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SUMMARY

Oxygen enriched combustion technology has recently been used in
waste incineration. To apply the oxygen enrichment on alpha-bearing
waste incineration, which is being developed, a state-of-an-—art review
has been performed. The use of oxygen or oxygen—enriched air
instead of air in incineration would result in increase of combustion
efficiency and capacity, and reduction of off-gas product. Especially,
the off-gas could be reduced below a quarter, which might reduce
off-gas treatment facilities, and also increase an efficiency of off-gas
treatment. However, the use of oxygen might also lead to local
overheating and high nitrogen oxides (NOx) formation. To overcome
these problems, an application of low NOx oxy-fuel burner and
recycling of a part of off-gas to combustion chamber have been

suggested.
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Fuel In Air (°C) In Oxygen ("C)
Hydrogen, H> 572 560
Carbon monoxide, CO 609 588
Methane, CHy 632 556
Ethane, CoHs 472 450
Ethylene, CoHa 490 485
Acetylene, CoHa 305 296
Propvane, CsHs 493 468
Butane, C4Hio 408 283
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Gas In Air (°C) In Oxygen (°C)
Benzene, CsHs 580 566
Carbon disulfide, CS2 120 107
Ethane, C;Hs 472 432
n—Pentane, CsHi 290 258
Toluene, C¢HsOH 552 516
Hydrogen Sulfide, HS: 292 229
Petrol, 92 octane 430 415
Diesel oil, 60 cetane 247 242

Fuel

In Air (m/sec)

In Oxygen (m/sec)

Propane, C3Hs
Hydrogen, H;
Acetylene, CoH>

0.46
3.3
1.7

3.9
11.7
11.1
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® 1L 27A1d B wiEsdr)E

e 9 E 2 LU= B B
o} 1] o} 100 ppm ©] 3}
SPVE RPN 600(12) ppm ©]3}
EE Y 50(12) ppm ©] 3}

2
b

60(12) ppm ©] 3t

BALEE (SO2AM)

300(12) ppm °]3t

A 2AESHE (NO 2 A) 200 ppm ©] &t
o] steta 30 ppm ©| 5t
Tedds= 20 ppm ©l 8t
Z3ra 15 ppm ©]3}
E43tE (FEA) 3 ppm ©] 3}
Al QbSh A 10 ppm ©] 3
B E3E (BrEA) 5 ppm ©] 38t
2 835 (CoHo) 50 ppm ©] 5}
#5332 (CeH-0H) 10 ppm °]3

B A5 E (AsEA)

3 ppm ©]3}




Bl R e

v 27} 2~ 2ko] 40,000m3/h ©] A1 A

80(12)mg/Sm” °] 3}

vl &7} 2 880]40,000m3/h o5 A4

100(12)mg/Sm® ©] 3}

| F=E8EE(Cd 2A)

1.0mg/Sm®* ©] &}

93 gE(Pb2A) 5mg/Sm’ ©] 3}
AEZFE(CrEA) 1.0mg/Sm® °] &}
T2 3 FE(CuZA) 10mg/Sm” o] &}

20mg/Sm” ©| &}

30mg/Sm® °)] 3}

H| A 2 0.5mg/Sm” °] s}
o < FAMHER 2% 0|3}
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ol &stv g 0.1 ppm ©13t | 0.03 ppm °]3}
Egrgolrl 0.07 ppm ©)3} | 0.02 ppm ©]3}
oM EYH S| = | 05 ppm ©l3 | 0.1 ppm ©]3}
SE R 2 ppm ©}3} 0.8 ppm °] st
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L

H 2kl eb vl=ba] Al E EA S RUIEA, d3E 2 33 E 9
%9 A vl= RCRA (Resource Conservation and Recovery Act)el
TR 87}x 5% (As, Ba, Cd, Cr, Hg, Pb, Se, Ag)2 A3t

