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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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S 7. ^ ^ ^ - ^ - ^ 4 ^ °\^ 49

S. 8. °^n i^^^^^l ^-^ 53

S 9. ^ J f s l - g - ^| ^ B ] 7 ] ^ ^ £^Hj-ilo] tilH 57

S 10. ^ ^ W * ] 1 ! ^ ^ til^ 58

a 11. ifczM-a ^ ^ tifl#*]-§-7l^ 62

S 12. *1^- IT Corporation51 s^^-^-g- dtzi-^-^i

<+^4s}7l^# ^-g-^ %$• 71

a 13. Vesta ^ 1 ^ ^ ̂ zl-^^^1 <i4i^-^-» ^-g-^: ^^> 74

S. 14. ^ ^ ^ ^ 4 ^ ^ i ^i^-sl-1- 3-g-tb ^.A 74

- 14 -



a 15. W^BJM!- ±A^£) Qdz^ ± A ^ 2iyd 78

3. 16. 1 - ^ ^ H H ^R>€ ^7] *r£% 80

a 17. IM-^slMt- ±^^^2) ^±^Q 4i4^^ ^ 4 81

S. 18. ̂ zi-^-^^^1: i^*b ±n-%-% 80

S. 19. ^ 4 : ^ 3 ^ 4 -̂Aj ^Zl-^ «.^ ^j,]. 8 3

S 20. 4 ^ ^ - ^ z i - ^ ] ^>^^-5)- ^-§- 1 4 85

21. Dupont CSH ^>i^-S)-l: ^-g-tb € 4 87

22. ^i^-^-l- -̂§-?]: ^ 4 ^ ^ ^ ^A ^ 4 88

23. -ihttHM^ ^ ^ . ^ A>-§-^1 € ^ 7 l - i 1^*3 108

24. ^ ^7|tHuis] NOx ̂ ^ ^ = 108

- 15 -



M

1960\3tfl

Agency; IAEAH1

(International Atomic Energy

(Radioisotope; RI)

,2], # £ 7]

6.S 71

(10:1 (100:1

^slSi^-cfls. l-?-s>aL

^ r 711-id

^ 4 . H.

t 71

till

7fl

5147} # #

4[3].

- 17 -



EPA (Environmental Protection Agency H H ^ -n-*fl ^€-° l

#-§: ^z]-f- nfl DRE (Destruction and Removal Efficiency)7>

^r (Principal Organic Hazardous Components ; POHCs)ir i3--frtt

# ^ ] tflsfl 99.99%o}^, 4 o l ^ - ^ l ° m PCBs (Poly-Chlorinated Biphenyls)

i cflgfl 99.9999%<>RH

wut mm
; Oxygen Enriched Incineration; OED^l^r. °i7|^i ^ ^ ^ f

^ ^^6)1 ^ ^ . t t < i ^ l - ^7 ] ^ ^ r i ^ ) ^^«l<y 21% ^lAJ-^-

(Alpha tight)7>

- 18 -



.-§-

- 19 -



1. ^thh-^S]- (Oxygen Enrichment)

7>.

s)-«l- ^r-g-^ol nflJ^ 3 4 . t ) ^ ^ ^^^-^of lA-l fe. 04

(NOx)

1:711 £\5L, a ! 4 dt^ i fe- 4 ^ 3̂171

4.

J l ^ OJ^^ ^-^o]] XJ-i^ ^ ^ t > ^ 4 ^ ^ 71

31 $IA^, ^ } ^ ^q-tH- JL41- «̂ JL < S i ^ ^ ^ - 1 : 7fl ^5}71

4w 37}

SJ4C5, 6, 7, 8, 9].

- 21 -



(lancing)

(oxy-fuel)

3.711 ^ t f l A ] ^

l - "̂711

l 7> 7K> £1711

15-40%)^:

- 22 -



2.

7>.

r̂ 133

5}

7H1"

4. 3,000°C

i-i- n

45}

-8-^1 7) ^1 o>

- 23 -



* ^ , COW

[10].

7]

(heat sink)S

1;

(Adiabatic flame temperature)

-1:5-1 ̂ r

3.711 f t

^ 50°C

JI

- 24 -



Fuel
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3. 3. -8HM 7>i
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S. 4.

Gas
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^ ^ 4 ^ S3Efl7> -frB)

- 5 7 -



10.

en
ot>

(kWh/NM3)

30% O2 7\$

(Crypgenic)

J i ^ £ (99% °1#)

cllfl-5.(50-2,500)

0.04 - 0.08

°-«i^l, 7] x |

^SflS. ^AA^

(PSA.VSA)

^^l^fl sitb ^-^71^1
&1 £, t ^

^ ^ £ (90-95%)

^±^rS . (1-300)

0.05 - 0.15

71̂ 1

S]£4 ^-^71-^
7r°H^Ell
i-2V^l^r^ : 10H1
^1-̂ î : ?i2:

-1 TIT H ti

(Membrane)

^ i ^ £ (25-40%)

±^SL (5 el*]-)

0.06 - 0.12

7\n

<&$&$. 7\*

*i°a-, A<?^

(0-fl^l^^^s)

i ^ £ (99% olAov)

f'fl-JS. (70 °l«f-)

[190^/O2 NMa]i;

71̂ 1

-€̂ H1 ^^l-tti^Hl- ^

1)



NOX

] 50

i ^ £ (80-95%)^ -tV^il- ^ ,

PSA7}- 3711 -n-^^tll, ^ 1 ^ PSAS] #&<%, ̂ ^ : ^1^«], ^ r^^^ l 3:

M flf1 1 ] 1 10
40 § fl>

20

, 20].

