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Preface

Recently. air poliution has become a serious in developing countries with a background of rapid
urbanization and industrialization. Technologies for measuring and reducing pollutants at their
sources have not been prevailed widely in these developing countries, making the
implementation of effective air pollution control measures difficult.

Japan itself experienced extremely severe industrial pollution in its period of rapid economical
growth, but has achieved remarkable results in air pollution control through the effort of both
government and industry.

Much of the know-how regarding atmospheric environmental conservation meaéures developed
through the course of this achievement is expected to be useful for developing countries.

In the 1995 fiscal year, therefore, Ministry of the Environment, Government of Japan, started
preparing countermeasures manual to meet the needs of developing countries for each type of
major industry, to disseminate air poliution control measures. In 1997, technical manuals for
thermal power generation industry and iron and steel industry are prepared. In 2001, technical
manuals for glass manufacturing industry and fertilizer manufacturing industry are prepared.

In 2005, Overseas Environmental Cooperation Center, Japan was entrusted by Ministry of the
Environment to prepare the electronic slides (power point) as teaching materials in order fo
visualize the essentials of the subject matters of above four technical manuals under the
examinations of the committee for air pollution control technology, which reviewed the digested
information and these formation.

| will be glad if these slides, which are based on experience with measures concerning industrial
air pollution control in Japan, prove of some use to people in countries involved in struggling with
the same issues and contribute to preserving the global environment. Finally, | greatly appreciate
every committee member and an editor of power points for air pollution control technology.

March 2005

Hiromi Mori
Chairman of Board Directors ;
Overseas Environmental Cooperation Center, Japan
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Sources of Data

The slides by power point are prepared based on the following manuals.

Thermal Power Plants

“Air Pollution Control Measure Technology in Thermal Power Plant, Global Environment
Centre Foundation, March1997” under the supervision by Air Quality Management
Division, Environment management Bureau, Ministry of the Environment, Government

- of Japan

Glass Manufacturing Industry

“Technical Manual for Air Pollution Control — Glass Manufacturing Industry- EX
Corporation , March 2001” under the supervision by Air Quality Management Division,
Environment management Bureau, Ministry of the Environment

Steel Industry

“Air Pollution Control Measure Technology in’ Stee! Industry, Kitakyushu International
Techno-cooperative Association, March 1997 ” under the supervision by Air Quality
Management Division, Environment management Bureau, Mlmstry of the Environment,
Government of Japan

Fertilizer Manufacturing Industry - ---The manual is not available in English.
BRgLtEOASELMECHELIEERERNEY=ATIL, SKMARE. TRISEFS
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(“Technical Manual for Air Pollution Control — Fertilizer Manufacturing Industry,
Kitakyushu International Techno-cooperative Association, March 2001 ” , under the
supervision by Air Quality Management Division, Environment management Bureau,
Ministry of the Environment, Government)
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I .Thermal Power Plant

1. Air Pollution in Thermal Power Plant

1-1 Pollutants Emission , ;

~ In the thermal power plant, coal, oil or natural gas (N Gas) are generally used as fuel for a
boiler to drive the turbine generator. In the processes of thermal power, pollutants such as
SOx, NOx, CO,, dust, hydrocarbons, and trace substances are generated and waste

materials are reused or disposed as shown in this slide. :
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Dust ;raa;gls:bstances
Hydrocarbons -

Dust

.O.‘.‘OCQ.‘.QOIOO‘.*OD.‘D.‘ﬂ.‘.@.‘*....OO.I!‘O*D.‘.OQ.OQD‘..0&000‘.0.0
: .
. . s

600000 QQ066Q

°

°

°

°

°

[

°

°

° .

® Coal ........ 4 0

°

° ) g C:bl $
e Q g 8 m ST
: 2 3 35 83
. Ol cvevenee S 5 3 &2
° wea LS 2 LLEYY 2 3 LEEE] 3 El_ a:) eseafp cab g
. 0} m 0 Ly 3o
Y Q Q QO G) i Q
L] g % g_ Q D
c N Gas ] E 5 '
e L ATEY | ssessees (%} (]

e > ) 1G]

° o 3

® N R

°

°

®

°

®

®

e

®

°

c0eC0CE00DO Power Plant . ASh, C/mk:ef, Heavy Metal

QGCGGO.Q.9'9...0...9...0.0’

0'...0.0...00dl‘.l0...0.00'.0..:0000‘.6“‘.‘.0.@
.

v
Disposal, Reuse

Concrete removal methods for these pollutants except CO, are described respectively after
page 2. : ; »

Among the global environmental problems causing worldwide controversy in recent years,
“global warming effect” and “acid rain” are associated most intimately with the air
pollution problems of thermal power plants. :

For the controversial global warming, the greenhouse effect gases are carbon dioxide (COy),
methane (CH,),nitrous oxide (N2O), and etc., and it is presumed that CQ, resulting from
fossil fuel combustion has a substantial influence on this problem. This global warming
problem has not been clarified yet; its causal relations and measures are not yet perfectly
solved scientifically for us to sustain our level of economic activity.



The global warming is an issue that nations will deal with and that emission of green house
gases will be lowered or sequestered as envisioned in the Kyoto Protocol.

Regarding the acid rain problem, various countermeasures are described in slides
especially in the section of SOx reduction technology.

For the detail information, refer to the pages at P.71~76 (Japanese version) or E.3~8
(English version) of “Air Pollution Control Measure Technology in Thermal Power Plant”,

Global Environment Centre Foundation, March1997” under the supervision by Air Quality
Management Division, Environment management Bureau, Ministry of the Environment,
Government of Japan.

1-2 Pollutants and Pollution Control in Coal Fire Power Plant ‘

The pollutants in a coal fire power plant come out (1) from the boiler mainly, and besides (2)
the site of unloading dry coal. Air pollutants arising from the coal fire power plant are shown
in a slide.

SOx
Pure Water Turbine e gc(l);t
Feed Unit |q—oo - | Generato T Metals, etc 1
Cd, Hg, Pb,
Ni, As, F, =«
Water ,
Dust
Coal : EP De-SOx
Silo e —> — —p
 Coal Fly Ash . @t Gvosum
Unloading Collector yp >

v ) v Ash Pond || Ash

During the handling of coal: ‘ ‘

At fuel storage yard, dust scattering during coal unloading and spontaneous combust:on of
coal particles should be taken into care. These are; coal dust scattering from coal hoist and
outdoor coal storage yard, spontaneous combustion in coal storage yard, and coal dust
explosion in indoor coal storage yard.

Air pollutants also arise dunng the transportation from storehouse to bouer and in the
pulverizing process.

At fuel combustion: ‘ '

SOx, NOx, dust, trace metals, etc such as cadmlum (Cd), mercury (Hg), lead (Pb) nickel
(Ni), arsenic (As), fluorine (F), etc. are generated. ,

The exhaust gas from a coal fire boiler is sequentially led to denitrification equipment,




electrostatic precipitator, desulphurization equipment, and then to stack. The pollutants are
recovered as forms of ash and gypsum.

For the detail information, refer to the pages at P. 73~76 or E.4~8.

1-3 Pollutants and Pollution Control in Oil Fire Power Plant
The pollutants in an oil fire power plant come out from (1) the boiler mainly and merely from
(2) the oil storage tanks. Air pollutants arising from the oil fire power plant are shown in a

slide.
SOx o
. NOx
Pure Water | 4| Turbine Generator Dust —
Feed Unit Trace Metal
| (V. Ni--)

N g
Water Steam
De-NO |_o | gp —»,_\’-

Stack

i . : : Gypsum >

At oil storage yard, vapor from storage tank comes out, of which the compositions are
hydrocarbons. During the handling of oil, no air pollutants arise in the processes unlikely
coal At fuel combustion, SOx, NOx, dust, trace metals such as vanadium (V), nickel (Ni), etc.
are generated. ~ ~

The exhaust gas from an oil fire boiler is sequentially led to denitrification equipment,
electrostatic precipitator, desulphurization equipment, and then to stack. The removed
pollutants are recovered as forms of ash and gypsum.

For the detail information, refer to the pages at P. 73~75 or E.4~8.

1- 4 Pollutants and Pollution Control in Gas Fire Power Plant

The pollutants in a natural gas fire power plant come out from (1) the boiler mainly and
merely from (2) fuel tanks. Air pollutants arising from the natural gas fire power plant are
shown in a slide which is very simple unlike to coal fire power plant or oil fire power plant.
At oil fuel tank yard, boil ~off gas such as methane (CH,), efc. comes out. '



e~

Pure Water - Turbine

Feed Unit

BOG Water ‘
(CH) Steam

Boiler :
F “e’ — |De-NOXx |———b
Tank -

Stack

Generator

NOx | Q
: ]

YOEJS 18l

BOG: Boil-off Gas

During the handling of natural gas, no air pollutants arise in the processes unlikely coal.
At natural gas combustion, only NOx is generated.

The exhaust gas from natural gas fire boiler is generally led to denitrification equipment and
then to stack. No waste materials are generated from the air pollution abatement process at
natural gas firing power plant.

For the detail information, refer to the pages at P. 73~76 or E4~8.

2. Measures against Fuel
2-1 Coal Fire Power Plant

For construction of a coal fire power plant with outdoor coal storage a coal dust scattering

simulation is carried out in advance in order to predict the amount of coal dust scattering to
peripheral areas. The height of windshield fence around the coal storage yard, installation
location and the moisture content control for coal are studied, and consequently no coal dust
will affect environmental preservation :

Water spraying has the effect of controlling scattering of coal dust by increasing the moisture
content in coal. Some coals are highly water repellent and water spraying has only a small
dust proofing effect. In this case, the coal dust preventive agent is added.

Windshield fence, windshield net, and windbreak forest are useful to prevent the scattering
of dust, because the scattering coal dust volume is said to be proportional to the fourth to
fifth power of the average wind velocity (V).

The hermetlcally sealed conveyer, wmdshteld plate mounted conveyer, dust collector, and
surface compaction of storage coal are also effective methods. Recently continuous type
unloaders have been popularly employed in view .of coal unloading efficiency and
environmental measures. For an indoor coal storage, which is not necessary to be
concerned with dust as for an outdoor stock pile, the dust collection and ventilating




equipment for prevention of coal dust explosion become necessary.

The conceptual figure in the slide shows the coal handling processes, air poilutants sources,
pollutants, and pollution control methods. :

Dust
collector
7\ surface + 7 R
J— B i, i compaction % i windshield net *,
: e, : or i
. { dustcover % i waferspray i { windbreak forest
£ . i i 6~12% water, | % DR
water spray 7 % windshield } % O BT ~
..,‘\.‘.. plat e ».“.f.....(.suﬁactant)
R & dust e v*?°

For the detail information, refer to the pages at P.92~97 or E.27~28. |

2-2 Qil and Gas Fuel Power Plants o ) : , ,
In case of oil fuel, exhaust gas components that pose environmental problems are nitrogen
oxides (NOx), sulphur oxide (SOx), dust and soot and boiler corrosive elements. Residual
~ carbon content is a coke-type carbon residue produced when samples are subject to
thermal decomposition with air supply cut. Residual carbon is liable to tumn into soot and
dust. : \

Effect of fuel oil properiies on exhaust gas quality

Residual Carbon — Soot, Dust — Dust collection
Nitrogen — NOx - — Denitrification
- Sulphur — SOx — Desulphurization
Ash — Pressure drop, Heat transfer broke,
Mechanical Wear, Corrosion - Maintenance

B

Nitric content amounts to about 0.01~0.6 wt % in the case of heavy crude oil. During
combustion, part of the nitric content is exhausted as NOx. :

Fuel oil contains sulphur as some form of sulphur compounds or another. When they are
burned, they become sulphur oxide (SO,), and part of it is further oxidized to sulphuric
anhydride (SO,). If the temperature of combustion exhaust gas is lowered below the dew
point, SO; combines with moisture content within the exhaust gas, becoming sulphuric acid
(H2S0.), which brings corrosion to steel structure.

Ash is contained in kfkue’lk oil, although its volume is small. The ash includes sodium,
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potassium, iron, silicon, vanadium and nickel. On the occasion of combustion, these attach
and accumulate on gas paths, causing the increase of pressure loss, blocking of heat
transfer, mechanical wear and chemical corrosion.

Effect of fuel gas properties on exhaust gas quality

| 1. Impurity substances««««- None . ;
2. Nitrogen ---None — NOx (thermal type) - Denitrification -
3. Sulphur---None

In case of gas combustion, there are no N content and S content or impurities in the fuel, the
staining, wear or corrosion of the boiler does not occur.

For the detail information, refer to the pages at P.113~118 or E.58~66.

3. Combustion Control
3-1-1 Coal Properties
The items for the evaluation of pulverized coal combust:on are:

Ignitability and combustibility; Fuel ratio represents the weight ratio of fixed carbon content
to the volatile content. Generally, the higher fuel ratio is, the lesser its ignitability is, and its
combustion speed also tends to be slow. Volatile content is less than 20% of the total, then
some steps for stabilized ignition are necessary. Ignitability index show the ignitability of
coal itself. If it is 35 or less, it is generally some ignitability improvement measures are
necessary. Button index shows for the possible adhesion of pulverized coal to the burner
nozzle, etc. As for coal with a button index of more than 6 or 7, particular steps are
necessary to prevent the problems.

Effect of Coal Properties on Pulverized Coal Combustion
lgnitability & Combustibility optimum range - effects in case of off-spec.

Fixed-C / volatile content - <2.5~30 increase of non-burn loss
Volatile content e >20% unstable ignition
Ignitability Index ‘ >35 hard ignition
Button Index (viscosity) o <E~T clogging, adhesion
Grindability
Proper size 50~100 4m increase of non-burn:loss
Dryness ‘ H,O < 20% lowering mill- performance
Slagging ;
Ash Melting Temp. - >1,300C
Ash Alkaline Ratio <0.5 ~ Slagging
Fe,03-Ca0 - <0.3~3<
S.toal <2%
_Fouling basic content; ‘ fouling on inner furnace,
NasO, K,0, Cl. Ca0, S radiation heating surface
Wear-out Nature quart, Fe,058 wear of mill, coal tubé,
heat transfer surface

Grindability: Pulverized coal firing is generally charaéterized by combustion state after
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crushing it into fine particles of 50 to 100 um, drying them, and burning them. The
important point in the firing is to ensure the complete burning within a combustion chamber.
In case of off-specification, non-burn loss i increases. Much moisture content of 20% or more
leads to decline of the mill capacity.

Slagging: coal slagging is a phenomenon, which stems from the melting of coal ash within a
boiler furnace, adheres to the radiation heating face of the mill, hardens and accumulates
there when it is cooled. Ash melting temperature is judged based on whether the ash
melting temperature is higher or lower than the gas temperature near the radiation heating
face. Ash higher alkaline ratio means that low-fusing-point oxides and compound salts are
liable to be produced and that the slagging characteristic is considered. If the ratio of
Fe,04/Ca0 in ash is between 0.3 and 3, there is a tendency toward the productions of
compounds with a low fusing point. The sulphur produces low-fusing-point complex salt,
accelerating the generation of foulmg

Foulmg is a phenomenon in which melted ash coagulates to the inner surface of combustion
chamber due to the content of Na,O, or so on.

Wear-out nature, which causes abrasion to a mill, tube, heat transfer face, efc., is judged
based on analysis values such as quart, so on. ‘

For the detail information, refer to the pages at P107~110 or E.49~54.

3-1-2 Coal combustion

In suspended combustion in the form of pulverized coal, its ignition time and combustion
time are extremely shortened, and its burner combustion becomes possible, as if it were
heavy oil or gas fuel. In pulverized coal combustion, the primary combustion range is chiefly
the combustion range of volatile content such as CH, Hzand CO. The second combustion
range is primarily the combustion range of char. The speed of combustion of char is
extremely slow, compared with that of volatile matter. Accordingly the combustion time of
char accounts for about 80 to 90% of total combustion time. Using a normal pulverized coal
combustion boiler, a radiation ignition temperature of 750°C or less is empirically known as
causing virtually no combustion-related problems.

Combustion Mechanism of Pulverized Coal

, Volatile
‘c"'b CH4, Hz, CcO
R .0 .
&
&
Radiation ignition
.lll!'lm.lll | Q temperature <
- “eeb - 750%

Char

To complete combustion of fuel, more surplus air than theorencal air volume ( air ratio of 1.2
to 1.25 for high volatile content bituminous coal) is necessary. Therefore, various methods
have been employed to reduce the NOx as shown in a slide. Among these methods,
combustion control ltemlzed No. 1 to 4 in a slide is possible by means of changmg operation
method.



Reduction of surplus air ratio (high volatile coal; 1.2 ~1.25)
Lowering combustion air temp. (normally 250~350 )

~ Two stage combustion ( 7st burner + 2nd burner)
Recycling exhaust gas ( <20~30%)

AW

The inner-furnace denitrification method is to reduce, in combustion chamber, NO which
was generated in the same combustion chamber, by means of hydrocarbon. This process is
composed of two stages. To validate this process, at first stage, (1) the atmospheric
temperature must be hlgher than the hydrocarbon decomposition temperature (about
900°C), (2) oxygen must be present (3) the volume of reduction-use hydrocarbon to be
used for mixture (fuel) must be more than the chemical equivalent of existing oxygen. The
second stage is to arrange for the complete incineration of non-combustion portions. For this,
(1) the atmospheric temperature must be higher than the reaction temperature of the
non-burned portions, (2) the sufficient volume of oxygen for the complete incineration of the
non-burned portions must be supplied.

 5.Inner-furnace denitrification
1st Process
— furnace >9007C HC decomposition
— 02 existing
— reductant HC > chemical equivalent O,

2nd Process

— atmosphere temp. > reaction temp. of
non-burned portion

- sufficient Qs o

NOx curtailment methods based on the improvement of the burner structure can broadty be
grouped into the three shown ina slide.

6. Low NOx burner
-— Slow mixture air & fuel
— promotion of unevenness comb.
— acceleration of flame heat radiation

For the detail information, refer to the pages at P.110~112 or E.54~58.

3-2-1 Qil Combustlon

Combustion mechanism of fuel oil can be divided into combustion of evaporated substances
and combustion of decomposed substances. Fuel oil is a complicated multiple hydrocarbons.
The decomposing temperature of hydrocarbons is lower than its ignition or combustion
temperature, and then hydrocarbons are decomposed to carbon and flammable gas before
its combustion, which combine with oxygen, resulting in combustion. Carbon becomes
carbon dioxide gas, as a result of surface combustion, while flammable gas and
hydrocarbon oxidized, turming into carbon dioxide gas and water through diffusion
combustion. The heat resulting from this combustion further leads to thermal ‘decomposition.
Because combustion by decomposition and surface combustion occur attemately or
SImultaneously, combustion reaction progresses continually.

Combustion reaction is affected by oil jet speed (combust:on reaction o< oil jet speed) and




combustion speed (combustion reaction o< combustion speed), which are influenced by
the contact surface area between fuel and air. The burner with high spraying performance is
important to complete combustion.

Qil Combustion Mechanism

Evaporation Comb. + Decomposition Combustion.

O v o
oil LoEo heat |
air vaporized sub.

solids
, . v
high spraying burner

"
Surface Combustion

Oil properties of JIS C-Heavy Oil as an example are shown in a table. Oil properties effect

“on exhaust gas composition as shown in a slide. If residual carbon content is much, it is
liable to turn into residual carbon-type soot and dust, and carbon is liable to attach to the
burner tip, should the combustion condition deteriorate. - Fuel oil contains ash content. The
ash content includes sodium (Na), potassium (K), iron (Fe), silicon (Si), vanadium (V),
aluminum (Al), and nickel (Ni). These are adsorbed by combustion gas, cause melting and
chemical change and attach to and accumulate on gas paths, causing the growth of
pressure loss, blocking of heat transfer, mechanical wear and chemical corrosion.

Effect of Fuel Qil Properties on Exhaust Gas Composition

Subs. Con.wt. % Pollutants ‘ Damages
N 0.01~0.6 NOXx | Air poliution
S 0.2~3.0% S0y S0;3—80, Air pollution, corrosion
(SOx) clogging

Red. C 4.0~11.5:% Dust ’ Dust, carbon adhere
Ash . Scaling, Vanadium aftack,
(Na, K, V, | < 0.022% Adherents corrosion, mechanical wear, efc.
===}

#%: JIS C-Heavy Ol
For the detail information, refer to the pages at P.81, 112~115 or E.58~62.

3-2-2 Qil - NOx Generation « ;
In case of fuel oil combustion, burning is continued due to the evaporation and ignition of ol
sprays near a bumer. In line with the generation of fuel NOx due to oxidation of nitrogen



oxides within fuel oil, high-temperature flames are formed, and the ratio of thermal NOx
generation becomes high. However, because the volume of nitrogen compounds in fuel oil
is smaller than in coal, the overall NOx emission volume is smaller than that during coal
combustion. ‘ ' ‘

NOx Generation and its Control in Qil Combustion

Generation

Thermal NOx (N in Air)
Flame temp.
Q2 concentration
Retention time

Fuel NOx (N in Fuel)
02 concentration
Nitrogen in fuel

Because NOx generation forms are different, based on the kind of fuel, it is necessary to
take NOx control measures suitable for individual fuels. In case of oil-firing boilers, NOXx
control measures such as (1) 2-stage combustion, (2) exhaust gas recycling, (3) the use of
low NOx burner and (4) expansion of furnace size (proportion of heat radiation through
flames), are adopted.

Control Measufes

-2-stage combustion
-Exhaust gas recycling
«Low NOx burner

- «Furnace size expénsion

For the detail information, refer to the pages at P.116 or E.62~63.

3-3 Gas : :
Compared with heavy oil combustion, the combustion of natural gas has the following
characteristics;

: Gas Combustion Mechanism

o €ror)

Thermal NOx %
5O O

air

Short flame
- No-Luminous &

o
gas

The combustion is affected through the diffusion (mixing) combustion with air, based on
low-pressure fuel jetting. Because there is no spraying/evaporation process seen in heavy
oil combustion, flame is short.
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Because C/H of gas is small, no soot is generated in the process of combustion, and
generally no-luminous flames are generated in the course of its combustion. Because there
is no N content, S content or impurities within the fuel, the staining, wear or corrosion is little,
therefore SOx and dust are not discharged. ~ "

C/H Ratio Heat Radiation Rate
A Heavy crude oil A :
75 | large
6 : Naphsa |
3 ' Natural gas small
‘} : v

Althdugh this clean fuel relatively frees from the generation of air po!IUtants, attention is
necessary because if burner design or the handling of fuel is mistaken, oscillation
combustion or explosion may occur. . ‘

Control of NOx Generation + Oscillating Combustion _Preventive Measures

1t is generally known that the heat radiation ratio. of flames decreases as the ratio of the
carbon content to the hydrogen content (C/H) within fuel becomes smaller. C/H is 3 for
-normal gas, 6 for naphtha, and about 7.5 for heavy oil.

Visual Image
Processing

During low NOx operation, unburned portions tend to grow, or flames are liable to fill the
furnace, affecting the boiler performance. As such, operation control including combustion
adjustment is important. Because a thermal power generation-use boiler is equipped with
many burners, it is important to adjust the air volume by means of air allocation dampers, etc.
to make air ratios of individual burners as even as possible, to curb NOx by preserving the
generation of unburned matter and to equalize the length of flames.

For the close combustion adjustment of individual burners, it has become difficult to operate
the boiler in an appropriate manner simply through combustion adjustment, based on
experience and hunch, as well as on conventional measuring gauges. The individual
combustion diagnostic method, based on optoelectronics technology, has recently been
developed and put into actual use.

For the detail information, refer to the pages at P.116~118 or E.63~66.
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4. Dust Collector .
4-1 Types of Dust Collectors
When we select the dust collectors, physical properties of particles and gases as shown in
the slide should be taken into consideration;

Tvpe of Dust Collector

Type Applic. Operating Cutback Pressure Equipment Running Cost
Particle ) Level Drop  Cost
(«m) {mm H0)
Gravity 250 dp. ~ 400 40~60% 10~15 S S
Inertia 210 dp. ~ 400 50~70 % 30~70 S S
Centrifuge 23 S dp ~ 400 10 mg.~m° 50~150 i M
Scrubbing ~0.1 no-fimit % 20mgm® | 300~800 M L
Filtration ~0.1 no-limit Smgomt . | 100~200 | M M
. orless
EP ~0.03 dp. ~ 400 &mg.m’ 1020 L S
or less

The sizes and particle distribution of dust in the flue gas have an effect significantly on the
particle removal efficiency in dust collectors each. The sizes of particle abated by dust
collectors are shown in the table. Invisible particle concentration is said to be 20 mg/Nm?®,
Filter dust collectors become to be required frequent dust shakings if these are applied to
high concentration dust gas. The EP will not be affected so much by the concentration of
dust in flue gas. :

Regarding the dust concentration, the higher concentration of dust in a gas brings the higher
removal efficiency of particle removal for the gravity collector and inertial force dust collector
due to the acceleration of collision between large size particles and of coagulation of fine
particles. In venturi scrubber and jet scrubber, as the higher concentration of dust causes
the wear at the throat part of ventun these should be applied the gases of dust
concentration 10 g/ Nm or less.

For the detail information, refer to the pages at P.168~169 or 185, E. 140~143, 172.

4-2 Gravitational, Inertial & Centrifugal Dust Collector

Because of the density difference between solids and gases, in laminar flow their stream
lines are different if the direction of flow is changed. This fact is frequently exploited to
separate solid particles from a gas stream, usually by suddenly changing the direction of
flow of the gas stream. :
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Min. pé;hiq{e ;
Gravity 4

Dust section view

In gravity dust collector, a settling chamber reduces the velocity (normally 1~2 m/second) of
the gas stream so that the particles drop out by gravity. it is a large device not often used as
a final control mechanism. If it is assumed that Stokes’ s law applies, then the particle size
which will be removed with 100% efficiency is given by the equation.

Stokes” Law

V=(g/ 18 4)(01-0) 7 (cm/s)
V: settling velocity  (cm/sec)
g: gravitational acceleration (cm/s%)
& gas viscosity (kg/ms)
0 1: particle density  (g/em®)
0. gas density  (g/em’)
D: particle diameter  (cm)

In the centrifugal force collector generally called cyclone dust separator, the centrifugal force
exerted on a particle in a cyclone is given by the equation. For a large volume of gas
treatment, small cyclones are connected in parallel and used as multi-cyclone. The inlet-gas
velocity is set at 10 ~25 m/s.

Centrifugal force (F) = mvV* /R (N)
m: particle mass (kg)
V: particle velocity (m/ s)
R: cyclone radius (m) .

in an inertial dust collector, the gas stream is forced to collide with an obstacle or the gas
flow direction is sharply changed to separate and collect dust particles in gas by using
inertial force. e .

 Inertia

=13



For the detail information, refer to the pages at P.170~171 or E.144~1486.

4-3 Scrubbing Dust Collector : «

Scrubbers, known as wet collectors, employ a liquid to remove particles from a gas stream.
In use, the particles are adhered and collected to either the liquid droplets or liquid film that
is poured continuously on the packing. '

Principle of dust collection;

water drop

media

a ter film

Various scrubbing dust collector systems have been developed, and can be roughly divided
into reservoir type, pressurized water type, packed bed type and rotary type as shown in a

slide. ;
o | 1T
demister demister oray dise
. S water L . di
333332 packina - ; — impact disc
AA BN = v
‘ <:| ‘ ‘ﬂL’ 1l IQ :
q (= 7t K[(
= SN 7‘3
Reservoir type Packed bed type Rotarv type

Pressurized
water type

The use of packing allows a smaller tower to be used but the pressure drop is higher
(thereby increasing efficiency). The pressure drop through a spray tower is typically
between 0.25~0.5 kPa. For the packed bed it is between 0.25~2.0 kPa. The liquid to gas

ratio in a syray tower is typically 1.3~2.7 I/m°. In a packed tower it is normally between
- 0.1~0.5Vm". V

tp the packed bed type, basically, the contaminated gas enters the tower at a low level and
rises due to its buoyancy. The scrubbing liquid enters the top of the tower and sprays down
on top of the vertically rising dirty gas. At interception the contaminants adsorb to the falling
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liquid and the purified gas continues to rise and emits from the top the tower. Packing (e.g-
random plastic piece) improve the adsorption efficiency. The nozzles on the spray arms
atomize the liquid. : '

To achieve efficient performance of scrubbing dust collector, it is important to select a gas
flow velocity and liquid to gas ratio suitable for the system. Y

For the detail information, refer to the pages at P.171 or E.147.

