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Fig. 1 Schematic diagram of the

thermogravimetric apparatus
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Fig. 2 Schematic diagram of the experimental apparatus
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Table 1 Composition of food mixture used
White rice 10 wt%
Chicken meat 10 wt%
Sardine 10 wt%
Cabbage 30 wt%
Orange 30 wt%
Eggshell 2 wt%
Soy sauce 2 wt%
Sauce 2 wt%
Dressing 2 wt%
Sugar 2wt%

Y —AEdtk, w47 ufRs o Table 2 Chemical analysis results for samples used in this study
< b 275 7 (VARIAN & CP- Component Unit |Food mixture Wood chip
. L . Raw sample 77.3 11.5
S — ‘
4900) TIKFE, # %V, —Wibix Moisture (After drying) wt% 8.0) o
F, LR, ©F L v OfHRL Solid wi% 22.8 88.5
% 3 min [SETOHWT 2. C wt% 437 453
H wt% 6.9 6.6
Drv—b O wt% 36.4 474
2.3 EBEH rymhase N Wt% 36 <001
e . R S wt% 0.1 < 0.01
FERERHZ, NS ER A S a Wil 09 o1
EL, Table 11TRTEBMZIRS Ash wi% 8.4 0.6
LEBREYY (LIF, e High Heating Value | kJ/kg 19119 17926
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Fig. 3 Results of thermogravimetric analysis
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Fig. 4 Variation of product gas flow rate with
time under pyrolysis condition
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Table 3 Properties of produced gas and carbon conversion ratio from sample into gas

Sample Food mixture Wood chip
Method Pyrolysis Gasification Pyrolysis Gasification
Porous particles Temp. K 573 1073 573 1073 573 1073 573 1073
Volume m’y/kg-sample 0.47 1.28 1.17 2.09 0.94 2.38 1.78 2.36
H, mol/kg-sample 7.1 28.7 33.7 61.8 18.5 69.3 54.5 69.1
CH, mol/kg—sample 1.0 3.1 1.1 2.9 1.2 2.9 1.1 2.9
CO mol/kg-sample 8.7 12.7 4.3 7.3 15.0 7.8 6.0 7.3
CO; mol/kg-sample 4.2 12.7 12.7 21.5 7.19 26.3 17.8 25.9
C,H,y mol/kg-sample 0.1 0.0 0.4 0.0 0.1 0.0 0.1 0.0
.. .| kJ/kg—sample | 5566 14550 12348 22307 10769 24668 18430 24362
Calculated heat quantity™) vy 1174 1138 | 1055 1065 | 1144 1034 | 1034 1034
Carbon conversion — 0.40 0.80 0.53 0.89 0.63 0.98 0.67 0.96
ratio into gas

* Calculated with each gas amount and high heating value



51 Hoth E RO

FEBPEIILTWA I END, F+—0HZ2{LITIA
T, R ITRT—RILRED v 7 P RIE b ERIZT -
TW3EEZ 5N 5,

(:()4‘}{2()_*I{24‘(:()2 (2)

Thick LT, B RSMT 2B T ERE &
LOT3K T % &, FENZDEEEER 2.6 51275 %,
oL, zF Ly PAOTRFERPEIMLTVWSC
Eins, ¥ —vOBSRIZ, FAEOBOEE RS, K
&, —WLRE, ZRIURBCOHEINSE EEZL SN D,

—F, Fr—BLUOY - VEKERERGSES I &
ICED, RENZOEEHREIZA0EEE >/, TTT
HFEHTREE, REDHEROHINEIGICHL T, K&
HinoEEREwIEThH B, 2%, N EXQ %
AR LR Q) A ERIGE LTI TS 5 &,
DFRFED S 2mol DIKENE LN B,

L LEH S, RERERTIE, CoHEEIVELD
KEDBFELTVE T EnD, AROBYLHERIITRIE
FRELOREL LT, RB)ITNAT, BHOENE
FRZEE LT, KEEZEERES 29RO TX
5T EPREEE NI,

