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Gasification of Food Waste with Steam in Fluidized Bed
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Abstract=Bionuss hus becirne an important renes able sliernadb e energy resouree. Milon i of 1ood sludge.
whivh is diffieult to hundle bocause oF s ranh seectt wied wader conteud. s gpenersted i Korer, Thennochermicut cone
versior s one swin o convert Bromiass o energs s B ooun be divided wslo carbonizution, Hyuefuction. and gasiticution.
Carboni-ation of food waste way curried out in o comventionut stainbess steed mtlockne of 2 1 cupucity of different wom-
peraures. Riee wisificution produces hy drogen-vich sy athesis gaso which e be ased For methunol synthesis, gusifico-
tinn of carbonized solid was studicd in e luidized-bed gusifler. The reuction parneters 1 e gusitication of

carbonized sulids wore investigated.
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INTRODUCTION

Biurnass, such as wood. bark mill residee. agricultural and foed
wastes. manore, and ocean plants e, has been an rportant renew-
able ahemative enerery tesource. Million tons of food sludee, which
is ahout 30 peroent of waste fom homes, & generated in Korea and
various irethods to treat this waste have been developed [Fung and
Kim, 1990; Kim et al, 19962 Yoon. 1998} Landfilling poses a prob-
lemn of ground water pollution and difliculty of recalamation. Aller-
native methads W treat the problem are conversion to sleohol, and
organic fenilizer by biotreatment, but these methods have limita-
tons fur arge amounts of waste and more effective methods noed
o be developed.

Thermochernicud conversion, which is one of the methods to con-
vert biomass (0 energy. can be divided inte carbonization, Houetie-
tion and gasitication [Dote, 1993; Gary et 1l 1988; Madlya and Helt,
1988: Muniatis and Buckens, 1988: Lee ot gl 20001 Gasification
has the merit of producing hydrogersrich synthesis gas. which can
be wsed as feedstock for imermediate of fine chemicals [Chen, 1994;
Ganesh ot al, 1992; Garcia of al., 1998 Lee et al, 19991

The airn of this work was the development of a new gastfication
system fom food waste, First, this study was intended to develop
g thermat method to reat waste obtained from mess halls 1o car-
bontzed selid. Second. synthetic gas was prepared by gasification of
carbonized solid i a Ruidized-bed. The effects of various Factors on
carbonized solids and formation of syathesis gas were nvestizated.

EXPERIMENTAL

The schematic diagram of the experimental apparatus 5 shown
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Fig. 1. Experimental scheme for the carbonization of foed waste.
1. Nitrogen cylinder 3. Autoclave
2. Electric heater 4, Back pressure regulator

i Fig, 1. It comsisted of an autockave (Pare model 1532 with a mug-
netic drive systerm. and the pressure controd civcut mainky con-
sisted of a covler: a back pressure regulator (Tescom model 261725)
and a gas reservoir Food wastes for the therma! degradation o car-
bonized solid were mtroduced into the autoclave.

Reaction conditions were as follows: reaction wrmperature of 2(8)
"C. 30 min holding time and 200 psi nitrogen. Reaction mixure in
the autockave was separated by Bitration. Dark brown heavy il and
solvent-soluble maoterial were obtained Fom the filrate. The amount
of formed gas was moessured with g goy meter and the composi-
tions of evelved gases were determined by gas chiromalogaphy with
TCD (sitica gel column of 60/80 moshes).

After the guloclave was deaeraled, the wmperature was taised
by heating the autoclave with an electrical heater. With merease of
the temperature between 50 and 306°C. the working pressure be-
tween 10 and 100 kg'omy was increased gradually and was main-
toined at a constant value by releasing the excess pressure throngh
the back pressure regulator to the gas reservoir,

ARer the mixture was allowed o stand Jor several hours and the
raffmate was Hitered. Then, The carbonized solid residue was ob-
tained by drying the cake on the Siter glass at 103°C for S hes. Then
fitrde was ntensively extacted with dichloronethane (Junset Chem-
wal Co.,). Dichloromethane was was recovered by using a rotary
evaporator (Buchi RE 111 The heovy ofl vas obtamed as a dark
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Fig. 2. Experimentaf scheme for fluldized-hed gasification of carbonized solid.

brown viscous vil.

These carbonized solids were gasified In the gasfying system
showed i1 Fig, 2. The systern consisted of g fluidized-bed gasitier(50
mmn 1D and 1.5 m height) with continuous biomass feeding system,
stearn supply systemn with heating fine and quid mctering pump. a
cooling system, a gas reservoir, @ gas mieter, a temperature control-
fer, and gos anabyzer. [he reactor was kept at the operating temper-
ature by means of cloctric furnaces located alony the fuidized col-
uma. The lemperature of the reactor mnged hebween 300 and 1000
"C. The preheated nitrogenvoxygen fluidized the hiomuss through o
distributor. The hiomass between 80 and 120 mesh size was fod
continuously mside the Ruidized bed by means of a screw focder
at & fixed rate of 1.3 g/min. The fuidizing medium was aitrogen/
oxygen, the flow rate of 1.6 Hermin (.82 mys). After the dust re-
moval section, samples for the gas composition were taken, H, €O,
€O and CH, was measured with & gos chromatograph [Donam
DS 62001,

The conversion was defined as follows:

* Thererkal dogradation of Tood wasie

Weight of austeriaty obtained in cach pliase
Wetght of volatife muterinds in food wasie

{onversion —

# Fludiaed geeticution of carhonized solid
Weight of gas pronduct

1 _ : — = T )
Weight of carbonized solid "

{ PRversion —

RESULTS AND DISCESSION

1. Thermochemical Degradation of Food Waste

Thermal degradation of food waste was conducted m the resc-
tion system as in Fig. 3. The operating pressure wus maimiained at
the saturated waler vapor pressute at required lemperatore. Yokovarmy
el al. [1084] reported that the reaction temperature 300C showed
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Fig. 3. Effect of reaction temperature on the thermal degradation
of radish.

the most excellent results for the thermal hoguefaction of the sew-
age studge as feed stock. Korean food sludge contains karge amounts
of radishs. Thus, the radish is selected as a standard Red material
to obtain the optimum condition in this study, These resuls showed
the different aspects from those obtiined by Yokovama fom the
sewage studge. Although Yokovama ot al. [1984] obtained the crude
oif as & major product. our result showed the carbonized solid as
shown i Fig. 3.