2 T2 AsEo] E9E RS ALdstH 22 ¥t e

=]
QEat o

Bao] §Fe gAY A9 1% oSz, vlaAel BS 25% ola

2. 1T EFEYS 27354 [7, 8]

v]=2] IT Corporation®lAl& LBE EY }
& (transportable) Hybrid Thermal Treatment System (HTTS) A&Z+2#
S /&3t Louisiana®] Superfund FA A &4 FTolt}, o] A2zZFA

& Zelglgd e olxk 944 (Secondary Combustion Chamber;, SCC)<

2ased olguE &%

Ol
rr

4

o

2% ABoR orld 713, AAH B Fa) A2/A2 ¥y o] &7

Az AN BHoR AxRR/Ee AESPon ok ¥ 217 2.

A2RH7Ee Hgste AR AF L AYSAH FHAH 2L Are

E 129 2h EelA mE vle} 2o A%/ES wESD 3lon, NOx

ME5EE W7 9799 ppmdvE 2 8o B £4% 47T 4
1

20 ppmdvel B]3] o w3kt
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# 12. v] = IT Corporation®] EXE YL A3 A 4422 37&S A&
Ngant A% 457 & an e
ofu] Ay Ay &
POHCs" o] @& DREs, % Toluene: =99.99% 99.9996%
‘ Naphtalene: >99.99% 99.997% 99.9997%
Anthracene: =99.99% 99.998% 99.997%
HCl 2 Cl, AAEE, % or kg/h >99% or 1.8 kg/h (HCl & Cl) 0.027 kg/h 99.998%
S0q, kg/h 627 kg/h, per air monitoring plan 0.52 0.027 kg/h
AA23d ¥ZE, mg/Nm™ <90 20.2 0.04 (0.55 ppm)
CO w& %X, ppmdv <100 0 15.7
% ©3}44 ¥|Z % S(as Propane), ppmdv’ <100 0 0.6
AEWEItASE A2FE, %dry >3.0 10.1 - 109 9.7
PCDD & PCDF, ng/dscm total <30 total. standard 2.24 1.99
(ng/dscm, TEQT) (0.05 TEQ) (0.046 TEQ)
NOx wWj&% 16,000 ppmdv or 200 ¢ g/m’ 97 ppmdv 99 ppmdv

NOx as NOg, ppmd or gg/m’

maximum per calendar quarter

*POHC ' principal organic hazardous constituents; designated POHCs are toluene, naphtalene, and antracene

o 3. o1t .
**mg/Nm” . milligrams per normal cubic meter

T Corrected to 7% O: dry hasic
T TEQ : Toxic Equivalent Quotient




3. EY 5U& ol5d &ZAFA [13]
Vesta Technology® ©l%3 (mobile) £2ZF R L &9 ZEle| D23

AZ2E MR o JAPEAA Fee 19 229 2o o] A4 AL

u]=2] RCRA® TSCA (Toxic Substances Control Act)ollA A3k 713
%78 PCPs$t PCBs, thol 41, 2 €A, 281 & &3 7

E& A E AR EYEAY 8L e FH.

H71Ae] FAFSE Fdez 1) EE U 9

ttlo

NaFEsled Agor £04 E¢ APl 50% AL, F
2H9 A2Y HPEFoz DA 150%7t FASAEE o= A
Aol gAY 2L AATI fd =

A
Ashes Azke]l golzA WEelth E THE o]5o2: NOx

\

BN

Williams Environmental Services (WES)7} €831 gt &43
(Transportable) &2t882 EGA e 2 47t HAEE £ ey FH2
ZEHEEE, & AolFE, ozt dAA, ¥, ZTddar], bz, Al
A71A A7 R 2 FAHATN(IE 23 Fx). o] AZFHL New
Jersey Department of Environmental Protection®] A3t x4 &2 wj&
71E Wl AaFsries HEsden, 2 A2FE F 140 HAAdh

