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SUMMARY

More than 4 million tons of food sludge are generated annually
in Korea. Various methods such as composting, mncineration and
reclamation for treating this type of wastes were developed. Land
filling method was used to treat this food sludge in our country. But,
land filling poses a serious problem because of ground water
pollution and difficulty of reclamating the place. Although, incineration
is very effective for treating the putrescible organic materials, this
method is very expensive because of its hige energy consumption.
Developed methods have many problems. Therefore, it 1s needed that
economical and available disposal methods which have less impact on
the environmental aspect should be developed.

Recently, biological methods and thermal degradation methods
have been studied by many research groups in the world. Biological
processing such as anaerobic digestion of stillage requires a very
expensive investment cost. Also, the thermal liquefaction of wood,
peat, garbage and sewage wastes have been studied. Previous results
showed that woody materials could be efficiently converted (liquefied)
to oil by thermal degradation at 300C. If some available material
such as oil or solid are obtained from the food wastes by the same
method, it is possible not only to reduce the volume of total garbage
disposal amount but also to recover energy from the waste material.

Thus, we developed the new technology to treat the waste food
sludge that caused many environmental problems. We studied the
thermal treatment of food sludge obtained from mess hall. Radish as

the base in waste food sludge was selected as a standard material.
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In this study, we propose the application of the thermal
degradation process mentioned above to the food wastes which 1s
discharging from the cafeteria and houses. The effects of reaction
conditions such as temperature, residence time on carbon rich solid
or o1l yvield were experienced respectively in this study. Also the
catalytic activities on various layered catalysts were studied. The
treatment of waste water from a catalytic thermal degradation of
food wastes was also studied by Fenton oxidation and the wet

catalytic oxidation methods.
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Table 1. The amounts of waste materials in Korea”

Ton/day

" P, S e,

Year 1989 1990 1991 1992 1993 1994

[tem

Population (*100) 43,745 44087 44,263 44,623 44995 45,690
Household waste 78,021 83,962 92246 75,096 62,940 45,690
Food waste 19,790 23,003 26,311 21,807 19,764 18,055
Household amounts 2.2 2.3 2.3 1.8 1.5 1.3
per man(kg/day)
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Fig 1. Ratio of food sludge to house hold sludge annually

Table 2. The ratio of waste disposal technology in each countryg)

Nation Landfill{%) Incineration{%) Reuse(%%)  Others(%)

Korea 80.1 2.4
Japan 23.4 72.6 11.5
(Germany 71.0 25 4 1.3
England 89 10 3
US.A. 95 D




Eote] £40d R NaFE LEAE 2 BAEAS

Table 3. Amounts of treated wastes in Korea'

Ton/day

Year 1989 1990 1991 1992 1993 1994

[tem
Landfill 73,924 73,106 82,411 606,960 54,227 47,166
Incineration 1,478 1493 1497 1,132 1480 2,205
Reuse 2,215 3900 6,786 5912 1,232 8927
Others 974 63 1,002 1,087

Total 78,021 83962 92,246 75,096 62,940 53,118
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Table 4. Comparision of thermochemical biomass waste
liquetaction for the biomass wastes

— T et P — _— v - e

Developed technology Japan technology

R — N L. e L el

Temperature (C) 300-500 250-350
Pressure (kg/cm®) 1-5 50-200
Merit Low pressure Low temperature.
Unnecessity of
dewatering.
Demerit High temperature High pressure
Necessity of
dewatering.
Noneconomic.
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Fig. 2. Experinmental apparatus.

1). Autoclave 2). Pressure controller circuit 3). Electric heater
4). Pressure controller circuit attached to a cooler

5). Filter 6). Condensate storage vessel

7). Back pressure regulator 8). (zas reservoir



o

s A9 BB

A&

—
—=

———

ah

=
—

3 600 er

) -

3

~¥-

Bt -5 7] o

Bl o

me

FAl = A

Eég

Ol
=

71 %ol o sk

x 100

SE
x 100

7y~ ARl E 18 H] o

Obtained total energy
Energy 1in food sludge

wl -
e
doizch o] =8

O

sttt 228l® #H42 BE dichloro methane

Weight of volatile material in each phase
Weight of volatile matenal in food sludge

2

I

=)
RUs

L.
| .

Al O
“

57

"l

=] gertx WAz
=

| —
| -

=
T

7
dichloro methane

ol g

O
Energy vield (26) =

As oo (3 4) 0 =

o_ g

3

O

)
A

1.