4-4 Filter Type Dust Separator

Principal types of filter type dust collectors are (1) the bag filter (2) the cartridge filter. The
design of both is quite similar. However the bag filter is the more commonly used.

When gas contained dusts of certain particle sizes is passed through a filier cloth as shown
in a slide, they adhere to the filter cloth, and bridges are formed between the strands of cloth.
The primary adhesion layer has many fine pores, and these fine pores collect the fine dust
- particles. ‘ :

' Filtration Mechanism

de AP
l\‘ APi= APFf + APth

.

A ) twisting &

aperture 50~10 4 m

{x;;}; M{; NG filter cloth
A7
be shaken off thin film dust

Various woven fabrics made from natural fiber, synthetic fiber and glass fiber, and
non-woven fabrics made from similar materials are used for filter cloth. In the operation of
the bag filter type dust collector, prevention of blockage of the filter surface is important.
When the pressure loss of the bag filter has reached its regulated value, it is necessary to
shake dust off of the bag filter. There are 2 kind pf shake-off methods, the intermittent
method and continuous method. In the intermittent method, the dust collecting chamber is
partitioned into 3~4 chamber. The dampers instalied on both the inlet and outlet of filter is
closed and then the dust adhering to the filter cloth is shaken off. in the continuous method,
the dust adhering to the filter cloth is constantly shaken off under continuous filtration.
Therefore, the pressure loss will remain roughly at a fixed level, making this method suitable
for the treatment of gases containing high concentrations of dust and soot and of gases
containing adhesive dust and soot.
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Typical bag filter unit

filter baa

/

Clean gas <=

Exhaustgas >

The apparent filtration rate (raw gas volume per effective area of filter cioth) should usually
fall in the range of 0.3~10 cm /s.

Type: Filter cloth: Dust shake-off: Apparent
: filiration rate:
(1) bag filter (1) woven fabric (1) intermittent 0.3~10cmy/s
(2) cartridge fifter (2) nonwoven fabric  (2) continuous :

For the detail information, refer to the pages at P.171~172 or E.147~148.

4-5-1 Electrostatic Precipitator (EP)

An EP collects dust particles in flue gas by using corona discharge to give them an electrical
charge. The EP is not much affected by the properties of gas and dust, can do highly
efficient dust collection, and can collect fine particles without pressure loss.

Principle of dust collection

"""""" discharge
e € electrode

dust ‘
collecting

electrode

negative-ion

A conductor discharge electrode is used as the negative electrode, and a dust coﬂectmg
electrode is used as the positive electrode as shown in a slide; high voltage direct current
electric power is used for charging. When the strength of the electric field is increased, the

gas around the electrode is partially broken down, corona discharge occurs, and a negative
- corona and many negative ions are generated. Negative ions and free electrons move to the
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dust collecting electrode, and when the gas containing dust flows past the electrode, the
dust particles are momentarily charged. These particies are moved by Coulomb force, and
are separated and caught by the dust collecting electrode. Particles -collected on the
electrode are exfoliated and removed by hammering impact.

Properties of the exhaust gases from boilers are quite different depending on the properties

of fuel used and combustion methods. Typical examples of the properties of exhaust gas
from heavy oil fired boiler and coal fired boiler are shown in a slide.

Exhaust gas properties;

Heavy oil Coal
inlet soot & dust  g/Nm® 0.05~0.15 10~20
dust & o#m 1~3 20~30
SiO, Wt % 15~20 60~75
C Wt % 50~60 0.4~0.8
0 Rate 2 -cm 10°~10°  10""~10"
apparent S.G g/mi 0.1~0.2 0.6~0.8

A p rate and apparent S.G. are short form of electrical resistance rate and apparent
specific gravity respectively. 'Regarding an influence on dust collection, in case of oil firing
boiler, SO5 mist causes flue, dust collector and chimney corrosion. SO; also combine with
dust and becomes acid smut, which is discharged from the stack.

As measure to prevent this, NHs is injected into the exhaust gas o neutralize 803.

Influence on dust collection Improving method
SO; mist =2 -NHjy injection

In case of coal firing boiler, composition and physical properties of fly-ash vary depending on
- coal fields of coal and combustion conditions. An EP’ s dust collecting performance varies
drastically depending on the electric resistance and particle size of fly-ash. Electric
resistance differs according to the (1) exhaust gas temperature, (2) moisture content, (3)
SO, concentrat:on (4) properties of coal and composutnon of dust components. :

influence on dust collection Improving method

-temperature -fempering flue gas

-water -glectric charge control

*S03 mist -dust removal on (+) electrode
-composition of dust -selection of gas temp.

Toi |mprove the performance, apparent electrical resistance is controlled at range of between
104 and 10" Q-cm by the methods such as tempering of exhaust gas, electric charge
control, etc. However, a manufacturer of EP takes the propemes of particles into
consideration actually and designs the EP to meet the individual particle peculiarities.
Therefore these adjustments are only adopted for emergency measures.

The relationships between the eléctric resistance of dust and dust collecting performance
are shown in a next slide. ~

For the detail information, refer to the pages at P.173~179 orE.150~161.
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4-5-2 Factors workmg on Electrostatic Precipitator

The left side figure shows the relationship between the gas temperature and the electric -
resistance of dust, which generally shows its highest value at the range between 120 and

180°C. This comes from the differences between the way of electric current flows through

dust particles in the low temperature range and in the high temperature range. Moisture

content and SQj; in exhaust gas adhere to dust particles in the low temperature range, so

electric current can easily flow along the surface of dust particles. On the other hand, in the

high temperature range, electric current flow through the inside of dust particles becomes

domain. This is affected by the quantity of alkaline metals (Na, K) in the dust.

0O versusgas T

‘m“‘ -

$2.cm  kyrface céngd

109 [ —

I
gas tenyp T 100 200 300

A right side slide shows the relationships between the electric resistance of dust and dust
collecting performance, the characteristics of charged voltage and current in an EP. In the
range of 10* Q-cm or less (jumping range), when electrically charged dust adheres to the
dust collecting electrode, dust immediately losses its negative electric charge, so dust
collecting efficiency decreases. In the range between 10* and 10" Q-cm, ideal dust
collection is done. Dust with electric resistance of over 10" Q-cm (reverse ionization range),
electrical neutralization of the negatively-charged dust adhered to the dust collecting
electrode becomes slow. Therefore electric charges accumulate on the surface of the dust,
and the strength of electric field inside the dust layer become high, and it causes dielectric
breakdown inside the dust layer, and the dust collection efficiency will remarkably decrease.

Dust removal versus _§2 -cm
jumping normal ranae reverse ionization

e

<>

10* P-cm 10"

The disadvantages and disadvantages of an EP are shown in the table.
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Advantages and disadvantages of EP

_Advantages Disadvantages

large gas volume initial cost — expensive

fine particles of submicron affection of apparent o (2-Cm)
high temperature gas. . system size- large

wet type dust collection high level accuracy in manufacturing
suitable operation

inexpensive maintenance

For the detail information, refer to the pages at P.176~179 or E.155~161.

4-6 Ash Treatment

One difference between coal and heavy oil boiler is that the ash volume generated in coal
fire boiler is greater than that from a heavy oil fired boiler. Ash discharged from a boiler is
roughly classified into the bottom ash (clinker) which has fallen down undemeath the
furnace, and the fly ash which accompanies the flow of combustion gas, then falls down and
collected or stored in the fuel economizer, axr pre-heater and EP (ash discharged from
former two are generally called “cinder”).

Coal ash is effectively utilized for landfill, raw material for cement, fly ash cement, aggregate,
civil engineering, architectural material, fishery and agriculture industries , desulphurizing
agent, etc. ‘

Fly ash

- Boiler

Clinker

dehydrator
.....’ Raw
\/ \/ "‘@__ Fine C;;f,: particle
particle p
Seftling Water

In case of oil fired boiler, the volume of ash collected and discharged is less than that from a
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coal fired boiler, and the properties of ash are roughly fixed in accordance with the variety of
heavy oil. Also, almost all the ash is collected by the EP. Therefore, the structure of the ash
disposal equipment is relatively simple, and ash is transferred from each hopper of EP to the
storage silo using the pressure transfer or vacuum transfer method. Ash discharged from oil
fired power station contains unburned combustibles and heavy metals, so that almost of this
ash is effectively utilized as an alternative fuel for cement manufacturing or as the raw
material for the recovery of valuable materials.

f___
Boiler
OIL
v
EP
little i,

For the detail information, refer to the pages at P.179~184 or E.161~170.

5. Flue Gas Desulphurization

§-1 Flue Gas Desulphurization Methods (FGD) ;

Flue gas desulphurization systems are divided into (1) wet type and (2) dry type; most
power generation plants have adopted the wet type method.

Method Absorbent/ Adsorbent Byproducts
NaOH or Na,SOj solution Na,SOj NaNO;, SO, gypsum
NHg-water (NH 4S04 SO, gypsum, S
Slaked lime or
limestone slurry gypsum

Wet type Mg(OH)z-slurry : SO, gypsum

{blended with slaked lime slum/)

Basic Alof. 804)3-solutfon gypsum
Dilute-H,80, gypsum

Dry type Activated carbon : (NH .80, gypsum, S, H,S0,

The wet type has become the main stream flue gas desulphurization method. The
absorbent for the wet type method, a solution or slurry containing a compound such as a
sodium, calcium or magnesium compound which reacts with SO, is used. The wet type
method is often classified according to the variety of absorbent as shown in a slide. At
present, the method called the “lime and gypsum method” , using limestone slurry as
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the absorbent and recovering gypsum, has been adopted in most power generation
plants in Japan because limestone is relatively cheap, the economy of the construction
cost and operation cost of the wet type flue gas desulphurization system is good, the
stability and safety of system operation are excellent, and gypsum can be sold steadily.

slimestone = cheap , :

«initial & operating cost = economics reasons of ~most popularly used
-gystem = stability & safely }

«gypsum = stable sales

In contrast, the dry type has problems with the safety and deterioration of the absorbent
itself, worsening of recycling and recovery rates, generation of effluent, and clogging of
equipment accompanying the handling of dry dust, as well as reasons related to the
difficulties of maintaining safety, the storage and sales of by-products, and consideration
of the safety of long-term continuous operation. ‘

For the detail information, refer to the pages at P.186 or E.175

5-2 Wet Type Lime & Gypsum Method FGD System

Flue gas from the boiler is led to the electrostatic precipitator (EP) to remove soot and dust.
Poor performance by the dust collector causes clogging of the gas- gas heater (GGH) and
increased leakage of soot and dust, etc. When a large amount of soot and dust collected by
the flue gas desulphurization (FGD) system, this causes various mechanical problems and
lowers the quality of gypsum, and/or decreases the activity of the absorbent; therefore, itis
desirable to install a dust collector which has the highest possible performance.

The GGH is constituted from the recovery side which recovers heat from the gas at the
outlet of the dust collector, and the reheating side which increases the gas temperature at
the stack inlet by providing the recovered heat.

limestone slurry
Powder 50~60m «

concentration 10%

Boiler
i
EP , ‘
GG =|  Ca0,CaS0s4 < air
absorption tower k oxidation tank

v
l
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In the absorption tower, a slurry-like absorption liquid containing limestone powder with
particle sizes of around 50~60 microns is circulated in the absorption tower, and when this
liquid and flue gas have come into efficient contact, SO, in the gas is taken into the liquid
and removed. Sulfur dioxide (SO,) combines with lime (Ca0) and changes to calcium sulfite
(CaS03). Part of CaSO03 is naturally oxidized by the oxygen in the flue gas inside the
absorption tower, and becomes gypsum (CaSQ,), but the rest of the CaSQ, is forcibly
oxtdazed by the air in the oxidation tank.

Reaction Mechanism
S0, + Ca0 —CaS0;
2CaS0;+ 02 — 2CaS0,
CaCO3 + 802 — CaS0; + CO,

Gypsum slurry is dehydrated using a dehydrator and taken out as gypsum crystal with a
moisture content of 10% or less.

For the detail information, refer to the pages at P.190~192 or E.181~184.

§-3 Simplified FGD System
The wet type lime and gypsum method flue gas desulphunzanon system consists of three
stages of absorption reaction, oxidation reaction, and neutralization reaction as shown in
equations from the top in order in a table. This system has the distinctive features previously
mentioned, but is expensive to construct. Therefore, the simplified flue gas desu!phunzatlon
system has been developed and adopted in developmg countries.

Compg_rzson of Simplified FGD with Conventional FGD

Simplified FGD

Lime & Gypsum Semi-dry Method
Method Intrafurnace Desulphurization
: + Water Spray Method
Alkali CaCO; powder CaCO; powder
80, +HO — H,S0, - LaC0; - Ca0 + CO,
Reaction H803 +1/20, — H80, SO, + Ca0 + 1/20, — CaSO,
CaCO3 + HSO4+H,O SO, +Ca0 + 1/2H,0" ‘
— CaS0y+ 2H,0+CO, — CaS0;3 + 1/2H,0
sruseful gypsum #no wastewater
Advantages srarge flue gas srcompact size, less space
sthigh-level removal s¢simple process, excellent in economics
stwastewater treatment sslagging inside boiler
Disadvantages stanticorrosion material stlower removal
Alarge area stlower alkali utilization

sthigh maintenance cost

Cost

Equipment 100 f 20~30
Operation 100 75~80

In SImpm‘" ied FGD, the lime stone powder (Ca0) and water are directly injected into the
furnace. In a fumnace, desulphurization reactions are divided into first FGD of first two
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equations and 2nd FGD of third equation as shown in a table. The advantages and
disadvantages of both methods are summarized in a table by comparison. ‘

The cost reduction of simplified flue gas desulphurization (FGD) system was achieved on
the basis of general procedures for curtailing of the construction cost of the system; (1)
curtailing of engineering time, (2) making the equipment and machines constituting the
system compact, (3)studying the material qualities for equipment and machines, (4)
simplification of process, and (5)simplification of equipment, machinery and facility used for
the process, by simplification of control method, but care taken by the user’s side is also
very important. ’ S <

For the detail information, refér to the pages at P.188~189 or E.178~179.

6. Flue Gas Denitrification

6-1 NOx Abatement Method

The term of NOx implied two major oxides, nitrogen oxide (NO) and nitrogen dioxide (NO,).
In Combustion, NO is the dominant of the two, NO, mainly a downstream derivative of NO.
There are two main mechanisms of NOx production from combustion process; (1) from the
reaction of N, in the air with oxygen at the high temperature of the burner chamber, known
as thermal NOx, (2) from the nitrogen existing in the fuel with oxygen at high temperature,
known as fuel NOXx. : : : :

Typical efficiencies and the applicability of the various methods of NOx reduction are shown
in a table at the top of the slide (quoted from Environmental Engineering, P7717,
McGraw-Hill, 1998). Three methods from the top depend on the adoption of innovative
design to reduce NOx generation, and latter two are processes selectively used in the
industry to remove generated NOx. Recirculation of flue gas acts by reducing the peak
flame temperature and the quantity of oxygen present to minimizing NOx formation. In low
NOx burner, the burner designed to fire fuel at low excess air. Staged combustion can be
used to reduce the peak temperature. Up to three stages can be used, but this requires very
tight control over both the fuel and air flow rates to each stage.

Reduction of NOx Generation & Denitrification Methods

Method Applicability NOx red. (%)
Flue gas recirculation T-NOx 70~80
Low NOx burner F-NOx, T-NOx 10~25
Staged burners F-NOx, T-NOx 40~70
SCR  F-NOx, T-NOx 80~90
SNCR  F-NOx, T-NOx 60~80

Remarks; T-NOx: Thermal NOx, F-NOx: Fuel NOx

In a lower table, major flue gas denitrification processes are shown. SCR is a simple
process for decomposing NOx into N» and H>0, by passing the flue gas with ammonia (NHz)
in the flue gas, through the catalyst layer. This process is suitable for freating large volumes
of exhaust gas. SNCR does denitrification without using a catalyst, by injecting ammonia in
the high temperature range of about 800~1,000°C. The denitrification rate of this process is
low compared to SCR. NSCR does the catalytic reduction of NOx using a noble metal such
as platinum (Pt) as the catalyst and CHy, CO or H, as the reducing agent. This process is
hard to apply for a large volume of boiler exhaust gas with low concentration of NOx.
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Catalytic cracking process, using noble metal at about 450°C, and other processes such as
absorption process and adsorption process, has not reached the level of practical use. Wet
process are complicated and have a problem of wastewater treatment, so no actual system
has been adopted by normal power generation plant.

Denitrification Process
Process Method
Dry Process : '

SCR (Selective catalytic reduction) NHs, catalyst
SNCR ({Selective non-catalytic reduction) NH3, Gas temp. 800~ 1,000°C
NSCR (Non-selective catalytic reduction) catalyst (Pt) + CHy, or CO, or H,
Catalytic cracking cafalyst (Pt, << <)
Wet Process NOx + SOx removal

' Complicate process

wastewater treatment

For the detail information, refer to the pages at P.200~201 or £E.186~197.

6-2 NiH; Cataiytnc Reduction Process
In this process, after ammonia (NH3) is injected into the flue gas, and this adm;xture is
passed through the catalyst layer, NOx decomposes into N, and H,O as shown in a slide.
Ammonia gasified in the carburetor goes through the accumulator and is diluted by some of
the air provided by the forced draft fan for boiler, then injected into the exhaust gas from the
ammonia injection nozzle. The optimum temperature range for these reactions is 300
~400°C, equivalent to the gas temperature at the outlet of the boiler economizer (EC).
Followings are the features of this process; (1) simple process, easy operation, few troubles
and highly reliability, (2) no-wastewater generation and no need of reheating of exhaust gas,
(3) high rate of denitrification, (4) no by-product.

SCR Process : Ammonia Catalytic Reduction Process

mmnnnunmnmummnnmunlnun

i NH3 -
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B nox
@ b Erummmn
Boiler
|
Catalyst
3007400
a
a N AH
H,0 enEEn |/

Fan Q QA’ to EF
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Reaction » Catalyst
4NO +4NH; + Op — 4N, + 6H,0 support: ceramic (Ti, Al, =)
2NO, + 4NH3 + 02 — 3N, + 6H,0 catalyst: meftals
shape: granule, grid-form
honeycomb, plate
controf:  denirification rafe
catalvst bed draft loss

Several kinds of catalysts are in practical use. These mainly use porous ceramic such as
titanium or aluminum ceramic as the support, and any of several kinds of metal oxides which
are the active components of the catalyst are held by this support in form of granulated,
grid-form, honeycomb, or plate. The control of catalyst is done by investigation of changes in
the catalyst with elapsed time, record the denitrification rate and operation data including
catalyst bed draft loss under the fixed condition. e ‘

For the detail information, refer to the pages at P.202~206 or E.199~206.

7. Stack
The objectives for the stack of thermal power generation plant are to lead the exhaust gas
generated from the combustion of fuel in the boiler up to the height at which the exhaust gas
does not influence the equipment or animals and plants in the surrounding area, and also to
diffuse the exhaust gas into the air. ‘ ~ ‘ ‘

The draft force of a stack can be calculated by subtracting the friction resistance of the flue
gas passage section from the sum of the draft forces of the blower and the stack itself. The
equation expressed in a slide is generally used for the calculation of relationship between
draft force and stack height. Stack height can be determined from this equation. However, it
is necessary to increase the stack height in consideration of the flue gas diffusion surface
and the height of structures in the surrounding area. '

Stack height &DraﬂL force
(ra —yg)H, +Peb 2Vg’.2g «yg+ ZAh > 0

(7a — yg)Hy: theoretical draft force (kg/m’)
ra: air specific weight at atmosphere temp. (kg/m’)
r g exhaust gas ” ;
H,: stack height from datum level (m)
Peb: effective blower pressure (kg/mz)
Vg: exhaust gas outlet velocity (m/s)
g: gravitational acceleration (m/s’) :
5 Ah: total pressure loss in exhaust gas route = a -V2.72g- g (kg/mz)
a: resistance coefficient
V- flue gas velocity in route (m/s)

Selection of smokestack type must involve consideration of its structural aspects and
harmony of the stack with the surrounding environment in the aspect of scenic view.
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steel stack ) , RC stack

single self steel tower multi-cviinder sinale concentration

support support

The combustion exhaust gas from thermal power plant contains various corrosion products,
depending on the fuel used for the boilers. Therefore, the lining must be chosen from
physically and chemically stabilized materials, with consideration of the composition,
temperature, and flow velocity of exhaust gas, operating conditions of the boiler and the flue
gas desulphurization system.

For the detail information, refer to the pages at P.207 or E.208.

8. Environmental Management System

1.In EMS, trend of environmental management: Under worsening of global environmental
circumstances, “sustainable development” was agreed on in the United Nations Conference
on Environment and Development held in 1992. Based on this, International Organization
for Standardization (1ISO) has set the international standard of “environmental management /
audit (ISO 14000)” in 1996. This is that a company sets a basic policy and a goal for its
environmental problems based on the environmental influence caused by its business
activities and the legal regulations. The company makes, executes, corrects and audits the
system, rules and manuals in order to attain the goal. Such process is repeated so that the
system is continuously improved. This cycle is called as PDCA cycle
(Plan-Do-Check-Action). The ISO 14000 requires forming the appropriate organization, its
duty and controlling system to establish and promote the pollution control.

1. Environmental Management System .
- Trend of environmental management 180
- Organization for environmental management & control 14000

- Mission
- Pollution control system

2. In Cooperation with local government: Cooperation with the local governments is
indispensable. This includes such cooperation as installing telemeters for measured data of
poliutants and taking preventive measures for emergency. The enterprises must try not only
to observe pollution control laws but also to prevent pollution and protect environment
positively. '

2. Cooperation with Local Government
- Cooperation in pollution control measures
- Handling of complaints
- Environmental protection agreement

3. Data disclosing: The enterprises must report the measurement result of emission
concentration and action taken at the accident to the local governments in compliance with
the law. On top these, enterprises are required to disclose these results and implementation
of pollution measures publicly based on the environmental accountability.
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3. Data disclosing

4. Education and Training: The enterprises are required to educate their employees on
poliution and environmental problems.

4. Education and Training of Employees

5. Monitoring: The enterprises must observe the emission standard of atmospheric
poliutants set by laws. For this purpose, it is necessary to measure, monitor and record
reguiarly the emission concentration of pollutants such as SO, in the flue gas.

5. Monitoring

6. Greening of power plant: In Japan, by Factory Location Law, it is obliged to secure 20% or
more of the site area for green space in newly constructed power stations.

6. Greening of Power Station

7. Measures against accident and emergency: The director of the power station is required
to coordinate with superior, to make manuals and to implement the employees’ training
always so as to take smooth action immediately to respond to the request from the local
govemment

7. Measures against Accident and Emergency
- Accident
- Emergency

For the detail information, refer to the pages at P.254~259 or E.281~288.

9. Energy Saving

The energy saving in electric power generation is as much as the decreasing of pollution
load. It is necessary to promote the development of technology to achieving hlgh efficiency
and solve the difficult problems of coal-fired power plants.

Efficiency improvement
= Energy saving

“= Pollution decreasing

The high-efficiency power generation technolog;es and systems over the time series are
shown in a slide.

In pulverized coal fired power plants, steam turbine of ultra supercritical 2-stage reheating
cycle power generation system (USC) with the efficiency of 42~44%, fluidized bed
combustion of atmospheric pressure fluidized bed combustion (A-FBC) and pressurized
fluidized bed combustion (P-FBC) have been adopted. In coal gasification, integrated coal
gasification combined cycle (IGCC) power generation method become to be adopted with
high efficiency of 47%. In gas turbines used for LNG fired boiler, the turbine driven at high
temperature of 1,500°C with high efficiency of 50% is under developing.
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In direct power generation, phosphoric acid fuel cell (PAFC) is reaching at the stage of trial
applications of 50~500 kW for public facilities, hotels, etc with co-generation system. Melted
carbonate fuel cell (MCFC) is under 3rd stage development wit capacity of 300 kw. Solid

electrolyte fuel cell (SOFC) and gasification fuel cell (IGFC) are under developing.

For the detail information, refer to the pages at P.147~167 or £.109~138.
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Il .Glass Manufacturing Industry

1. Glass Manufacturing Process and Air Pollutants

Classﬂ‘ymg glass products of according to their composition, the soda-lime glass called
“ordinary glass” is the type most generally used. Other than this, special-composition

glasses are classified into borosilicate glass (hard glass), lead glass, and alkali-free glass.

The main raw materials of glasses are silica (Si0,), alumina (AlQ;), boric acid
(B,03)phosphoric acid (P,0s), soda (Nay0), potash (K;0), lime (Ca0), magnesia (MgO),
barium oxide (BaO) lead oxide (Pb0O), zinc oxide (ZnO).etc.

In glass manufacturing process first raw materials are finely crushed to particle size needed
in order to melt glass eventually at high temperature. The crushed materials are melted at
very high temperature (melting process) and homogenized (refining process) to remove
impurities and bubbles generated in the melted glass

Glass production methods are classified to 2 combinations of melting and forming;

(1) continuous »tank-fumace melting + machine forming, which is suitable for mass
production of a few various of product

- (2) round pot furnace melting + manual formmg, ‘which is sultab!e for producing small
‘ quantmes of multiple vanous of prcducts

Quartz sand Soda ash Limestone Others » Cullet

T " T : il T

Heavy >( Tank fumace } { Pot furmnace k Heavy
oil | . oif
I; )
1 : \

i
{ Tempen'ngr furmace ] ( Decorating } [ Manual forming ]

|
{' Bending furnace }

l N } N :
i Annealin
( Laminating process J [ Firing oven J [ g J

Sheet glass Glasses

S forcar
C_pote, D

Optical glass

The air pol!utants are (1) dust Wthh is generated from crushed materials during the handling,
and (2) SOx, NOx and toxic materials which are contained in flue gas from furnace.
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For the detail informatiori, refer to the pages at P.3~13 or E.4~18.

2. Soot & Dust Reduction

2-1 Reduction by means of Fuel and Furnace Operatlon

The dust is generated from combustion of fuel and decomposition of raw matenals
containing some toxic materials. The pamcleswrth 10 ~ 100 um of large diameter which
are scattered from the work processes for storing, mixing, conveying and charging are
usually handled separately from the soot and dust in flue gas.

The soot and dust from soda-lime glass melting furnaces consist of (1) the soot generated
accompanying the combustion of fuel, (2) ash content, and heavy metals contained in the
fuel, (3) scattered substances which are the carry-over from glass materlals from the
furnace, and (4) fume, which are aggregated evaporated substances.

Causes of Dust
- Fuel — Dust (soot, ash, heavy metal) ,
- Raw Material — Scattered substances (ash, heavy metal)
- Non-uniform mixing fuel and air

The most easy reduction methods of soot and dust are to change the fuel from solid to gas
or from heavy oil to kerosene. Other than these fuels switching, the improvement of furnace
operation is practical to deter the generation of dust. For examples, such as (1) effective
atomization of fuel (2) pay careful attention to the method of supplying air for combustion (3)
ensure the relationship between the furnace dimensions and flame shape are effective.
Reviewing the particle size of raw materials and moisture content which affect carry-over
nature of dust from the furnace is aiso effective to reduce the entrainment dust quantities.

Dust Reducz‘lon Method in Soda L/me Glass Melting

- Switching fuel, Solid — Liquid — Gas
‘ Heavy oil — Kerosene
- Effective atomization of fuel
- Careful manipulation of air supplying
- Adequate proportion of furnace configuration to flame shape
- Reviewing particle size of batch (glass raw material) ;
- Adjustment of batch moisture content in batch wise charge
- No direct striking surface of batch with flame

For the detail information, refer tb the pages at P.38~39}or E.53~54.

2-2 Properties of Dust and Applicable Scope of Dust Co!lectuon

The characteristics of flue gas (untreated gas) and dust generated by a melting furnace for
soda-lime glass, the most typical kind of glass are shown in the table. The particle size is
very small, no greater than 1 um and the main components are the sodium hydrogen
sulfate (NaHSO,) and sodium sulfate (Na,S0,).

The particle sizes of various dusts and mists, and typtcal examples of dust collectors applied
to them are shown in the figure.
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Soda-Lime Glass  Melting Furnace Flue Gas

Flue gas (400~600 T) Dust

0, 8~9% Dust conc. 0.2~0.4 g/Nm3

CO, 10% Particle size ~0.5u4m 25%

g%o ;ggo 1 80005 e 0.5~03um 50%
X ~1,000ppm 0.3~01um 209

NOx 400~600ppm ’ 0.1u m/-‘: 5;/{:

Gravitational dust collectors, inertial dust collectors and centrifugal dust collectors are not
.suitable for collecting dust with small particle size 1 ¢ m or less, as shown in a figure, and
are not used to collect flue gas dust from glass melting furnaces.