133,000W^
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all 5 [5, 6, 7]

ol

4.

o)v]

7171-

31] 71
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4. tifl#§]-§-

5.

^ 1 Bj-g-o]

] 14

6. yfl

(PICS)

±7} oa a T
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11.

<$^±

=i4i<+^-i-(NO2S.-*l)

l-d;5m (F5LA-])

J i # i | - ^ # (BrS^)

^^lS}-^-# (C6H6)

^ ^ ^ • • ^ • 1 - (UHsOH)

^ « # (Hg^),
Hli^-tl- (AsŜ i)

u]4i5}^-# (AsS^i)

«fl # *] -§- 7] §

100 ppm °1§>

600(12) ppm °1§1-

50(12) ppm °]f>\

60(12) ppm °1*1-

300(12) ppm 1̂§>

200 ppm ols>

30 ppm ol«>

20 ppm °1§T-

15 ppm °1§1-

3 ppm °1§F

10 ppm °1§F

5 ppm °}~5\

50 ppm °}^}

10 ppm °]§}-

5 mg/Sm'' °1§>

3 ppm °1§1-
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g. 11.

2. ^

afllryl-^^oj 40,000m3/h °]-AoVAl^

aH#7l-i^=o]40>000m3/h ^l1?} ^

1y"s}-^]"^-(PbS-'^i)

i3.T§-.§]-^L]"'=r(Cr-5L/*'| )

^*«<Cu5L* l>

till #*1-8-71 §

80(12)mg/Sm;' 6lsl-

100(12)mg/Sm;i 1̂§>

l.Omg/Sm'1 ol^]-

5mg/Sm^ o , ^

1.0mg/Sma °]*}

lOmg/Sm'1 °1^}-

20mg/Sm:' °]fi}

30mg/Sm:i o)*}

0.5mg/Sm:1 *l*>
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3. 11.
3. ^

*7l*H

# ¥ 3

7l7l ^ A ^

«fl » *1 -8- 71 ̂

ov#l£ 2£ol«!-

7V. « ^

H I -32. Ol -/I O3 l U O]
I.JU o a 1 ~i Hi —1

(2) 71 Hf X l ^ ^ c-1 4 ^ ^ : S]AH

1- 1,000*1 «>

•1: 500*1*1-

4 . ^ l ^ ^ A j

(!) ^ ^ l ^ i f l i )

\Z / i ^ | t̂ -r 1 ̂  Hi —

-i -rl ^f %

<a-sM4

^l€^m^l>

oi%snm

o H l ^ ^ r ^ l -

4^^> : ^ ^ ^

-1 4 ^ : mn

5 ppm O14

0.01 ppm °l'5l-

0.2 ppm °1 Sf

0.2 ppm °14

0.1 ppm °1§1-

0.07 ppm °14

0.5 ppm °l'S'l-

2 ppm °14

i- 200m

•B: i o ° | or

7l p i 7̂1 ĉ  oV/ l fcr ^1 ̂ n \X

2 ppm °1*1-

0.004 ppm °14

0.06 ppm *14

0.05 ppm °1 §f

0.03 ppm °14

0.02 ppm *1«>

0.1 ppm °1 §}

0.8 ppm °1§|-
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3 g-

1. JEAl ^ ^>^^5l]7l ^ 4 ^ [19, 20]

^ 1 ^ - Air Products *}^ S.^\&^7] (Municipal Solid Waste; MSW)

6

70%, ^-^ ^Jf-3. 30%

7K

MSW ^ ^ % ^ 20% ^7>§

l,890°FS

14. ufl

1)

2)
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Fluegas to
air-pollution
control device

MSW Oxygen-
enriched
air

Secondary air
to overgrate zone

Natural gas
burner
for startup

Primary air
to undergrate
zone

Ram feeder

Oxygen-
enriched air

Ash

16. 2:3171
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35

.30,

2S

SO-

15-

10

5 :

0

Effect?of $xygeh Enrichment
Theoretical R^Wts;80%: Excess 0$gen

1 i 1

.
1

i 1i

i

•• •-

21 22 23 24 25 .26
Oxygen, %

21 22 23 24 25 26
Oxygen, %

u
ra
a.
a
O

C/)

ou -

2 5 -

15-

10-

5 -

: : 1

i

i—

/
/

i—i i—i—

Effects of Oxygen Enrichment
Experimental Results

2,000

1,900-

1,500

1,400 -t f

I

21 22 23 24 25. 26 27 28

Oxygen, %

21 22 23 24 25 26 27 28

Oxygen, %

17.
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o.r^ cfl 7l *fl-&^-g-

3)

44

4)