"o



Food waste grinded

T, P, time
catalyst

Thermochem.conversion

|

Reaction Mixture
Filtration
Solid phase Aqus.phase

Solvent extraction

3

Org.phase Aqus.phase

l Solvent recovery

Oil

Fig. 3. Separation scheme of reaction mixture in thermal

degradation of food wastes.
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Azl FAE 1.0 g 2934 & M 2 oxygen bombgtel I
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1. Gas reservolr 2. Vacuum stopcocks 3. Standard volume
4. Sample holder o. (Gas reservorr line 0. Main vacuum line

7. Mercury manometer &. Oil diffusion pump 9. Rotary vacuum pump

Fig. 5. Volumetric gas adsorption apparatus.
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Table b. Effects of various layered catalysts in the catalytic

degradation of radish

Catalyst Solid(%6) Heating value
Without 30.1 4914 '
Montmonillonite 36.3 4675
Fe’ momorillonite 37.2 4882
Montmorillonite K10 40.1 4915
Activated clay 36.1 165
Montmorillonite KSF 33.8 5495
Y -zeolite(treated by HCI) 379 4979
Japanese acid clay 36.6 0049

* Reaction condition

Radish: 600 gr, Water content: 95 %, Rx. Temp.: 200 °C

Rx.Time: lhr, Catalyst: 5 wt.% on volatile solid
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Table 6. Effect of various catalysts at 250°C

Conversion
Catalyst
Solid(%) Gas(ml)

Without } 215 1444
Japanese acid clay 21.6 1791
Calcined Y zeolite 21.7 1192
Montmonlionite K10 28.2 1427
Montmornillonite KSF 26.6 1690
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Ao BAHE 71l FE&dd FsjHo WS EE7F HA FUAT
o] A= Had FREHA e wrI=EY FE FUHAA HFY

;:"I:
CODE F7MA %o



Table 7. Effect of various catalysts at 300°C

Conversion
Catalyst
Solid(%) Gas(ml)
Without 16.3 2091
Montmorillonite K10 214 1719
Montmorillonite KSE 20.2 1696
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'Table 8. Effect of hydrogen pressure under various nickel catalysts

Conversion(%)
Catalyst
Solid Oil
NiSO, 25.2 0.2
NiSO4(10 kg/cm* Hz) 19.0 0.3
Nickel formate(10kg/cm® Ho) 16.3 0.4
Nickel carbonate(10kg/cm® Hb) 215 0.3

* Reaction condition

Radish: 600 gr, Water content: 95 %, Rx. Temp.: 200 °C
Rx. Time: lhr
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Table 9. Effect on activity of Montmorillonite K10 at different

calcination temperatures

Calcination temperature Conversion
(°C) Solid(%) Gas(%)
Untreat 40.1 0.07
100 °C 41.1 0.08
200 °C 45.7 0.09
300 “c 46.6 0.09
400 °C 41.6 0.08

x Reaction condition

Radish: 600 gr, Rx. Time: lhr, Catalyst: 5 wt.% on volatile solid

Table 10. Surface area and average pore size for K10 catalysts at

different calcination temperatures

Calcination temperature Surface area Average pore size

(°C) (m*/g) (A°)
100 193 55.2
200 198 57.1
300 204 58 .4
400 210 59.4
500 218 61.3




g R Aol o7k FHuje) Abe) AMZIE A 23 7 119A B Hpelzhol
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Table 11. Acidity distribution of various calcinated K10

Total acidity (mmome/g)

Calcinat:
cma:on Acid strength range (pKa)

temp. ("C)

<-8.2 < -56 <-30 < +15 < +3.3 < +4.8

Non - Tr 0.20 0.20 0.30 0.70
100 - 0.20 0.40 0.40 0.50 1.60
200 ~ 0.20 0.20 0.40 0.50 2.10
300 ~ Tr 0.10 0.20 0.30 1.90
400 - Tr 0.10 0.10 0.20 0.70

5. ol e} AhA g

gdo A B wiel 7ol Montmorillonite K10 E9 & Al&3tod A3 A
kel A 717 2 Feit 3 84S HElIY. 2212 2 Montmorillonite K10
MEAE G A Vst WMEYOIEV I HIWEE AMES Y. XA
o2 FE dojAe HAHEE v & nbgol AEF d& @Wol] BiuEi v A
Aol Bl HAMEE g S AdLEA Ade 3 129 U0




Table 12. Composition of Korean bentonite for by acid treatments

Sample Si0» AbQO; FexOs Ca0 MgO Na20O éilé)(z)a/
Natural clay 629 17.8 4.9 3.2 2.3 2.9 0.28
19%%6 Ho504 742 16.7 2.7 0.8 2.0 1.3 0.23
1526 HCI 779 129 0.7 2.9 0.3 3.7 0.17

FolA Henper go] HAMEE 3iboly d4e 2 A sAE 4+ Fe, Ca,
Mg7t dA 3] A4S BAFA2™ % 1304 B vt Zo] BRHA, AlFA7]
7F 71 e RYFAH.