1 mol

C+2H,0—2H,+CO, (3)

3.4 REDHANDEHREDZEEL

Fig.6, 713, BfH L OKRBEBORE 72 KR
2L L e & & OFRHRFE O 7 AN DR ORI L
ZRLEbDTH B, 155, Fig. 3 DEERSIHER
LY VLT, fMEEciE 1 h SR ez Lyl
WA RT, O, ¥—VBLUFr—IKEEN

5 = ="
TV BRHFZDEIGTH Y, BEICIAERSITICBT S
fitlh & 3R B, Fi, KR OTENNORE > 2 FUEHR
FHEREEZRL TV,

BEEO TR, 550K 225 700 K Fijf% £ TOMICE
BOAKBICHDT 2, & 51T, KEKH 2T,
#71,000 K 7 o FEEEEMEDT 5 T L 2R L TV 5,
T LT, Fig. 6 TIRESHZH 1,000 K & Tz
N3 &, WEPRES T RS N5, BOESED
5, T OiEOREEILEEY»TH B DI LT,
KEKH MG TREBTH D LB DP L, —H
ZIVERFERE % 1,073K & LcEa, FRgm o2
OYREEIR A & D F DT RESH 2T TE O, kK
LN AALFHIBRIC A = 7o b 72 0 0 S AT R TS 1
TWB T EWbhbd, Thid, KERZT 2B T T
1, BRI TORY oMb, DD, BRI
THAET B 5 — VI FUBERFIE TROMRE foI3KER
WHENTWD, Ll, TOHEREOEIOEEVI,
BERSD O TRl & 1 2 B & 7 2L O 6
[A)DSIIT TS » TV B,

TN, = VOAERGERE & g L TEGMR E 713k
AN EHEE R W, BOMESTREL Y —
H—HEZUGR T Tt 0, ki 2 Icizs
N3EEAOLNDE, TNid, BOEETKTHRICBT S
573K & X U 1,073 K O ffiff Al = ik 5 &, RED
EWETHB LS, ZHERNTFEICBEVWTY — LD
BMAD 5 WV IZKELWENEA TWD T EDbind,

iz, Fig. 77 6 KjE & &5 E RIEE CERE 2R L
TWB T EMbhrd, KL, ZIERTE% 1,013K
2 LG, KEKOBFMCBED 53, SRINBIRED
EHRIZIBIER LIS 2, TOTEND, AHETHO

1200
= 1000
<
oo
S
£ 800
2 i«
£ °
= =
2 600 &
5 2
z §
S 400 ©
=
=
=
el
<
o 200
.l- Sample: Food

0.0 0
0 50 100 150 200
Time(min)

Fig. 6 Variation of carbon conversion ratio into gas with time (Food)
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Fig. 8 Heat quantity estimated from integrated product gas amount
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Abstract

This study aims to clarify basic properties of thermochemical reactions, such as pyrolysis and
steam gasification conditions, of food mixtures that are discarded as food wastes (kitchen garbage).
We also conducted experiments on wood chips for comparison. We found that the reactivity of food
mixture in pyrolysis conditions was slightly inferior to that of wood chips. However, in steam gasifi-
cation conditions, the reactivity of both samples was almost equal. Moreover, for the food mixtures
in steam gasification conditions, the ratio of carbon conversion into gas was 0.89. To evaluate gas heat
quantities for each process, almost 44% was for tar reformation and almost 56% was for pyrolysis gas
and char gasification. Therefore, steam gasification was effective for the thermochemical reaction of
food mixtures and this reaction could produce hydrogen rich fuel gases. In particular, by reforming
tar effectively, the amount of fuel gas product increased significantly. These results suggest the
possibility that food mixtures could be used as a fuel that is as valuable as wood chips.

Key words : food waste, pyrolysis, gasification, hydrogen