RCRA (Resource Conservation and Recovery Act)°fl

-# (As, Ba, Cd, Cr, Hg, Pb, Se,

1% l̂̂ l-S., H l^s i ^-f 2.5%

2. ITS] S°<HHl-§- ^ ^ ^ ^ [7, 8]

4 ^ ^ IT Corporationi^fe ^ -^^ £°<M: 4^^^-cfl

•̂  (transportable) Hybrid Thermal Treatment System (HTTS)

^r 7fl^§V^ Louisiana^ Superfund ^ H > H ^°J ^ ° 1 4 . °1

(Secondary Combustion Chamber;

124 ^-4. s^H ife 4 4 %Vol ^^7 i§# ^V^*>JL 51 A ^ , NOX

# ^ H f e 3ij^ 97-99

120 ppmdv^] a]§fl ^
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Carbon Monoxide
Experimental Results

1.80OS

S.1.S5O;

I
1 1.600-

1,500-

1,450

•

\

i

•- •

\

•

0 50 100 150 200 250 300
COx @ 7% 02, ppm

121% • 2 4 % «27%

18. CO

Nitrogen :Ox]des
Experiment̂ Resuife_

1,800

1,550 -

1,500
0 100 200 300 400 500

NOx@7%02,ppm

I 21% • 24% • 27%

19. ^ NOx

si-

Sulfur Dioxide
Experimental Results

300 T r 3,000
SOx

21 24 27

Oxygen, %

-2,500

E

2,000 a
to

1,500 |

1,000 o
o

o m

20.

SOx^l
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NATURAL GAS

PRIMARY AIR

OXYGEN GAS

SCC
EXIT
GAS

TO
EMERGENCY

THERMAL
RELIEF COUNTERCURRENT,

OXIDATIVE KILN

WATER-
COOLED,

MAIN
OXYGEN-FUEL

BURNER GAS

FEED END DAM

OXYGEN
GAS

OXYGEN
STORAGE

TANK/
VAPORIZERS

^ 21.



3. 12. IT Corporation^)

POHCs* «fl tfl$ DREs, %

HCl ^ Cl2 ^7-iJL-i-, % or kg/h

SO2, kg/h

• a * } ! - ^ al)#, mg/Nm3"
CO afl-fr^S., ppmdv

%• ^ S H r i «H#^£(as Propane), ppmdv+

^S.4^7}^^ H^S., %dry

PCDD & PCDF, ng/dscm total

(ng/dscm, TEQ f)
NOx U|l#^=

NOx as NO2, ppmd or ^g/m3

^ T 7] f

Toluene: > 99.99%

Naphtalene:> 99.99%

Anthracene: > 99.99%

>99% or 1.8 kg/h (HCl & Ck)

627 kg/h, per air monitoring plan

<90

<100

<100

>3.0

<30 total, standard

16,000 ppmdv or 200/ig/m3

maximum per calendar quarter

£4 A]

99.9996%

99.997%

99.998%

0.027 kg/h

0.52

20.2

0

0

10.1 - 10.9

2.24

(0.05 TEQ)

97 ppmdv

99.9997%

99.997%

99.998%

0.027 kg/h

0.04 (0.55 ppm)

15.7

0.6

9.7

1.99

(0.046 TEQ)
99 ppmdv

*POHC : principal organic hazardous constituents; designated POHCs are toluene, naphtalene, and antracene
**mg/Nm' : milligrams per normal cubic meter
t Corrected to 7% O2 dry basic
f TEQ : Toxic Equivalent Quotient



3. S<£ ̂ -€-8- o)^ ± ^ ^ [13]

Vesta Technology^! °]&% (mobile) i ^ ^ 51 £ 5}

RCRA f̂ TSCA (Toxic Substances Control ActHH

^r S4^rfe PCPs^f PCBs, 4

; 2)

50%

150%7} ^7>§}^i

a 4€- o]s.o.Sfe NOx wfl

NOx H f l t f A S r 52%7>

66%7> #

4. S o
o ^^-§- ^ ^ ^ ^ z R - 3 [13]

Williams Environmental Services (WES)7>

(Transportable) ±A^^^ £ O

23 %S). «1 ^ 4 ^ ^ ^ New

Jersey Department of Environmental Protection0! ^ U ^ *

% ^7r§>^ABl 71B} a ^
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FLUE GAS

TEED iW£R

TO
ASH

CONTAINER

22. Vesta 6 l
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5. 13. Vesta °]

31 7] # X\B\% (k g / h)

*!€• £ £ . (°C)

2x\<&.±.*k ^ £ CO

CO (ppmvd)

NOx (ppmvd)

NOx as NO2 (kg/h)

NOx as NO2 (kg/ton soil)

1030

410

1090

10

255

2.0

1.9

1500

496

1100

25

245

0.95

0.65

+50

+20

+ 1

+150

- 4
-52

-66

3. 14.