Table 13. Surface area, pore volume and mean pore size of acid

treated clay

roperty Surface area  Pore volume Mean pore size

Sample (m*/g) (cc/g) (A°)
Natural clay H5.2 0.10 63.2
1526 H2S50q4 313.2 0.34 39.9
1596 HCI 157.2 0.29 35.2
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Table 14 Results for obtained carbonized solid on various acid treatment

Catalyst Solid(g) Gas(ml) Heating value(cal/g)
Untreat 30.1 500 5609
H>S504 35.3 1010 4844

HCI 32.3 780 4538




Table 15. Effects of various feed stocks in the catalytic thermal degradation

Conversion(26)
Reactant Watelé;g)ntent Heating value(cal/g)
0 Solid O1l Gas
Radish 95 301 2.0 970 4914
Carbage 95 299 20 1180 4519
Bean sprout 30 179 1.2 1700 5362
Rice 60 473 0.8 1745 5306

o] dgow ¥EH AL ARE Ez o U4HE 9P

‘Table 106. Composition of food sludge obtained from a mess hall

Testing item (%6) Result(%)
Water content 30.1
Volatile content 93.9

Fat 12.7
Protein 20.2
Fiber 19.1
Carbohydrate 6.9
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Table 17. Effects of reaction temperatures in the catalytic degradation of

food waste sludge

Rx. Temp.(°"C) Conversion to solid (%) Gas (ml) Heating value(cal/g)

100 94.9 0 2629
150 324 13 3477
200 33.0 0007 47038
290 31.2 3149 4965
300 20.3 9660 o606

* Catalyst : Waste food: 1000 gr, Water content: 80.1 %

Table 18. Elemental analysis of solid obtained at various temperature

Elements(%)
Rx. Temp(°C)
Carbon  Hydrogen Nitrogen Oxygen
200 59.2 5.1 3.2 32.5
250 62.7 4.6 3.9 28.9
300 69.3 4.9 4.9 20.9
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Table 19. Effects of various catalysts in the catalytic degradation

of food wastes obtained from a mess hall

Catalyst Conversion{wt.%) Gas(ml) Heating value(cal/g)
Solid Oil
Without 33.5 0.9 500 H609
Natural clay 37.6 1.0 1010 4844
Acid treated clay 43.8 1.2 955 H687

* Feed amounts: 600g (water content:80.1%6), Reaction temperature: 200 “C
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Fig. 6. IR spectra of solids obtained at various reaction

temperatures {(KBr Disc).

(1: 150 °C, 2: 200 °C, 3: 250 °C, 4: 300 °C)
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Table. 21. List of chemical composition contained in waste water

Fraction Compounds

1st Fraction
H5-Methyl- 2-furan carboxalcehyde; 2,5-Dimethyl-2-hexene;
1H-Pyrrole-2-carboxaldehyde; 3-Methyvli-1,2-cyclo pentane dione
1-(1H)-pyrrol-2-yl)—ethanone; 3—Mercapto- 1-methyl- pyridinium,
Ethyl cyclopetenolone; 1-Methyl- 2- pyrrole carbox aldehyde;
2,3-Dimethyl-cyclohexanone; 1-(1-Methyl -1-1H- pyrrol- 2-yl)-
ethanone; 2,3-Dihydroxy-acetophenone; 2,6-Dimethoxy-phenol
1-(3-hydroxyphenyl)-ehanone; 4-Ethyl-2-methoxy-phenol; 2-Vinyl-
b—-methoxy-2,3-dihydrobenzofuran

2nd Fraction
2,h~Hexanedione;, 3-Methyl-2-cyclopenten-1-one;, 2-Hydroxy-
3-methyl -2-cyclopenten —1-one;, 2,4-Dimethyl-1-penten-3-one;
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Fig. 10. Composition of oil obtained from extraction of waste water

with methylene chloride.
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Fig. 11. Organic layers separated by column chromatography

and evaporation of water from water phase.