Dust Collection

.01 0.1 1.0 10 100
mmmEEEs  Jobacco snLoke ] s lue dust wmmmm
s | Off Smoke i r-n Cement s

Bmm Pulverized coa —l
F—-f- - Fly ash) eesemmmesm,

l Cvclone: I ,

[ Sorav tower
Phcked tower |
Cvclone scrubber

Venturi Aiet scrubber I

BBaa filter i

‘ )EP : |

They are most commonly used in glass manufacturing plant to collect raw material particles

“generated in the processes of storing, mixing and charging of raw materials. Scrubbing dust
collectors use large quantity of water and need periodical maintenance; therefore they are
not suitable for glass melting furnaces, for which large quantities of flue gas must be
contmuously treated for long period of time. Therefore, filter dust collectors or electrostatic
precipitators are generally used for large tank furnaces.

For the detail information, refer to the pages at P.38~41 or E.53~57.

2-3 Filter Dust Collector

Bag filter dust collectors have the widest usage range in all dust collectors. Bag filters can
collect fine particles even 0.1 ¢ m in size. When a bag filter is used for the treatment of flue
gas from a glass melting fumace a high dust-collection efficiency rate of 97~99% can be
obtained.

The dust collector mechanism is that the primary layer, which particles have adhered on the

surface of the filter cloth, is Used as the filtration layer to collect fine particles. The flow rate
through the filter is usually around 0.5~3 cm/s. Therefore, when treating a large volume of
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gas, the dust collector equipment has muitiple dust coliectmg chambers with many bag
filters arrangement in paranel

Filtration Action in Filter Cloth

0.5~3cm/s
=250C a S :
primary iayer P Y :

AP =150 mg Hg — dusting

For example, a bag filter with treatment capacity of 35,000 m*h (250°C) for melting furnace
has 6 dust collecting chambers, each with 50~60 cylindrical bag filters about 600 cm long
and 30 cm¢, arranged in each chamber. In this case, one of the 6 chambers is being
scrubbed at any given time, while the other 5 chambers are in use.

The filter cloth used for glass melting furnaces is glass fiber because of erosion by sulfuric
acid due to dew condensation under below 200 °C.

| Clean gas

fan

Bag filter

Flue

When the pressure loss has reached about 150 mm Hg after accumulation of dust on the
filter, dusting is needed. The dusting method can be either intermittent, most commonly
used for glass melting furnaces, or continuous. Dust removal can be done by a method
using vibration or a method using reversed air.

Dusting frequency Dusting drive
- intermittent - -vibration

- continuous - reverse air
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The gas temperature must be kept between 200 and 250 °C to avoid over heating for
resistance temperature for filter cloth and dew point sulfuric acid.

For the detail information, refer to the pages at P.41~43 or E.57~58.

2-4 Electrostatic Precipitator

The electrostatic precipitator system collects dust by electrifying the dust particles in flue gas
by corona discharge. When using an electrostatic precipitator, the influence of properties of
flue gas and dust on collection efficiency is less, the collection of fine particles is easy by
even when pressure loss is low, and high dust collection efficiency can be obtained.
Therefore this system is widely used for the treatment of flue gas from glass melting
furnaces. ~

Principle of EP

o
i

dust colfecting
discharging el ec{fg de
~ electrode dust

(+) (+)

The electrostatic precipitator (EP) is used to remove very small liquid and solid particles
from a gas stream. This operates by generating a corona between a high-voltage (60 KVA)
electrode, usually a fine wire, and a passive earthed electrode, such as a plate or pipe.
Particles passing through such an electric field are ionized by ions migrating from the
discharge to collector electrode, with whom they collide. These particles then drift towards
the collector electrode to which they are held by electrostatic attraction. The particle are
removed from the collector by either a rapping or a water spray periodically.

Eeature
- Less influence of flue gas & dust
- Low pressure loss

Peeling dust from electrode
- Dry EP : hammering impact
- Wet EP: flow down with water film

As particle size increases, dust collection efficiency is generally higher, although, the
apparent electric resistance (2-cm) of dust has a great effect on dust collection efficiency.
This is affected by gas temperature, moisture and the concentration of SOs.
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Relation between apparent electric resistancé and dust removal /discharge current

, : discharge
dust removal current !
7w i (mA)

NG LT

HE 4 ' ol

P :

#

10° 10" 2-cm
A B C D
' A: re-scattering
B: normal

C: frequent occurring of sparks
D: counter electric dissociation

When the apparent electric resistance rate is in the 10°Qcm to 10" Qcm range, ideal
electrostatic precipitation occurs. When the resistance rate increases to over 10" Qcm,
the phenomenon is called as counter electric dissociation and then dust collection efficiency
decreases. To prevent counter electric dissociation, injecting water or steam, or sulfuric
anhydride (SO3), and treating flue gas at a temperature higher or lower than 150~200°C, at
which electric resistance shows the highest value, are effective. ‘

Factors affecting dust collection
- particle size

- temperature, moisture, SO;— £2-cm
For the detail information, refer to the pages at P.43~47 or E.60~66.

3. SOx Reduction Method :

3-1 Desulphurization using Caustic Soda : 3

SOx in flue gas from glass melting furnaces is usually generated by (1) combustion of the
sulfur contained in fuel oil, (2) decomposition of sulfates such as sodium sulfate (Na,S0,),
and gypsum (CaSO.) used in glass raw materials. Flue gas desulphurization systems are
generally adopted for glass melting furnaces using high-sulfur heavy oil.

There are many kind of applicable chemical reactions for separating and remkoving»SOx from
flue gas. The process of scrubbing using caustic soda and magnesium hydroxide {Mg(OH)y),
which is simple from the system view point, is most commonly used for glass melting
furnaces. : o

The typical caustic soda desulphurization process is shown in the figure. Separated SOx is
finally recovered as a form of sodium sulfate (NaS0Q,). This system has achieved a
desulphurization rate of over 97% and a dust removal rate of 95% as actual results. After




desulphurization and dust removal have been done by this method, it is necessary to raise
the temperature of treated gas by doing afterburning using clean gas, in order to eliminate
the emission of white smoke containing the steam,: reoent!y, however, concemn about energy
saving has increased, and since steam does not affect air pollution, there are many cases in

which afterburning is not done.

Flow Sheet of Caustic Soda Desulphurization

SO +2NaOH— Na,SO ;+H,0 AN~RN T

Na ;SO ;+H,0+S0,—~2NaHSO, =~ I
S0t < EP with
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SOx : ,
AN > \ |
waste heat boiler ' IR ==
meltina furnace absorotion > |

after burmer

<
~

X

‘ T
A i i NaQH

oxidation tower

N
r

Na»SO.e LI

crvstallization can

evaporation can
. NaS03+1/20;,— NaS0y4
Alr NaHSOs+NaOH— NazSOsz+H:0

The wet-type electrostatic precipitator (EP) has become simpler and high efficiency of mist
and fumes removal along with dust removal, so wet type electrostatfc precipitators with
demister has been widely adopted.

For the detail information, refer to the pages at P.48~51 or E.68~72.

3-2 Desulphurization using Magnesmm Hydroxide

When SO3 is absorbed into magnesium hydroxide (Mg(OH)z) soiutnon and the solution is
oxidized by air, the solution becomes waste liquid containing magnesium suifate (MgSO.).
This method is simple and equ&pment cost is low; it has been adopted for bottle glass
melting furnaces, etc : .

Flue gas from the glass melting furnace is cooled to 250 °C in a waste heat boiler. Then gas
is led to the absorption tower lined with refractory stone and carbon brick. The circulated
liquid is sprayed into the gas, adiabatic cooling of the gas occurs, and the flue gas becomes
steam saturated gas. The adiabatic cooling action decreases the flue gas temperature to
prevent damage to the lining layer of the can body of the tower. Magnesium hydroxide is
supplied in the gas scrubber. Flue gas passes through perforated plates, and gradually flows
to the upper level. Vlgorous gas-liquid contact occurs at this time, and SOz is absorbed and
removed.

-35-



After the greater part of the desulphurized flue gas mist is removed by ehmmator the dustis
removed by a wet-type EP, and treated gas is released. Part of the circulating solution which
absorbed the gas is drained, aerated and air-oxidized in the oxidation tank, and forms
magnesnum sulfate(MgSOy).

Flow Sheet of Magnesmm Hydroxide Desulghunzat:o

l Glass Meltina { Mg(OH)2+8503— MgSOs+HzO

4‘ Mg(OH)z+2802— Mg(H30s)2

Waste Heat — — ; ;

Boiler | | . .
* wetEP
— N[
E 2 , k | N
l X . o ] stack
absorption tower ) 'L ( 3 =

air

3 -Q : . wastewaler
"""""  oxidation tank v /

Diatomaceous
Earth Filter dehydrated

T~ cake

MgSO3+1/20;— MgSO4
Mg(HS03)+Mg(OH)2 —2MgS03+2H,0

- The drained solution from oxidation tank is filtrated by the pre-coat filter which uses
‘diatomaceous earth as the filter medium. This system has achieved 98% desulphurization

‘rate. The features of this system are (1) simple system, (2) inexpensive initial and operating
cost, (3) using no toxicity and no corrosive of chemicals. '

For the defail information, refer to the pages at P.51~52 or E.72~73. i

3-3 Dry- type Flue Gas Desulphurization

Flue gas led into the cooling tower, where several % of caustic soda solution is sprayed on
the flue gas and the temperature is cooled to about 300°C, and at the same time, the SO»,
S03, and CO;, in flue gas are changed to granulated Na,S0Oy, Na,S0;, and Na2COs;.

In the following reaction tower, after Na,SO5 has been oxidized to Nap,S0;,, the flue gas is
~ led to the electrostatic precipitator, where Na,S0, and Na,COj3 in powder form are removed.

The temperature of outlet gas from the electrostatic precapltator is 220~230 °C, so the flue
gas is directly released from the chimney. :

This method has achleved desulphunzataon rate - of 50~90% and soot and dust
concentration of 0.05 g/Nm® or below.

Collected dust at the e!ectrostatlc precipitator is dnssolved in water to form a solution from

- which sodium sulfate can be recovered through a refining process. The desulphurization
rate of a dry-type desulphurization system is usually lower than that of a wet-type

-36-




desulphurization system, but the dry-type equipment system is relatively simple and suitable
for small and medium-size furnaces. : ‘ ,

Elow Sheet of Dry Type Flue Gas Desulphurization

Na,S04
NaSO3

~ NaxCOs Desulphurization rate: 50~90%
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For the detail information, refer to the pages at P.52~53 or E.73~74.

4. NOx Reduction Method ‘

4-1 Reduction of Nitrate in Raw Material

NOx generated from glass melting furnaces by combustion of fuel and aiso by the
decomposition of small quantities of nitrate, used as an oxidizer and refining agent, in the
raw materials (nitrates are only used in special furnaces).

NOx generation . _NaNQ, (oxidation, refining agent)

Reduction of nitrate dosage can be considered as one method for reducing generation of
NOx (called material NOx or batch NOx). When nitrate use is stopped or reduced, obviously
the quantity of NOx generation is reduced, but the use of nitrate is sometimes indispensable
for maintaining glass quality.

There is one example of a lead glass in which glass quality could not be maintained when
the use of sodium nitrate was decreased; therefore, changing the flame to make it more
oxidative was unavoidable, and as a result, the quantity of NOx could not be reduced.
Concerning the use of nitrate, it is necessary to thoroughly consider the variety of glass and
flame condition, then make continuing efforts to reduce the use of nitrate.
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As an example of the effect when the use of nitrate is reduced, we compared the ftrial
calculation values and actual measured values for the effect when the quantity of sodium
nitrate (NaNO3) used was changed, for an end-port furnace, as shown in the slide. Actual
measured values were reduced roughly as indicated in theory.

1. Reducing NaNQ; additives
Quantity of pull : 100t/ da Y
Flue gas volume : 17,000 m° / h
Trial calculation: NaNQ; : smca sand =0.5: 100 NOx 169 ppm
7o 7 =03:100 7 102 »

reduction A 67 ppm

Recently, there have been some cases in which the use of nitrate was stopped by changing
the refining agent. Previously, sodium nitrate was used in combination with antimony
trioxide(Sb,03) for the purpose of oxidation and refining. Once Sb,O; takes in oxygen
released by the decomposition of NaNOj, the Sb,0; itself becomes a high-grade oxide. A
large quantity of NOx is generated. However, in sodium antimonate (Na,*OSbs-6H,0)
antimony has a valence of 5 and therefore the function of NaNO; is not needed as shown by
equations in a slide respectively.

2. Changing refining agent . (Sb;03 = Na,0 -Sb,05-6H,0)

"~ Low temp. High temp.
Sb,03 + Oy d Sb,0s5 ead Sb,03 + Oy [ + thermal NOx
7 Vitrification Refining

Low temp. ,

Na,0 -8Sb,05 -6H,0 L Na,0 «Sb,05s + 6H,O [
. High temp.
- Na,O -Sbh,04 + Oz‘ 7
Refining

For the detail information, refer to the pages at P.55~56 or E.77~78.

4-2 NOx Reduction Related to Fuel »
Fuel NOx increases as the quantity of nitrogen contained in fuel increases.

N in Fuels
Fuel Nitrogen (wt %)

Coal 07~22

C- heavy oil ¢ 02~04

A- heavy oil ¢ . 0005~008

Light oil 0.004 ~0.006

Kerosene : 0.0005~0.01

LNG ; ‘ Tr.
LPG Tr
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M JIS K2205 kinematic viscosity (cSt, mm2/s) C-heavy oil: 50=~1,000, A-heavy oil: =20

Usually, the quantity of nitrogen in fuel increases in order, from gaseous fuel to light-gravity
oil, to heavy-gravity oil. However, because glass-melting furnaces need to be operated at
“high temperature, 1,500~1,600 °C, the ratio of thermal NOx in total NOx generated is
overwhelmingly greater than the amount of fuel NOx.

Furnace temp. 1,500 ~1, 600 T = Thermal NOx » Fuel NOx

In addition, light-gravity oil and gaseous fuel have heating values lower than that of heavy oil,
and it is difficult to obtain a bright flame using light-gravity oil and gaseous fuel. Therefore,
for a glass furnace which has a heat transfer mechanism almost completely dependent on
heat radiation, when the fuel changed from heavy oil to light-gravity oil or gaseous fuel, fuel
consumption is certainly to increase. In case of changmg to natural gas from the heavy oil,
same phenomenon can be seen.

Heating value

Blight flame ; ,
\ . Light gravity oil
Heavy oil : Gaseous fuel
v
Fuel increasing

NOx increasing

One reliable and effective measure for glass-melting furnaces would be to switch to electric
energy, but we cannot yet say that the technology for total electric glass melting in large tank
furnaces has been established. Electric boosting is already widely used. Eleciric glass
melting is mainly internal heating (resistance heating by changing of electricity directly into
molten glass), and its thermal efficiency is high.

(=)

o o Electric energy

resistance

For the detail information, refer to the pages at P.56~57 or E.78~79.

4-3 NOx Reductlon by Furnace Operation Method
There are several methods to decrease the NOx generation by means of mamtammg

- appropriately the operating conditions of furnace.

(1) Lowering the glass melting temperature isa fundamentai measure to reduce NOx, but
this has the opposite effect on attempts to improve the various characteristics of glass.
To solve this problem; MDthe adoption for glass of a chemical composition with melting
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at low temperature, @development of method using the largest possible quantities of
~ cullet (scrap glass).

1. Declining Glass Melting Temp. ,
- chemical composition ----- melting at lower temp.
- using the largest possible quantity of cullet

(2) Lowering the primary air pressure wh;ch is used to inject hquld fuel is effective. For
example, generation of NOx has been reduced by about 24% by decreasing the
pressure from 4 to 3 kg/cm Other than this, mixed gas combustion using fuel gas as
the gas for fuel injection, causes no problems in the aspect of maintenance, and is
effective for reducing NOx.

2. Lowering Primary Air Pressure
- lowering air pressure for fuel injection
ex. 4kg/cm2 — 3kg/cm2 = NOx A24%

(3) When the air ratio (theoretical air ratio: 1) was lowered from 1.2 to 1.1 as shown in
the slide, NOx was decreased by 25 %. Therefore, it is desirable to burn fuel using an air
ratio as close to the lower limit as permitted.

3. Lowering Secondary Air Volume
- decreasing air ratio ex. 1.2 — 1.1 .= NOx 425%

400 1477C e
200 | 7 1327

NO ppm .:{::--u-v‘ ----- | ’

. 1 20 A

(4) Allotting the fuel distribution to maintain the same average temperature throughout the
entire furnace as much as possible is effective to reduce the generation of NOx. Also,
combining the direct charging of electricity (electric boosting) with heating by fuel
combustion is very effective for decreasing the maximum temperature of the furnace.

4. Lowering Furnace Temp. (Max. Temp.)
- alfolting fuel distribution to maintain uniform temp. in furnace
- electric boosting

(5) Work standards for operators are also very mportant and effective to reduce NOXx
generation. ;

5. Combustion Control Work Standards

For the detail information, refer to the pages at P.57~58 or E’.79~82.

4-4 Using Low NOx Burner
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Fuel is usually burned using 10 ~30% excess air (air ratio: 1.1~1.3) in glass melting furnace.
While fuel is burned using only the theoretical amount of air, not only it is difficult to maintain
furnace temperature due to the formation of soot and unburned substances, but glass
quality defects such as coloring of glass can also occur. '

1. Hydraulic burner was initially developed for sheet glass melting furnaces for the energy
saving and NOXx reduction as shown in the table. The method, it uses to atomize heavy oil, is
increasing the pressure of heavy oil and injecting it from a spray nozzle, without using air for
atomization of the fuel heavy oil.

Hydraulic burner

3B air afomizing
T ‘H Bumer Heavy oif use NOx cone. b my
air S rafio ratio K hydrauiic
i temp ‘ ... 0“? Ba
, Air - 1.00 1.00 Lo & o %
3 atomizing
high hydraulic AR : - ~ = i
. k molten Hydraufic 0.88 0.62 flame length
Heavy oil @
glass

2. Supersonic burner is that it utilizes supersonic waves to atomize fuel oil. The amount of
atomizing gas (air or steam) needed is said to be about % of that for a conventional burner.

- Low O, combustion ex. Air 1770 — 120 m%h = NOx 425~30%

3. Laidlaw Drew burner was developed for boftle glass melting furnaces in England to save
the fuel consumption. The amount of primary air required is 30~40% less than for a
conventional burner, so it is said that the flame becomes “soft”, heat efficiency increases,
and fuel consumption decreases, while NOx is also reduced. ‘

- Primary air:  30~40% less than conventional burner = lower NOx

4. Gas atomizing heavy oil burner uses town gas instead of using primary air and the
amount of primary air is decreased. The result of testing done using an end port tank
furnace (pull quantity: 100 t/d) for bottle glass were reported that the NOx concentration was
decreased by 20~25%, while energy unit requirement is decreased by 3%.

- Town gas is used instead of primary air = NOx 4 20~25%

For the detail information, refer to the pages at P.59~63 or £.83~88.

5. Removing Toxic Substances

5-1 Cd & its Compounds

Other than SOx and NO¥, the toxic substances discharged from glass melting furnaces are
cadmium and its compound, lead and its compounds, and fluorine and its compounds.

Cadmium volatizes and diffuses from the cadmium sulfide (CdS)‘and cadmium carbonate

(CACO3) used as sub materials for manufacturing of special glass such as neutron cut-off
glass or other glass products. o :
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soecial aass Generatmg Source | T T
g;‘};’ef:” out-.off glass < sub material -CdCos

Volatilized and diffused cadmium i m the fume state is concentrated in flue gas. Cadmium and
its compounds are discharged as a form of pamcies and are therefore removed by the dust
collector. .

dust & soot in
- volatilized
fume

(oot ) a

Bag filter and electrostatic precipitator are usually effective.

For the detail information, refer to the pages at P.64 or E.89.

5-2Pb & its Compounds
Lead is the main component of crystal glass, and is also used for glass for TV Braun
cathode ray tubes (CRT) and frit for glass fusion. The dust in-flue gas from the melting
furnaces has a lead content of over 50%.

' , | 500
Crystal glass, TV-CRT, flit Particle 0.01~1 x#m
ﬁ . / Electric R. 10" Qcm
Melting furnace 300C

i————-——b

i special EP Stack

NaOH fank Humidity controlling
; ' fower:

- Evaporation of lead becomes vigorous from around 400~500°C, and evaporated lead exists
in flue gas as lead fumes. It is necessary to melt raw materials at the lowest temperature
possible in order to suppress the evaporation of lead from raw materials. Electric melting is ‘
the most desirable, since melting of raw matenals can be done while keeping the surface
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temperature at a low level.

The particle sizes of lead and its compounds are as small as 0.01~ 1 1 m, and their electrical
resistance can be as much as 10" Qcm. Therefore when the bag filter used, plugging of
the bag filter mesh occurred, and pressure loss increased. Also, when ordinary electric
precipitators were used to collect lead and its compounds, stable collection was difficult due
to counter electric dissociation. Since about 28 years ago, the stable collection has become
possible using specially designed electrostatic precipitator (EP).

~ special EP

Multi needle- shaped
discharge electrode

In this system, flue gas is cooled from 500°C to 300°C or below, by the spraying of weak
caustic soda solution. This process makes lowering the electric resistance of particles. Also
this system designed so that flue gas temperature is kept at around 300°C to prevent the
increase of electrical resistance. The flue gas is led into an EP with the distinctive feature
that its discharge electrode is not a linear electrode, but a plate with multiple needle-shaped
discharge electrodes shown in the slide.

For the detail information, refer to the pages at P. 64~66 or E.89~91.

5-3F & its Compounds
Fluorine and its compounds are used in many cases as accelerators for meltmg glass such
as electric glass fiber (E-glass-Fiber) and special opaque glass. Fluorite (calcium fluoride) is
the fluorine compounds most commonly used in raw materials. Both dry type and wet type
methods are used to remove fluorine and its compounds.

In dry type system, flue gas is cooled to about 250°C by spraying water into the flue gas in
the cooling tower. Then, slaked lime powder is supplied to the gas. This operation converts
fluorine and its compounds to calcium fluoride (CaF»), which is collected and removed using
a bag filter. Ca(OH),, CaCOQs, CaS0, coexist in the powder and it is re-used as raw material.
This process has achieved fluorine removal rates of over 95% and dust collection rate of
over 98%.

Dry type defluorination

Removal p—
>05% —
R «
absorbent | dust >98% dust tank
: tank
flue aas | D
Y 250 © & bag
_J A4 »|  filter o dust
air Ca({OH), powder i :
: L $CaF,, Ca(OH):
water cooling tower ; . CaCOs, CaSOy
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The distinctive features of this method are its easy maintenance and low running cost, but its
equipment size is fairly large. :

Wet type defluorination

Removal
F>95%
dust>75%
s\c/::z?l?lla,;r absorption -
tower S—— Can

4

TITII A = /=X =N

flue gas —p

Air N oxidation g
TET=L = olaR e
exchanger g ‘ : Q’

NaOH pl
slaked lime

In wet type system, fluorine and its compounds are absorbed by caustic soda solution. This
process is constituted of flue gas cooling, flue gas scrubbing, and wastewater treatment.
This method removes SOx simultaneously. The fluorine removal rate is over 95%, and the
dust removal rate is over 75%. Slaked lime is added to the NaF formed by reaction in the
reaction end, to change it to CaF, which can be re-used after being separated,
concentrated, and dried.

For the detail information, refer to the pages at P.66~67 or E.91~93, |

6. Environmental Management System

1ISO14001 standards are the basis of the Environmental Management System (EMS). The
aims of EMS are to always understand the pollutants discharged by the enterprise itself, to
maintain the conditions of a well-managed environment. The 1SO 14001 requirements
consist of 5 items, MEnvironmental principle, @Plan, @Enforcement and application, @
Confirmation and collective measures ®Reviewing by plant manager.

EMS fo next step
: Do B
1S014001 ,
/V : Environmental principles
Action k \b Plan ’

Reviewing &y plant manager

Do
Check l Enforcement & application l
Confirmation & collective measures : i
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The items which should be considered at the time of plant construction and operation,

1. Environmental impact assessment is essential to do advance investigation of the natural
environmental condition in the area of plant location. :

2. To understand the environmental standards and regulations for emission are impdrtant.

3.  In planning of plant and air pollution control equipment, calculate the allowable value of
the pollutants generated by the plant which conform to the emission standards. The
most econorical treatment methods are determined by selecting from various methods
which satisfy the upper limit values for the pollutants emission. '

4. Appropriate operation control of entire glass melting furnace system and effective
‘worker training are very important too. ,

5.  The monitor of pollutants emitted from the exhaust ports of glass melting furnaces is
important to conform to emission standards.

6. All staff involved with the plant must make their best efforts for its environmental
management. The person in charge of the work site where the accident occurred must
report the occurrence of accident to related organs, make efforts to minimize damage,
and obtain the understandings of local government bodies and local residents.

For the detail information, refer to the pages at P. 14~22 or E. 19~32.

7. Energy Saving Technology

Energy saving as an air pollution control measure is useful for the reduction of production
cost, and is effective for reduction of CO,, which has become a problem; energy saving can
support businesses operation for the glass manufacturing industry which consumes large
amount of energy. : -

First, determination of the process how to promote the energy saving including the items of
basic policy, recognition for current state, quantitative goal, and measures is useful.

How fo promote energy saving e ;
Basic policy — Understanding current state— Goal— Measures

There are various energy saving methods such as (Dacceleration of glass melting by
increasing cullet use ratio, @improving combustion condition from the stand points of
software and hardware @minimizing the heat loss @ waste heat recovery and, ®Bothers
such as introduction of cogeneration system, etc.

For the detail information, refer to the pages at p.23~37 or E.32~52.
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Il .Steel Industry

1. Iron & Steel Making Process and Air Pollutants
The rough manufacturing process of integrated steel works and air pollutants generated
from each process are shown in the slide.

[ hot role steel l dust NOx[ cold role
y : steel
‘ IoRER | :
........ L HE L | [N 8 x x 3 ....... L h _________
sintering i hot rolling cold rolling continuous
machine i e o annealing furnace

SOx
NOx

Gl o w2
BT B B e R B

iron ore & - hot stove blast converter continuous pre-heating furnace
coking coal furnace ; - casting

In raw materials treatment process, iron ore and coal are carried in by ships or trains and
stored, where the coarse particles are scattered as dust.

In coking process, the dust are generated during the crushing, blendmg, and charging of
coal to coke ovens and pushing out coke from the ovens.

In the sintering process, powdered iron ores are m:xed with lime stone and powdered coke
to be baked into pellets, where coarse particles are scattered from materials handiing
process and SOx and NOx are contained in the exhaust gas from baking furnace.

In the blast furnace process, major air poliutant is dust, which is mainly generated at the
casting bed. Other than this, dust is generated when raw materials are charged into the
upper part of blast furnace.

in the converter steeling process dust and soot are mainly generated dunng biowmg, and
before and after blowing. R

In the rolling process, dust, SOx and NOx are generated from a pre-heating furnace and a
continuous annealing furnace.

Other than these, boilers in the steel mill emit SOx and NOx too.
For the detail information, refer to the pages at P.139~151 (Japanese version) or E.1~14

(English version) of “Air Pollution Control Measure Technology in Steel Industry, Kitakyushu
International Techno-cooperative Association, March 1997 ” under the supervision by Air
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Quality Management Division, Environment managemem ~Bureau, Ministry of  the
Environment, Government of Japan

2. Process of Electric Furnace Plant and Air Pollutants

The Steel production process by electric fumace consists of (1) melting process, (2) oxygen
blowing process to remove carbon and phosphorus, (3)deoxidized process which makes
desulphurization, alloying and temperature adjustment by the reduced slag after removing
oxidized slag. Loading and unloadmg of matenais in these processes are operated in
discrete runs.

In the slide, typical process which is commonly adopted for the electric furnace steel factory
to produce the ordinary steel and low alloy steel is shown.

soot ; ‘ . .
dust , soot
odor dust
white smoke
’ g ladle
tandish-mold
B IR | I | e e . | st
TN , ‘ ' magnetic stirring
scrap Electric Bottom ladle refining e
preheater Tapping  furnace dust
(EBT) coco
continuous s>

casting

Maijor pomons of exhausted pouutants in the electric furnace steel mill are from electric
furnace and ladle refining processes. These gases contain dust, soot, white smoke, and
odor.

For the detail information, refer to the pages at P.152~154o0r E.14~16.

