Korean Chem. Eng, Res., Vol. 45, No. 4, August, 2007, pp. 319-327

Ot

M
=

FollEl7[E Hzlg 22
UYsia' - ZBE -

A
305-353 TAAl 97 EX%E 150-1
(2007 79 2 A, 2007 7€ 15U A

On the Alternative Incineration Technologies for the Treatment of Hazardous Waste

Hee-Chul Yang', Yung-Zun Cho, Hee-Chul Eun and Eung-Ho Kim

Korea Atomic Energy Research Institute, 150-1, Duckjin-dong, Yuseong-gu, Daejeon 305-353, Korea
(Received 2 July 2007; accepted 15 July 2007)

o OF
h= =

274 #7178 el vl 7hd e 583 AelvlER gH o] it 18 PCBse} ol frafist 7
710 A s SIet a7tz %X]EEL} AP et ti7] el S0 uiEe] tigh TRl 9= golahkA| ok
o, F el B2 &7h thAlZ1EEol s o] ghom o] ZaEd Aol nis) E]*’ll/\‘olur ekt 22 et 24
o] ujEo] Aol e $HE %1-32]-/\]7] T AT 2 =elie Tkt faliEl7 =] Sl tisl @A 4-8e] 7k
g 2zt A |EES HESSIT vheke M5 A Bl I i’# A =5 ?Zé%%ii A, AL
71e gl oAl E A5 wRlel sgrlskal H A 22 tiA sl taliMs 38 2 J\ﬂ of ehsh =

Als] Advgskitt.

Abstract — Incineration has been regarded as the best developed technology available for organically hazardous waste.
However, permitting and siting incinerators to treat hazardous waste such as a waste containing PCBs is very difficult
due to the public concerns associated with toxic air emissions. Recently, a lot of alternatives to an incineration have been
developed and these technologies have the potential of alleviating public concerns by decreasing emissions of hazard-
ous materials such as dioxins and furans. This paper reviews currently available alternative incineration technologies for
various hazardous waste streams. Various categories of non-thermal and thermal alternative incineration technologies
have been evaluated in terms of their process operating condition, applicability of a waste stream and their emission of
secondary waste. Detailed descriptions of operating principles of several technologies are also provided.
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Table 1. Categories of hazardous waste matrix
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Table 2. Rank of waste treatment technologies as a function of off-gas
volumes and secondary waste amount

Waste treatment ~ Rank of treatment Rankof  Rankofsecondary
technology temperature off-gas volume  waste amount
Thermal destruction 1 1 4
Chemical destruction 2 2 3
Separation process 3 3 2
Biological treatment 4 4 1

Waste matrix Hazardous waste categories

Waste water, water sludge
Organic liquid, organic sludge
Miscellaneous solid

solid waste
Soil, debris
Specific waste

Pure waste water, waste sludge including waste water, waste water sludge
Organic liquid waste, waste organic sludge
Pure non-combustible solid waste, pure combustible solid waste, mixtures of non-combustible waste and combustible

Soil, sand/pebbles. organic debris, inorganic debris
POPs waste, halogenated organics(PVC, PTFE, and organic waste contains brominate flame retardants, etc),

Halogenated organics, halogenated organic solvents, waste containing volatile hazardous metals such as mercury,
Lead, cadmium, etc. mixed waste (hazardous waste containing radionuclides)
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Table 3. Operating conditions, acceptable waste streams, DRE and secondary wastes of alternative incineration

Alternative incineration Temperature Pressure

Acceptable waste streams

*

DRE Off-gas streams Secondary waste streams

technology (°C) (Psig)
Wet chemical oxidation [9-20]
- Wet air oxidation 100-200 300-3,000 Aqueous, organics <10% 60->99% CO,, VOCs Organic reaction byproducts
-DETOXM 100-300 20-200  Organic sludge, soild, liquid, soil ~ >99.9%  CO,, VOcs, HCI Depleted acid, inorganic sludges
- Direct chemical oxidation 80-100 Ambient Organic sludge, soild, liquid >95% CO,, CO, VOCs Dilute aqueous, batch residuals
- Acid digestion 150-200 0-15 Organic sludge, soild, liquid, soil ~ >99.9%  CO,, VOCs, NOx Depleted acid, inorganic sludge

- Electrochemical oxidation Ambient-70 Ambient

Organic sludge, cellulose, plastic

90%->99% CO,, CO, NOx, HNO, Depleted acid, inorganic studge

Dehalogenation [21-25]

- KPEG/APEG Ambient-115 Ambient Halogenated organics, soil, sudge  >99.5%  VOCs Biphenyls, reaction byproducts

- BCDP 320-350 Ambient Halogenated organics, soil, sludge >99.5%  VOCs, dust Biphenyls, reaction byproducts

- Birch reduction Ambient ~ Ambient Halogenated organics, soil, sludge >99.5%  Ammonia Biphenyl, CaCl,, Ca(OH),

-LARC Ambient ~ Ambient Halogenated organics, soil, sludge >99.5%  None Biphenyl and NaCl

- Photo-reduction <500 Ambient Gaseous halogenated organics Unknown HCI Hydrocarbons

- Biodechlorination Ambient ~ Ambient PCBs-contaminated aquous waste Unknown CO, Biomass

and soil

Gas phase destruction [26-33]

- Thermal reduction >850 Ambient Chlorinated organic waste >99.99% H,, CH,, CO, H,0, light hydrocarbons Scrubber sludge