2-Methyl-2-butenoic acid; 2-(Dimethylhydrazono)butanal;

Pyrido[3,4-d]pyrimidine -2,4(1H,3H)dione; 3,8-Dihydroxy— 2-methyl

chromone;, Hexadecanoic acid

3rd traction

3-Methyl-2-butanol; Dihydro-2(3H)-furanone; 2-methyl-
1,4-Benzenediol; 5-Hydroxymethyl) -2-furancarboaldehyde;
2—-(Dimethylhydrazono)butanal;, 2-Buten-1,2-dicaboxvlic acid
dimethyl ester; 3,4,4-Trimrthyl-5-oxo -2-hexenoic acid,

2 46-Trethylbenzeneamine, 2-Tricyclol5.3.1.192.6)]dodecane
-11,12-dione

4th Fraction

3- Methyl-piperidine; 1-Pipendinecarboxaldehyde; 1H-Indole-
2,3~dione; Spiroid.5]decane-6,10-dione 2-phenoxy-1-propanol;
1,2,06-Trimethyl-piperidine; Para—methoxy—alpha-methy!l cinnam
aldehyde; 1-Ethyl-3-indazolone; Pyrido[2,3-d]pyridazine
-8(7H)~thione, 1,6-Dimethyl-naphthalene; 3,6-Bis(2-methylpreopyl)
-2,5-piperidine, Methyl ester—hexadecanoic acid, 3-Methyl-
butanoic acid butyl ester; 2-Pyrrolidinone, 1,1-Dimethoxy—-heptane;
3-pyridono; 5-(Hydroxymethyl)-2-furancarboxaldehyde;
5-(Cyclohexyl methyl)-2-pyrrolidinone; 8,11-Octadecanoic acid
methyl ester, 10-Octadecanoic acid methyl ester; (3-Iodopropyl)-
benzene; 3-Benzyl-6-isobutyl-2 5-dioxo—pipendine

b — T . - ki
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Table. 22. Decomposition rate constants of typical organic

pollutants with hydroxyl radical'®

Polluent Rate constant(M 's ')
Benzene 78 x 10°
Chlorobenzene 45 x 10°
o—Chlorophenol 82 x 10°
Dietyleneglycol 2.0 x 10°
Etyleneglycol 16 x 10°
Formaldehyde 6.9 x 10’
Nitrobenzene 3.2 x 10’
o-Nitrophenol 9.2 x 10
Phenol 1.4 x 10"
Pyridine 3.0 x 10°
Vinylchloride 7.1 x 10°
gre BEgA Pz Ee AT F o ATHOE 0WEA
xeloll o] &3} st FA o] o] advanced oxidation processth
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Fig. 13. Decomposition of hydrogen peroxide for amounts

of aceticcid
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Table 23. Effect of peroxide concentration in treatment of waste

water obtained from the decomposition of food sludge

L — A el . - P

Peroxide concentration(%s) COD(ppm)
020 13,000
7% 8,000
10% 6,000
1296 0,500
g EA ) AgEe] @ He

ool ®i wel go] MEASIEC M Hert HR ol FA
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Fig. 14. Effect of various catalysts in the oxidation of aqueous

phenol solution.
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Table 24. some studies on catalytic oxidation using copper catalyst

Catalyst Reaction T(C) P(atm) Ref

Fe/Cu radio active sludge wastes 100 1 17
CuO/Cr203 phenol 168-180 10 18
CuO/AlLO3 phenol 112 10 19
CuO,CulCr204 PCBs 500-600 1 20
CuO,MnO> phenol 100-150  1-17 21
CuO/Zn0O phenol 120-140 6 22

CuO halogenated HC 200-350 35-320 23
Cu-—salts benzene 30 30 24
CuS0Oy aromatics 2(5-320 70-120 25
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Table. 25. Effect of catalysts on the degradation of phenol

Reaction condition Phenol (ppm)
CuS04 150
FeS0O4 825

Ferric oxide 3721

* Rx.Condition:

Rx. Temp. (200 °C), Rx.Time (2hr), Phenol (10,000 ppm)
Oxvygen pressure (50 kg), Catalyst (0.5 wt.2%),

2). A AHe I




Table 20. Effect of oxygen pressure on degradation of phenol

Oxygen pressure(kg/cm”) Phenol (ppm)
20 240
30 150
50 140

* Rx. Condition: Temp. (200 "C), Time (2hr), Catalyst (0.5 wt.%),
Phenol (10,000 ppm)

g Ft oe W5z weexs 9o FEHACY 1 Ay
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Table 27. Effect of reaction temperature on degradation of phenol

Reaction temperature("C) Phenol (ppm)
100 1,400
130 450
150 287
170 203
200 150

+ Rx.Condition: Temp. (200 °C), Oxygen pressure (30 kg/cm®).
Catalyst (0.5 wt.%), Phenol (10,000 ppm)
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Table. 28. Effect of catalysts in the degradation of phenol