3. Coarse Particle Scattering Prevention

3-1 Coal Handling Process
Qutlines of coal handling processes and dust control methods are shown in a slide.

chemical
water spraying — wind shelter fence water sprinkling =
sprinkling. , J . chemical dosing chemical
¢ ﬂ\£

coal cargo - coke oven

The main stream bf dust scattering prevention is a method by water spray. Major portions of
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water sprinkling in the coal handling process are:

(1) inside the hatch of ship

{2) unloading bucket

(3) discharging hopper

(4) belt conveyers including joint portions
(5) storage yard

There are cases where the surface of piled raw materials is covered with net or sheet, or
sometime be coated by chemicals such as polyvinyl acetate or tar. A wind shelter fence has
been installed. A wind shelter fence of 7 m high with 40 % opening area could reportedly
reduce the wind velocity by 50% or over.

In belt conveyer transportation, the prevention methods of dust scattering have been
controlled by installing belt-conveyer cover, wind shelter plate, water sprinkler, receiving
plate for falling iron ore and coal, belt cleaner, and enclosure of joint parts of conveyers.
Hoods are installed at the joint parts of conveyers to collect the dust.

For the detail informatidn,‘refer to the pages at P.156~157 or E.18~19.

3-2 1 Coke Production — Coa! Charging Process '
The occasions of dust generation are as of when the coal is charged into the coke oven and
the coke is discharged from coke oven to the quenching car.

dust coﬂector

mounted on charging car o mounted on
< ¥ iq
- ground
Waz‘em- l Connection valve
‘ AN | 7. :
» v/
Pre-duster

© Venturi
Bump scrubber

ejector Combustion

Spray
nozzle

to stack

CoG ‘
e |_g %’5; g g L

1 ; ' ,ﬁuaang bar

D"‘ v - , Thtckener

; / Cokmg chamber ;
Tar decanter

Centritugal ‘
decanter

Smoke is generated at the time of charging of coal into the carbonization chambers by
replacement of gases in the oven with coal, which contain steam and fine coal dust in the
gas which are generated when the coal touches the hot inner surface of oven.

A part of these smokes can be absorbed by bump ejector. However the most smoke is
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sucked to the dust collector installed on the ground through the combustion chamber
mounted on the coal charging car. The sucked gas is first combusted in the combustion
chamber, and then washed by water at pre-duster and leads to venturi scrubber, of which
water is led to a thickener. The washed and cleaned gas is led to stack and emitted into the
. air.

For the detail information, refer to the pages at P.156~157 E.19.

3-2-2 Coke Production — Coke Discharging Process

Smoke generation occurs at the time of opening the oven covers of both sides of
carbonizing chambers, which discharge remaining gases in the oven along with dust. Also
the dust generated when the coke is pushed to the coke-guide girder, when coke falls into
the quenching car, and during the transportation of coke by quenching car to quenching
tower. The dust generation at the time of coke discharging is huge, so that the dust
collection in this operation is very important.

Coke guide car ' Ground facilities

Pl o
P

|
Connection valve
= O]

.

-

e ¢

2 s ssanmsint
A—
AR
£ ol
A

stack

Pre-duster
coke ‘ ,
I § .
oven | —— suction hood

bag fitter

bl quenching car

When the red-hot coke falls into the quenching car, the smoke is sucked into the mobile
hood, which is moved and stopped at the right side of discharging ovens and just top of
quenching car, and is led to bag filters on the ground through connection valve as shown in

a slide.

For the detail information, refer to the pages at P.156~157 or E.19.

3-3 Sintering Process 4

A greater part of dust generation in steel mill comes from the sintering process. The dust
generated from sintering process was used to be hard to remove by electrostatic precipitator
because of its high apparent electric resistance. However, this problem was solved by the
development of ESCS (Electrostatic Space Clear Super).

Other than the dust abatement for sintering process, dust collections for the coke breeze -
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sizing process and sinter sizing process are done by bag filters as shown in a slide as well

as for the belt conveyer-junctions.

coke breeze
sizing
l I bag filter
mixer
coke EJ to stack
raw material bin A
blower
bag filter 4 ESCS
fo BF l
< sinter
imachine
sinter sizing cyclone
bag fiter Desulphurlizer
Slag-gypsum
ESCS: Electrostatic Space Clear Super process

For the detail information, refer to the pages at P.158 or E.20.

3- 4 Blast Fumace Process

The major part of dust control at blast furnace is the area of castmg bed of blast furnace,
where the dust collection is doubly done by two stages. In the first dust collection, the dust
coming out of tapping part, skimmer, molten iron trough and chute are collected by the upper

hood system or the side suction system.

Q=4,800 m*/m
3 — 0.01 mg/Nm®

N
bag f.

Q=1,400 m*m
15 — 0.01 mg/Nm®

WATAVAVAYS =

ore bin

MBS

(TATATAV S

bagf.tK
=

surge hopper

coke bin

wet s.

hot stove
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For the dust collection at tapping part of blast furnace, top-hood suction system or side-hood
suction system is adopted in consideration of crane manipulation and workability around

tapping part.

in the second dust collection, the dust which is not captured by the first stage collector
system is gathered to small space at upper part of the casting bed as much as possible and
collected. The second dust collection system is usually equipped with “storing system” or
“curtain system” to cope with dust collecting for large amount of coarse particles
generated at early and last stages of tapping, taking the smoking condition and a layout of
casting bed into consideration. o

In a slide, whole processes involved in blast furnace operatioh and examples of
performance in dust collecting systems are shown. (

For the detail information, refer to the pages at P.159 or E.21.
3-5 Steel Manufacturing Process (Converter)

Whole dust collection system in a converter plant is shown in the slide, where the bag filters
are mostly used. ~ :

Bag filter

hot metal
Treatment center

7,700 m*/m
3
5— 0.01mg/Nm l l ladle repair gy

EP

14,200x2 m*/m
0.4~ 0.03mg/Nm®

building exhaust

1,800 m*/m : : ,
20— 0.10mg/Nm® ~ [5 A A &l
desulphur slag scraper

o B
N 1

+ 500 M - ladle converter B
g nr/m . 7,500 nv'/m
3 .
15— 0.01mg/Nm desulphurization center 72' 50%’3;/"7 . 2— 0.03mg/Nm’
— 0.03mg/Nm

kAl

Smoke generation in a converter plant occurs before and afier the blowing process. Smoke
generated during the blowing can be satisfactorily sucked by gas recovery device such as
OG device. However, in case of when smoke volume generated at the time of slopping,
which is called as bumping phenomenon and emits a red color smoke with high
concentration dust, exceeds the treatment capacity of gas recovery device, the leaked
smoke is collected to an environmental dust collector, which is called as furnace port dust
sucker. The smoke and dust generated at the preparation works for cinder removal and
desulphurization, handling of sub-raw materials, and cutting of metal adhered to ladle and
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lance are sucked through hood and collected by environmental dust coliector.

The wet type electrostatic precipitator installed on the rooftop or bag filter installed on the
ground are used for dust collection of ladle converter building, though the dust collecting
_system of the building for converter has not so popular.

To prevent the sloping, stabilization of melting metal compositions is important however,
when such abnormal sloping occurs, necessary measures should be taken to minimize the
leakage of dust from the building.

For the detail information, refer to the pages at P.161 or E.24.

36 Electric Furnace

The waste gases generated in the steel mill using electric furnace are mainly generated
from an electric furnace and ladle at refining process, which contain dust. Further, oils
adhered to scrap steel turned to fume with white color and offensive smell during
pre-heating of scrap steel.

To abate this fume, there are three dust collecting systems of (1) direct dust collection

system, (2) building dust collection system and (3) doghouse dust collec’uon system. They
are effectively and economically well combined and empioyed :

Conventional System

ro0f exhausting system
N
4 & 4x
1st - 2nd \
charge melfing | charge melting oxidation reduction | Tapping

v

direct exhausting system

The direct dust collecting system is a method to cooi down the high temperature exhaust
gas containing dust of high concentration out of electnc fumace to the certain level of
temperature, and removes the dust.

The building dust collector is to collect the excess exhaust gases which exceed the capacity
of direct dust collector at the time when the lid of electnc furnace is taken off in order to
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charge the scrap steel and to discharge the molten steel from the furnace.

Doghouse System |

bag filter

roof

[

L

direct
evacuation

Doghouse System

The electric furnace in steel mill plant produces not only a large amount of dust but also
noise. For these troublesome, the dog house, which closes the whole electric furnace into
the enclosed house, is very effective, and it makes possible to reduce substantially the
collecting gas volume by 20~30%. ,

For the detail information, refer to the pages at P.162~164 or E.24~26.

4. Dust Collection System

4-1 Gravitational, Inertial & Centrifugal Dust Collector ,
Because of the density difference between solids and gases, in laminar flow their stream
lines are different if the direction of flow is changed. This fact is frequently exploited to
separate solid particles from a gas stream, usually by suddenly changing the direction of
flow of the gas stream. :

: Min. paiticle

Gravity 4

Dust section view

In gravity dust collector, a settling chamber reduces the velocity (normally 1~2 m/second) of
the gas stream so that the particles drop out by gravity. It is a large device not often used as
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a final control mechanism. If it is assumed that Stokes’ s law applies, then the particle size
which will be removed with 100% efficiency is given by the equation.

Stokes’ Law

V=(o/ 18u)(01-0) D*  (cm/s)
V: settling velocity  (cm/sec)
X gas viscosity (kg/ms)
g: gravitational acceleration (cm/s®)
0 1: particle density ~ (g/em®)
0. gas density  (g/em”)
D: particle diameter  (cm)

In the centrifugal force collector generally called cyclone dust separator, the centrifugal force
exerted on a particle in a cyclone is given by the equation. For a large volume of gas
treatment, small cyclones are connected in parallel and used as multi-cyclone. The inlet-gas
velocity is set at 10 ~25 m/s.

Centrifugal force (F) = mv? /R (N)
m: particle mass (kg)
V: particle velocity (m/ s)
R: cyclone radius (m)

Centrifugal

In an inertial dust collector, the gas stream is forced to collide with an obstacle or the gas
flow direction is sharpiy changed to separate and collect dust particles in gas by using
inertial force.

For the detail information, refer to the pages at P.165~166 or E.27~28.

4-2 Scrubbing Dust collector
- Scrubbers, known as wet collectors, emp!oy a liquid to remove particles from a gas stream.
In use it is either the liquid droplets which collect the particles or liquid that is poured

continuously on the porous packing and the particles collected by both the liquid droplets
and adhesion to the liquid on the packing.




Principle of dust collection;

water drop

media

water film

Various scrubbing dust collector systems have been developed, and can be roughly divided
into reservoir type, pressurized water type, packed bed type and rotary type as shown in a
slide.

g T
. " demister [ 1
demister : ! — spray disc
=1 MR water ﬂ ; ;
SEITT : packina B _.__[/ impact disc
R Brviyaviv =
A y
: ; %llﬁ | Q L
czin L= R Al I([E
= e PR
N Al N |
Reservoir type Packed bed type Rotary type

Pressurized
water type

The use of packing allows a smaller tower to be used but the pressure drop is higher
(thereby increasing efficiency). The pressure drop through a spray tower is typically
between 0.25~0.5 kPa. For the packed bed ut is between 0.25~2.0 kPa. The liquid to gas
ratio in a spray. tower is typscally 1.3~2.7 Im®. In a packed tower it is normally between

0.1~0.5 /m".

In the packing bed type, basically, the contaminated gas enters the tower at a low level and
rises due to its buoyancy. The scrubbing liquid enters the top of the tower and sprays down
on top of the vertically rising dirty gas. At interception the contaminants adsorb to the falling
liquid and the purified gas continues to rise and emits from the top the tower. Packing (e.g.
random plastic piece) improve the adsorptron efficiency. The nozzles on the spray arms

atomize the liquid.

To achieve efficient performance of scrubbing dust collector, it is important to select a gas
flow velocity and liquid to gas ratio suitable for the system.
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For the detail information, refer to the pages at P.166 or £.28.

4-3 Filter Type Dust Collector
Principal types of filter type dust collectors are (1) the bag filter (2) the cartridge filter. The
design of both is quite similar. However the bag filter is the more commonly used.
When gas contained dusts of certain particle sizes is passed through a filter cloth as shown
in a slide, they adhere to the filter cloth, and bridges are formed between the strands of cloth.
The primary adhesion layer has many fine pores, and these fine pores collect the fine dust
particles. \

Filtration Mechanism

A

Pd\/ 4P
1 I APi= APf+ APth
| &

o

o | | |
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fﬁ;v ' } twisting &
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;ﬁ’ Y aperiure 50~10 & m

i |

yre Y. filter cloth

gy
d Iaﬁ‘ﬁfffow ‘
be shaken off thin film dust
Various woven fabrics made from natural fiber, synthetic fiber and glass fiber, and
non-woven fabrics made from similar materials are used for filter cloth. ~
In the operation of the bag filter type dust collector, prevention of blockage of the filter
surface is important. When the pressure loss of the bag filter has reached its regulated value,
it is necessary to shake dust off of the bag filter. There are 2 kind pf shake-off methods, the
intermittent method and continuous method. In the intermittent method, the dust collecting
chamber is partitioned into 3~4 chamber. The dampers installed on both the inlet and outlet
of filter are closed and then the dust adhering to the filter cloth is shaken off. In the
continuous method, the dust adhering to the filter cloth is constantly shaken off under
continuous filtration. Therefore, the pressure loss will remain roughly at a fixed level, making
this method suitable for the treatment of gases containing high concentrations of dust and
soot and of gases containing adhesive dust and soot. :

Tvpical bag filter unit

&

' _ﬁﬁﬂﬂ filter baa
— //

L
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The apparent filtration rate (raw gas volume per effective area of filter cloth) should usually
fall in the range of 0.3~10cm /s. : ‘ : ; -

Type: Eifter cloth: - Dust shake-off: Apparent
. filtration rate:
(1) bag filter (1) woven fabric (1) intermittent 0.3~10cm/s

(2) packed bed filter ~ (2) nonwoven fabric  (2) continuous

For the detail information, refer to the pages at P.167~168 or E.29~30.

4-4 Electrostatic Precipitator

" The electrostatic precipitators (EP) are used to remove very small liquid and solid particles
from a gas stream. They operate by generating colonna discharge between high-voltage
electrodes, usually a fine wire, and a passive earthed electrode, such as a plate or pipe.
Particles passing through such an electric field are ionized by ions migrating from the
discharge electrode to the collector electrode, with whom they collide. These particles then
drift toward to the collector electrode to which they are held by electrostatic attraction.

Principle of dust collection :

. discharge
electrode
dust
collecting

electrode

The particles are removed from the collector by either a water spray or rapping periodically.
The collector can either be flat or tubular units. Usually, a number of discharge electrodes
will hang as shown in a slide. - ~

Structure of EP -

high voltage DC
discharge manhole generator

electrode .
hammernng

drive

- gas
distribution
plate

hammering .
device collecting electrode
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The EP is not much affected by the propertles of gas and dust, can do highly efficient dust
collection, and can collect fine particles without pressure loss.

For the detail information, refer to the pages at P.168~169 or E. 30~31.
4-5 Selection of Dust Collector

When we select the dust collectors, physical propertles of particle and gases as shown in
the slide should be taken into consideration;

Parameter
—particle distribution —flow rate
—dust concentration , - —due point

- —specific gravity —gas temp.
—electric resistnace rate B ; ‘

the sizes and particle distribution of dust in the flue gas have an effect significantly on the
particle removal efficiency in dust collectors each. The sizes of particle abated by dust
collectors are shown in the table. Invisible particle concentration is said to be 20 mg/Nm®.
Filter dust collectors become to be required frequent dust shakings if these are applied to
high concentration dust gas. The EP wm not be affected s0-much by the concentration of
dust in flue gas.

Collector . Aggﬁ?zg ° et ‘Remaval rate eqgzzg}ent Opgro‘a;;ng

(um) {mmH,0) (96) AINM/B)| (%N /)

Gravity | 1,000~50 10~15 40~60 :

Inertial 1 100~10 30~70 | 50~70 o

Centrifugal 100~3 | 50~150 85~95 300~2,200| 100~1,000

Scrubbing | 100~0.1 300~900 80~95 400~2,200{ - 100~1,300

Filter : 20~0.1 100~200 90~99 300~2,100] 300~1,100

EP 1 20~0.05 10~20 90~99.9 - |400~4,400 100~1,00

Regarding the dust concentration, the higher concentration of dust in a gas brings the higher
removal efficiency of particle removal for the gravity collector and inertial force dust collector

due to the acceleration of collision between large size particles and of coagulation of fine

particles. In venturi scrubber and jet scrubber, as the higher concentration of dust causes

the wear at the throai part of venturi, these should be applied the gases of dust

concentrataon 10 g/ Nm® or Iess :

Specific grawty works for the separation efficiency as shown in slide 4-1. In the EP, the
optimum apparent electric resistance rate of particle should be controlled 10*~5x10'°Qcm.
The temperature should be less than about 250°C of heat resistance temperature of filter
cloth for bag filter, and less than 500°C of heat resistance temperature of steel for the EP,
The equipment and operating costs in the table are base on ; annual operating time; 6,100
hours, electric power cost ; ¥ 14/ kWh..

For the detail information, refer to the pages at P.170~173 or E.32~35.
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5. Desulphurization Technology

- 5-1 Flue Gas Desulphurization in Steel Mill

The SOx emitted from integrated steel mill is mostly generated from a sintering processes,
accounting for 57% of total emission in the steel works. A coking process does not emit SOx
directly to the atmosphere. SRas.

‘The flue gas desulphurization (FGD) systems are classified as either dry or wet, depending
on the phase in which reaction occurs. Either process can remove 90% of SOx in the flue
gas. Most FGD systems in use today are wet non-regenerable process. The limestone-
gypsum process is the more economical to run and accounts for 40 % of the installed
systems.

\Method ) Reaction ; , Byproduct

Acflivated SOz+H0+1/20,—H,S04 H,S04
carbon e A B e
Caustic 2NaOH+80,—Na,S03+H,0 | Na;xS0,
soda | NapSOz+H,0+80,—2NaHSO; \
Ammonia 2NH4OH+SOQ—’(NH4)QSO3+HQO e (NH4)2S04
! i (NH4)2803+SO3+SOQ+HQO"’2NH4HSO3+H2 ‘
Slaked limel  CaO+S0,—~CaS0; g CaSO4
el CaS0O;+ 0, — 2CaS0; i

‘In wet processes, the systems are based around the reaction of sulphur dioxide with lime

(Ca0), caustic soda (NaOH), ammonia (NHs), slaked lime (Ca(OH)y), or etc.  Slaked lime
react to produce calcium sulphite (CaSOs;), part of which is converted to calcium sulphate
(CaS0y,) by both reacting with the excess oxygen in the flue gas and by aeration of the
sludge afterwards. The calcium sulphate (known as gypsum) is a stable and the prime
ingredient in plasterboard. Other than these, as the lime-gypsum process has economical
advantages in installation and operating cost and systems-stability in the process it has
been popularly used in Japan. , ‘

Limestone - Gypsum Process

SOx Rem. >90% —> ~ most popularly used method
, ‘ ~In Japan

-limestone = cheap

“initial & operating cost = economical
-systems stabmty = stable & safe
-gypsum = marketable

For the detail information, refer tothe pagés at P.182 or E.44.
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§-2 Limestone-Gypsum Process

The flow in a slide is an example of limestone-gypsum process used in steel mill. Flue gas is
led to the cooling tower to cool off the temperature of flue gas, and then led to absorber,
where a slurry-like absorption liquid (10 to 20 %) containing limestone powder with particle
sizes of around 50 - 60 microns is circulated. When this liguid and flue gas have come into
efficient contact, SO, is taken in the liquid and removed.

After
Burner

0 Flue Gas

emister

Water o
: ) 1 HZSO% Gypsum

i’ Separator
C pfti / Al 1 .
ontro ir : A
: ' ~ Gypsum

in an absorber, lime reacts to produce calcium sulphite (CaSOg), part of which is converted
to calcium sulphate (CaSO,) by both reacting with the excess oxygen in the flue gas and by
aeration in oxidation tower. Then the flue gas led to the air through demister, after burner
and stack.

Reaction

SO,+Ca0 — £aS0;
2CaS0;+0,— 2CasS0,
CaC03+80, — CaS0z+ CO;,

Oxidized absorbent is led to the gypsum separator where the gypsum dehydrated using
dehydrator and taken out as gypsum crystal with a moisture content of 10% or less.
Supernatant from the dehydrator is returned to lime tank.

The absorbents used in limestone- gypsum process are either limestone powder or slaked
lime. Slaked lime, which has strong reactivity, was used when the limestone- gypsum
process was first adopted, but is expensive, so the limestone has now become the
mainstream absorbent. ~

For the detail information, refer to the pages at P.183 or £.45,
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5-3 Coke Oven Gas Desulphurization Process ,

Coke oven gas (COG) contains 4 to 7 g/ Nm® of hydrogen sulphide (H.S), which is
equivalent to the heavy oil which contains 1% of sulphur at the same level of calorie. The
desulphurization of COG leads up to the significant SOx reduction measure because the
COG is used as a fuel for reheating furnaces. On top of that, desulphurization of COG
alleviates the corrosion for inner surface of COG pipe-lines.

The desulphurization of COG is done by ammonia, sodium carbonate, etc as a
desulphurizing agent. And the wastewater generated from these processes are treated by
the method of oxidation combustion, redox-oxidation, wet oxidation, or others. The Takahax
process and Fumax process have now been a mainstream in the COG desulphurization.
Several commercially available desulphurization processes for COG are shown in a fable
including desulphuring agent, catalyst and byproduct.

- System DeSOx-chemical Catalyst Byproduct
Takahax- NH3 naphtoquinone (NH 42804
Hirohax ' ‘ salfonic acid soda | + H2804
Takahax-Reduction NaCO3z ‘naphtoquinone crude S
Decomposition ' salfonic acid soda
Fumax-Hemibau NH3 picric acid | H2804
Stred Ford- anthoraquinone gypsum
Combax flue gas NaCO3s sulfonic acid soda
De-Sox metavanadate soda

T artaric acid soda
Diamox-claus : NH;. none pure S
Salfiban-claus alkanof amine none - pure S

The COG- desulphurization unit is located just at the center of whole COG refining process
as shown in a slide.

COG refining process

naphthalene benzene
scrubber scrubber
S T booster refined
Ll —a—> goG
coke primary Ep- | (NH4)2S04
oven _cooler . saturator

For the detail information, refer to the pages at P.188~189 or E.50~51.

§-4 Takahax-Hirohax Process ; ‘

Takahax (desulphurization) and Hirohax (wastewater treatment process) are shown in a
slide. COG is led to the EP by boosting blower, and about 99% of tar in the gas is removed.
The gas led to an absorber filled with media contacts with liquid containing catalyst
(naphtoquinone salfonic acid soda) and then about 30% of ammonia (NH;) in COG
dissolves to the water. This dissolved NHj; reacts with hydrogen sulphide (H,S) and
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hydrogen cyanide (HCN) in COG, which is the process of the desulphurizatidn and
decyanization. The removal rates for H,S and HCN are both 90 to 99% Then desulphurized
COGisled to ammonium sulphate saturator.

Takahax-Hirohax Process
Removal rate :S. CN > 90~99%

desulphurized COG

waste gas.

. Oxidation tower
Absorber | =

water
wastewater
k water
Service tank
wastewater

Gas washer

The absorbent is led to an oxidation tower to regenerate an ammonium hydroxide (NH4OH)
by aeration under the presence of catalyst and then returned to absorber. During the
oxidation, the ammonium cyanate (NH,CN) is converted to ammonium thiocyanate
(NH4NCS).

Reaction

NH3+ H,O — NH,OH

NH,OH + H,S — NHHS + HQO
NHOH + HCN — NH,CN + H,0
NHHS + 1/20;, = NH,OH + S
NH,.CN+ S — NHNCS

A part of circulated absorbent is stoped and then pressunzed up to more than 60 kg/cm? by
boosting pump, and led to the reaction tower along with air. The spent absorbent is heated
up to over 200 °C through heat exchanger by the exhaust gas from the reactor tower. The
spent absorbent led to reaction tower is exposed to the wet oxidation condition, and all
sulfur compounds are converted to sulphuric acid (H,SO;) or ammonium sulphate
((NH4)2S0,), and nitrogen compounds are converted to ammonia (NH3) The wet oxidized
liquid is sent to the wastewater treatment plant. The exhaust gas from reaction tower is
washed by water and then exhausted. The wastewater from gas washer is led to the
wastewater treatment plant.

For the detail information, refer to the pages at P.189~190 or E.51~52.

5-5 Fumax Process
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Fumax process is shown in a slide.

Fumax Process

Picric acid :
Absorber ' Absorber

L = = Mist catcher
coG Alkaling : |

=N~ sol. T T T g ouno | 0ae

R/eﬂerator | ‘ ﬁfnerator ~g—>

Bl R @/
B 8| R
' ___j © H,S scrubber NHs3 scrubber

7

v

to H2SO4 plant
—_———

Evaporator,

Mixing &.

COG is given two-stage scrubbings by contacting with ammonium solution and
desulphurized. Hydrogen sulphide (H,S) in COG led to the 1st stage absorber is absorbed
to ammonium solution.

Absorption
NH; + H,0— NH ,OH
NHOH + H;S— NH/HS + H,0

Ammonium sulphide (NH4HS), which is formed by the absorption of H;S is oxidized by air
and regenerated to ammonium hydroxide (NH,OH) in a regenerator. Regenerated
absorbent is repeatedly used in absorber.

Regeneration
NHHS + 1/20,— NH,OH + S

Generated sulphur (S) in a regenerator is separated from spent absorbent by a centrifuge,
and then sent to a sulfuric acid plant. The supernatant out of centrifuge is condensed by
evaporators and then send to a sulphuric acid plant along with suiphur.

H.S04 recovery
S+ 0= SO,
S0, + 1/20,— SO;
SO3 + H,O— H,S0,

In a sulphric acid plant, the sulfur is oxidized to SOg, which is absorbed into the water and
converted to sulphuric acid.
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' The exhaust gas from 2nd stage regenerator is scrubbed by a alkaline solution to remove
H.S in a H,S scrubber and scrubbed by acidic solution to remove NH; in a NH; scrubber,

and emitted to the atmosphere.
For the detail information, refer to the pages at P.190~191 or E.52~53.

6. NOx Control Technology
6-1-1 NOx Generation ‘
The term of NOx implied two major oxides, nitrogen oxide (NO) and nitrogen dioxide (NO-).
in combustion, NO is the dominant of the two, NO, mainly a downstream derivative of NO.
There are two main mechanisms of NOx production from combustion process:
(1) from the reaction of N, in the air with oxygen at the high temperature of the burner
el with oxygen at the hig'h temperature,

chamber, known as thermal NOX,

(6) from the reaction of nitrogen existing in the fu

known as fuel NOx.
Reduction of NOx by furnace operation is done mainly by decreasing the air ratio and the
furnace temperature. The relationship between NOx generation and air ratio at different

retention time at theoretical combustion temperature is shown in a slide.

Thermal NOx
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Air ratio
When the air ratio is increased to certain level and when the retention time is longer, the

NOx concentration is increased proportionally. However, the air ratio exceeds at certain level,
NOx concentrations begin to decrease due to the lowering the temperature of combustion,

as can be understood from a figure.
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Nitrogen and sulfur contents in various fuels are shown In the table shows. The nifrogen in
fuels, such as quinoline and pyridine contained in petroleum and coal and hydrogen cyanide
(HCN) and ammonia (NH;) contained in gaseous fuel, is widely known to be more easily
converted to NOx than the nitrogen in the air (thermal NOx).

N.and S contents {n fuels

Fuel N s
Solid coal 0.7~2.2 0.3~2.6
wi% coke 0.6~1.4 0.2~1.0
crude oil 0.03~0.34 0.1~3.0
c-oil 0204 0.2~0.3
Liguid B-oil 0.08~0.35 0.2-0.3
wi% 1 Aol 0.005~0.08 0.2~0.3
light oil ' 0.004~0.006 0.03~0.5
kerosene 0.0005~0.01 0.001~0.2
COG-crude vy 1.6~7
Gas éqdﬁne 0.02~0.5 0.05~0.7
g/Nm’* BFG tr tr
LDG ir i
" LPG LNG tr tr

X JIS K22085 kinemaltic wscoszty (cSt ‘mma/s) C—heavy oil: 50 =~1,000, B-heavy oil: 20~50,
A-heavy oil: =20 ,

The ratio of actual conversion of nittogen in fuel to NOx over the total nitrogen contained in
fuel is called as ‘fuel NO conversion ratio’ . The ratios are approximately between 12% and
15%. :

For the detail infcrmaﬁon, refer to the pages at’P.194~195 or E.56~57.
6-1-2 Factors in NOx Generation & Reduction
The causes influencing NOx generatlon are:

(1) nitrogen concentration in fuel

(2) air ratio in the combustion

(3} burner ffame femperature
(4) retention time of gases in high temperature zone

As measures to reduce NOx generation,
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Alternation of heavy oil to light oil. or to gas is effective, which is shifting to the lower caloric
fuel, and then lets the nitrogen content in fuel and the combustaon temperature lower. ‘

COoG demtnf catlon gwes a dnrect effect to reduce the NOx emission in steel mill.