NERHAES ASToz AAFEL B% TAFNUSH JE BE Wz
&
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a3 22. Vesta °1538 427434
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® 13. Vesta ©o]53 AZFFAd 4k4

d s71/9 8 A/AR | FRH%)
H71E A F (kg/h) 1030 1500 +50
ZE 2% (TC) 410 496 +20
2AAA2HE 2= (C) 1090 1100 + 1
CO (ppmvd) 10 25 +150
NOx (ppmvd) 255 245 -4
NOx as NO: (kg/h) 2.0 0.95 -52
NOx as NO; (kg/ton soil) 1.9 0.65 -66

E 14 53 AT AaFstE A8 A

Aq =t F7/A R AA/AE F7H%)
H71E A #F (tonvh) 13.8 16.8 +22
A8 2% (C) 854 760 =11
22t A 2% (7)) 932 1040 +11
CO (ppmvd) 40 <5 <-88
NOx (ppmvd) 58 120 +107
NOx as NO: (kg/h) 3.88 454 +17
NOx as NOz (kg/ton soil) 0.28 0.27 -4
502 (ppmvd) <10 <10 -
Particulates (g/dscm) 0.0286 0.0254 -11
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5. ICI9] &4t 71E &7A =34 [18]

ICI7} /B3t MMA (Methyl Methacrylate) A3 AolA] W5 = 3
AHNES 4274 HYse 7lee 19929 HAA PFAde F7E oL
Asubalolget, o] FAE g 2o AIR LIQUIDEOA EHa2] 9 s}o]
d 58 53 AAE ol&s& SAROX (Sulphuric Acid
Regeneration using OXygen) 71€ 2 /MAsdt. o] st AtA¥-317] & 9]
Hgoz AMuE 40% Ak, oy 28% Aok NOx W& 20% &,

SOz 30% 4 2 CO: ¥MiE Zad ARE dAUTH

6. INEL2] F7]AA8 27234 [25]
o= Jdaho National Engineering Laboratory (INEL)olAM = 2E# 3

FAAE 712 & 880 kW AE4LAZ (29 24 Fx)d AAaF-3
71e& HE3H AgH AAF3 AT JqAMNA FFE7] L 713
7], AAAETF Aol B, A& FJAHAAR FFEFIHE AdaF7) AZEH i

i
2
N
=

3o a7tggel Hul7t A8 # Qe ANLERAL NFoE Aa

7} 21, 28, 34 R 40%°l A FAstATE  AAT LA ERHEL E 169
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AaFsE (%) 21 28 34 40
8] A

-5FA (kg) 0.54 0.54 0.72 0.86

-gh A %) 52 28 78 25

-2 (%) 39 63 13 68

-LOI (%) 61 37 87 32
B} 7

A (kg) 10.87 12.23 9.97 6.80

-gha (%) 8.2 45 59 3.9

A = (%) 90 94 93 96

-LOI (%) 10 5.7 7.0 4.3
¥ A

-ghA 3=H(%) 34 35 o 1.2 0.50

A & (%) 59 61 98 99

-LOI (%) 41 39 1.7 0.65
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Tatglen AAHA dreEE 238%C13 0
27 Al vhgA] Fol WFE v
FFol 40% Fxzstdrh W7IAl F CO9 wRE ALFB Al o 70%
= 35wl AAl waehA] edskth thel §41/F e
B fEsE7t 130182 ERen 248 FE oF 10%4 = FUhakie
AhzRsizl 270 dW7IAl F thel K Ald Fte
Gobry] 913 Bd ATREEH[27] 272 Yol A ol A7 Fake]
i A 8l 9 Fge AaFsE AL BAE VAR ey, 4T
A E thelgalelut Fdel disiMe Aol JFL vIAA e Aozt

< &3t 3

8 £#A AHEE g2 &24FAH [28]

ol oA a £82] Ao ol F&HT e gtRY 24T
A (Multiple-hearth incineration process)oll A+ &21#|o] X g% thake
FEE SUAIN st B oA rt Basty, WdEGF 3 JI3]

gt olga SeX 474 guey A2z A 596 6749 Aa F9

+dolA 35% HAstAed, e8A A P dm L8 FS AF7]



