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Ｃｈｅｍｉｃａｌ structure of Dioxins
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Trend of emission of Dioxins from 1997 to 2008 in Japan
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Dioxins’ concentration in flue gas from general waste incinerators

Installed by municipalities

Installed by industrial companies

Capacity of 

incineration

Capacity of 

incineration

Number of 
investigated 
incinerators

Number of 
investigated 
incinerators

Dioxins’ concentration in flue gas

Average Median Min. ～ Max.

Dioxins’ concentration in flue gas

Average Median Min. ～ Max.

≧ 4 t/h

＜ 2 t/h

2 t/h ≦ & ＜ 4 t/h

≧ 4 t/h

＜ 2 t/h

2 t/h ≦ & ＜ 4 t/h

Total/average/range

Total/average/range



産業廃棄物焼却施設の排ガス中のダイオキシン類濃度

平成19年4月1日～平成20年3月31日
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Dioxins’ concentration in flue gas from industrial waste incinerators

From Apr.1, 2007 to Mar.31, 2008

AverageDioxins’ concentration

Kinds of waste

Others 
(wood chip etc)

Sludge

Waste oil

Waste plastics

≦0.1 0.1＜,

≦ 1

5＜,

≦10

1＜,

≦ 5

40＜,

≦80

10＜,

≦40

80＜ Total*

Total* : Total of investigated incinerators



廃棄物焼却炉の各場所におけるダイオキシン類の同族パターン
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Example of dioxins’ concentration difference 

according to points of waste incinerator
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Flue gas
Inlet of EP
Outlet of furnace

EP : Electrostatic precipitator
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Examples of dioxins’ concentration profile difference 
according to sources (1/2) 

Flue gas from 

general waste 

incinerator

Fly ash from 

general waste 

incinerator

Flue gas from 

medical waste 

incinerator

Flue gas from 

metal refinery

Exhaust 

gas from 

cars

PCP(agricultural 

chemicals )
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Examples of dioxins’ concentration profile difference 
according to sources (2/2) 

Sludge of

electrolysis 

plant

Waste of

landfill

Urban air

Bottom 

sediment 

in a river

Sludge of

sewage



廃棄物焼却炉内のダイオキシン類濃度測定例
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Example of dioxins’ concentration in waste incinerator

①Hopper ②Incinerator ③Super heater ④Boiler ⑤Water tube of boiler 
⑥Economizer ⑦Temperature reduction tower ⑧Dust collector(filtration type) 
⑨Re-heater of flue gas ⑩Catalytic denitrification equipment ⑪Induced draft fan 
⑫Chimney

Temp.

Solid Gas Solid Gas Solid Gas

Inlet of slag screen

Outlet of water tube

Middle of Economizer

Inlet of bag filter
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排ガス二次燃焼温度とＰＣＤDs・ＰＣＤＦｓ分解率
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2nd incineration temperature of flue gas vs 

decomposition ratio of PCDDs・PCDFs 

Gas temperature of outlet of 2nd incineration tower (℃)

Decomposition ratio
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排ガス二次燃焼温度とPCDDs分解率

15

2nd incineration temperature of flue gas vs 

decomposition ratio of PCDDs・PCDFs 

Concentration of CO in flue gas (ppm-12％O2)
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焼結炉排ガス処理後のダスト濃度とダイオキシン類濃度の関係
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Relationship between concentration of dust and 
that of dioxins in flue gas after sintering furnace

Concentration of dust 
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集じん装置出口の排ガス中の2,3.7.8-ＴｅＣＤＤ濃度と温度の関係
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Relationship between concentration of 2,3,7,8-TeCDD in flue gas

and temperature of that after outlet of dust collector
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二次燃焼技術の例
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Example of 2nd Incineration

Incinerator

Fuel

(LNG etc)

Flowmeter Control valve

Blower

Incineration 
air

Incinerator  
body

Flue gas

Motor

Burner

Flame

Burner

Thermo meter

Connecting duct

Carry out equipment



水スプレー冷却技術の例
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Example of cooling technology of Flue gas with water spraying

