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Fig. 1 Experimental apparatus for buring rate analysis of charcoal
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Table 1 Proximate analysis of charcoals [wt%]

Property Charcoals | Beer lce}f::cg:l(OH)Z Oga-tan Bincho-tan
Ash content 15.5 2.1 6.8
Volatile matter 10.3 9.9 8.8
Fixed carbon 71.8 81.5 82.0

B — RIS L CIEIKE 2.5 wt% &), &5 (R
IAFMAA), AR (PR 74 FKBE () D3ETH
5. E—VHICIZH 12% DIKGHEZTN TV B 728, E— LKl
1009 THLE L 72 B — VHBUERIZAE A LIS CBLE LTS
T, XIT, B VHIBIEREBET 2BOREIRICE T
WK% 2.5wt% @IL THEE L CHRTREIC L T 5, #4
L, WHIKZBRMT 22 LICENIRGERILICENTELD
DWREE NS 2 72D MBEED T ET A2 e 2HLDICL
T3 (Satoh et al., 2001). F72, FitHHhoTLAhY) &ER
Tun ) RERBICEMDELEIIRFED 7 2468 & UK EE il ik
ELTIERT Bz &b T3 (Lee and Kim, 1995 ; Perez
-Florondo et al., 1993). N ZFNDRERDWME% Table 12
TY. BREDENETNDOBS AR 100 wt% 12 % bW old, &
WytEASL L 72 2EE CHIE R N, & HURRK THEI TE %
WL LD TH B, HERE 40g DRE SI2H)) 41T,
B2 (SVD-13S,  (Bk) W ~ 84ERT) WT 0~0.02 MPax
110°CX24 h D&M T S8, HRRICEEL T KG 7% L
DOWE MBS, TNETY = —NTHSBRERL .
KEROBEREESIZEHITH30-40mm TH-72, R % H#
WHrZav e ETKkEELERE-> TEAL, BHXEZ TICET
THRBEEICRALL, ZNENDORDEKEEFE L TAEE L2
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VBT (455 mm) DFE L K Z bR L, WHMEIC A7 A SR 2
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BT AR L B0 2 e T 13 RHmEABIcEL2 R - T24MH
mMET B2k &L, MEREATROGEIXEL BNEZ L
TS5 MMEAKICEZ R > C2aMmMAaT 22 & & L, MEE
ICRRHR ZRAL, B2 INEFERGICEET L L L DI
T—Ry7 2RI C, BELERORKREMLMLMEL . #
ENET X, BHBREFORRVZRLELL LS K HREMEL
2. MWMLAT—213, ERBBOELL 77 7M6T5LE 81,
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ERFIL 2 HAESEBT L) Ici#GEIEN w228, HEHR
WHiES %z, BE Xyt LT, DENDLHIICRTIENTE
5.
y=ax+b (1)
HIERGROER E HIES 2 2N ZFN w, Vi, WIERTRNY
BEHNESZ2ENETN w,, VaTETE, XRABLNS,
a=(w1—ws) /(Vi— V) (2)
b=w—{ Vilwn—w2) /(Vi— Vo) } (3)
alt bEFUENMENAL, iy 2HHL .
2.3 BERREEERE
AERIZERA0gNLNEMFEWEL LT, TNEHEEL
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Regression eq. (Bincho-tan)
y = 26.15Ln(x) + 138.14 R’ =0.759

g

3
=

°
ﬂ o 00 A Regressioneq. (Beer lees charcoal)
b y=-25.85Ln(x) + 11290 R*=0.794
&

Mass percent [%]

60 O Regression eq. (Oga-tan)
y =-21.62La(x) + 9670 R®=0.739
40
o 006 o o,
20 — % Ce
o © »* N %%
0 20 0 DE"&%&
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140
Time [min]
Fig. 2 Mass reduction of charcoals in buring rate analysis as a
function of time
140 - e - - - —_—
W T50 : Half life
120 — W T70: 70% mass reduction period -

B T90 : 90% mass reduction period
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Fig. 3 Half life T, mass reduction period T and Ty in
burning of various charcolas
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l Ceramic heat insulator

Flow meter l l Needle valve l [ Oven ]

Fig. 4 Experimental apparatus for burning temperature analysis
of charcoal
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Fig. 5 Temperature change in exhaust gas as a function of time
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Fig. 6 Enthalpy change in exhaust gas as a function of time
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1) BEEEERERE S L OB VREHERBD NTNEME
RLSEED, BBERIEIERR > 4 7R = & — VRIBOE B
(Rt Gt & — LRI 3 LA IR ® 2.5 wt9% @) oJiE
TRE»- 7.

2) BBET ARENERE» SFHES NS L DI, BIEBEILMH
B> A 7R > — VIR (BRI OB E —URICxT L
TIHAIKZE 2.5wt% @) TH - 72,

3) FAMEL MBLRENERE L, FRBIR 70% Ws L U790
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Nomenclature

a =inclination [—]
b  =intersection [-]
@ =enthalpy of exhaust gas 7]
g =amount of air [m®/h]
R =correlation coefficient (-]
Tso =half period [min]
T7 =70% mass reduction period [min]
Tso =90% mass reduction period [min]
t =temperature of inlet air [*C]
t» =temperature of exhaust gas [*C]
Vi =output from load cell at initial point [v]
Vo =output from load cell at final point [v]
Ws =mass of charcoal before burning (g]
w) =mass of burning can and charcoal at initial point [g]
w. =mass of burning can and charcoal at final point (g]

=output from load cell [v]
y  =mass of burning can and charcoal [g]
A =heat capacity of air, 1.005 [k]/(kg-°C)]
y  =specific volume of air, 0.83 [m®/kg]
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Evaluation Method for Burning Characteristics of Charcoal
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Key words: beer lees, charcoal, burning rate, mass reduction rate.

Two analyzers were developed to evaluate the burning characteristics of charcoal. The burning rate
analyzer measures the mass reduction rate of charcoals burning in a constant atmosphere; and the
burning gas temperature analyzer measures the temperature change of burning charcoals in a constant
atmosphere. In this study, the burning characteristics of beer lees charcoal, produced by successively
drying, pressing under heating and carbonizing beer lees in a low oxygen atmosphere, were compared
with those of two commercially available charcoals, Bincho-tan and Oga-tan, by using the two newly
developed analyzers. The burning rate of Bincho-tan was found to be the slowest, while those of the beer
lees charcoal and Oga-tan were similar to each other. The results showed the potential of the developed

apparatuses for use in evaluating charcoal characteristics.
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