The vield of carbonized solid was between 26 and -13%. Also.
the heating values were increased with iereasing reaction temper-
atres and showed low values below 150°C. The infrared spectro-
scopic method and elemental snalvsis were examined o understand
these phenomaena. As shown in Table || clernental analvsis showed
an increase in amounts of carbon with mcereasing the reaction fem-
perature.

Also. Fig. . of the infrared analysis shows adecrease of &, band
al 1384 cm™ and 8, band at 1,054 cnt with increasing the reac-
tion ernperature. Conversion to carbonized solid showed a maxi-
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Table 1. Elemental analysis of carbonized solid obtained from var-
ious temperatures in thermat degradation of radish

Elements (9%}

Rx. temp {"C}) -
Carbon  Hydrogen Nitrogen Oxygen
200 39.21 3.09 323 3247
250 62.67 4.61 185 28.87
300 69.32 4.85 4.86 20.97
4
3
W 2
1
w
1630.5

1054.7

Wave numbers
Fig. 4. IR spectra of solids ebtained at various reaction tempera-
tures (KBr disk).
(1.150°C, 2.200°C, 3.2507C. 4.360°C)

mum value at 200°C.

Thermal degradation of food waste obtained from a mess hall
was studied at the reaction temperature of 200°C, The composition
of waste food sludge shown in Table 2 was used in the reaction.

Radish and food sludge were compared in this reaction system.
As shown i Table 3. in the case of food waste, amounts of car-

Table 2. Composition of food sludge obtained from a mess hall

Testing item (%) Weight percent (%5}

Water content 80.1
Carbonized solid 20.9
Composition of carbonized solid (wt,%)
Fat 12.7
Protein 20.2
Fiber 16.1
Carbohydrate 46.9
Ash 1.1

Table 3. Products obtained in the thermal degradation of food

waste
Products Radish Food sludge
Solid {gr) 9.0 30.4
Oil (gr) 0.55 L.t
Gas (ml} 925 3700
Total energy (cal) 44236 177630
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Fig. 5. Conversion of gas ebtained at different reaction tempera-
tures. Rx. Condition: Carbonized solid (1.318 g/min), Water
(0.5 mi/min), N, (1,500 mi/min).

bonized solid, oil and gas were increased significantly, This differ-
ence was caused by amounts of water contained in the feed.
2. Fluidized Gasification of Carbonized Solid

Gasification using carbonized solid (carbon: 59, hydrogen: 5%,
nitrogen: 3%, oxygen; 33%) obtained from food waste was carried
out in a fluidized gasification system. The main parameters in the
gasification of carbonized solid. which is investigated. were reac-
tion temperature, amount of steam and oxygen.

The reaction temperature largely affected the conversion of car-
bonized solid into gas product and the composition of formed gas.
As shown in Fig, 5 conversion to gas was sharply increased with
reaction temperature.

Amount of water not only enhances the reactivity of gasification
by increasing by steam reforming reaction, but also diminishing
amounts of carbon monoxide by water gas shifl reaction. The re-
sults obtained are represented in Fig. 6. It shows the effect of the
amount of steam on the reaction at carbonized solid feeding rate
L3 gfmin and 800°C. and also the maximum gas composition of
hydrogen and carbon monoxide at the 0.5 ratio of steam per car-
bonized solid. From this evidence, the ratio of 0.5, waterto-carbon,
may be an equilibrium range for the three gases, H.,, CO and CO.,
at a given condition,
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Fig. 6. Effect of amounts of water on gasification of carbonized
solid.
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Fig. 7. Effects of ratio of oxygen on the gasification of carbonized
solid.

Also, this high temperature gasification system has a high energy
requirement to operate above 800°C, Thus, effect of oxygen was
examined to use exothermic heat produced from formation of CO
and CO,,

2010, 200
CHO.~— (0,

AH;=—58 keal/mole
AH,=-97 keal/mole

The effect of oxygen on the gasification of carbonized solid at
the fixed ratio of steam-to-carbon{0).5) is presented in Fig. 7. As
expected, the formation of carbon dioxide was increased and the
formation of hydrogen, carbon monoxide was decreased with in-
crease of oxygen. But methane showed a large mcrease with in-
crease of oxygen. This result is caused from craddng of carbon chain
at partial oxidation using low concentration of oxygen.

CONCLUSIONS

In this study, optimal temperatire for thermal degradation of food
waste was at 200 °C and the main product obtained from thermal
degradation of waste food was carbonized solid. The conversion to
carbonized solid was about 25-32% at 2006°C.

Also, gasification of carbonized solid was carried out in the flu-
dized-bed reactor. Various reaction parameters on the gasification
of carbonized solids were investigated. The reaction temperature
largely affected the conversion of carbonized solid into gas product
and the composition of formed gas. Conversion fo gas was sharply
increased with reaction temperature.
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Gas composition of hydrogen and carbon monoxide formation
showed the maximum at the 6.5 ratio of steam per carbonized solid.
The effect of amounts of oxygen was studied and the formation of
hydrogen and carbon monoxide decreased with increase of oxy-
gen, But methane was slightly increased with increase of oxygen.
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