Water flow 
controller

Flow meter
Control valve

Connecting 

duct

Spray 
nozzle

Motor

Control 
valve

Flow 
meter

Fan or 
compressor

Booster fanConnecting duct

Dust collector

Carry out equipment of dust

Carry out equipment 
of dust

Flue gas

Spray water

Compressed 
air tower

Thermo meter

Spray water

Water 
storage 
tank

Pump Rotation
Control
equipment
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各種集じん装置の捕集性能
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Efficiency of dust collectors
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織布フィルターでのダスト堆積過程
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Dust accumulation process on filter cloth woven

Dust Dust

New filter cloth Growing period of 1st 
accumulation layer of 
dust

Expanding period of 
accumulation layer of 
dust to whole area 

Bumpy surface Flat surface



23Pyrene : Polypropilene

代表的なバグフィルターろ布材の使用例Examples of typical filter cloth of Bag filter

Relative 

cost
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Tensile 
strengthDensity

(fiber/2.54cm)

length width length width

Fiber 
areal 
Weigh
(g/m2)

WeaveName

W
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e
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N
o
n
-w

e
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5 fiber stain

5 fiber stain

5 fiber stain

5 fiber stain
5 fiber stain

5 fiber stain

5 fiber stain

1/3 twill
original

5 fiber stain

Surface processing

Membrane  processing

Smooth

Thickness(mm)

Shag burning

Shag burning

Shag burning

Shag burning

Cotton

Therm. Resist. Nylon

Pyrene

Nylon

Polytetrafluoro-
ethylene

(Teflon)

Polyester

Acrylic fiber

Glass fiber
Glass fiber

Polyester

Polyester

Pyrene

Acrylic fiber
Therm. Resist. Nylon

Polytetrafluoro-
ethylene

(Teflon)

Glass fiber

Polyimide

Tefire (Teflon)

PPS ＊: Polyphenylenesulfide 
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Satin weave
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Twill weave



ガラス繊維製のバグフィルターによるフライアッシュの集じん性能の経時変化
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Efficiency change of collecting fly ash with bag filter made of glass fiber
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バグフィルターの払い落し方式
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Removal methods of dust from bag filter

Outlet 

damper
Outlet 
damper

Flue gas 
containing dust

Flue gas 
containing dustIn

le
t 
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r

Inlet 

damper

Continuous methodIntermittent method

Clean gas

Clean gas



振動形払い落し例（中央部振動式）
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Filter cloth

Motor for vibration

Inlet of gas 
containing 
dust

Example of vibration method

（center vibration)



逆洗形払い落し例
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Fan

Back washing
damper

Induced 
damper

Inlet of gas 
containing 
dust
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Damper open

Damper close

Rotary valve

Fan

Example of 

back washing method



パルスジェット形払い落し例
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Example of 

plus jet method
Outlet of 

clean gas

Manometer

Inlet of gas 
containing 
dust

Rotary valve

Outlet

Hopper

Tube type filter cloth 

(with supported frame)

Venturi

Timer

Nozzle

Compressed air

Electric wiring

Magnetic valve



部分集じん率の変化
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Before removal of dust

After 5 times 
removal of 
dust

Before use
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バグフィルターの分類と特徴①
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Classification and feature of bag filters (1/3)

Feature and main use

Applicable 

temperature

(℃)

(Heat resistant 

nylon)

Filter cloth

Type Material

W
o
v
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T
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b
e
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-lope

In
s
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e

S
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n
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e
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 f
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u
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Applicable from small gas volume 
to large and from general 
environmental dust to high 
temperature flue gas dust.
Certain removal of dust and 
suitable for fume. 

Small and easy dust collector

Capacity several ten m3/min

Shape

Filtration 

rate

(m/min)F
ilt

ra
ti
o
n
 

s
id

e

Removal 

method 

of dust

M
e
c
h
a
n
ic

a
l v
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ra
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n

Out-

side



バグフィルターの分類と特徴②Classification and feature of bag filters (2/3)
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Feature and main use
Applicable 

temperature

(℃)

Filter cloth

Type Material
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Glass 

fiber

(Tetron)
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S
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Metal fiber 

or ceramics

High temperature dust 

collection

Apply to high temp. flue gas 

from coal fired boiler

Compact body with Large filtration 

area over machine body volume.