31 7] # ^5]^= (ton/h)

H ^ ^ £ (°C)

2^<a^^ ^ £ CO
CO (ppmvd)

NOx (ppmvd)

NOx as NO2 (kg/h)

NOx as NO2 (kg/ton soil)

SO2 (ppmvd)

Particulates (g/dscm)

?7l/°lS

13.8

854

932

40

58

3.88

0.28

<10

0.0286

16.8

760

1040

<5

120

4.54

0.27

<10

0.0254

+22

-11

+11

<-88
+107

+17

- 4

-

-11
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WCT ASH (WENCH

FtCO MOT

OOWHTOWTR

/ - SCC BURNW

ACID MS ABSORBER

23. Williams
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5. ICI3

ICI7>

[18]

MMA (Methyl Methacrylate)

^J= ^ £ £ ^--1: ̂ f-tfl

Regeneration using OXygen)

^-g-^-S ?i^ti l^- 40% ^

SO2 30% #± ^ CO2 yfl#

AIR LIQUIDE°ll*l S - l ^ ^ 4°1

ol-g-t}.^ SAROX (Sulphuric Acid

28% ^ ^ , NOx afl# 20%

6. INEL^l ^ 7 l ^ o ] g ^ z v ^ ^ [25]

Idaho National Engineering Laboratory

880 kW^l A j ^ i z v ^ (zi& 24

, 30%,

10%3, 25 x 25 x 41

4.6

21, 28, 34

7l7}

£-

7] ^
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Feed Hopper
Water Tube Panel

Drying Grate

Air Plenum

Ash Chutel

Auxiliary
Burner

24. Riley Test 4 ^
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%

3 ^ 4 $H ^ 3 3 ^ <£sfe ^7l^] ^4- 4,300

1 ^ 1,300

4.

99

180 ppm

4.

a 194 ^4.

34%

7. JE.A] ^5ll7l ±^x$ [26, 27]

^^-^^1 AIR LIQUIDEfe •a^r^^l ^ S ? ] ^ S.*] ^

^ ^ i ^1^1^ °J%^ A]
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16.

<+4 i^£ (%)

i ^ S i f l ^ (mmH2O)

^7}^A4^ (Nm;i/h)

21

-2.54

48.6a)

28

-3.56

78.7"J

34

-5.33

123.5'"

40

-7.87

172.5'"

a is.

*hfc^E. (%)

i^-8-^ (kg/h)

21

466

47

0%

28

414

53

13%

34

383

57

22%

40

330

66

41%
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300 T

200-

100

40%

Oxygen Concentration

25. i
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S. 19.

* ± * * (%)

-^n (kg)

-A %% (%)
-LOI (%)

-̂ Tll (kg)

-̂ •i M(%)

-4 ̂  (%)
-LOI(%)

-^ ̂ -^ (%)
-LOI (%)

21

0.54

52

39

61

10.87

8.2

90

10

34

59

41

28

0.54

28

63

37

12.23

4.5

94

5.7

35

61

39

34

0.72

78

13

87

9.97

5.9

93

7.0

1.2

98

1.7

40

0.86

25

68

32

6.80

3.9

96

4.3

0.50

99

0.65
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-71 4 ^v\) <£±S-°]] ^ « } ^ A o ] * I ^ 3 o J ^hfc^S-Tr 23.8% °1& 4 .

^o] 40% # i § r £ 4 . HJM*!] ^ CO^ ^ £ f e ^ i ^ - s ] - Al *]= 70

8. #si^] ^sl-g- 4 ^ ^ ^ - i 4 ^ ^ [28]

^ (Multiple-hearth incineration process)°11^1fe #

r̂ S 204 ^4.

r^ ^1 55%7>,

35%

^ 24%

#si^] ^5l%H] tfltt CO2j THC

, CO « f l # ^ ^ £3-7> §i$i4 ^4^3- # ^ £ ^i^r-Sl- 4:

$30-60
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S. 20. Ej-^tS.^ 4:^5

• ^ ^ ~

#3*1 i?^

-O2

-CO2
-THC
-NOx

-co
-CO2
-THC
-NOx

-co
-CO2
-THC
-NOx

-co
-^MH"
-^MM-

-?f—•§-

- • ^ ^

-?l-H.-g-

- • ^ ^

^r) DSCFM :
ppmvw(d)

DSCFM1'
g TPH2) dry

% vol
% vol
ppmvw C3H8
ppmvd4)

ppmvd

lb/hr
lb/hr CsHs
lb/hr NO2

lb/hr

lb/dry ton
lb C3Ha/dry ton
1b MVdry ton
lb/dry ton

^ lb/hr
^ lb/dry ton

lb/hr
Ib/hr
lb/hr
lb/hr
Ib/hr
lb/hr

fraction
fraction
fraction
fraction
fraction
fraction

dry specific cubic feet per
- parts per million volume

>ll <+dh-r-5

18038
2.18

13.03
6.19
32.62
60.85
1129

7423
3.98
7.59
85.66

3334
1.77
3.44
38.51

1.13
0.515

5.63E-04
2.64E-03
1.38E-03
1.00E-02
4.30E-03
5.12E-04

2.61E-02
1.05E-01
4.71E-03
2.19E-02
4.63E-01
2.66E-03

h

minute, THC
wet (dry)

3-8- W

17316
3.39

12.51
8.54
38.17
60.90
1767

10174
4.63
7.53

133.04

2999
1.36
2.22
39.28

1.47
0.432

8.12E-04
2.57E-03
1.28E-03
1.02E-02
1.05E-03
9.57E-04

2.37E-02
6.24E-02
2.87E-03
1.44E-02
9.00E-01
3.16E-03

-4.0
55.4

-4.0
38.2
17
0.1
56.6

37.1
16.2
-0.8
55.3

-10.1
-23.1
-35.4
2.0

30.1
-16.2

44.2
-2.9
-7.7
1.7

-143.5
86.8

-9.2
-40.4
-39.0
-34.5
94.3
18.6

: total hydrocarbon
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9. 2} <&±^ [29]