E 20 HEA A7) AR H8 A

g5 9 o9 F7) 27 | AbA A7V | W3H%)
25 % DSCFMY 18038 17316 -4.0
£8A F5% TPH? dry 2.18 3.39 55.4
Hi71A 5=
~Oq % vol 13.03 1251 -4.0
-CO; % vol _ 6.19 854 38.2
~-THC ppmvw® CsHs 32.62 38.17 17
-NOx ppmvd? 60.85 60.90 0.1
~-CO ppmvd 1129 1767 56.6
A 2
-CO2 Ib/hr 7423 10174 37.1
~THC Ib/hr CsHs 3.98 463 16.2
-NOx Ib/hr NO; 759 753 -0.8
-CO lb/hr 85.66 133.04 55.3
Az 854 9 HAF
~CO2 Ib/dry ton 3334 2999 -10.1
~THC b CsHg/dry ton 1.77 1.36 -23.1
-NOx Ib NO»/dry ton 3.44 2.22 -35.4
-CO Ib/dry ton 3851 39.28 2.0
AR vl &=
-~ A342A Ib/hr 1.13 1.47 30.1
-AxAAEZ Ibh/dry ton 0.515 0.432 -16.2
FE5 MEF
-H) & Ib/hr 563E-04 | 8.12E-04 44.2
=t Ib/hr 264E-03 | 257E-03 -2.9
-3 = Ib/hr 1.38E-03 | 1.28E-03 -77
- Ib/hr 1.00E-02 | 1.02E-02 1.7
-5 Ib/hr 430E-03 | 1.05E-03 | -1435
-y Ib/hr 5.12E-04 | 957E-04 86.8
Fe5 EH &
-H] A& fraction 2.61E-02 | 2.37E-02 -9.2
-Jleg fraction 1.05E-01 | 6.24E-02 | -404
-3 = fraction 471E-03 | 287E-03 | -39.0
- fraction 2.19E-02 | 144E-02 | -345
-2 ‘fraction 4.63E-01 | 9.00E-01 94.3
-1 fraction 2.66E-03 | 3.16E-03 18.6

) DSCFM : dry specific cubic feet per minute, THC : total hydrocarbon
ppmvw(d) : parts per million volume wet (dry)
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10. Dupont®] 953 Ato]&E 42433 [30]

Dupont®] LaPorte Plant Central Scrubbed Incinerator (CSI)& 19741
ol AL 7hEE 2 dFH AolEE 2ATHLE I EPAYE A
3 A4 MACTS A8S ©FehA Rsnz s Ho R A
dgolet. o 2Z4FAd daRFEHE HEFLR E 213 Zo] MACT

4 4% THC 2 CO°l e S 8558 H53hs U

11. 718k A&R3t 4834 [31]

"= Air Products and ChemicalsAte] Niehoff 5[31]% 19981 7l =]
¥ IT3 Conf.olA 2 FoF A2H3E AL AzFZA s 24354
=dl A dFT AE AT UnAE oo A=lste] F 224 A
o},
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¥ 21. Dupont CSIdl At4A83lE A &3t 23
. 02 Flow | Stack O: | Stack CO [Stack THC
Oxygen Device -
MSCFH % ppm ppm
None 0 7.8 1970 2.12
Sparger 20 10.5 775 0.30
Sparger 40 13.2 535 0.25
None 0 7.8 1700 1.75
Lance 20 10.6 643 0.28
Lance 40 13.1 378 0.23
None 0 6.5 980 1.21
Both 10 lance 11.8 471 0.30
30 sparger
Both 20 lance 13.1 280 0.21
30 sparger _
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1 steam incineration system
2 feed chute
3 ram feeder
4 inclined grate
5 bottom of grate
6 drying zone
7 combustion zone
8 burnout zone
10 blower
11 line
12 control valve
13,14,15 {ducts
30,34,40,43,44, | lines
45,50,53,60
31,42 flow control valves
32 blower
36 boiler
46,47,43 valves
51 flow control device
54 spray nozzle
55 flow controller
56 thermocouple
62 flowmeter
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Ist combustion zone