High efficiency at even low dust 

concentration (suitable for such as 

air cleaner)

Continuous dust removal is 

possible.

Suitable for continuous operation 

of small volume flue gas.

Suitable for high concentration 

and abrasive dust from such as 

pneumatic transportation.

Compact body because of high 

filtration speed and can be 

installed at narrow space.

Woven 

Sintered 

compact

Out-

side

(Heat resistant 

nylon)

Removal 

method 

of dust Shape F
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s
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e

Filtration 

rate

(m/min)



バグフィルターの分類と特徴③
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Classification and feature of bag filters (3/3)

Feature and main use
Applicable 

temperature

(℃)F
ilt

ra
ti
o
n
 

s
id

e

Filter cloth

Type Material

Glass 

fiber

Tube

Enve

-lope

n
o
n
-w

o
v
e
n
 

W
o
v
e
n
 o

r 

n
o
n
-w

o
v
e
n
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s
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e

(Tetron)

～200
(Heat resistant 
nylon)

Traditionally and widely used at 

cement mill and iron plant

Compact body and can be 

installed at narrow space.

Suitable for large volume and 

easy removal dust from treatment 

such as casting sand.

Suitable for high temperature 
fume from carbon black and non-
metal refinery 

B
a
c
k
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s
s
u
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r 

b
a
c
k
 w

a
s
h
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g

Removal 

method 

of dust Shape

Synthetic fiber

such as Tetron 

Synthetic fiber

such as Tetron 
Out-

side

Filtration 

Rate

(m/min)
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バグフィルターにおける入口温度とダイオキシン類補足率
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Relationship between inlet gas temperature of bag filter 

and efficiency of dioxins’ removal
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◆ Efficiency of collection



ダイオキシン除去率の温度依存性
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Relationship between efficiency of TEQ based dioxins’ removal 

and inlet gas temperature of bag filter
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ガス状ダイオキシン類の割合
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Relationship between gaseous dioxins’ ratio 

and Flue gas temperature

Flue gas temperature (℃)
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飽和水蒸気の分率及び塩化カルシウムの潮解平衡曲線
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Relationship between water content and 

deliquescence equilibrium curve of calcium chloride

W
a
te

r 
c
o
n
te

n
t 

(%
)

Temperature (℃)

Saturated steam curve

Dry area
Deliquescence

area

Dew condensation area

Deliquescence 
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calcium chloride



バグフィルターによるダイオキシン類除去における活性炭投入効果
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Effect of Active carbon to remove dioxins with bag filter
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Flue gas Bag

filter

Inlet gas temperature 
of bag filter (℃)



ダイオキシン類処理のための排ガス処理、用活性炭系材料と主な物性①
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Materials of activated carbon and their physical property 

for treatment of flue gas containing dioxins (1/3)

Physical property 

Adhesion 
of iodine 
(mg/g)

Manufacturer or 
seller 

A
c
ti
v
a
te

d
 c

a
rb

o
n

Peat

Coal

Coal

Peat

Lignite

(tube)

5 and 9

(Pellet)

Water : 3

Ash    : 8

Loss on 

drying:  3

Ash   : 10

Loss on 
drying:  
8 or less

Sulfur : 18

Name

Materials

Raw 

materials

Pellet size and 
mean diameter 
and particle size 
distribution (mm)

specific 
surface

Apparent 
density
(g/cm3)

Technical 
analysis 
(wt%)

Loss on 
drying:  3
Ash   : 10

or  
more

or  
more

Lignite 
with 
alkaline

Wood

A
c
ti
v
a
te

d
 c

o
k
e
s

Type
Accumulative pore 

volume (mL/g)



ダイオキシン類処理のための排ガス処理、用活性炭系材料と主な物性②
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Materials of activated carbon and their physical property 

for treatment of flue gas containing dioxins (2/3)