-&}<*) 50^m 3.71*1 ^47} Q <y*H tjjsfl l

10. Dupont^ ^f-^ A}olfa ^ z ) - ^ ^ [30]

DupontS] LaPorte Plant Central Scrubbed Incinerator (CSI)-c- 1974\1

A}6l^s ^ 4 ^ . 0 5 . s l e EPA7> fl-^

MACT

THC ^ COi cfl1>

11. 71 E> ^ i ^ . 5 1 - ^-§-^-5g [31]

* 1 ^ Air Products and Chemicals*}3 Niehoff ^-[31]^ 1998^1

^ IT3
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21. Dupont CSH

Oxygen Device

None

Sparger

Sparger

None

Lance

Lance

None

Both

Both

02 Flow

MSCFH

0

20

40

0

20

40

0
10 lance
30 sparger

20 lance
30 sparger

Stack O2

%

7.8

10.5

13.2

7.8
10.6

13.1

6.5

11.8

13.1

Stack CO

ppm

1970

775

535

1700

643

378

980

471

280

Stack THC

ppm

2.12

0.30

0.25

1.75

0.28

0.23

1.21

0.30

0.21
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22.

1987

1994 -

1995

1995

Harrisburg

waste-to-energy

facility

fire-roller grate

incinerator

ram grate

incinerator

*1-£-§-#
ton/day

360

650

76

1) ^-7) $#% ^tf

2) <S 3.41*158= #±

3) *W4 t 711̂1
4) MSWS> i ^ £ #e-M] ^-A]

i7-} A] ^ 7 1 ^ A V ^ 7av^ ô

^t^-# ^ l>4i f-^o] 30%

«f^H ^ i t i ^-fi-^°l 70%
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[32]

tf oflAV

Sorensen,

-2] 7],

^ 71 26

30~35%# §1

[33]

Air Products and Chemicals 7} f r€ , ¥

274

71 7}

6] 4.

[33, 34, 35]
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SUPERHEATED
STEAM

STEAM TO
SUPERHEATERS

OEWATEREO
SLUDGE

50 '

MSW-

<D

I
SECONDARY
AIR-

02

PRIMARY AIR

BOILER FEED
WATER

•FLUEGAS

1
2
3
4
5
6
7
8
10
11
12

13,14,15

-a ^
steam incineration system
feed chute
ram feeder
inclined grate
bottom of grate
drying zone
combustion zone
burnout zone
blower
line
control valve
ducts

30,34,40,43,44,
45,50,53,60

31,42
32
36

46,47,48
51
54
55
56
62

lines

flow control valves
blower
boiler
valves
flow control device
spray nozzle
flow controller
thermocouple
flowmeter

BOTTOM
ASH

27.



28*}

1:3 ^5.°]4

4. [36]

Bobcock and

CaO

CaO - o . * A]

^ ^ y]

5. [37]

14OO~16OO°C

6. [38]
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CO
CO

(

~n12

28 ' " "

, - to

1

J

^ - 2 9

* • \

^ • 2 8

t

1 £ "
, — • . — |

ii
1 8 1
1 1
k }

Y
^—• PLANT AIR

2

—j

v_2 a'H 20

r2B I

o >

37 - ^

7 f

IK

I1
3

'6
c
"1

.

w

3

__)
5

k /
\ /
\ /

^32

r r
k \

5 -1r

^ 2 8

4

26

I"5
28 * 3 ° 28

—Y-X

26 -^

32

34

6

>

27->

27

2
3
4
5
6
7
10

1st combustion zone
2nd
cooling zone
separation zone
synthetic air generation zone
wet gas scrubbing zone
purification zone
waste feed

12,14,16,18,
20,2224,25,
26,27,28,31

29

33
36
39

lines

secondary oxygen
enriched stream

heat exchanger
cooler
line

28. 311 711 Y3£



90-

Pure
Oxygen

15 ,50

21

Wastes

i

103

Auxiliary
Fuel

Nonslagging
Incinerator

30.
\

40,

Condensing
<t? Heat

Exchanger
'14 46 I 60

After
r*]Burner|T

Waste
Heat
Boiler

13 Inert
Gas Vent

1
2
3
5
6
7
8
9
10
11
12
13
14
15
16

20
30
40
46
50
60

64

70
77
80
82
101
102
103

pure oxygen stream
waste stream
auxiliary fuel stream
combustion exit stream
after burner exit stream
boiler exit stream
dust collector exit stream
exchange exit stream
waste water stream
bed exit stream
bleed stream
2nd recirculated stream
1st recirculated stream
final recirculated stream
ash exit stream
combustion device
after burner
waste heat boiler
dust collector
recirculation fan
condensing heat
exchanger

waste water treatment
source
absolute filter
filter exit stream
pebble bed
inert vent
pure oxygen source
waste source
auxiliary fuel source
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1
2
3
5
6
7
8
9