Changing operating conditions, such as:

(1) lowering air ratio
(2) lowering dry hot air temperature

(3) lowering the thermal load in combustiony chamber are effective

Causes of generation

N in fuel

0O, con.

Reduction methods
Fuel alternation

~-Change of fuel '

heavy oll— light ol gas

Flame temp.

Retention
time

fow N fuel
Fuel denitrification
lower O, - Denitrification of COG
___Changing operating conditions
lower . - Low alr ratio combustion
temp. - Lowering = dry  hot air
temperature .
-Changing thermal load
shorter
retention

- Mumstage combustion

- Reclrculation of exhaust gas
- Addition of steam or water
- Low NOx burner

‘Remodeling combustion systems, if possible, such as:

(1) to adopt multistage combustion :
(2) to adopt the recirculation system of exhaust gas
(3) to modify the system to be able to add steam or water into the combustion

(4) to adopt low NOx burner

For the detail information, refer to the pages at P.196 or E.58,

6-2 Fuel Improvement
6-2-1 Fuel Improving

Improvement by Fuel

} - Improvement by
combustion

Using a fuel with low nitrogen is effective to reduce NOx generat:on The fuel with low
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concentration of sulphur has, in general, low concentration of nitrogen proportionally in it.
The COG widely used for the fuel of steel mill contains 1~9 g/m® of nitrogen. This comes
from that the pre-heating time and temperature of fuel gas and air for combustionisin4to 6
seconds at high temperature of 800 to 1,000°C, and in addition to these, the air ratio to each
oven are hard to control due to the existence of tremendous number of combustion
chambers in coke oven.

1. Use of Jow N and low S fuel S N
2. Denitrification of COG N 1~9 g¢/m*> 800~1,000C, 4~6 sec.

For the detail information, refer to the pages at P.196~200 or E.59~62.

6-2-2 Combustion Improvement ‘

Typically, the air ratio is decreased to the lower, then NOx generation goes down
proportionally as explained in previous slide. For example, when oxygen concentration in
exhaust gas is reduced by 1%, NOx is decrease by 10%. Multistage combustion is a method
in which combustion air is injected by 2-stage or more stages into the combustion port, e.g.,
80~90% of theoretical combustion air is fed at 1st stage combustion port and the rest of air
is fed at 2nd stage port or latter stage port, e.g., this has reduced NOx by about 20%. The
steam or water injection to a combustion chamber is to utilize its latent heat and to increase
of heat capacity, therefore the flame temperature is decreased under even same calorific
power. ' :

1. Low air ratio operation ~ 0; 1% /= NOx 10% /
2. Multistage combustion 1 stage air ratio; 80~90% - NOx
; d . =A20%
rest air —2 stage combustion

The figure shows the relations between a calories injected by steam and NOx generation.

3. Steam or Water injection flame temp. / = Knox { ‘
no-change in generated calorie

NOX 7////////////// k
pom ~ /////////////é

Injected steam

In exhaust gas circulation, a part of combustion exhaust gas is mixed into the combustion air.
Since the oxygen concentration in combustion air is diluted with exhaust gas and becomes
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lower than that of normal air, the reaction between oxygen and fuel delays and then the
maximum temperature of flame becomes lower. These relations are shown in a figure.

4. Exhaust g' as circw’ation

2,200 °

M=1.2

Flame
temp.,

"m,

2o

1,400

5, Low- NOx burner

Gas circulation - %

40

NOx
removal %

100

20

The low-NOx burner is a method to reduce NOx in which the burner mechanism is equipped
with one or combination of NOx-reducing methods such as lowering of oxygen
concentration, lowering of flame temperature, and shortening of gas retention time in high

temperature zone.

Wide-angle burner tile:

By widening the burner file angle, the combustion exhaust gas near the tile is sucked within
the tile angle by the kinetic energy of flame, by which the oxygen partial pressure of
combustion air is decreased and simultaneously the flame temperature is lowered, leading

to reduction of NOx generation.

Double-stage combustion burner:

lile angle (degree)

This is a method to provide a double-stage combustion in a bumer so as to reduce the
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generation of NOx and , by forming a long flame, to lower the maximum temperature of the
flame. ~ :

air
i , NOx
primary air secondary air Ppm
— 150
- 100
= \ 50 e
1§ total air ratio : 1.1

1.0 0.8

primary air ratio

Self- circulate combuétion burner: ,
in this burner, the combustion gas is sucked into the flame by the kinetic energy of
combustion air so as to lower the flame temperature.

air

C

fuel ring nozzle o5

02 in exhaust gas %

‘For the detail information, refer to the pages at P.196~202 or E.59~63.

'6-3 Denitrification of Exhaust Gas ~

'As the greater part of NOx generated from the combustion of fuel has a low reactivity, the
removal of such NOx is technically fairly hard. Among various processes, one method which

“is regarded as most advanced is a dry type selective contact reduction by use of ammonia
(NHa). This process has already reached the level of commercial use for clean gas (exhaust
gas with little dust, soot, and SOx), however, for the dirty gas especially the exhaust gas
from sintering furnace, there still remain problems such as deterioration of catalyzer
reactivity, plugging of catalyzer media, and etc. if this process is carelessly applied.

The denitrification for sintering process (pmduction capacity: 7,000 ton / day) is shown in a

slide. The exhaust gas is led to a dry EP where dust and soot are removed, and then is
removed more than 90% of SOx in flue gas desulphurizer using limestone-gypsum process.
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At the next process, the gas is treated by wet EP, and then is heated by after burner, heat
exchanger, and heating furnace up to 400°C, and then is removed more than 90% of NOx in
denitrification system, then follows the carbon monoxide (CO) reduction process, which
oxidizes the carbon monoxide in the gas using catalysis and boosts the gas temperature
which is subsequently ut:hzed for heating of exhaust gas from an after burmner through the
heat exchanger.

cooling absorption

tower tower
sintering machine \ / ;
O (Tl
o w0 mist
B dry EP separator wet EP

Sox rem. >90%

v

% ! % De-NOx HE After
stack De-CO heating burner
furnace =

v Knoxrem. >90%
De-NOx: Dry Type Selective Contact Reduction using NHs
‘ 6NO + 4NH3; — 5N, +6H,0
BNQO, + 8NH3 — 7N +12H,0

For the detail information, refer to the pages at P.202~203 or E. 64~65.

7. Environmental Management System

7-1. Environmental Management System(1/2)

1ISO14001 standards are the basis of the Environmental Management System (EMS). The
aims of EMS are to always understand the pollutants discharged by the enterprise itself, to
maintain the conditions of a well-managed environment. The {SO 14001 requirements
consist of 5 items, MEnvironmental principle, @Plan, @Enforcement and apphcauon @
Confirmation and collective measures ®Reviewing by plant manager.

EmMS | _to next step
' ‘ Do | —» ,
1S014001 V
v - Environmental principles
Action ) \ Blan

Reviewing éy plant manager

Check ’ Enforcement & application |
, Confirmation & collective measures .

The items which should be considered at the time of plant construction and operation;,
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- Environmental impact assessment is essential to do advance investigation of the natural
environmental condition in the area of plant location.

. To understand the environmental 'standards and regulations for emission are important.

In plannmg of plant and air pollution control equment calculate the allowable value of
the pollutants generated by the plant which conform to the emission standards. The
most economical treatment methods are determined by selecting from various methods
which satisfy the upper limit values for the pollutants emission.

. Appropriate operation control of entire iron and steel productlon system and effective
‘worker training are very imporiant too.

The monitor of pollutants emitted from the steel mill plant is important to conform to
emission standards.

All staff involved with the plant must make their best eﬁorts for its envnronmental
management. The person in charge of the work site where the accident occurred must
report the occurrence of accident to related organs, make efforts to minimize damage,
and obtain the understandings of local government bodies and local residents.

For the detail information, refer to the pages at P. 271~280, E133~141.

7-2. Environmental Management System (2/2)

The businesses must investigate, analyze, and record the emitted gas volume and quality in

the plant by themselves (monitoring) in order to justify the situation. Businesses emitting

exhaust gases into the air must monitor the exhaust gases quality to understand the
~ situation and check the conformity with the specified quality standards.

The air pollution quality monitoring in accordance with the Basic Enviroynmental Law and the
Air Pollution Control Law is broadly divided into two categories, one is the “monitoring
emission quality” done by business, and the other is the “monitoring air pollution” done by
local public corporation enfities. The items stipulated by the Emission Standard and
Environmental Quality Standard (EQS) are listed in a slide.

Measurement ltems
- Emission Standard EQS

dust Suspended particlé matter
sulffur oxide SO; (sulfur oxide)

] nifrogen oxide NO; (nifrogen oxide)

3 Cd, ifs compounds :

2 Cl, HCl ; ~

Y F, HF, SinFan2 ‘ co
Pb, its compounds Photochemical oxidant
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The telemeter system is the centralized system mainly composed of automatic measuring
instruments for the concentration of exhaust SOx, NOx, exhaust gas volume, and etc. These
data is gathered to the control center, where monitors the emitting situations of pollutants
under analyzing of total volume of pollutants emitted to the air. The factories located in the
area with Areawide Total Pollution Load Control send the data to the environmental
monitoring center of prefectural government or municipality. '

Telemeter System

1 1 I i)
T | —

!
!
i
v automatic

site center administration center

For the detail informat‘ion, refer to ihe ,pages at P.253~255, 269~278 or E.115~117,
133~140. ‘ '

8. Resources Saving
The dust volume collected in integrated steel mill factory where the dust collection systems
are well equipped has been 4.9% of pig iron produced. In case of integrated steel mill plant

with production capacity of 3 million ton per year, dust volume is estimated as shown in a
slide. : : o ~ ;

Dust Generation & Ulilization

Dust Generation at 3 million-ton Crude Steel Production (t/y)

Process  [|Dry Dust CollectoﬂWet Dust kCol/e’ctor Total
Material / Pig Imﬁ k 111,000 38,000 149 OGO (61%)
Steel 33,000 60.000 93.000 _ (36%
Rolling 2.700 300 3.000 (1%
Total 746.700 T 98.300 245,000
(60%) 40% (100%)

The dust contains useful ingredient such as iron oxide, carbon, lime, etc., which are
recyclable in the steel manufacturing.

For the detail information, refekr to the pages at P.205~206, E.67~68.

9. Energy Saving ,
The dependency of energy sources varies from integrated steel plant, which has blast
furnace, to non-integrated steel plant, which does not have blast fumace. Further, it varies in
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way of whether the coke electricity and oxygen are produced in the plant or purchasing from
the outside.

LPG---  others 15

others

fuel oil | electricity

Integrated Steel Production Non-Inteqgrated Steel Production

The energy savung lessens the air pollutants em;ssuon into the air. The energy saving
methods are ;

(1) to adopt equupment with: high efﬁcxency and to make improvement of operatmg
‘ methods

(2) to reduce the number of  unit opérations as many as possible and to change to
‘ continuous process as much as possible

S (3) to recover the waste heat as much as possible

Energy saving Method |

-high efficient equipment & improving operation
-reducing the number of unit operatlons :

& changmg fo contmuous process
-waste heat recovery

For the detail information, refer to the pages at P.210, 216~220 or £.72, 78~82.
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IV.Fertilizer Manufacturing‘industry

1. Air Pollution in Fertilizer Plant

The principal ingredients of fertilizers are three of nitrogen, phosphorus and potassium. For
nitrogen fertilizers, sulfuric acid (H,SOy), Nitric acid (NO3), lime stone (CaCOs;), ammonia
(NH,), carbon dioxide (CO,), and Chilean saltpeter are most widely used as raw materials.

Phosphate fertilizers are méde from phosphate rock, consisting of calcium phosphate with
hard solubility. Therefore the phosphate rock is converted to the water-soiuble compounds
by either way of: ,

(1) dissolution by acid (sulfuric acid, nitric acid)
(2) decomposing of stable apatite by high temperature
(3) reducing to element phosphorus (P) by thermo and converting to phosphate

The potassium fertilizers are utilized in a form of potassium chioride (KCI), potassium sulfate
(K2S0,4), potassium magnesium sulfate (K,;SO0/MgSQ,), etc as raw materials. The
potassium chloride, most widely used potassium fertilizer is made from the ore by floatation
method or calssification-crystallization method after grinding it.

Fertilizer Raw materials
Nitrogenous £~ : ammonia, Chilean saltpeter, limestone + Ny, <<=
Phosphate F. -~ : phosphate rock
Potassium F. : ore (ingredient ; KCI + NaCl}, KCI, =«=-

Coated F. - N, B K + thermo plasticity resin

Other than these fertilizers, there is a fertilizer in a form of which is wrapped in the thermo
plasticity resin in order to control the releasing velocity of nutrients. These are called coated
fertilizer and have a fair chance of air poliution.

In fertilizer manufacturing plant, the soot, SOx, NOx, dust, hydrogen fluoride, ammonia, ahd
some solvent are typically given as considerable pollutants which are controlled by the An'
Pollution Control Law.

Pollutants Origins of Pollutants -
Soot ,
SOx } Boiler, Dryer, Calcining furnace, efc.
NOx
Dust Raw material stock yard, Raw fnateria/ feed equipment,

Belt conveyer, Bucket conveyer, Crusher, Mill, Sieve

HF Phosphate fertilizer plant--—---- Reactor, Calcining furnace,
Melfing furnace, Phosphoric acid concentration plant

NH3 Pelletizer, Dryer
Solvent  Coated fertilizer manufacturing process

Ammonia is designated as a “Specified Substance” in Air Pollution Control Law, which
prescribes the necessary measures in case of malfunctions and damages in synthesis
process and decomposition process. When ammonium sulfate, ammonium phosphate and
urea are manufaciured, the exhaust gas from the drying-pelletizing process of raw materials
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~ contains ammonia but it is thin concentration. However, there is no need to provide with an
ammonium-oriented abatement device, and for the most case the ammonia is captured
together with fertilizer dust generated from drying-pelletizing process. The emission gas
after the treatment by this way conforms to the permissible emission level for ammonia.

The origins of air poliutants in the processes or unit operations in fertilizer manufacturing
plant are summarized in a slide.

For the detail information, refer to the pages at P.1~89.

2. Soot & Dust Collection

2-1 Gravitational, Inertial & Centrifugal Dust Collector

Because of the density difference between solids and gases, in laminar flow their stream
lines are different if the direction of flow is changed. This fact is frequently exploited to
separate solid particles from a gas stream, usually by sudden!y changing the direction of
flow of the gas stream.

Min. particle
Gravity a

Dust  _section view

In gravity dust collector, a settling chamber reduces the velocity (normally 1~2 m/second) of
the gas stream so that the particles drop out by gravity. It is a large device not often used as
a final control mechanism. If it is assumed that Stokes’ s law applies, then the particle size
which will be removed with 100% efficiency is given by the equat:on

Stokes’ Law

V=(g/ 184)(p1-0) D°  (cm/s)
V: settling velocity  (cm/sec)
X gas viscosity (kg/ms)
g: gravitational acceleration (cm/s )
©1: particle density (g/cm 4
©:gasdensity (g/cm %)
D: particle diameter (cm)

In the centrifugal force collector generally called cyclone dust separator, the centrifugal force
‘exerted on a particle in a cyclone is given by the equation. For a large volume of gas
treatment, small cyclones are connected in parallel and used as multi-cyclone. The inlet-gas
velocity is set at 10 ~25 m/s.

GCentrifugal force (F) = mv* /R (N)
m: particle mass (kg)
V: particle velocity (m/ s)
R: cyclone radius (m) ‘
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Centrifugal

In an inertial dust collector, the gas stream is forced to collide with an obstacle or the gas
flow direction is sharply changed to separate and collect dust particles in gas by using
inertial force ‘ ,

[ Ineria
For the detail information, refer to the pages at P.165~166 or £E.90~92.

2-2 Scrubbing Dust Collector ;
The mechanisms of dust collection working in scrubbing dust collectors are:

(1) Adhesion of dust to water drops and water film

(2) adhesion by diffusion force befween dusts

(3) increase of coagulation force of particles by increasing moisture
(4) moisture condensation triggered by dust as a nucleus

(5) particles adhesion by bubbles

The scrubbing dust collectors have been widely used for the abatement of waste gas
recently as it can remove not only dust but also the toxic gas containing of fluorine and sulfur
oxide at once. The scrubbing dust collectors are generally classified into spray type scrubber,
packed type scrubber, jet scrubber, and venturi scrubber. ,

Typical Types of Scrubbers

Type " Velogity LG 4P Th @

m/s /m kPa  um

Spray | ~2 | 23 | 01~05 23
Packed 0.5~1 S 2~3 1~2.5 =1
Jet 10~20 10~50 0~-1.5 =0.2
Venturi 60~90 - 0.3~1.5 - 3~8 ‘ 20.1

Th. @: Particle size of threshold to allowing 50 % removal

The outline of structure of packed tower scrubber is shown in a figure:
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Packed tower

iE] ‘ demister ‘

\

(XK
JAVAWiVAN

o & gas

water

:

packing

To achieve efficient performance of scrubbing dust collectors, it is important to select a gas
flow velocity and liquid to gas ratio suitable for the each system. ,

For the detail information, refer to the pages at P.92~94.

2-3 Filter Type Dust Collector

Bag filter dust collectors have the widest usage range of all the filter dust collectors. Bag
filters can collect fine particles even 0.1 um in size. When a bag filter is used for the
- treatment of flue gas from a glass melting furnace, a high dust-collection efficiency rate of
97~99% can be obtained.

The dust collector mechanism is that the primary layer, to which particles have adhered on
the surface of the filter cloth, is used as the filtration layer to collect fine particles. The flow
rate through the filter is usually around 0.5~3 cm/s. Therefore, when treating a large volume
of gas, the dust collector equipment has multiple dust collecting chambers with many bag
filters arrangement in parallel. ~

FEilfration Action in Filter Cloth

|

=250C : ‘ ‘
dust : - > ;
primary layer

AP =150 mg Hg — dusting
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For example, a bag filter with treatment capacity of 35,000 m3/h (250°C) for melting furnace
has 6 dust collecting chambers, each with 50~60 cylindrical bag filters about 600 cm long
and 30 cm¢, arranged in each chamber. In this case, one of the 6 chambers is being
scrubbed at any given time, while the other 5 chambers are in use.

The filter cloth used for glass melting furnaces is glass fiber because of erosion by sulfuric
acid due to dew condensation under below 200 °C.

. Clean gas
fan
Bag filter
Flue

When the pressure loss has reached about 150 mm Hg after accumulation of dust on the
filter, dusting is needed. The dusting method can be either intermittent, most commonly
used for glass melting furnaces, or continuous. Dust removal can be done by a method
using vibration or a method using reversed air. ;

- Dusting frequency ~ _Dusting drive
- intermittent - vibration
- continuous . -reverse air

The gas temperature must be kept between 200 and 250 °C to avoid over heating for
resistance temperature for filter cloth and dew point sulfuric acid.

For the detail information, refer to the pages at P.94~95.

2-4 Electrostatic Precipitator ‘

The electrostatic precipitators (EP) are used to remove very small liquid and solid particles
from a gas stream. They operate by generating between high-voltage electrodes, usually a
fine wire, and a passive earthed electrode, such as a plate or pipe. Particles passing through
such an electric field are ionized by ions migrating from the discharge to the collector
electrode, with whom they collide. These particles then drift toward to the collector electrode
to which they are held by electrostatic atiraction.
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Principle of dust colfection .

‘discharge
electrode

dust
collecting
electrode

The particles are removed from the collector by either a waterﬂspray or ‘rapping’ it
periodically. The collector can either be flat or tubular units. Usually, a number of discharge
electrodes will hang as shown in a slide. :

Structure of EP.

; : high voltage DC
discharge manhole - generator
electrode « .

; hammering

od> drive
T
gas Il
distribution i
plate >

Vs e hopper

hammering i e
device collecting electrode

The EP is not much affected by the properties of gas and dust, can do highly efficient dust
collection, and can collect fine particles without pressure loss.

For the detail information, refer to the pages at 95~96

2-5 Selection of Dust Collector ‘ :
When we select the dust collectors, physical properties of particle and gases as shown in
the slide should be taken into consideration;

Factors affecting Dust Collection: , : :
dust concentration,  particle size distribution,  temperature of dust,

apparent electric resistance rate,  due point,  gas temperature,
composition of flue gas,  gas volume,  efc.

the particle sizes and particle distribution of dust in the flue gas have an effect significantly

on the particle removal efficiency in each dust collector. The sizes of particle abated by dust
collectors are shown in the table. Invisible particle concentration is said to be 20 mg/Nm°.
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Filter dust collectors become to be required frequent dust shakings if these are applied to
high concentration dust gas. The EP will not be affected so much by the concentration of
dust in flue gas.

Agglicagle Range of Dust Collector

Cutback Pressure :
Type Particle Working . Level! Drop - Equipment | Running Cost
(um) () (%) (mm H,0) Cost

Gravity 1000~50 d.p.~400 40~60 10~15 | S )
Inertia 100~10 | d.p.~400 50~70 30~70 S S
Centrifuge V 100~3 - d.p.~400 85~85 50~150 M M
Scrubbing 100~0.1 “no- limit 80~95 300~800 M L
Filtration 20~0.1 no- fimit 90~99 100~200 =M =M

EP 20~0.05 d.p.~400 90~99.9 10~20. L o S=M

S: cheap; M: average, L: expensive

Regarding the dust concentration, the higher concentration of dust in a gas brings the higher
removal efficiency of particle removal for the gravity collector and inertial force dust collector
due to the acceleration of collision between large size particles and of coagulation of fine
particles. In venturi scrubber and jet scrubber, as the higher concentration of dust causes
the wear at the throat part of venturi, these should be applied the gases of dust
concentration 10 g/ Nm?® or less. :

For the detail information, refer to the pages at P97 ‘
3. 80x Reduction Technology
In fertilizer manufacturing plants, the combustion of fuel for a boner dryer calcining furnace

and melting furnace brings with SOx generation.

Sources of SOx: __Fuel SOx

- Boiler - Dryer - Calcining furnace - Melting furnace

However, few fertilizer manufacturing plants have equipped with flue gas desulphurization
system in order to fulfill the emission standard in Japan and the prefectural stringent
emission standards, but they cope with these to certain extent by using a fuel with low sulfur
content.

It is anticipated that the necessity of desulphurization plant will come out when the
permissible emission level is strengthened in future,. Flue gas desulphurization systems are
classified into wet type, dry type and semi-dry type. About 70% or more of total number of
installed desulphurization plants have been wet type method and about 80% or more in gas
volume abated.

In'wet type method, there are processes such as lime slurry absorption method, magnesium
hydroxide slurry absorption method, alkaline solution absorption method, double alkaline
method, oxidation absorption method and etc. Among them, magnesium hydroxide
absorption process is suitable for the treatment of small-to-medium sized boilers. This
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process is simple, as shown in a slide, with low construction cost, low raw material cost, less
toxicity, less corrosion and safety. The byproduct has a high solubility, so it could avoid
clogging problem. The byproduct of magnesium sulfate can be reused as raw material of
fertilizer production. G i

Wet Type Absorption

SO+ 0= HySO03
H2SOs+ Mg(OH)2— MgSOs+ 2Ho0
MgSOa+ HaSO3— Mg(HSOs3)2

Mg(HSO3)2+ Mg(OH)2— 2MgSQs+ 2H>0
H2SOz+ Mg(OH)— MgSOs+ 2H20
MgSQOs+ 1/20,— MgSOs

— & | Mg(HSO3)z+ 1/202~ MgSOs+ H2SOs
i to:Stack | MgSOg+ 1/202— MgSOs

Flue gas ms‘"

t B hl __p Sludge

water R

v :
Mg(OH)z p P Filter wastewat
air b — > : '
Absorption 8‘ » Oxidation
tower . - tower

For the detail information, refer to the pages at P.98~99.

4. NOx Reduction Technology

4-1 NOx Generation in Fertilizer Plant

The term of NOx implied two major oxides, nitrogen oxide (NO) and nitrogen dioxide (NOy).
In Combustion, NO is the dominant of the two, NO, mainly a downstream derivative of NO.
There are two main mechanisms of NOx production from combustion process: ‘

(1) from the reaction of N2 in the air with oxygen at the high temperature of the
burner chamber, known as thermal NOx ; »

(2) from the reaction of nitrogen existing in the fuel with oxygen at the high
temperature, known as fuel NOx. ‘ \

The figure shows relation between air ratio and NOx concentration generated at theoretical
combustion temperature, known as fuel NOx. In fertilizer manufacturing plants, the
generation of fuel NOx is not so much though C-heavy oil, in which contains nitrogen
relatively high, is used. The major NOx generated in the fertilizer plant is considered as
thermal NOx.

Thermal NOx > Fuel NOx

When the following operating conditions are formed, NOx concentration in the flue gas
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increases:

(1) combustion at h:gh temperature 5
(2) high concentration of oxygen in- combustion area
- (3) longer retention time of combustion gas in high temperature combustion area

The relationship between NOx generation and air ratio at different retention time at
theoretical combustion temperature is shown in a slide.

Air ratio ~ Retention time ~Thermal NOx

5,000
retention : '''''''' )
time (s) oo T
S IR T [ T
1,000 :
, 100
NO ppm A'
B RETY
10 A
0 0.1
0.01
1 : L .
0.6 10 1.4 1.8
Air ratio : ‘

When the air ratio is increased to certam level and when the retention time is longer, the
NOx concentration is increased proportionally. However, the air ratio exceeds at certain level,
NOx concentrations begin to decrease due to the lowering the temperature of combustion,
as can be understood from a figure.

NOx conceniration increases at.
- higher temp. in combustion
- higher O, conc.
- longer retention in high temp. zone

For the detail infofmation, refer to the pages at P.99~100.

4-2 NOx Control Metheds
Various NOx reduction methods on the basis of previously mentioned theory have been
developed and adopted under limited conditions as shown in the table. The marks m the
table means;
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©; large effect is expected

O; not so large effect is expected

4, effects vary depending on the equipments
#; affecting on existing equipment is predicted
s, careful application is required

Remarks -

28 F a8 3
Decreasing g r;o 3 2 3
effect 88 3 33 %
: : - 2 = > e © a
. . ~ @D D —
NOx Reduction Methods Thermal . Fuel 8 3
NOx NOx
Improving operating ; : A : :
Lower air ratio combustion A A N
Lower heat load : O U b U
c i H , ) ; : ; o
Decreasing pre-heat air temp. : 5 b @ w
o " : :
/mpmwng equipment configuration
2-stege combustion 6 P
Rich-lean burner ; : e
- Exhaust gas recirculation “ o [N N
Steam or water injection o g N ; i
Low NOx burner 8
mixing accelerate type ﬁ A % ‘ :
. flame-divided type i P I
self-circulate type N :
stepwise combustion type 7 ~ N
Emuision combustion o ; %
o ) hig

To summarize: In fertlllzer p!ant following measures are implemented to reduce the NOx
~emission;

!ow air ratio operatlon in order to lower the oxygen concentratlon as much as
possible in combustlon area

- low heat load operation in order to lower the temperature and heat Ioad in
combustion chamber

- adoption of low NOx burner
For the detail information, refer to the pages at P.101.

5. Dust Scattering Prevention

In fertilizer plant, the equipment and facility which are regulated by the air poliution control
law are stock yard of raw materials, belt-conveyer and bucket-conveyer, crusher and mill,
and screen.
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Dust generating equipment & location des;gnated by air_pollution control law
- belt conveyer . :

- bucket conveyer
- crusher, mu‘l

- sieve

- ore stock yard

Other than these, silo and hopper for raw materials and products, transporting equipment
except belt-conveyer and bucket-conveyer, packing machine, etc., are provided with dust
collectors to secure the working environment against the risk for the health of workers,
although for those of which are not specified by the regulation.

Equipment protected work shop environment from dust scattering
- silo, hopper for raw material & product

- fransporting equipment except belt & bucket conveyer
- packing machine, efc.