Physical property 

Adhesion 
of iodine 
(mg/g)

Manufacturer or 
seller 

Name

A
c
ti
v
a

te
d
 c

a
rb

o
n

C
o
c
o
n
u
t 

s
h
e
ll

Coal

Coal

Coal

Coal

Coal

Coal
mash

mash

＜200 mesh : 

90 % or more

90 % or more

90 % or more

or more

or more

(tube)

90 % or more

Mean diameter :

Total pore volume : 0.32

Water : 5 
or less

Ash    : 8 
or less

Water : 5 or less
Ash    : 8 or less

volatile 

component : 14

Materials

Type
Raw 

materials

Pellet size and 
mean diameter 
and particle size 
distribution (mm)

specific 
surface Accumulative pore 

volume (mL/g)

Apparent 
density
(g/cm3)

Technical 
analysis 
(wt%)



ダイオキシン類処理のための排ガス処理、用活性炭系材料と主な物性③
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Materials of activated carbon and their physical property 

for treatment of flue gas containing dioxins (3/3)

Physical property 

Adhesion 
of iodine 
(mg/g)

Manufacturer or 
seller 

Name

specific 
surface

A
c
ti
v
a
te

d
 c

a
rb

o
n

Coal

Coal

Coconut 
shell

Wood

Total pore volume : 0.55

(Power)

(Power)

(Power)

Materials

Type Raw 

materials

Pellet size and 
mean diameter 
and particle size 
distribution (mm)

Accumulative pore 

volume (mL/g)

Apparent 
density
(g/cm3)

Technical 
analysis 
(wt%)



廃棄物焼却排ガス処理への活性炭系材料の適用例①
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Examples of effect of activated carbon applied to waste gas treatment of waste incinerator (1/3)

No. Materials
Temp.

(℃) Remarks

140 

(outlet)～
150 (inlet)

(Inlet of 

Bag filter)

Activated carbon 

(grains)

Activated carbon 

(grains)

After 

2308 hr

After 

3600 hr

After 

3500 hr

4500hr

After 
3040 hr
3960 hr

Absorbent

Activated cokes

(Pellet : 4.5mmφ×
6～7mmL)

Activated carbon

(Pellet ： 3mmφ×
4mmL)

Activated carbon
(6.2～70.mmφ,
specific surface
800 ㎡/g, pore 
volume 0.43mL/g

Powder  activated 
cokes & powder 
charcoal (20mmφ, 
specific surface
300～775 ㎡/g, 
pore volume 0.62～
0.95mL/g

Powder charcoal
(20～30μmφ,
specific surface
1050 ㎡/g, pore 
volume 0.53mL/g

Adsorber 

using flue gas from 

stoker furnace

Inlet conc.

Removal of dioxins

Outlet conc. Removal (%)

Source of flue gas 
and equipment

Waste gas 
volume

Large pilot plant 

with adsorber 

using real flue gas

Small adsorber 

using flue gas from 

stoker furnace

Adsorber using  flue 
gas from floating bed 
waste furnace

Adsorber after bag 
filter using flue gas 
from floating bed 
continual burning 
furnace

Spray injection of 

adsorbent into flue 

of small industrial 

waste furnace

Spray injection of 

adsorbent into diverged 

flue line of real furnace



廃棄物焼却排ガス処理への活性炭系材料の適用例②
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Examples of effect of activated carbon applied to waste gas treatment of waste incinerator (2/3)

Activated carbon

Activated carbon

Activated carbon

Activated carbon

Activated carbon

Materials
Temp.

(℃)
Removal (%) RemarksInlet conc. Outlet conc.

No.