-a ^
covering material
shaft furnace
waste charge
grate
injection lances
lower furnace
melt
upper channel

10
11
12
13
14
15
16
17

-a •£
lower channel
lower burner
extraction apparatus
pyrolysis gases
dust separation
after burning chamber
steam generator
gas cooled tube
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28- T-26

60

1
1A.1B.1C

2
3,5,7,9,11,20

4
6
8

10,21
12
13
14
15
17
18
19

22,24
23,25

26
27
28
29

29A.29B

hopper door
loading doors
combustion chamber
transfer duct
upper heat reduction chamber
heat exchangerAioiler
particulate trap
induction fan
lime bath
gas wash
lime/water mixing tank
high pressure pump
return pipe
injection port
charcoal chamber
separate lines
injection ports
oxygen generator
oxygen storage tank
oxygen vaporizer
oxygen supply duct
lines
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-a ^
waste holding chamber
hydraulic transfer ram
secondary waste holding chamber
combustion loading chamber nozzle
lime water spray
gas cleaning chamber
charcoal filter
perforated steel plate or screen
oxygen supply
hydraulic cylinder
regulated valve
1st combustion zone
combustion zones
platforms
fuel gas
ignitor
dome door
metal housing
ash rams
guide rod
wet ash tank
cylindrical conduit

32.



1. ^±^-s\- ^|7l# iz]- ^ [39]

2. i6efl7l ^ z | ^ -§-«fl^e| -̂=8 [40]

^t^^S.7> 50%

^ 800-1,200°ColH

3. <+±: ^a^ l - ^-y]tv 4^s.-a- i ^ - ^ ^ [41]

1̂ 71

4. S^f-^^lM^^^l ^>^̂ -S}- d>4^^ [42]

22-40%^

ZL

5. ^i^-Sl- 3̂ 17]# i 4 [43]

- 99 -



32

17

10
12

13,14
16
17

18-1 - .18-6
19

20-1 - 20-5
27

-a ^

°JnL

-tn1-

"B7]->f

30
:«
36
40
46
50
60
62
64

-a ^
431E.

Us)- n ^

iT«]-«- 0}°)-

-V-l

- 100 -



3t-

HP

ro

r|

- 101 -



30-80%^80%^ <&±^% 7} 3JI

fe 7]#o]4.

€-§-51-71-€

- 102 -



21

(Cd)

<S£

tf £ (Oi)

—ft

35.

- 103 -



2) <£§. ±V}% # ° H f 3)

(hot spots)"

(gas momentum)0!

Union

1. WlH

Union

364

(aspiration)^ ^^^f}^} tb ^°14 . °1 f 7fl

- 104 -



13

— X

36. Union Carbide*}^

- 105 -



44 H^ 374

l- NOx

15-30 m/s

^ ^ . ^ ^ ^ ^ 1 - 50% €^=«>7l ^ s M ^ ^r^^l -̂ -̂ f̂ - 14

0-290 m/s ^£7> s ] ^ ^ W . 4 ^ 1 o^^l ^7l/«as. ^11- o ] ^ £

^ ^ 1 - <^A^^ ^ 1 ^ 150 m/s, W>^^§>711^ 240 m/s a)^°) s]^°> tb

1 -fr̂ r ^ ^ ^ - 140-300 m/s

2. NOx

a 234 £•&

^*1 f̂l-8-tfls. ^ll^-^ ' ^ r t ^ ^ l ^ ^ i (oxygen aspiration burner)'4 Q#

«1M (swirl burner)^ tflsi] ^^AV^-l- ^ ^ ^ ^ ^ > i ^ £ ^ l 4

44 NOx̂ l ^^^=1- 144^^4.

^7l /« iS . » 1 4 ^ NOX

90%7> € wfl^H ^7>-§>Jl ^^Cfl, o)^. Sl-^^£Sl ^

^ ^ 90% * 1 ^ 100%

lJE.S NOx

- 106 -



20 40 60
VOL % 0 2 IN OXIDANT

37:

- 107 -



3. 23.

CH4

GzHe

N2

0 2

C3H8

C3H6

i-C4H8

^ ^

(Gross)

(Net)

^•21 %

96.0

1.6

1.6

0.3

0.3

0.1

0.1

MMBtu
(lb-mole)

0.383

0.346

BTU
(ft3 at 60°F)

1010

910

a 24. NOx

21

30

90

. 100

Lbs/MMBtu

0.044

0.19

0.41

0.10

- 108 -



38.

- 109 -



24^ ^ ± ^ £ 90%^1^ iHJ3 i r NOx ^

^*] ^ ^ ^ 1 4 . °ls^tt «fl*r ^ ^*]7T#S ^2:^1 Linde A
47}X] $) *}£_ 4^- H ^ f ol-g-§]-cij A V ^ ^ s . ^S>Al?l

^ NOx ^ 3 ^ «l^t!: ^ ^ 39 [5, 47]<>1HH °s
v ̂ r Si

4.

- 110 -



2 .5

2.O

2O 3O

FURNACE TEMPCF)

BURNER 2OOO 23OO 27OO

BLOOM O C A .

KIN EM AX ©

OXYTHERM • • •

LINDE A O D ^

\

SO 6O 7O
O 2 In O X I D A N T (%)

8 O 9O 1OO

39.



