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Abstraei-Biolnass has became an imD~dant renex~able alternali~c el~erg) rc.~mree. MilDm txuis r IUtxl sludge. 
~hich is ditlicult to handle ~cau.se of  iL', rank smell al M ,~ater c, mtent, is generated in K~nva. fhcnnochemical con- 
~cr,4t~n [s tree war tt~ tureen bkm~as.,, m ellelgI: it can b~: divided intu carbamD.atitm, tiqurfucdon, and ga.,,ifitxttiot~. 
('arN_~ni,'ati~,n of[i ~od waste wa.', carried out in u corn entional .,,tain[e.~b ~,tec] aatt~cla~e tff 2 1, cupav'it) N diflierc~ d tem- 
peratures. Sil~.'e g-tsi fieation produces h) dr~ ge~ Hich s} nthesis gas. u hich can t~ used fi~r reed ILmO[ sX.~lthesis, gasil]ca- 
ti,~n of ~.'arNmL, ed u~[~d was studied i~ ~e  tluid[/.ed-bed ga~ifier. The reaction paramete> in fl~e gasilicatio~ ut" 
carb,ni/ed .did~ were im,'e>tigaled. 

Ke~ v~ur&: Biomass, l:tx~d Wa.~Ie. (;asificadun. FluldL'.r lied 

INTRODUCTION 

Biomass, such as w ~ l .  bark mill residue. ~riculmr-a[ and ft• 
wastes, manure, and ocean p '[ants etc., haa INx.'n ar~ irrOJrtant renu~v- 
able ultra-native enev-O- re~varce. Million tons of  ft• sludge, which 
is uncut 31) pe.~x:ent of'was|e fix~,n homes, is generat~xt in Korea and 
varkvas mcth{xts to ~eat this waste have been dcvdop~x{ [Fung and 
Kim, IOtXK Khn et aL, 1996: Yoon. 1998]. La~dfilling post:s a preeb- 
Iem ofgr~vand w~er tx)lludon and difficull,e ofa.valamadon. Alter- 
naive methods to ~ a t  the problem are c~mvcrsion m alcohol and 
oganic fertilizer by Notrc~anent, but ~ e ~  mcthtxls have tilnita- 
fions for ~a~ge amounls of  waste and more effective meth~v, ts ne~.'d 
to be developed. 

Th~wmocl~nical amveesion, which is one oflhe melh~ds io ct~- 
w:rl biomass u~ enegI', can be divided into cartxmizatkm, l i que~-  
tion and gasification [1N~te, I ~)3: Gang et al., i 988; Mallya and Hell, 
I988: Manialis and Buckcns, 1988: Lee et aL 20(~0f Gasification 
has the merit of producing hydmgenMch synthesis gts. which can 
be u~'d as fe~xtstock fbr iraermextiate of fin~ chemicals [Chen, l~_M: 
Ganesh et aL 1092; Garcia el al., I998: Lee et aL 1999t. 

]l~e aim of this work was lhe deveNpment of a new ,2_a-tsifi cation 
sys|em fi,~m ft~d waste. First, this study was inten&'d to devdop 
a them~al nlcthod to ~ a t  w~ste oblained from me.~s Mils to ~ r -  

[• solid. Second. synthetic gas was pr in ted  bs., gasification of 
carlxmized solid in a fluidized4x.'d. The effects of various Nctors on 
cartxmized mlids and fo~matkrn ofsynd~v.'sis ~ s  were investigated. 

EXPERIMENTAL 

The schematic diagram of  the experlmen 'tal apparalt,s is shemm 
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Fig. 1. Expeliment~t ~heme for the carbonization of food waste. 
l. Nitrogen cy linder 3. Autoclave 
2. Electric heater 4. Back pressure regulator 

in Fi~ 1. It c~m~isted of  an autoclave (Parr me, rid 4532 ~ with a mag- 
netic drive system, and the plV, Ssupa conm.q circuJ~ mdnlv con- 
sisted o fa  co~km a [x4ck pr~>sure regulator (-Tescom mc, de1261725) 
and a gas rcs'~.~'oir. Food wastes lbr the th~.vmal degrachdon to car- 
lyonized solid were inm~duced inta the autoclave. 

