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Figure 1 Carbonization Experiment Set-up
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Table 1  Specification of Powder Charcoal Combustor Developed by Horio et al. [1]
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Table 4 Ultimate and Proximate Analyses of Biomass

bt —¥ICITEHE S

H C N Ky | FR Sy | BERSE | W it 5

[wit%-daf] [wt%-daf] [ppm-daf]
Y a58| 6.68 49.23 1.07 1.97 79.3 18.7 481 181
7 R 1| 6.16 51.09 1.29 2.55 77.6 19.8 152 204
EEH | 6.81 50.30 1.11 2.54 79.1 18.3 84 163
Fk | 6.42 52.20 0.94 3.45 77.2 19.4 173 200
AFav 3| 7.08 52.5 1.52 4.75 75.9 19.3 77 216
AFav 4| 7.80 56.7 1.77 6.86 74.6 18.6 127 370
~T VA 1F| 6.55 50.5 0.76 3.98 75.6 20.4 128 137
~T YA 28| 6.69 51.1 0.82 2.08 775 20.5 299 111
~TNUA 1| 7.64 57.5 1.77 5.10 75.7 19.2 886 329
~T R A 28| 770 56.6 1.97 5.17 76.6 18.3 1255 291
AXE | 6.66 51.4 0.18 0.48 79.5 20.0 111 107
v /x| 6.20 50.2 0.11 0.05 84.0 15.9 63 97
a—b—¥A| 7.82 54.0 2.49 2.27 79.5 18.2 16 16
o—b—JfiB| 833 53.8 2.02 0.90 83.1 16.0 15 18
Xk A| 6.96 52.4 4.69 3.94 70.6 25.5 65 123
KixB| 7.78 53.5 6.44 3.10 75.5 21.4 92 176
TV U | 7.07 45.7 1.19 3.07 76.9 20.1 440 66
¥k | 7.05 47.6 0.45 20.35 61.5 18.2 47 12
HE | 6.58 48.0 0.81 2.09 78.0 19.9 93 47
BriE | 6.37 46.4 0.10 8.50 76.8 14.7 35 17
7 () 6.76 48.1 0.24 1.12 77.6 21.3 920 57
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Table5  Heavy-metal Analyses of Pruned Street Trees Branches , Food Waste, etc.
KUFE |~ Hv & ik == BRIy

A

[ppm-dry] B Mn Cu Zn As Cd
AFav 1k 34 12 5.7 27.8 0.16 0.02

AFav2k| 457 12.4 6.2 38.4 0.1 0
JAJF 1K 148 7.3 9.2 49.2 0.07 0.1
7 A )X 2K 9.9 10.7 7 22.6 0.05 0.06
J A ¥ 1IE 42 94.4 12.5 42.2 0.12 0.04
A )% 23| 388 150.4 13.7 37.3 0.17 0.08
TR A 1K 7.9 16.9 5.3 30.6 0.04 0.12
~TNUA 2 7.9 20.9 6.1 24.9 0.05 0.05
~T VA 1| 307 106.7 7.9 37.2 0.11 0.07
~TNUA 2% | 403 118.6 9.1 38.8 0.12 0.07
a—b—HA| 270 29.0 26.4 24.3 0.55 0.40
—t—¥B| 364 33.0 26.5 32.9 0.18 0.97
BIE A 196 382.5 20.4 59.6 0.02 4.65
FEASB| 153 130.9 6.6 115.5 - 0.26
LU 209 10.9 5.1 49.5 - 0.42
W% | 29.0 273.3 47 75.1 0.27 0.46
EE | 279 151.8 10.0 142.9 0.16 1.36
#rid | 280 19.4 16.0 106.6 0.06 1.21
7 (5) 38.5 2.0 5.3 88.5 0.07 1.13
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Table 6 (25457 *ﬁ&%@rﬂ:%@ MESB IO R L RT, B(RUHR), Mn(~ T ),
Cu () . Zn(ﬁf’\) TRAEIZIRAE Sdu, As (EFR) | Se(E L), Cd(l R v L)k, RAGIRE
EF5Z &Trtfﬂ«@%%ma I 72 R B MDD > T,

Table 6  Heavy-metal Analyses of Pruned Orchard Tree Branches and Their Charcoal

B Mn Cu Zn As Cd
U =58k 14.38 29.20 10.76 52.39 0.21 0.08
U > = 5 £ R 400°C 24.37 46.23 16.75 89.36 - 0.16
U > = 5 500°C 33.65 71.25 23.49 120.27 - 0.02
Y = 5 K% 600°C 37.50 88.22 31.24 165.97 - -
F kg 23.67 36.81 16.30 21.66 0.23 0.10
F AR 400°C 55.77 67.70 37.03 31.33 - 0.19
J U R 500°C 61.63 81.06 43.87 47.85 - 0.05
J KR 600°C 72.84 101.57 39.79 43.38 - -