Waste gas 
volume

Activated carbon
(specific surface 410 ㎡/g, 
pore volume 0.336 mL/g), 
Activated cokes (specific 
surface 52 ㎡/g, pore 
volume 0.036 mL/g

Dioxins

Chlorobenzenes

Chlorophenols

Dioxins

Chlorobenzenes

Chlorophenols

Dioxins : 99.1 

(TEQ 99.9)

Chlorobenzenes 

: 97.8, 

Chlorophenols

: ≒100

Activated carbon

Activated cokes

Activated carbon

Activated cokes

Activated carbon

Activated cokes

Source of flue gas 
and equipment

Removal of dioxins

Stoker furnace 
(350t/d), Real flue gas 
(Bag filter → Wet 
washing tower of flue 
gas → Activated 
carbon adsorber → 
Catalytic 
denitrification tower)

Spray injection of 

adsorbent into flue 

of industrial waste 

furnace

Spray injection of 

adsorbent into flue 

of stoker furnace 

(with bag filter)

Spray injection of adsorbent 

into flue of stoker furnace  and 

electrical ash melting furnace 

(plasma  type)(with bag filter 

and catalytic reactor)

Spray injection of 

adsorbent into flue 

of stoker furnace 

(with bag filter)

Spray injection of 

adsorbent into flue 

of stoker furnace 

(with bag filter)



廃棄物焼却排ガス処理への活性炭系材料の適用例③
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Examples of effect of activated carbon applied to waste gas treatment of waste incinerator (3/3)

Materials
Remarks

No.

Waste gas 
volume Temp.

(℃)
Inlet conc. Outlet conc. Removal (%)

Activated carbon

Activated carbon

Source of flue gas 
and equipment

Removal of dioxins

Spray injection of adsorbent 

into flue of floating bed ash 

gasification & melting furnace 

(one tower type) (with bag filter 

and catalytic reactor)

Spray injection of 

adsorbent into flue 

of stoker furnace 

(with bag filter)
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ダイオキシン類触媒分解の模式図

48

Schematic drawing of catalytic decomposition of dioxins

Flue gas Dioxins

Active component

Carrier of catalyst



触媒フィルターの構造と機能
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Structure and function of catalytic bag filter

Dust

Gas flow

Dioxins

Felt with catalyst

Porous membrane 

of fluorine resin



出典：三菱重工環境・化学エンジニアリング株式会社HP
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Picture of catalytic bag filter

Catalyst Fiber

Source : HP of Mitsubishi heavy industries environmental and 

chemical engineering co., Ltd
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Traditional cleaning mechanism 

of flue gas with bag filter 

New cleaning mechanism of flue 

gas with hybrid bag filter 

Dust Active carbon

Solid dioxins Ammonia

Dust

Solid dioxins
Ammonia

Protection layer with 
reaction auxiliaries

Protection layer with 
reaction auxiliaries

Clean gas

Clean gas

Gaseous dioxins Gaseous dioxins

Slaked lime 

+ Activated carbon Slaked lime 
Filter cloth

Hybrid filter cloth

Example of high performance catalytic bag filter



酸化バナジウム系触媒を用いた実排ガス中のダイオキシン類の酸化分解
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Oxidation decomposition of dioxins in flue gas 

with vanadium oxide catalyst
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都市ごみ焼却施設の設備フローの一例
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Example of process flow of general waste incineration plant

Furnace / boiler Bag filter Re-heater Catalyst

Chimney



触媒バグフィルター出入り口のダイオキシン類濃度の推移
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Concentration change of dioxins 

at inlet and outlet of catalytic bag filter

Inlet conc.

outlet conc.

Emission limit (0.5 ng-TEQ/m3
N) 

(New electric furnace for 
steel manufacturing)
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ハニカム触媒を用いた触媒反応器の一例
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Example of  catalytic reactor with honeycomb catalyst

Inlet of gas

Outlet of gas

Catalyst unit

Honeycomb catalyst
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ダイオキシン類発生量に対する配合減量への銅化合物添加の影響／鉄鉱
石焼結炉
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Effect of cupper concentration in mixture of raw materials 

for dioxins’ generation at Sintering furnace of iron ore

Conc. of cupper in 
mixture of raw materials
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Ore containing Cu 

addition



ダイオキシン類発生率に対する配合減量へのアンモニア及び尿素添加の効果
／鉄鉱石焼結炉
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Effect of ammonia and urea concentration in mixture of raw materials 

for dioxins’ generation at Sintering furnace of iron ore
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塩化水素及びダイオキシン類除去のための消石灰及び粉末活性炭の必要量（一例）