Reacfi~m c(mditions w~.ve as follows: lvaction temperature of  200 
%', 30 rain holding time and 2(~0 psi nitagen. Reac'&m mixture in 
the autocNve was se~xtrated by tiltrad~m. Dark brown heavy' oil and 
~)lvenl-N)luble ma't~al were obtained from the fiitrate. The amonnt 
of ~bmIed gas was measured with a gas meter and the comD~si- 
dons of evolved gases were detem~imxt [w- gas chr~wnakxar, g~y with 
TCD (silica g d  column of  60/8(~ meshes t. 

After the an|c~'lave xwks deaerated, the t~nnperaiure was mi~d 
by. heating ~.~ ault~alave with an electrical beattn'. '6'1U1 inc~kse o f  
the u.rnperature bet~vv'cn 50 and 300 ~C. the working pressure be- 
lween I0 and I(K~ kg"cln" was inca~.~t~d gradually and was main- 
�9 rained * a ctmstant value by rel~tsing file excess pressure through 

the back pressure regulator to the gas reservoir. 
A flc,T the mixture was allowed t o  stand for ~er 'a l  Imurs and the 

mffinate was filtered. Them, The ca~mized ~did ~sidue was ob- 
"tain~ b0~ drying the cake on the filter glass at 105"C liw 5 hrs. Then 
filtrale ~&~; intensively extracted with d ichlor{m~@ane ( Jtmsei Chem- 
ical Co.,). Dichkm,nethane was was recovered by using a rotary, 
evaporator ~,Buchi RE 111 ). The hea~'  oil cas ~J,,ained as a dark 
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Fig. 2. Experimental scheme for ftuidized-bed gasifiealion of carbonized solid. 
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brown viscous oil. 
These carlx~ni~l solids were gasified in the gasil}.ing system 

sht+w~ in Fig. 2. The sy~em consisled n f a  fluidized-bed ga~ifier (N) 
mm ID and t.5 m height l with ~tntinu~ms biomass t~,xxting syslem, 
steam supply sys~'m with heating line and liquid metering pump. a 
oc• sy_,aem, a gas res~%,oir, a gas meter, a temperature c(m~l-  
ler, and gas ~malyzer. l-he reac'k~r was kept at the ely,mating lemper- 
attire by m~rans of  ek:clric fuma~>s l~tled along fl~e fluidized col- 
umn. The temperature o f  the ~ l o r  ranged betw~n ,I(~.) and I.C~)0 
"C. The prehealed ~fitrog~Woxygen fluidized tile bkrnass ~mugh a 
distributor. The biomass betw~vn 80 arid 120 mesh size was fed 
continuously inside the fluidized bed bv m~atns of  a screw f e e & ~  

at a fixed rate of 1.3 &..'rain, The fluidizing medium ~-as nitmg~U 
oxygen, the flow rate of' 1.0 liter..'min (0,82 ~rds). After the dust re- 
moval ,~,vtion. ~nples  tbr the ge~s composition were iaken. I4,, CO, 
CO,. arid CH, was measured uith a gas chromatograph [D~mam 
DS 62oo]. 

The conversion was defined as follows: 

* lhcmml dcgradatlml of I:,x~d waste 

(',vwcrsJon - Wr of materials oblaincd in catch phase, t001%1 
Weigh~ o f  vo lat i le  materials in t~)od ~asie 

}'ludizcd ga.,itlc-ltion nfcarlxlnized ~+[id 

Weir.hi of~.a'~ product , l~}l),(~ ,) ( ,vi%ersion- , ~ t 
" Wmgbt o ' carb lmizcd solid 

RESULTS AND DISCUSSION 

I. Thermoehemleal  Degradation o f  Food W'aste 
-Ihcarnal degradation of food waste was ~x~nducted in the reac- 

lit~ system as in Fig. 3. The operating pressure was maintained at 
the ."saturated walt.'r v'gx~r F'~sure at requilvd temp~reaure. Yok~waana 
el al. [10841 r~,~rted tl~-I the lwaction temp~'ature 300"C shmved 
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Fig. 3. Effect of ,~a~k~  temperature on the thermal degradation 
of radish. 

the most excellent resuRs f~r the thermal liquefaction of  the ,,sew- 
age sludge as tLx,>d stock. Korean fi~d sludge conlains ~g e  amourrls 
of  rMishs. Thus, the radish is selected as a standard feed material 
to oNain the optimum condition in this stub'. These resuRs .'41owed 
the different asl~X:ls fl~m~ tho,~ obtained by ~sbkuvama from the 
~waNe sludge. Although Yc, koyama et aL [1"08,1] obtained the crude 
oil as a major prc~ucl, i~r resuk showed the cadx-,nizcd solid &s 
shown in Fig. 3. 