71

till 7l

4.

2.

7}.

4.

± 7} b ^j NOx

- 113 -



WB 71 till 71^1

- 114 "



I * *!-§-

^ 7 1 ^

71 ^

^ a.Til

7fl̂ r 3-*| ^711

- 115 -



1. International Atomic Energy Agency, "The Management of

Radioactive Wastes Produced by Radioisotope Users", Safety

Series No. 12, Vienna (1965).

2. International Atomic Energy Agency, "The Management . of

Radioisotope Wastes Produced by Radioisotope Users", Safety

Series No. 19, Vienna (1966).

3. International Atomic Energy Agency, "Treatment of Off-Gas from

Radioactive Waste Incinerators", Technical Reports Series No.

302, Vienna (1989).

4. Lee, C.C. et al, "Innovative Thermal Destruction Technologies",

Pub. in CRC Handbook of Incineration of Hazardous Wastes,

Chap. 7, pp.256-292 (1991).

5. Ho, M.-D., Ding, M.G., "The Use of Oxygen in Hazardous Waste

Incineration; A State-of-The-Art Review", Proc. 3rd International

Conf. on New Frontiers for Hazardous Waste Management, 10-13

Sep., 1989, Pittsburgh, USA, pp.285-305(1989).

6. Journal Article, "Oxygen Enrichment Enhances Performance of

Hazardous Waste Incinerators and Cement Kiln", Hazardous

Waste Consultant, vol. 13, No. 1, pp. 1.12- 1.19 (1995).

7. Acharya, P. and Schafer, L.L., "How to Select an Oxygen-Based

Combustion System for Rotary Kiln-Based Hazardous Waste

Incinerators", Proc. of the 1994 International Incineration Conf.,

Houston, Texas, USA, pp. 403-412 (1994).

8. Acharya, P. and Schafer, L.L., "Consider Oxygen-Based

- 117 -



Combustion for Waste Incineration", Chemical Eng. Progress,

March, pp. 55-62 (1995).

9. Niehoff, T., Dudill, R, and Baukal, C.E., "Oxygen Lancing to

Improve Municipal Solid Waste Incineration", Proc. of the 1996

International Incineration Conf. on Incineration and Thermal

Treatment Tech., Savannah, Georgia, USA, pp. 527-530 (1996).

10. Bomelburg, H.J., "Efficiency Evaluation of Oxygen Enrichment in

Energy Conversion Processes", PNL-4917, Pacific Northwest

Laboratory, 1983.

11. Weast, R.C., et al, Handbook of Chemistry and Physics", 70th

Ed., CRC Press (1989).

12. "KAOS i 4 ^ : ^ B ^ s ) - ^ ] ! - o]-g-ft B|]7]1- ^ S " , 3 i f ? l |

^ 3 4 & s£f-«ff l*] i -H^ ! r^ 3 4(1999).

13. Baukal, C.E., Romano, F.J., and Moore, G.L., "Waste Incineration

Performance Improvements with Oxygen-Enriched Combustion",

Proc. of Fossil Fuel Combustion, Houston, TX, 26-30 Jan., 1992,

American Society of Mechanical Engineers, pp. 1-6 (1992).

14. Bakker, P., "New Enriched Air Fuel Combustion Technologies",

Conf. 24th Annual CIM Hydrometallurgical Meeting and 33th

Annual Conf. of Metallurgists of the Canadian Institute of

Mining, Metallurgy and Petroleum: Impurity Control and Disposal

in Hydrometallurgical, Toronto, Aug. 21-25, 1994, pp.177-189

(1994).

15. 7l£-g- 9\, "317l# i 4 ^ 7 l # ^ " , 5 t ^ # e | ^ ( 1 9 9 3 )

16. Murzyn, P.J., Ho, M., and Romano, L. Jr. "Oxygen-Enhanced

Hazardous Waste Incineration: A Detailed Discussion of the

Technology and Economics", Conf. of Hazardous Materials

- 118 -



Control/Superfund '91, Dec. 3-5 1991, Washington DC, USA, pp.

416-418 (1991).

17. Linak, W.P., et al, "Rotary Kiln Incineration: The Effect of

Oxygen Enrichment on Formation of Transient Puffs During

Batch Introduction of Hazardous Wastes", Proc. 14th Annual

Research Symposium on Land Disposal, Remedial Action,

Incineration and Treatment Hazardous Waste, USEPA, Cincinnati,

Ohio, USA, 1988.

18. Beaudoin, P. et al, "The Use of Pure Oxygen in Incineration

Processes, Laboratory and Pilot-Scale Experiments, Modeling, and

Industrial Applications", Proc. of the 1994 International

Incineration Conf., Houston, Texas USA, pp. 419-423 (1994).

19. Shahani, G.H., et al, "Oxygen enrichment for waste combustion",

Proc. of the 1994 International Incineration Conf., Houston, Texas

US, pp. 425-429 (1994).

20. Shahani, G.H., et al, "Intensify Waste Combustion with Oxygen

Enrichment", Chemical Eng. Progress, February, pp. 18-24 (1994).

, pp. 185-196, 1992.

22. Joshi, S.V., "Oxygen Enriched Air/Natural Gas Burner System

Development; Annual Report July 1984-June 1985", GRI-85/0172,

Gas Research Institute, Chicago, IL, USA (1985).