Raw materials are stored in the house on general principle. However, in the case of outdoor
stock of phosphate rock for instance, the surface of raw matenals is covered by sheet to
prevent the scattering of dust.

- outdoor stock
with sheet cover

(phosphate rock)

m‘/." N

For the dust generating equipment such as beli-conveyer, bucket-conveyer ‘crusher, mm
sieve, and etc., following dust scattering prevention methods are taken:

(1) to install the equipment and to store materials m the house with the structure to prevent
. the dust scattering

(2) to install these inside the closed cover structure mduced by suction blower to reduce the
pressure below atmosphere pressure

(3) to seal off the whole equipment by a cover and to collect dust by suction blower

(4) to hood the dust at generating portion partiaily by hood covers

R
e SO

. e

- indoor allocation By
- closed cover, negalive pressure ‘
- Sealed dust collecting cover

- dust collecting hood

VVVVV
~= e

e e e et tts e e s s et

The dusts captured by these methods are generally led to the cyclone dust collectors and
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bag filters.

For the detail information, refer to the pages at P.102.

6. NHs Removal Technology

Ammonia is regulated by air pollution control law as a specified material, however no legal
standard figure for permissible level has been settled. The permissible emission level of
ammonia is seftled on the basis of the Offensive Smell Control Law both for the boundary of
premise and the exhausting points. The former figures is settled by the prefectural
governors in the range of between 1 and 5 ppm. The allowable ammonia concentration
emitted from a exhaust point are calculated by the equation shown in a slide.

1. Permissible NH; emission:
1~ 5 ppm at boundary of premrse (set forth by prefecture governors)
Q=0108XHEXCm |
Q : gas volume (Nm°/h) ;
He : effective height of exhaustmg outlet (m)
Cm : concentration at boundary line of premise (ppm)

The ammonia treatment in the fert:hzer plant, as an example is shown in a slide.

2. In compound fertilizer Qiant :

Process _Qrigin ‘ Abatement
(NH 2S04 reservoir type wet scrubber
pelletizer & drying (NH 43P0, pressurized water scrubber

CO(NH ), packed bed water scrubber
: (NH 4 removal 70~90%, 20~50ppm)

Ammonia is generated from the processes of a peiletizmg and a drying, where the raw
materials such as ammonium sulfate, ammonium phosphate, urea, etc. are partially
decomposed by heat and contacts among raw materials. These exhaust gas is thin in its
- ammonia concentration and accompanies with powdered fertilizer dust, so that ammonia in
the gas is absorbed and recovered by the wet scrubber (as shown in a slide) using water
spray or dilute sulfuric acid solution or phosphoric acid solution along with dust. The removal
rate of ammonia by these methods is in the range of between 70~80%, and emitted
ammonia concentrat»on is 20 to 50 ppm.

At péuetnzmg tower in an urea manufacturing plant, a particular type of dust collector is used
because of that its gas volume is huge and it contains fine urea particles with 1~5 pmin
diameter. The structure of dust collector mounted on a pelletizing tower is shown in a slide.
The ammonia concentration at the outlet of dust collector is several ten ppm.

3. _In urea plant

fan
E———

=, 1
demister NH3 sevgra/ 0 ppm -

rectification plate = ———wo
quide vane :

pelletizing tower

#%_.__._ kwater :
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For the detail information, refer to the pages at P.104~106.

7. Fluoride Compounds Removal Technology

In fertilizer manufacturing plant, fluoride compounds as form of hydrogen fluoride (HF) and
tetra fluoride silicon (SiF4) are generated from the reaction process and concentration
process for raw phosphoric acid, calcium superphosphate (P. 41, Ca(H2P04)2) and reactlon
furnace for fused phosphate calcined phosphate, etc. ‘

Generatlon of F

- reaction & condensation process for H3PO4 producﬂon

- reaction process for Ca(H,PQ4), production

- reaction furmace for fused P and caicined P production

For a treatment method of fluoride compounds, wet process has been adopted as both HF
and SiF, has a strong affinity with water and relatively large solubility in water.

HF, SiF; — with greater hydrophile property

The wet scrubber, packed tower scrubber, jet scrubber, etc are commonly used for the
abatement of fluoride compounds When SiF, is absorbed to water, it forms a silicon dioxide
(8i0,) and causes problems of adhesion and clogging, to which should be attentive. Water
is generally used for scrubbing liquid, but alkaline such as Na, Ca, etc. is also used for
- lowering fluorine concentrauon in exhaust gas furthermore. The abatement system is
shown in the slide. :

, ' : 2 Absorption tower
1% Absorption tower ‘
- water ’m to wastewater
treatment

exhaust = ~———————py

NaOH
(2 %)

For the detail information, refer to the pages at P.102~104.

8. Odors Abatement technology
8-1 Abatement Processes

Odors are not easily characterized or quantified and therefore represent a particular design
prboblem Control of odors is best achteved at sources. There are several methods in odor
abatement.

In incineration method, direct incineration method decomposes odor components {o non
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smell materials of CO;and H,0 for 0.3 fo 1.0 second at around 800°C. This method is widely
used and has high efficiency in reduction of odors. The:regenerative thermal oxidizer is
‘equipped with a regenerator inside the furnace, which is heated up by the combustion of
odor components. If the odor components contain the caloric value of equivalent to the
toluene of 500 ppm or more, these are burned by themselves without any additional fuel.
This system is simple in structure -and easy in maintenance, and has high heat exchange
efficiency of 95%. The catalytic incineration burns the odor components under the existence
of catalyst and converts to non smell substances. The combustion efficiency of odors is 99%
or more under the economical combustion temperature of 200 to 350°C.

Incineration method decompose to CO,, H,0 by heat
direct incineration at =800C
regenerative thermal oxidizer regeneration, heat efficiency >80%

catalytic incineration using catalysis at 200~ 350 T, rem. >99%

In scrubbing method, gases with odors are scrubbed in the scrubbing tower by chemical
solution or water. This system is cheap and can remove the mist and dust in the gas
simultaneously.

Scrubbing method scrubbing by chemical solution
’ water, acid alkaline, oxidant, elc.

in an adsorption method, the activated carbon is used as an adsorbent in a form either
recovery type, concentration type or replacement- adsorption type. The regeneration of
activated carbon is done by either way of steam regeneration, heated nitrogen gas,
oxidation by oxidant, or replacement.

Adsorption method

recovery type

fixed bed activated carbon, steam regeneration

fluidized bed . activated c., heat regeneration by N, gas
concentration type

honeycomb ~ ‘ separating odor from low concentration gas
replacement type ' replacing saturated adsorbent or oxidant

in biological method, odor components are decomposed by microorganisms in soil bed or in
the bio-film media.

Biological method biodegradation by microorganisms

soil bed , using soil bacteria
- packed tower using bio-film on the media

Deodorizer or masking agent converts chemicaliy the offending compounds into harmless
inoffensive compounds.
Deodorizer, masking agent deodorize or easing offending gas

For the detail ihformati‘on, refer to the pages at P.106.
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8-2 Troubles in Abatement Processes (examples)
Examples of troubles in deodorizing methods are shown in a slide.

In combustion method, as the direct incineration is operated at high temperature, it
generates higher concentration of NOx, exceeding the permissible emission level. In
regenerative thermal oxidizer and catalytic incineration, when the solvent with chlorine
compounds are mixed in the gas, hydrochloric acid is generated. When paints are mixed in
the gas, clogging problem and catalyst deterioration would occur.

Combustion method '
Deodorizing Method Trigger : Trouble

direct incineration NOx [ permission level [
regenerative thermal ox. mixture of Cl,, paint, efc. HCI T, clogging
catalytic incineration mixture of Cl,, paint, S, efc.  catalyst deterioration

in adsorption method, the mixture of sblvents such as ketone, cycohexane, etc. causes
firing of activated carbon, raising temperature of exhaust gas, and deterioration of activated
carbon, etc.

Adsorption method '
Deodorizing Method Trigger Trouble
recovery type
fixed bed mixture of ketone, high B.P.  _ firing, deterioration
:  substance N of activated carbon
fluidized bed” high temp. of exhaust gas  A.C. deferioration
concentration type ' : ’
- honeycomb ; mixture of cyclohexane firing
replacement type conc. > several ppm short term A.C.
replacement._

In biological methods, if the soil bed is become dry, the decomposing function is getting
weak and finally gets out of order. In the case of packed tower, it takes a relatively long
period to grow the microorganisms on the surface of media. :

Biological method . ; ;
Deodorizing Method Trigger Trouble

soil bed drying of soil ‘ - malfunction

packed tower slow acclimatization - slow starter

In scrubbing method, less sprinkling water volume leads fo the deterioration of performance.
When the gas contains a lot of dust, it would cause a clogging problem at the inner part of
scrubbing tower.

Scrubbing .
less sprinkling water malfunction

dust in gas . clogging internals

For the detail information, refer to the pages at P.110~111.
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9. Solvent Recovery & Abatement technology

The occasion which needs a recovery of organic solvent is only for the production process of
thermo p!asttcnty resin based coated fertilizer. The coated materials concentration in the
solution is general!y estimated at around 10%.

- 1. Sources of Generatron
coated fertilizer (thermoplasticity resin )

The recovery of solvent from the exhaust gas process exerts a great influence on the
economics of product cost. Therefore, the recovery of solvent has become the inevitable
conclusion for cost control before the measures for pollution control.. Then, the residual
solvent that is left over due to economical reason is abated by air pollution conirol device.

2. Abatement
recovery of solvent bnngs profit = production cost reduction
residual solvent value < recovery cost = pollution control

Previously mentioned abatement methods are applied to control the air pollution. In cooling
condensation method, the solvent vapor is cooled down to the lower temperature against
the vapor pressure for liquid. This method is not so pract:cal because of remaining of solvent
equivalent to its partial pressure.

- 3. Abatement Process
- coofing condensation method
cool down flue gas below vapor pressure

In absorption-diffusion method, when the absorbént with high solubility against targeted
solvent and extremely low vapor pressure can be obtained, this method could be applied.

- absorption & dispersion method
absorbing of solvent to absorbent with Iower vapor pressure

In adsorption-diffusionmethod, these methods can be applied to the solvent containing
exhaust gas with low vapor pressure and non-existence of antagonist ingredients. These
systems are simple in mechanism and inexpensive in operating cost. There are three types
of adsorber; fixed bed, moving bed and fluidized bed. The typically used adsorbents are an
activated carbon (granular type, powder type), silica gel, molecular sieve, aluminum gel, etc.
The regeneratlon (diffusion) of adsorbents are generally done by the method usmg heated
gas, steam, heat transfer, extract:on under decompression, eic.

- adsorptfon & d:spers:on method
# applicable to compositions with low vapor pressure and non-
existence of antagonist. Adsorbed at under pressure or lower temp..
% adsorber: fixed bed, moving bed, fluidized bed
# adsorbent: A.C., silica gel, molecular sieve, aluminum gel
% regeneration method: heated gas, steam, heal transfer,
extraction under decompression

For the detail information, refer to the pages at P.112~114.

10. Environmental Management System
1. In EMS, trend of environmental management: Under worsening of global environmental
circumstances, “sustainable development” was agreed on in the United Nations Conference
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on Environment and Development held in 1992. Based on this, International Organization
for Standardization (ISO) has set the international standard of “environmental management /
audit (ISO 14000) in 1996. This is that a company sets a basic policy and a goal for its
environmental problems based on the environmental influence caused by its business
activities and the legal regulations. The company makes, executes, corrects and audits the
system, rules and manuals in order to attain the goal. Such process is repeated so that the
system is continuously improved. This cycle is «called as PDCA cycle
(Plan-Do-Check-Action). The ISO 14000 requires forming the appropriate organization, its
duty and controlling system to establish and promote the pollution control.

1. Environmental Management System .
- Organization for Environmental Control ' ISO 14000
- 1SQ 14000 serigs----- PDCA cycle :
- Responsible for environmental protection

2. The pollution control is managéd based on manuals which settle the operating method of
pollution control equipment, inspection of pollution control equipment, education and trammg,
emergency measures at the malfunction of system, and etc.

2. Environmental Control Manual
- Operation Standard Manual

3. In education and training of employees, the person in charge of pollution control, the
pollution control chief manager, and etc are required to possess the qualifications necessary
for the environment control. Therefore, well organized education and training program and
the maintenance of environmental control manual are important.

' 3. Education & Training
- legally qualified expert of environment control
- training program and preparation of manual

4. As a lot of inorganic powders are handled in a fertilizer manufacturing plant, the dust
control is important to protect the health of workers and to minimize the loss.

4. Environmental Control at Work Shop

5. Environment momtonng The enterpnses must observe the emission standard of
atmospheric pollutants set by laws. For this purpose, it is necessary to measure, monitor
and record regularly the emission concentration of pollutants. The emission of SOx, NOx,
and dust are regulated by air pollution control law for fertilizer manufacturing plant.

5. Environment Monitoring

~ - maintaining monitoring system
- monitoring of air. pollution state
- legal emission permissible level

For the detail information, refer to the pages at P.147~160, 118~131.
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Effect of fuel oil properties on exhaust gas qguality

1. Residual Carbon — Soot, Dust - — Dust collection
2. Nitrogen — NOx — Denitrification
3. Sulphur — SOx — Desulphurization
4. Ash — Pressure drop, Heat transfer broke,
Mecharnical Wear, Corrosion —  Maintenance
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Effect of fuel gas properties on exhaust gas guality

1. Impurity substances====- None ;
2. Nitrogen---None - NOx (thermal type) — Denitrification
3. Sulphur---None

RBRFRERBIT DS BB PIS, ERIN) L HER(S). Tﬁﬁ’é iﬁtb\d)‘& 1. BREHD
(,wmﬁw%mmbmm\ :
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Effect of Coal Properties on Pulverized Coal Combustion

lgnitability & Combusfibilitz : op_‘ timum range  effects in case of off-spec.

Fixed-C / volatile content <2530 increase of non-burn loss
Volatile content >20% unstable ignition
~lgnitability Index : >35 - hard ignition

Button Index (viscosity) <6~7 clogging, adhesion
Grindability v ;

Proper size : 50~1004m  increase of non-burn loss

Dryness P H,O < 20%  lowering mill performance
Slagging :

Ash Melting Temp " >1,300C ;

Ash Alkaline Ratio <0.5 slagging

Fe,05.-TCal <0.3~3<

S.~toal 1 <2 % ‘
Fouling o basic content; fouling on inner furnace,

' Na,Q, K20, Cf, Ca0, S radiation heating surface
Wear-out Nature guart, Fe,03,8 wear of Iﬁill, coal tube,
. heat transfer surface
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Combustion Mechanism _of Pulverized Coal

Volatile

RLLLL < CH, H,, CO
°® ‘ ~ ‘
0. .
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‘ Radiation ignition
' ------.._"____>~O temperature <
Coal 750C
Char o
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IcRdBADOEERBLLNTND, AN 1~4NEE L., BFOEETHENTES,

1. Reduction of surplus air ratio (high volatile coal; 1.2~1.25)
2. Lowering combustion air temp. (normally 250 ~350 C)

3. Two stage combustion ( 7st bumer + 2nd bumer)

4. Recycling exhaust gas ( <20~30%)
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2. Inner-furmace denitrification
- 1st Process
— fumace >900C HC decomposmon
— 02 existing
— reductant HC > chemical equalent 0O,

2nd Process

— atmosphere temp. > reaction temp. of
non-burmed portion
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6. Low NOx burner
- — slow mixture air & fuel
— promotion of unevenness comb.
- acceleration of flame heat radiation
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il Combustion Mechanism

Evaporation Comb. + Decomposition Combustion.
A
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high spraying burner 4
Surface Combustion ;
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Effect of Fuel Oil Propeflies on Exhaust Gas Composition

Con.wt. %

Subs. Pollutants . | Damages
N 1 0.01~0.6 NOx . Air poliution
S 0.2~3.0% S0, 80380, Air pollution, corrosion
(SOx) clogging

Red. C 4.0~11.52% Dust | Dust,-carbon adhere
Ash \ ‘ 'Scaling, Vanadium affack,
(Na, K, V, | < 0.02x% | Adherents ‘ | corrosion, mechanical wear, efc.
— :

3% JIS C-Heavy Ol

I DLVTIE P110~115% 81,

3-2-2 M & NOxJEE

PRELMERRT HEE. /\-'}"—ﬁ:&“fﬂﬁ%ém#Emfﬁ%&%fﬁkdﬂ)%iﬁﬁﬁﬁ’é’é S
- SEhIERBIEDOBILIZEE T —TILNOXDERIZHEE, MBED XIS BHSN.
H—TJUNOxD HLEHELAES, Ll IRl %‘ihé%ﬁl&ﬁix&ﬂ:/\ﬂm\t&) E=Y:4
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NOx Generation and its Control in Qil Combustion

Generation

Thermal NOx (N in Air)
Flame temp.
02 concentration
Retention time

Fuel NOx (N in Fuel)
02 concentration
Nitrogen in fuel

NOx ORI IREIzE-TELEZDT. B OBREHIEL-ERHENBETHS MR A
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Control Measures

-2-stage combustion

-Exhaust gas recycling
 «Low NOx bumer

“Furmace size expansion

HHIZOWTIZP116EBE,

3-3 HR
EHORBLEAT, REATAOBEBRIIROFEEL->TNS:

Gas Combustion Mechanism

Thermal NOx A)
\ o © O /

()

air
Short flame
No-Luminous
flame

gas

RRAROUHE. BERBNE THHI B DI ZR DB MEEEL TR DS,
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HEO CH EADEILDT, BELRR TENREELEDL, —BMICFBA LTS, RPN,
S, FHWEEFLLOT, {F., B, BEIIE SOXPHRMDREZHEDIL,

C/H Ratio Heat Radiation Rate
A Heavy crude oil A
7.5 large
6 Naphsa
3 Natural gas ~ small
A 2 v
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Control of NOx Generation -+ Osc:llatmg Combustion Preventive Measures
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Tvpe of Dust Collector

Type Applic. Operating Cutback Pressure Equipment Running Cost
. Particle v Level Drop Cost
(«m) (mm H,0) ' :
Gravity 250 dp. ~ 400 40~60 % 10~15 8- -8
Inertia 210 dp. ~ 400 50~70% 30~70 S S
Centrifuge =3 dp. ~ 400 10 mg.~m’ 1 50~150 M M
Scrubbing ~0.1 no-limit = 20mg-m* | 300~800 M L
Filtration ~0.1 * no-limit " 5mgm’ 100 ~200 M M
orless ‘it
EP ~0.03 dp. ~ 400 5mgm® 10~20 L s
or less

B= oVl P 168~ 16055,

4-2 BHRWER . ﬂ&ﬁﬁﬂﬁﬂ WO AREER :
HFEHAODBELNREDO. BRKBOHTRAROFREERLE. ThEhoOFThAEAL
Lhd, CNEMFALT, LELIEAZOROBRRTFES BT 50 Thh Ty, BRI
HADFNAMESESETHENEONS,

=

Gravity

Min. pé;?tiq/e

"

Dust

section view

ENRESETE. TRECREEET GBS 1 ~2m/M) &4 . ZhIc ko TEHTHBEE 3,
B NEBEERIEEAKEC, BEEBME RSB ENELAERL, R h—s R D

RIAERATEDLEAON., 100%BRESNIFEOMBY A XEIRXTREND,

Stokes’ Law

V=(g/ 18 u)(01-0) D*
V: seftling velocity

(ch) |
(em/sec)
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g: gravitational acceleration (cm/s?)
/ : gas viscosity (kg/ms)
0 1: particle density  (g/em’)
0: gas density  (g/cm’)
 D: particle diameter  (cm)

— NI (OO LRI R0 NKEEE. H4o0 OHORFEOAHERAL. K
R TREhD, AEROHRENET HHE nxémwan/mtaw%v»-r-wan_mwﬁ
Wohd, RABOH R O~25m/ﬂ"€$§+$h6o

Centrifugal force (F) = m/’ /R (N)
m: particle mass (kg)
V: particle velacity (m/ s)
R: cyclone radius {m)

Wit N REEE T, ARORNERRR=HREE D0 . HAHLEBHIC
FNFAEER TRIENERL THBRTERE RT3,

Inertia

S-S TIE PA70~17 1588,

4-3 mmuﬁm
ERXREEETRONDIRYTI—IE, hx'?wﬁ%%m%ﬁ'éa)!wﬁw&muéo ;o)ﬁ,f'c
(&, BFIdFEH . R ﬁﬁﬁd)iﬁ%ﬁhé:&ﬁkﬁﬁbtﬁﬁéhéo

Principle of dust collect/on'

O ‘water drop

ater film

BrOAISR—RELITEY. Xv'fH:r\TJI*)L. Ak, mEA, FTREX . BEN
[CREG TN
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i)

B demister
lemiste
demister N ’ spray disc
2= o e
: ' water impact disc
333333 . ~backing 1 ]
TEAET %[O
— ] “l a
o 1 by
0 ‘
@& e ok 7 KP:

i ackea beq type .
Pressurized Packed bed type ’ Rotary type

water type

FEHERNDL, BENSCTEDN, ENBENES NELHES) . RTL—tED—
MR DR KIZ0. 25~0. 5kPaTHd, REXDWEIL. 0. 25~2kPaTHd, ATL—
BOBEDH -FALIZ1. 3~2. 7ImPTHY ., FEXDHSIL0. 1~0. 5IM* TH B,

RRADFE . BEFMIZE, A RZBOTHMOAY, LEERTLBABET 5, HiBKIE
BOLEBMOAY, LEBBLTEERHADEBBICRATIL—EnD, FLME L% THE
[CEMREh., FRESh AR EBA DRSNS, THA BIZE. FRALETSAFY
7)) IFRINENBEORBEIZDEND, BAKEICRYFITEhIz/ ZudoEENHEShD.,

@%&ﬁﬁd)%ﬁ’éﬁ’)lhii FOEBRBEICE LA RAREE - HRALERETHIEN
J'(UJ'C«E%)O

B OWTIEP171%8H,
4-4 HBIMEER

DB IRBEBICIZ, KREG I T NI IANE—E(2)h—RY9D T NE—DH B, l,/J\L,s
T2 NE8—HE\E— —BMIZALLh TN,

Filtration Mechanism

AP

] l APi=APf+ APth

— f{f : :

s )
«?g;; 8 Doisting ¢
;@@@J A aperture 50~10 4 m

iy
% XK filter cloth
dusf layerio

be shaken off thin film dust
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HIMBER - BEBERTH AN, ASAFTREI VAN I—EBBTHEE, F AMEIATIZHET
EHL. mRBAOBIZTVYOEBRT 6, TOANMAERIL2{O@AZEL. COMAL R
HFEHIRT 5. AWICd, XAEE. S, FSREHTE2RNV-E208FC. Bl
BREMEAVVETFERNAELNZ NIV E—EBEBOEE TR, AHhRTORELL

CENRBETHD T IANA—DENBENREMEICET DL, AHICEPL S ZNEL
WEETBELRDD. TOHFEITEIBYH>T. ARXEBHXLH S, MUK TEL. REE
MI~ABIZRTSN TG, HBEEOAYOLHOORHSICRY TS50 —2B0T.
AFICHABLEFAAPEHWE T EGRXOESICIE. ABEFLOHBIELG AWICEBLRESY
APEHZ TINET, F0H, EHBERZERE-SELES. ;g;mwﬁsg -REEETH
2%, FEEOBE - BEESTCHRAOLBISEL TS,

Typical bag filter unit

filter bag

/

Clean gas

Exhaust gas

R EOSBEE (NS BERLYOFARE) FEEO0. 3~10em/HBTHE,

Type: Filter cloth: Dust shake-off: - Apparent

: filtration rate:
(1) bag filter (1) woven fabric (1) intermittent 0.3~10cm/s
(2) cariridge filter (2) nonwoven fabric  (2) continuous

M- ONTIZP171~172%8HE,

4-5-1 MMIMEBEMEP)

BHEEEBTO0TREIC ;Ljﬁ%uﬁﬁ%%ztﬁga“éﬁ%rﬁé EREERITT R
NEOEROEBERE(RITIC. wmmﬁ—%&.x;ﬁs&wm\ﬁ@rﬁgm‘.wﬁ
3,

AFARIZRT LS. DEOKRBEBAEBLLTHVGh, REBEBIIEELLTOMDA

5. BEERBHSRBIZEDIhS, BRFEESL. MBEORIOAATRDEMIRL. o

OFMBEREL, AT AEHER a0 FeB8OTATAAFVRRET D, YA TA(F

CEEBFEREBECHAN >TBEEL. ¥ RMEEOHRNEELERT 2L, WEHTFIE

 EENCEEIND, HFEShERTE. /-0  hTBBEL TREBREICHESNS. RE
ﬁﬁkﬁﬁéhf*#ﬁ&!ﬁ&ﬂﬁﬁl FYURBEEN D,
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‘Principle of dust collection

U e : : , K - - discharge
s b - electrode
- dust | ‘ '

collecting
~ electrode

RAS—DEH RZBEN DU T OIERIL . I QI ORI E= L > TRES, BihkAi(
S—LERIRAS— DR R OABMAIERERS IKIZRT,

Exhaust gas properties:
‘ : " Heavy oil Coal
inlet soot & dust g/Nm® 0.05~0.15  10~20
dust 4 um 1~3 20~30
SiO» Wt % 15~20 60~75
c - W% - 50~60 0.4~0.8
0 Rate - Qecm 10°~10°  10"~10"

apparent S.G g/mi 0.1~0.2  0.6~0.8

o RERIEHEERL, apparent S.CREHLELTT. RE~OFEIELTIE, BRAS
S—OE, SO, IAMHEM, REHE, BREMASE D, S512, S0; IAHEPBIHHL
T BIEMELEY. BRODEHENG,

o L.#L&lsﬁcunqi,##ﬁzq:u NHs’EIEALT.SOs.U)qJW’Eﬁ5o

Influence on dust collection w2 Improving method
=S05 mist = - =NHsinjection

FRIRRAS—DBE . T5AT v 2 DR LU E B LS (= S > TRAD, BERE
EROMIEIL. I54T 5 2 DBRIERELHEY A K- k> TKECTIET 5, BEERIBIE
(DEHRBE. (2)7K45. (3)S0:;BE. (4)AROER LG EMRIZ oto“cﬁbé
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Influence on dust collection Improving methad

«temperature “tempering flue gas
~wafer - , glectric charge control
<S03 mist ; -dust removal on (+) electrode
scomposition of dust i =selection of gas temp.