FR B E A

Figure 52V » T ER L Z DRI O RIEEHFEELZRT, U THERITITRIENERE LT
WBD, RAEDOGE . IRIGIEE 500CLL ETHIVUTEENEZE L2 ERnbnot-, F7-.
SRR ORI & AR CIIB P OMBEREhoTo, i, 7 R 1, TRy 2, EE, 3, I
Y OF T ERIC TREIEDO IR 2 il L7223, AR 500°C O RALIIZ DWW T L7kE R, 2
DR IT ) > T,

I BPPS
I CYAP
[ DMTP
[T NAC
ER ILYF S LAFIL
CI40)LEYRR
C I 2oz/a+J—1L
EE o)Lk
N Co)LR ROy
o)L
CO572z/ K

1 ) oO0FRNaEY
| | N=E NI
I DO FYEIL
2z bkxz—h
CO2zvFary—i
N JOFA4HRR
Il ~SYary—)L
= /0J45=)L

0.1}

EEH= [ppm, 1e/gl

0.01¢

|

il

1E-3

JoOBIER R400°C  [k500°C  R600°C

Figure 5 Contents of Pesticides and Antifungal Agents in Pruned Orchard Tree Branches and
Their Charcoal Obtained at Different Carbonization Temperatures.
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Figure 6 Distribution of Pesticides into Gas, Tar, Wood Vinegar and Charcoal at Carbonization (at 600°C) of
Pruned Apple Tree Branch.
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® CHN it R 2" ¥, ERHAFHKRE ZOMOFHK TEITIAE RN L 2R LT,
Table 7 CHN analyses of charcoal made in different gas atmosphere

Ultimate analysis [wt% dry (coffee charcoal)]
Gas atmosphere Element Carbonlzatmln 300 400 500
temperature[°C]

H 7.0 5.0 3.2

N2 C 755 819 87.0
N 3.6 4.2 4.2

H 71 45 3.0

Ar C 75.3 81.0 86.2
N 3.7 4.3 4.2

H 7.4 4.7 3.2

He C 75.4 83.1 89.1
N 3.5 4.2 4.2
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Figure 14 Crushing Strength for Charcoal from Different Carbonization Temperatures
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Table 8 12 FWH%F?JXODE;;%%E%T? Table 9 (Z7R3 5 (T OB OISR | Sl BE AR %
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Table 8 Dioxin (Toxicity Equivalent) Content in Exhaust Gas from Powdered Charcoal Combustion
(0212%conversion)

PCDDs+PCDFs | 27" 54— PCB I |
[ng-TEQ/m®N] | [ng-TEQ/m®N] | [ng-TEQ/m°N]

F T 1R N.D. 0.000335 0.00034
— b —HiR N.D. 0.000044 0.000044
U o TEERL R N.D. 0.000039 0.000039

Table 9 Contents of Chlorine and Copper in Powdered Charcoal

S il
[ug/g-dry] | [ng/g-dry]
F 7% 44 4.7
a—bt —HR 29 7.9
U o ARERR 3814 870

Table 10 [Ty RIRBEIK DX A Ao VMY B E/RT, XA 45 2 VM REERIHEED I
CA « BEHK OFEHETEH 5 3ng-TEQ/g 2 K& < RIS Z & 2R LT,

Tablel10 Dioxin (Toxicity Equivalent)content in ash from powdered charcoal combustion

PCDDs+PCDFs | 27° 74— PCB HAFX 8
[ng-TEQ/g] [ng-TEQ/qg] [ng-TEQ/g]
U > IBIER R DK 0.00652 1.4E-06 0.0065
a—t —HRDIK 1.8E-06 5E-07 2.3E-06
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(2.35)
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Figure 17 NOx emission from various charcoal combustion
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Research of Powder Charcoal Production Potential from a Variety of Biomass Wastes and Method of
Removing Toxic Substances]

- FgEAFR T 4 K OYITJ& = M.Horio, Tokyo University of Agriculture and Technology (TUAT)

- #E (200 FHELIAN) =

Carbonization and char combustion characteristics of biomass and food wastes from various
sources were investigated. From the following results confirmed wasthe potential of pruned
wood biomass and food wastes as clean fuel.

The distribution of pesticides and antifungal agents into carbonization products was
examined for pruned branches of orchard and/or street trees and food wastes. It was found
that, for wood biomass, ash, nitrogen, chlorine and sulfur concentrations were all higher in
leaves than in branches. In the case of lithocarpus edulis, chlorine content was 128 ppm in
branches but 886 ppm in leaves. For food wastes their nitrogen content was much higher than
wood’s. The TG-MS analysis of NO emission from coffee residue charcoal obtained from
carbonization at different temperature programs showed that high temperature rapid
carbonization is effective for low NOx emission. From the crushing test of coffee residue
charcoal the strength was similar to wood charcoal and the crushing energy was as low as
46% of the raw wastes for 800°C carbonization. Dioxin emission was also examined for the
exhaust gas of oak, apple branch and coffee residue charcoal combustion with the auto matic
combustor developed by us in another project funded by the Ministry of Environment.

(200 78)

*—TU— R (555LL) =global warming, biomass waste, powder charcoal, carbonization, emission
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