Removal ratio of HCl 活性炭吹き込み量に対するダイオキシ
ン類除去率測定例
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Example of amount of slaked lime and activated carbon 

powder to remove Hydrogen chloride and Dioxins

Semi-Dry

Dry

Feed over theoretical amount (-)
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%

)
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)

Feed amount of activated carbon (g/m3
N)

Removal ratio of dioxins over feed 

amount of activated carbon



触媒バグフィルターのダイオキシン類の除去瀬能の実測例（一例）

60

Example of relationship between removal of dioxins 

with catalytic bag filter and inlet temperature of bag filter

Inlet concentration of dioxins

outlet concentration of dioxins

Removal ratio of dioxins
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触媒によるダイオキシン類の酸化分解能（一例）
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Example of oxidation decomposition of dioxins with catalyst

Catalyst
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二段バグフィルター・活性炭吹き込み方式のシステムフロー
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Process flow of second step bag filter and activated carbon supply method

Electric 

furnace

Incineration 

tower
Cooling 

tower of 

incinerated 

gas

Damper

Damper

Blower
Mixing

tower

Blower

Bag filter 

for building

Induced 

bag filter

Active carbon

Induced line

Building line (ventilation)
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Compressed air

Industrial water

Temp. reduced 

water tank

Temp. reduced 

water pump

Temperature 

reduction 

tower
Chemicals

Chemicals 

silo

Chemicals 

supply 

blower

Instrumental air

Bag filter

Dust carry out 

instrument
Rotary 

valve

Double 

damper
Dust carry out 

instrument

Powder layer of 

chemicals and dust

Filter cloth

Treated
gas

Flue 
gas

Example of flue gas treatment flow from incinerator

Source : HP of Kurabo Industries Ltd.



焼却炉排ガス処理システムフロー例
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Example of flue gas treatment flow from incinerator

From incinerator

Two fluids nozzle

Reactor 
of slurry

Venturi

Spray control

Bag filter

Gas 
anal-
yzer

S
lu

rr
y 

c
o
n
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l

Water tankSlurry tank

Slaked 

lime 

tank

Air

Jetpack truck

P
n
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u
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s
-
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n

Activated 
carbon 
powder

Jetpack truck

Calculation 

of water-

gas ratio

Auxiliaries tank

Roots blower



触媒反応塔を付設した排ガス処理フロー例
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Example of flue gas treatment flow with catalytic reactor

二酸化チタン

Furnace
Semi-dry 

reactor

Bag filter
Re-heater

Catalytic reactor

Blower

Chimney

Cat. : Titanium dioxide
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フライアッシュ等に含まれるダイオキシン類の処理技術
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Decomposition technologies of Dioxins in fly ash etc

Decomposition technology Summary of technology

Melting type

High temperature 
incineration type

Gaseous phase 
reduction with 
hydrogen type

Dechlorination by 
heating under reduction 
condition type

Decomposition by 
hydrooxidation under 
supercritical condition type

Decomposition with 
dispersed metal 
sodium in oil type

Photo chemical 
decomposition type

Dioxins are heated over melting point （at around

300 ℃) and thermally decomposed.

Dioxins are thermally decomposed at around

1100 ℃ under oxidation condition.

Dioxins are decomposed at over 850 ℃ by reduction and  
dechlorination reaction with hydrogen under the condition 
of  without oxygen and with hydrogen.

Dechlorination by heating at around 400 ℃ under the 
condition of lack of oxygen such as methods of replacing 
of Nitrogen)

Decomposition of dioxins by using the power of solubility 
of supercritical water against organic matters at 374℃
and 22.1 MPa or more. 

Decomposition of dioxins by the reaction between 
extracted or concentrated dioxins and ultrafine particle of 
metal sodium dispersed in oil. 

Dioxins are decomposed by dechlorination reaction by 
using irradiation such as ultraviolet and oxidation power of 
ozone etc. 



Thank you for your attention !!
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