TEEEERET DIZIE, BHARE. HERRAHLEEToC. BREREE 10" Q-om 125
B15, 2RI, BREEEEA—H—FHFOREEZRICAN T, EPOMERAREESh
SEIITREL TS, Lo TThoORBERBBICOARALGNS,

BERTIER t#ﬁ&%ﬁ&ﬁﬁwﬂﬁ%i&wx'y{ FIZHRT,

ﬁiﬁ!lon\tm P173~1 79&%%

4-5-2 mmmﬁwm@m

EQOBRL. FRARELESIERZOBERERY, —RMIC. Eﬁi#&?ﬁ.%m 204°5180°CH
BETRSEERYT., chit. HFPERNIBERABREBLBRETRRESILIZES, #
HFRROKTE SO A, ERHTHEESICHBEREFICHELT. REREITR->TERNTH
BF SO THS, — A BREBIZBLTIE, '@’ﬁ FHIEHFANEREED, Chik.
%cbm'?;m')ﬁmm ExEhd,

o versusgas T

su race chndi volurge conduction
- 2ecm ‘

10° | —

gastemp. T 100 200 . 300

EROBEEZ. HTFOERIERBLEPOREMLE. AERRE. EBROBEETRT . 10* Q-cm L
F(Erobr e TR, HFESh R FIERBTEICHEL. ELIZTAFABHERI =D
(=, EEHEMETFTS.10° ~10" Q-cm EEATEBNREFRETHD. EREHREN 10"

Q-cm GEEELEE) LLEICHEE, REBEICHELELT/FAFEShREOBRAIPH
BB, 2O, BEOREICESMNFEY ., BERENOBREESEGY. BE
MECHERBIEIECY. MERLSELIETT 5.
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Dust removal versus £ -cm

jumping normal range reverse ionization

10* . Qeem 10"

BRARBEEOF R -RAZRIZTRT,

Advantages and disadvantages of EP

Advantages ' Disadvantages
large gas volume initial cost — expensive
fine particles of submicron affection of apparent o (S&-cm)
high temperature gas - system size- large
wet type dust collection high level accuracy in manufacturing

suitable operation
inexpensive maintenance

BHMI-OLTIEP176~17948,

4-6 ROME

BRRARAS—LERRRAS—LDBUODVEDIC. BRIRRAS—HDRETHROEA,
BElMRRAS—LY B LIZH D RAT—TRETDHRIE, FEIDEHENIRFLT Y0
(DU & RRARISTSN T, B, ERFRB.EP TETLROLNDTIF/Fvda

IZKATCESD, (5D ZD—IBIIZES L5 —EFESY)

BRI, B3, wAVMRE. T3 F v atAvh BRI T, BkER, BRAEE I

Azhd,
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Fly ash

Boiler

Clinker

dehydrator

Raw
particle

__’ £ 1 j . 1
‘ \/ \/ —@——— - Fine
: P particle

¥ Settlina Water

ERRARAS—I2BE . RAS—CRETIROBEBARRICLATHE KOERIG, B
OBEITHCTIEF—ELTND, £, [FEALRH EP THKEN S, LiAoT, LEE
B HBMNBET. EP OFhThDhy i—2@OohRIE. EhERMRERRTED
nd, ERREEFRINORHSNIRISRBMEERBMESTT0., AV FTHORBMRHE P,
Aii¢BREROREZAVLShS,

Boiler - |
OIL
v
EP
little l
Silo

Bz O TIEP179~184%8H,

5. GrIEM
5-1 B:iEBiBRTT% (FGD)
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BB (1D i E(2) BRIZHETE . S<ORBRTRBLAFIZALTLS,

Method | Absorbent/ Adsorbent ' ‘ Byproducts

NaOH or Na,SOj3 solution Na,S0; NaNQs;, SO, gypsum
NHs-water (NHg),S0,4 SO,, gypsum, S
Slaked lime or ;
limestone slurry gypsum

Wet type Mg(OH) -slumry: - SOy, gypsum

(blended with slaked lime slurry)

Basic AlL{SOy)s-solution - gypsum
Dilute-H,S0, gypsuim

Dry type Activated carbon (NH 2SOy, gypsum, S, H»SO4

BHAERROERTHD, BRHEORINFLELT, SO, ERIET ST L LD
LBBINETT LI LIEEVOBE. HBIVEIRT)-HREALLBIS, BHFERSIFIC
T &I, LIELIZRRFIOEEIC ko THES D BE. RNHICERERS) %R
W BBZERT I BREEE"LENDFELN, AR LERHEL BRXEHEARO

BER. EREROBEFESE ERE0OREHLRERICEN. Eﬁb‘iﬁﬁ‘]kﬁﬁ?ﬁf%
50T, E$®§§EFET!¢§<#%E’SRTL\%O

-limestone = cheap . ;

«initial & operating cost = economics reasons of most popularly used
-system = stability & safety ‘ o
“gypsum = stable sales

TheldBagic, E=UERICE, REERR, BEDORE-BFE. RUREEBERICHT S
EBOHLSOMIZ. RIFIOZREELLLE, BRELENEOEL. BEORE. FS
AFARDNIRIOTITESHRELGEDELOMBELH S,

BT PASGEMEO '

5-2 B ARAMELEREER FGD VAT L

RAS—DIEEH R TRBEMBERET 3OCBAREER (EP)I2A S, £EEEH HEE
LAEWEHRA—H AE—4—(GCH) DEAEESIEL. BELMELEOREIERT S, 2EBD
REEGENGERBEETHESIL. B20BMNMFSITLEEEOHEDETE, F1E,
BHIDFEETERCT, 200, BESROEBEELRBETHIIEAEELL,

GGH [FEBEURGM L., REEENLH TAHROREE L . Em#EAI©lk. EIRL-8%
ﬁ%f:kéﬁx;‘&iﬁ&tﬁ—(:i&ttuéo :
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limestone slurry .
Powder 50~60m #« ,
Boiler  concentration 10%

OH

>
EP H__Cas0, CaCo : ‘
GG ~ €a0,CaS0y lg air
absorption tower ~oxidation tank !

¥

................. B aypsum
: crystal

WAL ClE . HE50~603700NERBFRESTRIENBRLTVT, COBEHZHD
FEEMLT, HRBO SO, AAHAICEA TN, BrEShd, ZH{EHEER (SO G/ K(Ca0) &
HEUOEHEHEHILL DL (CaSOs) IZEHD, CaS0, O —&ik. WINE-BLT, BEH Rz
EFNBWMBICLH>TERBILSH., BH(CaS0,) ISR, RYD CaSO; [FEHLETERE
fzhd,

Reaction Mechanism
S0, + Ca0 —CaS0;

. 2CaS0;+ Q2 -~ 2CaS0,
CaCQO; + S02 — CaS0O;+ CO,

BEASU— BB TR, kS 10%UTOERELTERENS,

BHAIZ DL TIE P190~ 10228,

5-3 M BHERRER

BEROBRETECEIIBHERE. RIZFRESNDES(C, LSRRG, BERS. PR
EO3BREOEERG X THASNS, COEBITEICBRE=ESICEN-BREEE>TLDM,
BLEAEL, 70RO, BIBHEREEENRRESHh. AR EETEDATNS,

i 5 B E S E Tl BB (Ca0) £, BRHFISEASI S, FRTIE. BRRIE
%I £5l1c, B BEOBMES = BROBMI-A T TEIIhN 5. BEORMLE
DHEEFIZTT, ‘

BeREREEEORMGERRDT. EEMREROEEFRTHS. (NIVI=TILTHE
OB, (2) EBERETHRBOI/IIHE. ()WBOHEOBRE. (M) ToEADESIEL.
(5) 1—H—FiB->TEBLCLICREBELENS, ﬁ*ﬁﬁ?‘i&i@‘/./jiwbkdléjmtzwiﬁ
%ﬁ@ﬁﬁ%‘ftké’:ﬂ‘fﬁvi‘:o
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Comparison of Simplified FGD with Conventional FGD

Simplified FGD

Lime & Gypsum : Semi-dry Method
Method Intrafumace Desulphurization
+ Water Spray Method
Alkali - CaCO; powder ‘ - CaCOj3; powder
SO, + H,0O — HLS80, : CaC0O; — CaO + COQ
Reaction H80;3 + 1/20, — H,SQ,; 80, + CaO + 120, — CaSOy,
CaCOj; + H,SO4 + H,O SO, +Ca0 + 1/2H,0
— CaSOy + 2H,0 + CO, ~ CaSO;+ 1/2H,0
sruseful gypsum stno wastewater
Advantages *large flue gas srcompact size, less space
sthigh-level removal srsimple process, excellent in economics
stwastewater treatment stslagging inside boiler
Disadvantages stanticorrosion material stlower removal
stlarge area Alower alkali utilization

- sthigh maintenance cost

Cost : ‘ :
Equipment 100 20~30
Operation 100 75~80

HHIZOLTIZP188~189% B,

6. HIERTH

6-1 NOx R 3=753k
NOx&Id, EICHIEER(NO)&Z &ﬂ:z%mog)o)..é:tﬁaé PREEIZE5L T, NO A= DD
TIEREMIITH T, NO2 [3EIC NO ADEREN D, RELBIZIZEH1TH NOxD E B D EL AR
XL N A—F—EOFERFEKTERPO N, SBRERGLTELD. LWhEY—
TILNOxE, () HEPIHFET IERNHERESR P THRERGLTTEST2—IIL NOX
DZ@YBHSB,

fE4a wﬂﬁﬁﬁﬁﬁ@ﬂﬁﬂﬂﬁﬁjﬁ&ﬁﬁﬁ’& ASAFD LR OFEICFRY (LR : Environmental
Engineering,P.777, McGraw-Hill, 1998),
Reduction of NOx Generation & Denitrification Methods

Method Applicability  NOxred. (%)
| Flue gas recirculation T-NOx : 70~80
Low NOx bumer - F-NOx, T-NOx 10~25
Staged bumers F-NOx, T-NOx 40~70
SCR F-NOx, T-NOx 80~90
SNCR F-NOx, T-NOx 60~80

Remarks; T-NOx: Thermal NOx, F-NOx: Fuel NOx
EMBIDMFHEE. NOx REDIFIZRSFTHLRITITILO T, M2k, #4EL- NOx
ZERTA-OICEERTRRNIZELATWATORRATHDZ, HHEH AL /BT IHEL.
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RFEOBBBELBFEREZERLT NOXDEREMA LD THSD. B NOx /3—F—I&, B/
OBREE THRHEROCEILIICRITh TS, SRBBREBEEELERTHLATE
éosﬁi%mitﬁzéiﬁ t%ﬁm/\-—-)-—w#magﬁmt&l EHICRELHEELELT
60 ‘

FOEIC, THBERMTOERERT, SCR [EEEDDRIZPUEZT (NHy) Z5E AL T, fillg
BEEL. NOX & No & HoO 129 B 3B 5L T0EATHS, COARITKBROH AME(IC
LTV, SNCR &, #1800~1,000°COBHRIKIZ7 U EZTPETAL. EEHEHTICHHET
BIENTED, COFXOIRERIL, SCRELEANDEEL . NSCRIZEE(PO)HEDEERD
fillEE LY, 512, CH,, CO HBLME Hy iaﬁnﬁlézbtﬁotm&éﬁao:wﬁitaﬁi&
B NOX®) . KEFHA5—HH RIZHEBRAT B LEH#LL, 450°CH VTR S BALEE FAL Bl
RARRA . WAE, WEETEDFEL. RARBICE>TOEL, BREXTHEMTHY.
BHAHAS. BEOREFTIEEDh TLVLY,

Denitrification Process

Process Method
Dry Process
SCR (Selective catalytic reduction) NH3, catalyst
~ SNCR (Selective non-catalytic reduction) NH;, Gas temp. 800~ 1,000C
NSCR (Non-selective catalytic reductlon) catalyst (Pt) + CH,, or CO, or H,
Catalytic cracking catalyst (Pt, =<+ <)
Wet Process o NOx + SOx removal

Complicate process
wastewater treatment

B-DVTIE P200~20158 8,

6-2 NH, fll it B i % ' ~ ‘
COFRIE BEARCTFUOEZT(NH) ZZALEHR. CORSHTREMERZ BRSE. A5
ARIZFRT ESIZNOxE Ny E HO 12 RT B, PUoES TSR THARAELT. 7HaLlb—5
—HBC.RAS—FAOZRBOREATERELT. PUyESTEA/ XN OBHEA AhIZE
ATD CORBOEEGZEEGBIIR/S—OIa/T(F—(EC)DHAELFELREMN300
~400°CTHD, cOFZORBEF () EEATOER, BEARS. EARUEREENEL
(2)EAROREELEELT  EARAOBENRATET, Q) REELEL (A)BIEDHIERNS
ETHD,

S, OMBEANEECEhI TS, ChblEEID, FAZILELRTLEZILGEDS

AEESSy/L, BEHELT, MIEEENELLTEBRBLOOFAEENMALLR, Thib
LB RS BT, N HLR, HAVNEIRRTRESh TOD, RO ERIT, il
2815, ERRE. ﬂ%ﬁﬁ&tﬁﬁﬁ%ﬂU)Ejﬂﬁ%é’%tﬁim'—ﬁld)ﬁﬁf BHAZELERE
THIEIZE>TITHN S,
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SCR Process -+~ Ammonia Cafalytic Reduction Process

Reaction '
4NQ +4NH;y + Oy — 4N, + 6H0 Catalyst ;
2NOy + 4NH3 + 02 — 3N, + 6H,0 support: . ceramic (Ti, Al, <+

- catalyst:. metals
shape: granule, grid-form
‘honeycomb, plaie
control:  denirification rate
catalyst bed draft loss

B OLTIE P.202~206% 58,

7. 1B ,
RNDFEBHDEEDEMIE, RS- DMBOREICHE->TRET HHA AL RIDORIE®
BEMEREEACOER THERZTL. RERITHBSESHITETLHNS,

Stack height & Draft force
(ra —rg)H, +Peb 2Vg?.2g - yg+ ZAh > 0

(7a — yg)Ho: theoretical draft force (kg/m°)

ya: air specific weight at atmosphere temp. (kg/m3)

7g: exhaust gas #”

Hy: stack height from datum level (m)

Peb: effective blower pressure (kg/m’)

Vg: exhaust gas outlet velocity (m/s)

g: gravitational acceleration (m/s?) :
Z Ah: total pressure loss in exhaust gas route = a -V2.729° rg (kg/m®)
«: resistance coefficient

V: flue gas velocity in route (m/s)

EEOWE| Al REABOEELEEE B ORE HOMAD. EEICETAEHiEEEE
LI ETHD. RSCRIZRE R, BB h B EESOBEEET OIc—RMIZELbh
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B, EEDBESERXALROHIENTED, LL. ﬁxﬁﬂiﬁt)ﬁmﬁﬁ%’&%ml-)\h
T. E%O)Eé’&;kﬁbm#hli&bf;b\ ‘

EEOBOREICE ST, mﬁﬁé:}ﬁﬂﬂﬁtmﬁ*ﬂkﬁﬁfﬁﬂ%r&éo

steel stack ‘ ' RC stack

single self steel fower mutti-cviinder sinale -concentration

support support -

KABREFORHAGRAS—CESRHOBRICL->TRESN . BAORBEDHEEEA
TWB, ZD1=0. HARS . BE. B ADRE. "i‘s»f?wc‘:ﬂ%ﬁﬁ@d)ﬁinﬁc@%%l&( A
NT. PEN. EENICRELES (=0T HERSY \%75‘3'360 '

24 - DNT P;207~208’5:@ﬁ§o
8. wﬁﬁﬂyx—rA

1. EMS: BIEEES 27 L (EMS)DERIE, Bl — —BEEHMBBBEOKRTIC &m
T. 1992 FEICRAMNh - CBISEIC Y sEESH T ERT LR A EEThT, COk

o ETSE ERECEES0) (X 1996 FICEETR—UAVMBEEREL. TN

LY. SEEEEBNANE 2 SBE~OBBLERMNCETE, RRABTLHRAMMI
LT, BEHELEMERET S, pliE. CHERFTIBL, BREERT SIIZ, 2T
LEEEL. BELT, COERIFRYELTDA ., B FHESA T COYAIILLE
- PDCA H4 41 (Plan-Do-Check-Action) &FEIE 5, ISO 14000 (&, REEEZRILIEEL
CUH=b Iz, L. B, EBORTLEESILEERL TS,

1. Environmental Management System
- Trend of environmental management ISO
- Organization for environmental management & control 14000 ‘

- Mission .
- Pollution control system

2 WEEAKEORE: BFEBREEOREIIRIRTHS, OBRIZE, FRMENE
B EFL A A—ORE LR R ERE AT AT —4—HENEENS, RRIE. B
IEEEFAICEBELT . FRERRE. mmimm@u‘mm—m A= A

2. Cooperation with Local Government

- Cooperation in pollution control measures
- Handling of complaints
- Enwronmental protection agreement

3 FAOMEFR: CREEEBEONESEEOBES. BRCHE-TERBOBREIZHT
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BB EISRELEFRIEEE, ChoOiic, SEFBEREREI-LSE. ChoOie
EERBIEISHLTERELI-RBEARTHEERHEN TS,

3. Data disclosing

4. RIE. SR LEHEEIOV TR EBEEETIoLERDOA TN,

4. Education and Training of Employees

5. ’E—’;”J/ﬁ’ SHIE, FRTROLN KA FLNEOHHELEZIFFLATNIEELH
Lo COf=OIZIE, BRME. FIAEHETRARD SO, OHHIREEEHMIZRHE. K?EL‘C
EELEHhEELEL,

5. Moniton'ng

6. REFORIL: BARTIE. THIMAIZKY, ﬁ&lﬂ@%&ﬂh@ZO%uii—ﬁw?%;&:
BEBHTORTNS, .

6. Greening of Power Station

7. Bl REBE~OHE: REFOFHED. BAGHLOERIZHLT, RA—XIZEIG
'C%éé:ol“v_l?'w%&%ﬁb ﬁ%ﬁw#&ﬁ’é% I AL, LENBEREEZES
_é:’&:k&)bn'cméo

7. Measures against Acc:denf and Emergency
- Accident
- Emergency

M- HNTIE P.254~259§§R€o

9. HFITRLF— «
REFICHHIE TR E—EELMERROERLALCLEZBRT S, BORILERE
ﬁiﬂﬁ%w?&ﬁ:‘:&%tﬁ%ﬂﬁﬁwiﬁu\Fnﬂﬁd)ﬁz;‘k’é6:&%3*4‘4\?‘6&69 ,

. Efficiency imgrovement
= Energy saving

= Pollution decreasing

m&%ﬁamvxﬂaﬁmd)f;am;c—wm:—wo

B RRBR T, %$4Z~44%0)iﬂﬁﬁ 2 Eﬁﬁ%%'&ﬁ‘t(USC) B ERBER BB
(A-FBC) LMIE TR BIEE¥54% (P-FBC) DAF—LA—E B FEHhh TIVS, BT RIETIE. 4
7%®HL\%$§F&’J E&?JX‘H:#!A%‘E(lGCC)%‘E%ﬁh‘ﬁbh%&j(:&of%fu
BN
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LNG #i4S5—%BLAH RE—E U TiE. 1, 500 cmamrmxénh MBSO EFTEH

—EUHRRELIZHSD,

E%&%ﬁtti 50~500kW Di#ERIAEEM (PAFC) A%, 2> 3EHaER.

RTNGETCAVIRL—

LAy LAHEhENT. BBRIUICEDA TS, BEREREEMN (MCFM) (3300kW Zi
DE 3 %U)Eﬂ%l IADTLS, B ﬂiﬁﬁﬂﬁﬁ*ﬂ'@ﬁ(SOFC)tﬁz(bﬁkﬁﬁﬁ(lGFC)!&ﬁﬂ%

r-P'CiBéo
1990 2000 2010
- ' T |
42~44%
Swam SuperC | USC: .
Seesseenny 44~46% | 44~46%
A-FBC  Lp| P-FBC |—p| Advanced
Fluidized ; A- FBC
b é .
44% :' ------ o® )
47% = 50%
LNG 1100C P : 9
Gas T || LNG1300T |_5 | LNG 1500 |,
fckinn Gas Turbine Gas Turbine —? Gas Turbine | ¢
LA Y 44~48% S 48~50%
. = ¥ : v .
Coal Gasiﬁcatio o : IGCC B l”--»k IGCC
gasification n 1300C 1500°C
. technoloa 35~40% >50% >50% H >50%
Direct PAFC LN MCFC lepp| SOFC fuep | IGFC
- power
generation

HMI-OLTIEP147~16728R,

- 118 -



D HSAMER

1 #H -77&&&&:.*%45%

# SAMBERSHOHETHE, “EEH 31”&“‘?!1&6‘/-—9’ = m* 5113‘&%!12(@1’)%‘(

W3, SOEFEM. BHESHSAAHT. RYTABHSA(EEHSR) . WHIREETIVA

UHSAM®D, HIROERREL. EB(SIO,). FILEF(ALQ3)., R E8(B.0;). #EE(P.0s).
J—4 (Nay0). Bk (K.0), BER(Ca0)., Bk =5 3379 L(MgO). Bik/31 L (BaO). B

{E$R(PbO). LB EN(Zn0), L ETH D,

HIAOPETETE. BETHIREBREE B0, BELY A XOHBEET, &@]lhlﬁ
HERRT S, MBS R, ERICHVRETERLERIE). Rz, TABOKRES
BREHIAPIZ %E‘é‘é%ﬁ@’l’ﬁ%é&%i‘i?éf*&)k&ﬁm(,ﬁﬁlﬁ)i—ﬁﬁo

ﬁ%xd)ﬂﬁﬁ &L ﬁﬁtﬁi%d)zv@%ﬂ‘“ﬁ;ﬁ\bﬁﬁf%éo
&P df‘nniﬁa’):kﬂiﬁl ML=, :&h“ﬁﬁ/?%‘%ﬁﬂ—k%t&ﬁﬁmﬁiﬁdb#ﬂ‘“ﬁ
@) %nn&&ﬂiﬁkﬁlﬁ; ﬁﬁﬁé?li?:’ﬁﬁ%—)\lﬁﬁ% #ﬁﬁﬁ

Quartzsand | | Sodaash Limestone Others Cullet
Heavy Tank fumace : ‘ Pot furnace Heavy
oil , o oif
| ; . N
) ( Tempering fumace ] [ Decorating ] : [ Manual forming J

; | :
{ Bending fumace }

] : .
iri - Annealin
{ Laminating process ] [ Firing oven ) [ g ]

Sheet qlass Glasses
for car \

Xﬁi/’é%%ﬁli (1 )#ﬁwu—ﬁﬁwmmmﬁ %ET%@X#&(Z)W@#@?]’X!:‘%‘K%%
SOx. NOx &HEMERH S, ‘

Ovtical glass ~

Botﬂe Fluorescent

ﬁﬂk’:h\fli P3~13%%H,
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2. WEEHEORE

2-1 BHLRIFIZ LB EMN

HZRE, BEORELEEOSBALREL, EEDMHEVLHEATIS, a?mﬁ%
, Ebgi #&ﬁéﬁb(ﬂ‘é%&?éwwooum OREOXAMNE, EE, mmzm %i@é:t:t
MicEbhd,

A ERHSADERE NS RET DB, (1)%*4@%%@!%\@&3&6%@
(2) BB EThIRSLESE. <3m=m\ba>mm_mm-cm&mmm (4) &S
BAERLEa—L b5, |

Causes of Dust
- Fuel — Dust (soof, ash, heavy metal)
- Raw Material — Scattered substances (ash ‘heavy metal)
- Non-uniform mixing fueI and air

EELGEEESTRLEELSET. BERREENRIC. HEHVE. EREEHICRBERT
BoEThHD. ChoDOEBEBUADOF ZEL TR, BFEOREETICELS, FRADIER
[CEENHETHD, WAL, () HRETREEE. 2)RRRROMBFERITHT S0
ORE. (FEOTHEEAEBROBROEECLBTNTHD FHOOFr)—F—/—IC
FELEAIFHOHBRLASORELL. AEFRAMROEBERICHROTHD,

Dust Reduction Method in Soda-Lime Glass Melting

- Switching fuel;  Solid — Liguid — Gas
Heavy oil — Kerosene
- Effective atomization of fuel
- Careful manipulation of air supplying
- - Adequate proportlon of furnace configuration to flame shape
- Reviewing particle size of batch (glass raw material) ‘
- Adjustment of batch moisture content in batch wise charge
-No d:rect stnkmg surface of batch with flame

m:wm P.38~30% 2,

2-2 ﬁxmﬁﬁtmaﬁﬁmﬁmmﬂ »
Bb— iR m\bma}-—ﬁaﬂcﬁ-‘sx:@mﬂwm@ﬂ:zwﬁ&&@&%ﬁ%riﬁfwwx&-
DERERITRT . |

Soda-Lime Glass Melting Fumace Flue Gas

- Flue gas (400~6007C) | ; Dust

Oy 8~9% | Dustconc. 0.2~0.4 ¢/Nm3

COs 10% Particle size ~0.54m 25%
Hz0 10% ' 0.5~0.3um 50%
SOx 500~1,500ppm : 0.3~0.14m 20%
NOx 400~600ppm 0.1 4m o 5%
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HE LIRS, T em UTFTHY., Iﬁk‘ﬁlﬂﬁﬁ*#'ﬂ“)'%h NaHSOd:‘:%@‘J—@
(Na;S04) TH D, ‘

HWaOSFARESRDOHEL, ﬁm*&%&i@ﬁﬁw&i&%%%&:ﬂ% f:ﬁ:éhééz’)
(C.ENREEE. @ENREEE GEONREBEBG 1 um LTOREOS OREIZE
BLTLWELO T, HSRABRIFTEONAI&EEL,

Dust Collection

.01 0.1 1.0 10 100
mmmmmEn  Jobacco snyoke v ; E Flue dust . wmmum
e | Off smoke—ﬂ , r— Cemént-ll

== Pulverized coa —‘

e Fly ash| wmssmmsmmm

B Cvclone |

| Sorav fower
Packed tower ! ‘

" Cvclone scrubber

Venturi Aiet scrubber }
Baa filter ‘ i
EP |

SNBIE ASABETRIHTIRBOKFE. BES. BATRETIRHHFOREIZED
ho, ERREBEBEIRBOKEE, BHNGALTFUOREBELT D, TD=H. KER
DHENRERBMIZh > TEGRBZ LB TAIFEORVATRBMBIFICITBE L TLEL,
TOH. REDA7IFICIEHEARBEENMEREEBELS—RNIZEDNIS,

HMlz oL TIL P38~4155HE,

2-3 AR

NTIL 45— ﬁ&%ﬁmérwﬁgﬁﬁ:wmrﬁ%mﬁﬂuﬁménn\éo/\7‘741ba~

(X0, 1um HEBONFTHLERTED, T 7ML A—EHSABMIPOBEIEH R NBIZfE-T-
E.97~09%DMBEEB/IEMNTES,

REREBE. AHOREBDHELEHNTE (DB A SBEEL TR TERRT S, 5

BB OBIES ZADERRE L. BBEKEO. 5~3cmiem THB, LizA->T, KEROHREL
B HBaIE. SLDAT IS WAL TRV S SERBEBRAL SN 5.
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Filtration Action in Filter Cloth

[[(Fueges >

0.5~3cm/s AP =150 mg Hg — dusting
=2507C
primary layer ’

BIAIE. BIRIFOEA 235, 000m%h (250°C) MED /ST T4 L5, RBEE LS, &
F(ZIFER30cm. EXH600cm OABKIMIL4—H50~60FBEESN TS, COHE.
CEDRD1EIE. $5— B RFOLELRB b, BYDEANREE B,

ﬁ%xﬁﬁw-ﬁbnéaiﬁli 200 °CLJ'F‘C{%§! ot%ﬂmﬁﬁﬁﬁ‘ﬁbéw‘c HSRT7A
N—hHtAELSNhS,

Clean gas

v

- fan Ty

Bag filter

Flue

B LIZH RMASEHLTE AB&A 150 mm Hg (SET 5L, SRE-OUBELIBETHE, ¥
ZFDBELIE, HIABMEOBE . BE—BWIZEDN T SMRRE, EHX B E. SR
MBI R B BT B DB,

Dusting frequency Dusting dnve
- infermittent - vibration
- contmuous - reverse air

BRI, 5m®ﬁ%m&§ﬁlﬁh‘$9(-~ iL HEBROBREBTH=0HIZ 200/M\5250°CH
f'ﬁkﬁ:f.nzao ~
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ﬁﬂ(:ob\’(ii P41~43%8ME,

2-4 ﬂﬁ#ﬂﬁm ‘

BREBERIT, a0FREBIC ;Uﬁ@ﬁznmsrxr#ﬁ:réﬁﬁéﬁ‘cﬁ%t%wr&éo
BRRBERLESE, BB H 20X R OEROEEF DL, {&L\EME%GJ‘F(MW&%
 ORBLABEBT. E?&%mﬁgﬁ‘m&m&é Li=ASoT. w&ﬁ(m:’x:@mmm@ﬁzm
BIZE{EbNS,

Principle of EP ;
; - dust
discharaina collecting

m|| ¢ (+)

BERREEEEP) l:t,?iﬁﬁ ZCP0)3?%‘kl!\é&ﬁﬁ*ﬁ%&:l%*ﬁ?-d)&%%Lﬁibhéo ()
EEEEE. DEOBBEEEGOVA)LIREIE/ A TRO EHREEELOBITI0T
BEWHT 5. COBBEERTINFE. REREN SREBEICBET 5174 WMELEY
RoLFeshd, CORTFIEBBICSIFEON. BEFUIC J:U%ﬁktﬁifoné 3R
Fid. BITHRE SRR Lo TRERNDRYBEANS,

- Feature
- Less influence of flue gas & dust
- Low pressure loss

Peeling dust from electrode ‘
- Dry EP : hammering impact
- Wet EP: flow down with water film

£ 2O BB BRIES (Q-om) HREHBCAELREEZF TN HFOAEEMKEL
RBIEE, BENEE—BINISEEGD, CORBBRERSL. TREE. k9. OREER
4%, e
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Relation between aggg_rgnt electric resistance and dust removal / discharge current

discharge
current |
(mA)

dust removal
7(%)

&
v
r- 3
4
3

A: re-scattering
B: normal

- C: frequent occumng of sparks
D: counter electric dissociation

EWMESIERREN10°Qom 510" Qem OBEICHHLBERWLEBEARELELGAS. R
HERIEREN10 Qom KYKEEdE, FBHETTNIRRVEY. REDRLSET
$5, BEMEHCHEELT. K, KER. EFERR(SO) DAL, HESAREER
SERENBAEERYT 150~200°CEYBBRIST S ERRI «Lf&&ﬁ%‘d‘étﬁ]ﬁﬁ‘]
THd.