23. Werly, B.L., ."Flammability and Sensitivity of Materials in Oxygen

Enriched Atmospheres", ASTM Special Technical Publication 812,

(1982).

24. Komamiya, K, "Fire and Explosion of Oxygen-Enriched

Atmosphere", ^ J k X P , vol. 37, 122 (1998).

- 119 -



25. Stevenson, E.M., Batdorf, J.A., and Logan, J.A., "The Effect of

Oxygen Enrichment on the Capacity, Emissions, and Ash Quality

of a Controlled Air Incinerator", Proc. of the 1994 International

Incineration Conf., Houston, Texas US, pp. 413-417 (1994).

26. Milosavljevic, I., et at, "Combustion Improvements for the

Environment in MSW Incineration", Proc. of the 1998

International Conf. on Incineration and Thermal Treatment

Technologies, Salt Lake City, Utah, USA, pp.283-286 (1998).

27. Milosavljevic, I. and Pullumbi, P., "Dioxins and Furans in

Incineration: Experimental and Modeling Study", Proc. of the 1999

International Conf. on Incineration and Thermal Treatment

Technologies, Orlando, Florida, USA (1999).

28. Leger, C.B., "Oxygen Injection for Multiple Hearth Sludge

Incinerators", Proc. of the 1998 International Conf. on Incineration

and Thermal Treatment Technologies, Salt Lake City, Utah,

USA, pp.537-544 (1998).

29. Henrich, E., Burkle, S., and Rumpel, S., "Waste Char Combustion

in Oxygen Enriched Air", Proc. of the 1999 International Conf. on

Incineration and Thermal Treatment Technologies, Orlando,

Florida, USA (1999).

30. Robertson, R.R., et at, "Oxygen Enrichment for MACT

Compliance at Dupont Laporte Central Scrubbed Incinerator",

Proc. of the. 2000 International Conf. on Incineration and Thermal

Treatment Technologies, Portland, Oregon, USA (2000).

31. Niehoff, T.B., Dudill, R., and Baukal, C.E., "Oxygen for Thermal

Waste Processing", Proc. of the 1998 International Conf. on

Incineration and Thermal Treatment Technologies, Salt Lake City,

- 120 -



Utah, USA, pp.575-578 (1998).

32. Sorensen, L.E., "Process for the Incineration of Combustible

Materials", US Patent No.4762074 (1988).

33. Goff, S.P., et al, "Solid Waste-to-Steam Incinerator Capacity

Enhancement by Combined Oxygen Enrichment and Liquid

Quench", US Patent No.5052310 (1991).

33. Abboud, H.I., and Efferson, C.E., "Closed Loop Incineration

Process", US Patent No.5179903 (1993).

34. ibid, US Patent No.5402739 (1995).

35. Abboud, H.I., "Fuel Gas from Incineration Process", US Patent

No. 5450801 (1995).

36. Downs, W., et al., "Incineration of Hazardous Wastes Using

Closed Cycle Combustion Ash Vitrification", US Patent No.

5309850 (1994).

37. Gross, G., and Lichtmann, F., "Process and Apparatus for Waste

Incineration", US Patent No. 5505145 (1996).

38. Whaley, C.W., "Process and Apparatus for Ventless Combustion

of Waste", US Patent No.5678498 (1997).

39. oj tge, "^7}$\ ^ d t ^ - B ] ^ ^ - ^ ^R> 3fl7l#^ ±^7]£", ^^Hf*)

A 01485095: (1998).

40. T - M ° M 413.^, "^efl7l ^ 4 ^ -8-sfl^^ ^z\- o.

§>^ ^ B l ^ l " , %^^^ A 0154364s (1998).

41. S ^ ^ o i i ^ Bfla .^^^, "^>i € ^ # =?-*]%

%• ̂ " , ^ 7 1 ] ^ 4 1998-0331213: (1998).

42. SJLf- ^^5 l^> , "^^^-51-^711- 61-g-f!: i

^s .^ .§ ] ^i 10-0239180S (1999).

43. 4 -̂s?-, "^i^-il- 311 ?]% ZiA^n ^ ^zl^^", ^A^n A

- 121 -



2000-00135133. (2000).

44. Anderson, J.E., "Oxygen Aspirator Birner and Process for Firing

a Furnace", US Patent No. 4378205 (1983).

45. ibid, "Oxygen Aspirator Burner for Firing a Furnace", US Patent

No. 4541796 (1985).

46. ibid, "Oxygen Jet Burner and Combustion Method", US Patent

No. 4907961 (1990).

47. Kwan, Y. et al, "Oxygen Enriched Combustion System

Performance Study : Volume III - Burner Tests and Combustion

Modeling", US DOE Report No. DOE/ID/12597-2, Energy and

Environmental Research Corporation and Union Carbide

Corporation Linde Division, (1988).

- 122 -



*) *1 * s- «• 4

KAERI/AR-573/2000

* * / J M

(AR,TR Jf-S] 7J4- ^7]7})

#£*1

sfl o] x\ 122 p.

"Ti "̂ i"7l ̂ i*y$ JT?. ̂ i Ĥ ?-
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