- Electron beam Ambient Ambient Gaseous oranics, <3,000 ppm >99% CO,, CO, Cl,, HCI, trace phosgene  Acidic scrubber solution

- Silent discharge plasma Ambient Ambient Gaseous oranics >99% CO,, HCL;, trace PICs, PCDD/PCDF's Scrubber solution

- High energy corona Ambient ~ Ambient Gaseous oranics, 5 ppb-10,000 ppm >99% NOx, 05, HCI, Cl,; phosgene Scrubber solution

- Photolytic Ambient-700 Ambient Gaseous oranics 90->99% DCAC, phosgene, PCDD/PCDFs, PICsScrubber solution

- Packed bed reactor 870-1,010  Ambient Gaseous oranics >99.99% CO,, H,0, acid gases, <2ppm NOx  Scrubber solution

Thermal treatment [34-46]

- Molten salt 700-950 Ambient Low-ash organics, halides >09.99% CO,, CO, H,0 Recyclable salt, ash, chlorides

- Metal melting 1,300-870  Ambient Oragnc, inorganic solid and liquid >99.99% CO,, CO, VOCs, particulates, metals Slag, recyclable metals

- Steam reforming 850-1,100 Ambient Organic liquid, solid, sludge and soli >99.99% HCI, CO,, H,0 Ash, scrubber solution

- Supercritical water 450-650 Ambient Aqueous or suspended organics >99.99% CO,, H,0,N,,N,0 Salts, acids, oxides

- Plasma pyrolysis 5,000-15,000 Ambient Organic liquid >99.99% CO,, H,0, CO, NOx, particulates Powdered carbon

- Chem char 1,200 Ambient Organic liquid, sludge, soil >99.99% CO,, CO, H,0, H,, CH,, trace VOCs Depleted carbon char/slag
containing metals

- Packed bed reactor 300-3,000 Ambient Organic liquid >09.9%  CO,, H20, HCI, PICs, dioxins/furans Scrubber solution and
condensate

- Vitrification 1,000-1,600 Ambient Sludge, soli, organic liquid >99.9%  Acid Gas, CO,, CO, NOx, SOx Glass and metals

- Plasma torch/electric arc 1,500-5,300 Ambient Sludge, soli, organic liquid >99.99%  CO, CO,, HCI,NOx, SOx, VOCs, metals Slag and metals

*DRE depends on organic waste stream, residence time in the reactor, performance of additional treatment system

Korean Chem. Eng. Res., Vol. 45, No. 4, August, 2007



322 ksl - 2gF -

Table 4. Destruction efficiency of delphi DETOX process (unstirred
reactor)

. . Absolute destruction Absolute destruction efficiency
Organic material

efficiency [%] on vermiculite [%]
O-xylene 99.9997
1,2,3 tri methyl-benzene 99.9997 99.98
Trichloroethylene 99.995 99.55
Hexachlorobenzene 99.995
Polychlorinated biphenyl 98.9
Carbon tetrachloride “complete”
Trichloroethane “complete”
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Fig. 1. Principle of operating conditions of direct chemical oxidation
process.
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Table 5. Destruction efficiency of direct chemical oxidation process

Compound Feed . Percer'lt Destruct]ion rate
concentration destruction [kg/M’-day)

Batch reactor

Kerosene 9.6 g/l 99.97 186

Triethylamine 0.96 g/LL 98.8 205

2,4,6-TNT (0.003M) 99.9 760

Polyvinyl chloride Pieces and powder 50 3

Ethylene glycol 0.80 g/L

Plug flow reactor

Ethylene glycol 6.2 g/L 99.93 432
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(DOWEX) % o] &ej#|ol] Z3he ehidia 5o Jeist
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4-4. 37| 7§E (steam reforming)[13]

11:%(300~1,200 °C)lAM 5715 A7 1E] 771723 RESAIA
CO, CO, ¥ H,2 T2 FJ%= 7 (synthesis gas)ys A
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£ ek dslEoluy sHilskEo] H)7]Eel SAE welli= SOx
9 NOx7} A= o w7 7k2~el] 23Tt fall #7152 steam

Table 6. Treatment rates of acid digestion

Chemical Temperature  Pressure Rate Rate
material [°C] [psig] [g/L-h] [kg/M3-h]
EDTA 140 0-5 142 142
Cellulose 150 0-5 95 95
Neoprene 165 0-5 50 50
Polystyrene resin 170 5-10 65 65
Polypropylene 180 10-15 35 35
Nitromethane 155 0-5 “fast”  similar to EDTA
& cellulose

reforming 3732 Thae] 7124<1 7 WAIE WEEA] AXAA )
71EUe] A713E-S allshs 37goltt.
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7} A coket} char®] FE|ZE Hi=t}.

2) ko] 1¢tA|2] IgollA] 3akel f-7]dw2 oF 1,200°C2] 1L
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u] =+ 9] Synthetica Technologies @ ThermoChem, Inc.©] W=
DOE(department of energy)®] </J%|7]& (mixed waste: hazardous
and/or radioactive wasteyS *215}7] 93} steam reforming 373<
7NEFSFRATE, Synthetica Technologies A}2] steam reforming plant?]
synthetica detoxifier= -+ ©A 3702 FAE}E WA #H7]1ES]
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Fig. 2. Flow diagram of steam reforming process.
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Fig. 3. Flow diagram of Eco logic process.
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Fig. 4. Flow diagram of two-stage molten salt oxidation process.
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