in the charcoal by hammering.
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Table 1. Estimated total weight (dry) of forest residues (10
thousand ton).
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F2 AR (Q - m) OHERR
Table 2 Measured values of electric resistivity (Q + m) of charcoal.

H o F ik - %ﬁﬁ%%(Q-m)E ZEREL
P fE NI I/ ME (%)

H AR RR | oA T Y Akl 1.58 x 10? 3.64 x 10? 6.31 x 10° 38

EPS H i & b NE| = 1.25 x 10? 2.13 x 10? 5.88 x 103 24

EPS HER 1 R JIBE A ST 5.85 x 10? 3.57 x 10? 7.20 x 10° 104

Bir F I Kir aVE | aF 1.70 x 106 1.10 x 107 8.53 x 10! 155

B AR AV =2l 1.22 x 107 5.39 x 107 6.95 x 104 124

AR i) v/ ¥ 5 - - - -

e (e /%) EEAIENEARE <, WERACH - 7.
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Table 3. Anisotropy in electric resistivity

R/L | T/L | L/R | T/R | L/T | R/T

FEAREL 360 | 360 | 360 360 | 360 | 360
e | 1.33 1127 | 089 | 1.14 | 091 | 1.06
R | 0.62 | 051 | 035 | 055 | 0.37 | 0.44
L 1.15 | 1.15 | 0.87 | 1.00 | 0.87 | 1.00
>IN} 477 | 3.07 | 225 | 3.73 | 2.86 | 2.75
w&/M#E | 045 | 035 | 021 | 0.36 | 0.33 | 0.27
i R 433 | 272 | 2.04 | 337 | 253 | 2.49
Z{%/ﬁ@iﬁ 47 40 39 48 40 42

L: 70, Re B 71, Tt i Ia 10

DFIHE D 95% 5 X I % K> 7245 %, R/L Tk 1.26
~1.39, T/LTix1.22~1.32, T/RTIZ1.08~1.19 &
V), RIGEIFIET D LHW L7z, v TEAEDIEE
DEFFEH AL (2 2 T E IS B RIDTR) 120k -
TEAT 2 EMEATHICHY, BREHR (FV—
71), BREIEOMER (H2), HwEx (H3)
DI TN—=TFIG T H1LICE TV — T ORKIEILE
EHRGEL OMRERTA, WEHEOBICEMIZA SN
nolz.

322 WEH L UHEMEREREE

X 2 FICHERE & AL 0fgE s L CoBAIMLIE L O
MRz AT, BRI E KRR OFHMEE w7z b)
BT ELRIEIE D IEF IR E LB TE R o270,
C TR EAIUE 2§52 B AME O 4000M Q & E L,
ZOLEDBLIEIHFETHSH4x100Q -mZ7Fay b
L7z, BEIPUEIMEOAROIZ ) PMEIIRE L, F
T2 ZFOWEIZHK 45~ 65 OHHICH ), BRILIED
WD DEH 05~ 25 OFEPHIZH - 72, 2 TAZHEPE
WACTEIRE & ALK ORI L | CTOBKIEIE L 0Bk

ZRT. BRI T ETH PR R R EE DS { 7
LA A DNz T OMIIEIHAES DT ) A3ET;
[HESURY SNy (o

3.3. EE

ik (v /%) OB/BFMPERZ, WERROBESILIL
FAXIQ -mEDDBREPS O, AF
Rb ) F i EOSEEB M T T E 2R R O RALEOHE
AT EAEYE AN D L ERT LBV HH I L
ERBL TS, oMbk, FIARRSIEARRT
A OB LRIBIMEDIES D EDKRE L, LERED
100% # B2 72, ZOREKE LTI, FEOMER R
TUHEZADENEZ HND. SHICERIIIENE DD
THRLNHIFTCOMEHIr /MO b0H BT L
2, WEmTOHMO S HICL > THEAZE LT W
TEREDPEEBLTnEEEZLNSL. O LITES
PEHRIC X B BALROHEE BT U ESLETH L T
LEEKRT 5.
KTN—=TORFEN L BRIEIEL R TOKXND
MRz AL E, ZV—F1TIETZR>LTHY, 7V —
T2TWET>R>LTHY, YFVW—T3TIER>T=
LThY, FALROZILICE S VR FEICIEH LR
OEALDED SN D, RALFEIK S THHME L OE
LD 2 H RO BELRIIR L D /A3 D3, ik
BOEFIED RWVEHFN T OBSILILEE Lo 2
DDOBELIIEOK/NERICEEPELTD, 2o
EDOARBITHHESICERZH LT VETEZ L -
TWbZE, RALED EFIC X 2 ELIRPIROET OB
FR>EHATRRLZEEZONA. LarL, M1
R LD IR ERAIPURE & B & oI
LOREINEFEO SN o7z, ZOMEE LT, ik
V2 & o TARMHIBR AU L 7= 58, ikt 7, B 5
B X ORI RO KW BT B FALE S DAL R D
FEAVNEL Y, ZWECEREIAE S ZEROEEGD



FOR. RES., KYOTO 79 2016

1.80

Th—7"2
1.70 T
1.60 (—
T—7 1
g 1.50
S e
jl;?& 1.40 7 3
1.30 ;
T
1.20 1
1.10 A
1.00
0.90
0.80 |
1.E-02 1.E+01 1.E+04 1.E+07
BERIEHE (Q - m)
1 KROBEZIRPIEE L R
Figure 1. Electric resistivity and its anisotropy of charcoals.
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Figure 2. Relationships between hardness (upper ), speed of elastic wave (lower) and electric resistivity
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Figure 3. SEM image of crosscut section of charcoal.
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Figure 4. Result of image analysis of crosscut section of charcoal.
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Figure 5. Relationships between void ratio of crosscut section, combustion speed and electric resistivity
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Figure 6. Relationship between void ratio of crosscut section and combustion speed.
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Figure 7. Frequency spectra of elastic waves propagating in charcoal.
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