Catalyst Phenol (ppm)
Cupric sulfate 156
Cupric nitrate 825
Cupric acetate 202
Copper oxide(]) 40
Copper oxide(II) 87

-

* Rx.Condition:
Rx. Temp. (200 °C), Rx. Time (2hr), Phenol (10,000 ppm)

Oxygen pressure (20 kg), Catalyst (0.5 wt.%),
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Table 29. Treatment of phenol 1n waste water by various
heterogenized copper catalyst

Catalyst Phenol (ppm)
CuS0Oq 156
CuO/AlLQO3 350
Cu0O/Zn0O/ALOs3 63
CuQ/Zn0/Al,O3+Si0- 42
Cu0OZnOK20/Al:0O4 112

* Rx. condition: Temp.(200 °C), Time(2hr), Catalyst(0.5 wt.%)
Phenol (COD: 10,000 ppm)
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Table 30. Treatment of wastewater obtained from food waste
by various heterogenized copper catalyst

Catalyst Phenol (ppm)
Cu(NO3)3 293
CuO/AlOs3 119
CuO/Zn0O/AlL:QOs3 94
CuQ/Zn0O/Al;O3+5102 STe

+ Rx. condition: Temp.(200 °C), Time(2hr), Catalyst(0.5 wt.%6)
Waste water (COD: 10,000 ppm)
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Fig. 15. Schematic diagram of heterogenization of copper catalyst
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Fig. 17. ¥Si MAS NMR spectra of dealuminated zeolite-Y.
(A)Zeolite-Y (Si/Al = 25). (B)DAY-1 (Si/Al = 5), (C)DAY-2 (Si/Al =10),
(D)DAY-3 (Si/Al = 30). (E) DAY-4 (Si/Al = 50).



Table 31. Treatment of waste water by various copper catalysts

impregnated on dealuminated zeolite Y

Si/Al ratio COD(ppm)
1
5 96
10 39
30 78
50 63

* Rx. condition: Temp.(200 °C), Time(2hr), Catalyst(0.5 wt.2%)
Waste water (COD: 10,000 ppm)



Table 32. Composition of food sludge obtained from a KRICT

mess hall

Composition in volatile content(%)

Feed Water Volatile
9, 0
stock content(%) content(%) Bat Protein  Fiber Carbohy
drate
30.1 19.0 11.3 12.2 31.2 45.3
34.2 15.6 0.1 4.0 44.5 45.9
37.9 11.9 0.3 (.2 /(.2 30.3
89.3 10.6 4.1 56  62.3 28.0
93.2 6.7 94 3.2 70.1 12.3




Table 33. Effect of catalysts in degradation reaction of food sludge

Feed stock  Obtained solid(g) Heating value(cal/g)

1 74.8 0403
2 09.4 0207
3 45.5 4937
4 40.2 0103
0 25.0 4923

¥ Rx. condition:

Food sludge: 1000 gr, Catalyst: 5 wt.26 on volatile solid
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Energy required for thermal degradation
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Availlable energy 1in heavy oil produced
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Fig. 18. Relationship between ECR and moisture content of

food sludge
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Fig. 19. Block diagram for treatment of food sludge
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@9 kg
1 2 4 5 6 7 8 9 10 11
Feeding solid 200 200 88 88 38
Water 800 | 800 800 | 100 | 700 | 95 700
Layered catalyst 1 1
o1} 02 02 1
NaCl 39 39 39
Copper catalyst 0.5
CO; 30 |
CHs J
O- 61
Carbonized sohd 33
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78 Case 1 ] Case 2
(18) (2¥)
W+ A - E: 7t 3 |
Dewatering #8%2| 6,000L PE | 3,800,000 12,000L PE | 5,200,000
I’gverizer 1,500L SUS 11,000,000 3,000l PE 17,000,000
Y= | 20L/min | 3,200,000] 40L/min 3,600,000 |
o 23 1}-2-7) | 1,500L SUS | 12,000,000 3,000L SUS 20,000,000 |
Zayyz | 10L 1 500,000 | 20L 900,000 |
ELEED | 200gr/min | 1,900,000 400gr/min 2,600,000 |
_Traqsferring‘ﬂ = ?OL/min 460,000 40L/min | 570,000 |
Centrifuge 24 inch SUS316 | 25,000,000{24 inch SUS316 25,000,000
QF Az | 2 kg/min ' 2.700,000] 4 kg/min | 3,800,000
Conveyer 2 kg/min 3,500,000 4 kg/min 3,100,000
o] =3 2] k-5 7] 1,500L SUS 13,000,000 3,000 SUS 20,000,000
EEE 16,000,000 19,000,000
2] 93,060,000| 120,700,000
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