2nd "

cooling zone

separation zone

synthetic air generation zone
wet gas scrubbing zone
purification zone

waste feed

N OOV AWM

—
<

I 4 o

3

12,14,16,18, |lines
20,2224,25,
26,27,28,31
29 secondary oxygen
enriched stream
33 heat exchanger
36 cooler
39 line
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kA 4 4
1 |pure oxygen streamn
2 | waste stream
3 |auxiliary fuel stream
5 |combustion exit stream
0™\ 6 | after burner exit stream
\ 7 |{boiler exit stream
15 50 8 |dust collector exit stream
j ,\/ 9 |exchange exit stream
- 1:& 10 | waste water stream
Condensin 11 |bed exit stream
67 Heat I § /13 I(rsmertv 4 12 |bleed stream
2 & Exchanger G5 VB | 13 |2nd recirculated stream
Pure ( 14 46 60 Filter i 14 |1st recirculated stream
101 L[ Ox ygen T 30 401 | i 70 {80 70 12 15 |final recirculated stream
Nonslagging \ ! i 16 |ash exit stream
2 Wastes \ Waste Dust Ca0 bustion devi
10 [ » Incinerator gﬂefer Heat Collector Pebble] 38 ccf)tr:r %stlor; evice
: N urn N a urner
Zb/ 3 ég:}hury ( TBO“QI T Bed 82 40 | waste heat boiler
: 46 |dust collector
lo3b/ S 6 7 8 9 7 I FILTERS 50 |recirculation fan
Ash 16 10 60 |condensing heat
Waste exchanger
WOTBT ,\ 64 | waste water treatment
To Disposal {Treatment 64 source
70 |absolute filter
77 |filter exit stream
80 | pebble bed
82 |inert vent
101 | pure oxygen source
102 | waste source
103 | auxiliary fuel source
a3 29 AN/EENEE EYD ALPEH 243
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covering material
shaft furnace
waste charge

[SVEE S RE

5 |grate

6 |injection lances
7 |lower furnace
8 |[melt

9 lupper channel

10 [lower channel

11 lower burner

12 |extraction apparatus
13 |pyrolysis gases

14 {dust separation

15 |after burning chamber
16 steam generator

17 | gas cooled tube

29 30 #AUEY FaR s

27374
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9
4N g Wz 4 9
1 hopper door
1A,1B,1C  }loading doors
l k__ 3 -8 2 combustion chamber
35,79,11,20 |transfer duct
4 upper heat reduction chamber
23 25 —2 6 heat exchanger/boiler
4 8 particulate trap
9 10,21 induction fan
10 12 lime bath
13 gas wash
14 lime/water mixing tank
15 high pressure pump
17 return pipe
22 " 18 injection port
19 charcoal chamber
22,24 separate lines
23,25 injection ports
26 oxygen generator
27 oxygen storage tank
28 oxygen vaporizer
29 oxygen supply duct
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HE 4 9
64X 67\ 30 waste holding chamber
i ' 33,38,42 hydraulic transfer ram
34 secondary waste holding chamber
40 combustion loading chamber nozzle
47 lime water spray
3 38 43 gas cleaning chamber
i 86 50 charcoal filter
M~ l l 51 perforated steel plate or screen
52 oxygen supply
Al f B 60 hydraulic cylinder
\ T\ 0T 65 regulated valve
) ) 66 Ist combustion zone
50 5’ 70,71 combustion zones
70A,71A | platforms
87 fuel gas
83 ignitor
89 dome door
91 metal housing
S P o 92,93 ash rams
298 | e 94 guide rod
§ 95 9% wet ash tank
9% cylindrical conduit
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