The vield of caflxmiz~xt .~flid was N,,lw,cv>n 26 and 43%. Also. 
the heating values were inc'-iv, a~>d with inc,'teasing teat'tiara temper- 
aures and shmved k)w values bek)w 15(1"C. The infraivvt specm~- 
scopic meth~xt and etemen 'lal analysis were examined to un~,rstand 
these phcnt~ena. As shown in Table I, elemental anaNsis showed 
an increase in amounts ofc'artx~n with increasing the reactitm lem- 
pem|ure. 

Als~. Fig. 4. of the infrared analysis shows adec 'tease of&,..~ band 
m 1,384 cm-: ~ d  8,~.~ Ix-ind m 1,054 cm-: with increasing the reac- 
lion temperature. Conversion at ca'Nmized solid showed a maxi- 
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Table 1. Elemental analysis of carbonized solM obtained from var- 
ious temperatures in thermal degradation of radish 

Rx.  temp CC) 
Elements (%1 

Carbon Hydrogen Nitrogen Oxygen 

200 59,21 5.09 3,23 32.47 
250 62,67 4.61 3,85 28,87 
300 6932 4.85 4.86 20.97 

16305 
t054 7 

4 

3 

Wave numbers 

Fig. 4. IR spectra of solids obtained at variolLs reaction tempera- 
tures (KBr disk). 
11. 150 ~ 2. 200 ~ 3, 250"C, 4. 300"C) 

mum value at 200 ~'C. 
Thermal degradation of  food waste obtained from a mess hall 

was studied at the reaction tcTapemture of200"C, "Ihe 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 in Jable 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 (% } 

Water content 80,1 
Carbonized solid 20,9 

Composition of  carbonized solid (wt,%) 

Fat 12.7 
Protein 202 
Fiber 19.1 
Carbohydrate 46.9 
Ash [. 1 

Table 3. Products obtained in the thermal degradation of food 
waste 

Products Radish Food sludge 

Solid tgr) 9,0 30.| 
Oil (gr) 0.55 1. [ 
Gas {ml) 925 3700 

Total energy (cal t 44226 f 77630 
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Fig. 5. Conversion of gas obtained at different reaction tempera- 
tures. Rx. Condition: Carbonized ~lid (1.318 g/mia), Water 
(0.5 ml/min), N, (1,500 ml/min). 

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

Gasification using carbonized solid (carbon: 59~ hydrcgen: 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. 

3~he reaction temperature largely affected the conversion of  car- 
bonized solid into gas product and the composition o f  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 shift reaction, The re- 
suits obtained are represented in Fig. 6. It shows the effect of  the 
amount of  steam on the reaction at carbonized solid feeding rate 
1,3 g/rain and 800 ~ 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, water-to-carbon, 
may be an equilibrium range for the three gases, I--I~, CO and COe, 
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, INs 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:. 

2C ~ O,~ ~ 2CO A! t s 58 kcal/moIe 
C + O:-----" CO, AI-t:,. =-97 kcal/raole 

The effect of  oxygen on the gasification of  carbonized solid at 
the fixed ratio of  steanl-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 increase with in- 
crease of oxygen, This result is caused from craddng of  carbon chain 
at partial oxidation using low concentration of  oxygen, 

C O N C L U S I O N S  

In this study, oplimal temperature for thermal degradation of  food 
waste was aI 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 200"C. 

Also, gasification o f  carbonized solid was carried out in the flu- 
dized-bed reactor. Various reaction pararnete~ 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 to gas was sharply 
increased with reaction temperature. 

Gas composition of  hydrogen and carbon monoxide formaion 
showed the maximum at the 0.5 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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