Factors aﬁecting dust collection
- particle size
- - temperature, moisture, SO;— - cm

sami- oL\ TIEL PA3~4758H,

3. SOx RrEF &

3-1 “’fﬁ‘/m#’%ﬁ&]b%ﬁ%ﬁiﬁ

HSRABMIFIOHET D SOxIE BHE. (1)1?*#4430)6%%5&1%0)%% (2)1:‘:;:&}?#4(-@9
NTLAHEE Y — 'SI'(N32804)‘Wﬁ&hib/'ﬁh(CaSO‘g)ﬁEO)Eﬁ&iﬁﬂ)ﬁ% kB, BB
%ﬁﬁfi E ﬁﬁ%ﬁﬁd)iﬁbﬁ:&’&ﬁﬁ?’éﬁ%liﬁ%#‘l Alnh TG,

BB (D) SOxE S -IRETBDIC, L w%nnﬁ{ﬁbh'tb\é Hiky—45 EkBgibw Ty
L (Mg(OH),) ZFLVS ., KikEIZ. BENTETHLH=O. ?J'%X?@ﬁb“! Iiﬁ’bﬂ:(m(,\b
T,

ftﬁﬁ‘]&-”%ﬁ/-—ﬂ%%ﬁ%l{_—rﬁ‘ SEEEN T SOxITBEMIZITHERY—4 (NaSO,) D
BTEMEND, COEET. BELLTIEEOT7% L L, RERISHREEML TS, COH
FCREERBEE oA AL, EMBLEESETRAEEALTREEZLREE . KERR
S0 EEOBRERIELTONS, LAL. EE, FTRAF—28 T B0 OEEYM . KT
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FREKRELIHBES R ENOT, ENRETo T, — RS BB,

Flow Sheet of Caustic Soda Desulphurization

SO ,+2NaOH— Na,SO+H,0 AN~BNT:
Na ZSO 3+HZO+SO —2NaHSO, ~a : ;
300¢C i < EP with
: ; 4 H demister
SOx j
BN . - %\
wasfte heat hoiler ) N \% .

A 4

P ahsorntion
meltina fumace . 1

after humer

<
<

yoyou B B O e Z‘
£ . —-—T—— )
VAR . NaOH

~oxidation tower

.Y
r

crvstaliization can

evandmtinn nAan :
o ‘Na2803+1/202—* N62804 :
Air e NaHSO3+NaOH— Na,SO3+H,0

BRXREEREP) IXADREEHRIC, SR Ea—LEBPEIZBRETEDLSIZHY, FIR
A—EDBXREEENEFERAShILSE2TS, :

FHMIZOLTIX P48~51%BE,

3-2 KBIETT R LERVDER T & : |

FKEEIET T Rt La (Mg(OH),) FE I SO ASIRIRE AL, E?&ﬁgﬁi’tﬁméi’bé& EDE
IS =T 72 L (MgSO) EECEML LD, COHFEITHETH- T, EBIAM
RODT EVHSAMERRIFLEICBRAShTOS,

HORBRFN SEM S D EITH R 12, }ﬁﬁa@ma—t‘«ra——-'é 250 ClzAHENS, TO%. 5
AEHRRBED—ROMETIA =0 TS =RINEITA S, BRASHRIHBE S, HRO
A RAECY ., BB R B REEMARELS, BRANSHETRORELETSE.
BEEDSIZUTBOREERC . KBIETT R LBHARIS—Ic s h D, HiE
ARG B MROMERBLEA D, DoCYe LERIBEIZET 5. OIS, HREBHHMLE
L, Sosliﬂ&ﬂxéh’ca%ﬁéhéo

BEAZARORBA OISR TSR —2—TClrEShi=. %@li&iﬁEP‘tﬁﬂlﬁ‘éhf&ﬂj

ENB HREBRPL-RRED— BB HE M h. BT ESh., Eﬁﬁﬂ:é‘h‘t ik
?7’*/'7A(MQSO4)’<EH55E‘§‘6°
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Flow Sheet of Magnesium Hydroxide Desulphurization

«  Mg(OH)z+SO3~ MgSOs+Hz0

Glass Meltino
[ ina_| Mq(OH)+2S0;— Ma(HSOs),

Waste Heat . demister
Boiler | | .
N wet EP
1] Fa
e
e | 1w v > stack
absorption tower . ¢ (;—‘ =
air
[ESEUEN N G g
............................. - ad! wastewater
oxidation tank ‘* /
MgS0O3+1/20,~ MgSOx ' Diatomaceous
Mg(HSOa)2+Mg(OH)2 "’2MQSO.3+2H2O Earth Filter dehydrated
~~a cake

BB, SSRA NI, AHELTERLEZAVSTLIA—IMLE—THBENE. 2D
AT LOBRERIZOBWITET D, COVATLOBRIE(NDVATLNEE, (2)BRR. &
ERNER. QFBELLEACERENHIESGEEALEVRTH S,

B DOLTIEP51~52%88,

3-3 ﬁﬂ&ﬁ?‘iiﬁ
SEHR - AN HIEHN R L, 2o A~ MREQOSE Y- BREEMRLT. TREBE
ﬁ€300 C{i‘ungL 7]1‘*'0) 802~ 803, COZ ﬁi*ﬁ&w NEQSOM NaZSO‘;\ N32804 (= Eib

Do

ROFEET, Na;S0s Y NapSO, (CEMb S -, BHEN R TERREBEECAY . £ITH
PR BED Na,S0, & Na,COs (Xl EEh 5, BEREEBOHOOH ABE, 220~230 CT
HHEDT, BIEFRATERNSERELTES,

COFET. BEE50~90%. (- 198 0.05 g/Nma DA“F?H%#L@

BREBEECHESW T AMIKIZERSO. #ﬁﬁl?“%ﬁ‘tﬁ‘iﬁ‘/—ﬁ&bf@ﬂiéhéo
HABREBOBKRS. EXRBEBOBRERICHEATERZEOA. EXNREHRE T
B‘ZB‘]ﬁ-ﬁﬁfﬁ)‘f) MR L PRREOFIELTL S,
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Flow Sheet of Dry Tvpe Flue Gas Desulphurization

Na, S04 ;
NazS0s Desulphurization rate: 50~90%
Na2Co3 Soosg/Nm.? .
washing ;
water ™
com . ~a/ { 300 Reaction tower
pressed air :
‘ NaS04 :
Cooling lower NazC0s o EP
: SN Stack
<
Flue gas ‘\> ......... /
S0,,80;,C0O2 > ~
water ; ‘
NaOH '——1 l ‘ l'
8 ' Powder e FBAINING PIOCESS
' Na2S04
Nazco:g
HMIZOWWTIE P52~53%8 K,
4. NOx MEH*

4-1 RRICEThIERIEOHN
HSRBMIFNMORETINOIL, BB OWMBIZHESILOL, ﬁ*«‘rwqﬂk‘&itﬁﬁﬁﬂtbfﬂﬂ
ABNSPBOHBEDARICHITLONH L. (WHEIFOA L HEEZERT D)

NOx generation : NaNO3 (oxidation, refining kagent)

RSO BRI . NOX (FINOx#H B LM/ Sy FNOXERIENB) DR EBBOVEDELTE
Abhd, BBEOERZLEHE). HANIEBET B LERMIINOXRERDERICEEHT,
R, H5ADRBHBFOLDICHEBEOEANTFTIREIELH S,

VEDDOPELT, MASAOEEIITHE —F OERREELT EHIAORKANRTEME
2o TNERBLIIETHIE, JL—LERVBILEICEAGHNIEELENS, ZOERELT
&, NOxBEHIET S LA TEGA = BlLH D WEREOFERIZBLTIE, HSAOEE LA
RRBEFCERICANGTNEGSEOL. HBEOERBZHBTAZHER > TRELE
L, ;

SO R RENEL B0 ZTONEORELT. TUFR—OFCREAT 5HMEY—5
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(NaNO,) DHIBHRDFALBERE . RMED LBEBREASIFITRY,

1. Reducing NaNQO addifives
Quantity of pull : 100 ¢/ day
Flue gas volume : 17,000 m’/h
Trial calculatlon - NaNOQ; : smca sand = 0.5: 100 NOx 169 ppm
v o w  =03:100 # 102 o -
reduction & 67 ppm

ﬁﬁ,%%ﬁl%ﬁﬁbﬂﬁ&iﬁm&m%4111:(,7‘—%&*3;5\0)@113%%0 chETlik, MBI, B
EBBO=HIZERIET o FE (Sb,05) E—#IZFEHITLV=, Sbo0; I NaNO; A5 S h
TS DHBEMYAH . Sb,0; AL EERILNELS, SBONOXSEREND, LAL. 7
UF B/ —4 (Nap-OSbs*6H.0) D7 FEVORFMIESTHY . ASAFOREXTRY
&312 NaNO; DBEHEA LY.

2. Changing refining agent (Sb,03 = NaO *Sb,05°6H,0)
Low temp. High temp. ,
Shy03 + Oy - Sbo0s Lo ShoOs + O, I+ thermal NOx
! Vitrification ' Refining

; Low temp.
Na,0 -Sb,0s 6H,O . - NasO -Sbhs05 + 6H.O !
i High temp.
s Nay0 -Shy03 + O !
Refining

B - DLTIE P55~56%5,

4-2 BEEMSONOXDEIM
:7;Le~:::;uN0xtiﬁéﬂl:ﬁihé%%ﬁﬁiéésﬁm#éo

N in Fuels

Fuel . Nitrogen (wt %)
Coal C07~22
C- heavy oil ¥ i 0.2~0.4
A- heavy oil 2% 0.005 ~ 0.08
Light oil 0.004 ~ 0.006
Kerosene . 0.0005 ~ 0.01
LNG - Tr.
LPG ‘ ‘ Tr.

X JIS K2205 kinematic viscosity (cSt, mm2/s) C-heavy oil: 50 5~1,000, A-heavy oil: 520
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W, B OERRITRERY . BEH, BEEOECHNTS, LhL. HSREREET,
500~1, 600 C@Emi%‘gt.‘;—éf’&) ﬁNOx%EﬂL—ﬁﬁ)éﬁ'—?)bNOxd)ﬂ‘"fi )
2—THINOxEYEFBIZRL,

Fumace temp. 1,500 ~ 1,600 % = Thermal NOx > Fuel NOx

TO5A. BEREAGRBIE, ERIYLRBENE BhESHEREERLT, BLEED
CEVEETHD, TDW. BLALETERBURICIRET 2ERBEEZB OHIRFTRE,
EHEEEHHIVERGRYICERET L, RIERBLSRLREEUENT 2, BaAD, X
RAREELHEI2H, ALRBARONDIETHS,

Heating value
~ Blight flame

) Light gravity oil
Heavy oil ‘ Gaseous fuel
v |
Fuel increasing

NOx increasing

BRTHRNTHEOVLDIZ, BRATHRLF—ICERDHENHIN. KBAVIFOLTE
BRASABRFIZT BDEMIELRISh TG, BRI—ATFAUTET TITEEbA
TWS, BRASRIFIZ !im"{im%(‘3%%E#&EE&#’?Xkﬁﬁﬂ”é@ﬁ#ﬁ?m#)fﬁ{ihh
THEY. BHEIEIHEL,

Electric energy

resistance

HHIONTIZP56~5748E,

4-3 PIFEH S0 NOxD B3R ;
FORGEBEITES ., BIFETITLTEY . NOXDEREMBTERBONOHENH S,
(DHSADBUEEZETEIEEEM. NOEERTIEETHIA. HSAOH A DIEE

EWELEILTHREICERAHRELD, COMBORRITIE, DEVEBETHEMT 328
BOHSADER. @‘C‘?’féi"(‘f@(ﬂ)hb/Hﬁvl@)é’%b\%ﬁ/ﬁﬂ)ﬁﬁ%ﬂ&éo
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1. -Declining Glass Meltmg Temp.
- chemical composition ---—- melfing at !ower temp. .
- using the largest possible quantity of cullet

(Z)K%ﬁﬁi’ﬂiﬁ?‘%t&)l ALohd—REBKEFETHILIIHRMTHS. HAL.
EH%EAAB3kglom? IZIEFT BT &IskY . NOxDERB A H24%HIFSh - RN HD, O
DIEMZ, BEH RERBRBICAVIH AR SREL. BT TEEOMELE NOXEHEL)
1= ﬁﬁ‘(‘éé?‘i ETHD.

2. Lowering Primary Air Pressure
- - lowering air pressure for fuel injection
ex. 4kg/em2 — 3kg/cm2 = NOx 424%

@) TEL@EREAL: 1)E1. 2051, UZTHBE, X74H_7r‘§'ck‘)!~ NOXxIZ25 %4
BTE, L1z, %ﬁwﬁﬁﬁ%gﬁbtwE’F&‘FBE{EL;&L\&héfﬁﬁéﬁéutﬁ(ﬂib
LY, |

3. Lowenng SecondaryAlr Volume
- decreasing air ratio ex. 1.2 — 1.1 = NOx 425%

400_ By
200 1327C...»
NO ppm ::.:: ...........

1 20 O, vol %

(4)?FW%W’&’C%%»BEUﬂbmﬁﬁﬁl-ﬁféﬁﬁﬁﬁﬁ\’ NOx® 4 REHI ﬁkﬁ]%fﬁ&% ES
o, PRMERE IR, EREAEIC &ém%ﬁid){#ﬁ(ﬁﬁi‘j-—x-r'{./ﬁ)’éﬁfﬁﬁ‘éﬁ,ﬁi ol
Wﬁiﬁimlﬁ’é?(f%%%ﬁ?ﬁ%l Hd,

4. Lowering Furnace Temp. (Max. Temp.)
- allotting fuel distribution to maintain uniform temp in fumace
- electric boostmg :

(5) A R EI M EETHY . NOMIBISKELH R B,

5. Combustion Control Work Standards

EMcoLTIE R57‘~58’§’%‘6!’;€0[
4-4 {E NOx/\—F—DEE
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HIORBRIFTIE., BEIEZ10~30%DBFER(BALT. 1~1. )FFE->THBESNSD, —
75 EMESEOEITRET LIS, BERBMOLERDOIC, FRREDRRNBEGT
e, ﬁ-‘iz«o)ﬁﬁtxt’b‘ﬂ:w SELOXRMEELLTIENHD,

1. BEN—F—[TFE, RISRSNDEIIITEATIRBHIFOETRILF—E NOxEIFHOT1=8

ICHSSh=4DTHA, BHEHOBLOLOICMBERAOELREZAVTIC. BROENER
DHBLITEY, B/ AN oEREMBYT L TED, :

Hydraulic burner

g 1 air atomizing
T ; Bumer Heavy oil use NOx cone. an,
ratio {at:o N © _hydraulic
, , temp | g &®074
iR Air 1.00 1.00 o ¢ °,
: HE : atomizing ) : e jo®

high hydraulic AR lien Hydraulic 0.88 062 flame length

Heavy oil ’ e o '

glass

2. iﬂ“}&'/\-—'f-—li?ﬁﬁlmwﬂﬁ%l BEREMALTVNS, DEGHBRHZR(ESE:E
FRLREREDN—F—OREROBELTEDTHD,

- - Low O, combustion _ex. Air 170 — 120 m”/h = NOx 425~30%

3. bMrO—FYa— N—F—LEETELCHSRABRIFORELZMAS-OICHAES,
BEE—REGRIGHEENA—T—&Y, 30~40%L7GEEY, TOER. LRIF“VITRRY,
RBBEHRGY, REHBRENF DL NOXLE DT D,

- Primary air:  30~40% less than conventional bumer = lower NOx

4 HAMBHRERN—F—Z—RELEOEDVICBHHRERANLOT, —RES BN
T 5, EVHSROIFR—RARIF (31 B 100vd)EHE- =R T, Noxw,ﬁtt#\‘zo«w
25%1&?L1#~1b#"—-!§¥ﬁ7&*3%m¢w—L.&miﬁ&én‘cméo ~ '

- Town gas is used instead of primary air = NOx 4 20~25%
BMIZDNTIE P59~6358 .,
5. FEMRORE |
51 AFSDLEFDILED
HSRBRBIFHDIE, SOx® NOXDIEMNT, ARSI L, ST LILEEY. 8. HEEH. TV,
%@ih“%b‘ﬁ%%ﬁ&bfﬁﬂiéhéo

HEED LI, qﬂﬁ%ﬁ%ﬁﬁxﬁ%d)(ib\@ﬁ?ﬁﬁ%xféﬁﬁ?’é%lm BEMELTHLSR
BEALDFEY LERBOFED Lo ETEL . BT 5,
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' special glass Generatmg Source <
< peutron cut- off glass - , - CdS
| -others sub material | \__ - CdCOs

ﬁ%ﬁﬁﬁLf*ta—-A’bﬁl &0T~73F:’?A(1§Eﬁhzﬂh‘tiﬁﬁﬁéh% ﬁP:ﬁAt%wﬂz‘“%
FHFRECHHEENEOT, RBEBETREENS,

dust & soot in
volatilized
fume

[; -Bagﬁlter }“ .......... R

B /SIS ERENEER AN THD,
s =S VT P.eé:%@mo
5-2 LTSS

CBEHYREILHASADEERS THY. v—utmj‘vﬁzﬁ(CRT)«bﬁszmmww/H {ﬁ
bné :ﬁﬁﬁmmﬁhxcbwﬁ'x#a)soeﬁu_tfﬁﬁ'u'cﬁ&)bn%o :

e : ’ 500C : %

- Crystal glass, TV-CRT, flit Particle 0.01~1xm /

; ﬁ : / Electric R. 10" Qcm -
Melting furnace ' 300C

UL

"*g.’. e special EP Stack

 NaOH tank Humidity controlling
~ - tower

SROFEFIE. 400~500°c-h‘:&‘c:§%( U ERUBIE. EEARPIZREL—LELTHE
T3, EEALERTINOBENHTA0ICE. REETHREBYOERTERT I
EihDH, BRABRIE. iﬁmﬁémwmw [ZE--EE. REOBMRNTESOT. BYE
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Li=AETHS,

REUVZOLEMOMTFEIFO0. 01~1#m THY, BERIERME 10" Qom #THH, TD
=B AT IANE—ERNDE, RT DN Ayl BAEAECY, EHBRSENT 5.
FL AROBARBEBERRUCZTOLENORBITANDL, BBRENELDOICRE
BB HE L5, 28 FRIIC. BRIZRHSh-BRREEE (EP) REDLhDILITHY.
REMGREN TR EL ST, ~ '

special EP

Mulli needle- shaped f
discharge electrode

COEBIG EEARCHEY—FOBFEBEEEATL—L. HRAEEE500°CH5300°CIZE
TEED COFEICKY. HFDBRERELTIFEILMNTED, -, COEBL. ERIE
MEDOLEREH-OIZ. REF300°CICRTAEIITHHTND EEH R, ASAFITRS
hd&53%. REENMRK TR $HROBBEEREO LISRIWD T -EEG EP [C¥#hvh
B, : :

#w(:outlib.64~66’&§§§o

5-3 JyRBUEDILEW

TVRRUZOLENIE. BEHSREH(E HSRT71/1—) bﬁ%?LEﬁﬁX@Eﬁ@’éﬁﬁ
FTRIEBHIZREDLRD, BREOVIEDILL D L) HE— I FHELTEDN VRIS
Thd, 7vRRUEDILEMERETHOIZ, BELEXBENEDATLS,

BRETIE, AHNBRATHRIZAKZERTL—LT. &ﬁﬁx%zso"cr:;%ﬁw%o RNT, 9%
HRAREMA D, COBREICEY, DVvBERUFOIEEBIZTVIEHILS Y L (CaF) 12igY NS
TANA—TRERBEND, /94 —HIZ(E. Ca(OH),, CaCO,, CaSO, MEFELTEY. B
ELTEEREING, COARERNT, 7vERERISWLLE, SR EREFO8% L EE R

LT3,
; Dr_y ggg, e defluorination
Removal I
; | E>o50 | e
absorbent dust >98% dust tank
; tank : ’ ;
flue cas > g I
7> 250 ¢ bag ’
) __J v » | filter i dust
air Ca(OH)2 powder ‘ i vC £ (OH)
i : : i o arz, La 2
water - cooling tower : : ; CaC0s, CaS0,
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IOFEORFERL. EENBL T BEHERFRVRATHIHN, BHENPOREDGS,

Wei type defluorination

Removal

F>95%
dust >75%
venturi :
scrubber abf:‘g;m & '
\ ) i— R CafF,

mm [\ e = %
Air g py H ‘ oxidatio
25?_& heat v i ‘ ........... Ejg ) | o Wae ;‘ n :

flue gas —»

exchanger g ....... B 7@{’

\ 4
L ol

NaOH P
slaked lime

BRETIE. ZVRRUZOEEMEIFEY—FBRICBIEND, COF G, EEHT R 5H
BB, HRARIS/A—, BKREMSHE>TND, COARERANDE. SOxERIFIZRETES,
JuRBREEE 05%LE. X RMNRERIT7T5% L ETHD, BEREMO NaF (2, HBREM
Z.NaF % CaF, [2EX. £8. BRiE. LRLTEERShS,

B OTIE P66~6728H,

6. MEEE AT L

1SO14001 mﬁmmﬁﬁxx-m(Emsmgmtuo—cm EMS QBT 3B B HEEH
THELMEEZHICEEL. BIFICEESh-BEEHEROILIHSH,1SO 14001E.O
mm%ﬁm&i @erW @iiﬁtﬁm ﬁm&ém GOR¥EREIC ;%)EEL"&%EKL’CL\
3,

EMS fo next step
- Do |
15014001 e ———rtr
‘ nvironmental principles
v |
Action T Plan

Reviewing éy plant manager

Do
Check Enforcement & application I
Confirmation & collective measures

Iﬁ@‘ﬁ‘%ﬂ&lﬂ@%%l’%lﬁb@ﬁhlﬁﬁ%i.ib\:tli:
1. Hﬁ%#ﬂ'{ﬁli ILi@Eang ?ﬁfﬁiﬁk%‘éwﬁﬁ‘l%ﬁi’é”5»&%#@%(:%%&:1/(!.\60
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2. BHICH T SRB LR LR EERYT 2 LA EETHD,

3. THLASEREEBEHET 5o, RIHERIEETS. BESLNREHETEC
k. THTRETSERNEEN LREERET SHAOFEND, BEEFOLHEERS
-,

4. ?J'?XEﬁ@#’ﬁ{*U)ﬁE&ﬁin‘ﬁﬂc‘: EREBEOIN —= T HNEETHD,

5. ﬁ%z%ﬂ#@#tﬁ 0 b\b#‘#tﬂ é#’béﬂ%%ﬁ%ﬁd)ﬁ%ﬁ (S ERE R T D OICEET
&%O : B

6. THOLERAL. BREEBABOSAE UL RIS, BEAEC o7
DEEE L MERRISEL-C LERELETAIESALL, A RMBIELEDS
EIBNEL. BAGLEROBRERLIOEGLEN,

#ﬂl:om’(li Pl1a~22%8H,

7. f&?:nmb#——ﬁﬁ

xﬁi,’éﬁémmﬁﬁtl:c FIRNF—LERDI &N, F‘iﬁézmotué COz *HIE T HDIC
R THD, F-. ﬁli?i)b:?*!i@ﬁd)li?l)b;\f—— ﬁﬁ’é‘éh:@ﬁ#o)ﬁﬁ&ix%&_
el bt '

B, BEHE ﬁ&%ﬁ Eﬁﬂ‘]&éﬁ %%wlﬁﬁéﬁt HEHIRILF— #ﬁﬁ?’iﬂi’&%
ETHELNEUTHD, ‘

How to promote energy saving
Basic policy— Understanding current state— Goal— Measures

ﬁI*}L#—mﬁ,ﬁaLfti ®7Jwr~0>{§mtt$o>n_tl J:%»ﬁfzxmm{ﬁﬁ @1‘%4?75‘
EBLUEBE,NSDREEEDONE, @?ME%O)&/M&: @EEseEN @::/I:iw—-/a/
DWALERREHD,

- BICONTIE P23~37% 8,
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mﬁﬁ@# |

1. ﬂﬁlﬂtk%ﬁﬁ%ﬁ ’
“iﬁﬁﬁE?U)W%ﬂﬁI*ﬁ&§I§‘C%$ﬁ“6jcﬁﬁ:‘ié&%ﬁ’&174 RIZRY .

. . I hot role steel l : dust NOx cold role
] : : steel

0j010/0 I 'y
v L0l 0l @] g e » =
| -+ (IR~ |3]8]8]s ai
sintering - ; - £ W ro!lmg  cold rolling ot

machine annealing furnace

: , i | SOx ‘
e~ ; NOx
P & v ‘ : BFG S . .
........... » /B E‘_‘: A e :
| g ....................... ‘: ¢ ” : A ‘
: ‘ s - 80x dust C_gun
; coke oven S P s e boiler

Hepr BB\ B Bm

iron ore & . hot stove converter continuous pre-heating furnace
coking coal . A fumace = “casting S

EHMETECE. $BEERRARER ZAENLHRALEN, FRShIH. ZOhbR
| EGMTFATRARELTRET 5.

A—HEETRETE. GROER.ES. Er&w:-’];(ﬂ?'\a)ﬁké:ﬁﬁb\aw&ﬁﬂ#l:ﬁZh
MELET B, ' '

S TIETIE. %Fﬁéhi"ﬁﬂﬁﬁ BkA. wﬁzx—bx"éﬁﬁfmlx»( SN BH. 2D
FEMBETENM. HFOXREGHALERUT D, %ﬁ%ﬁ‘b?ﬁtﬂéhé&hm [& SOv.
NOxh“é‘ihéo v

BIFTETIE. $'&ﬁ§é§%ﬁl;"9’7ﬂ~f%‘) Elz %&'E%E’é’é %(Df&b\(m FREASFETED
‘bﬁléﬂé&%k'?xm‘%é:?éo

!z:#PIi%‘C(d: zmxramzm&m%a{rmmw &ei-mo
FETETE. SMEEBEEEFND, Ak, SOx, NOXASREET S,
ZOEMC, BFIZBERAT— 5 SOx. NOXHEET B, |

seli= >N TlE P139~151 5B,
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2. BAFHETREAASROR |
BRFICEBRBE. (DBRIE. (2)BRBEOOOBRILBRTE. (3)BRIERSY
BREROBRRASTICLDEMR. 8. RERBETIERIB/NIOLE, ThOOIET
FThhdFEHOB/A. HRﬂ:%UiTEﬁf’E%’C@Séo ‘ B

ASARIZE, BRFEEFT—RUIThA T AR EALESWEDRERNETEER
D ~

soot

dust soot

odor ’ dust .
white smoke Jadle

tandish mold

4 SN |
H -t =
™\ n ' B magnetic stirring

scrap Electric Bottom ladle- refining e —
preheater Tapping furnace dust
(EBT) ~ cooo
continuous oo

casting

Eibﬁﬁﬁli‘a’slféﬁﬂi%‘%%ﬁ@i—:f&%mli, BRIFELIBBAFNISELS, CThoDHR
Z. AR BB, B8, RLEET,

FHMIZONTIZP152~154%88,
3. PEORBRTIL

31 FHpETE
BEOERLBTRES AMEILSEERSIRITRTY,

chemical : g
water spraying wind shelter fence water sprinkling

sprmkllng chemical dosing chemical

s {1
coal cargo

71%%&%&&@?@&5‘!& ﬁ?‘K,f‘C%é E&&&EIE 2B 5FLHKERTIE:
(Uﬁ%%‘d)i\ff-m

(2) TRy
(3) thiHikws—
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(4) AL hT AT — FHESEET
(5) Frilt i

WEFONEREOREERYFERLES — T, BIZE. RUE Z— VP2 F— BB 45—
WO ESHEERTHES LA HD. BRI ANRBENSELH D BAOEML0%ERD.,
BETmOBRAIIVAT. BEF50% U EETISESIENTEZLENSMELHS,

RILFAURT— T ¥ ZAFRBEELEORHIZ, APV _RT—h—BE . BEROHR
. BUKBEY{T. ET &R - AROBIMET . ALY —F—HT. aURT RO
BEEAFTOLATOSE  FRAMDEREZT5-0OIZ. A _AT7—DESEHIZIZT7—FAEITON
2. |

%“m':owcm: P156~157%48 8,
3-2-1 a—YRAWE— ARBALR

H2ME, BREI—VRFIIEALBE, 3”71"&3“91#75\‘9:%}\5! ﬁttﬂbtc‘_—%l 5
$£95%,

- dust collector R
mounted on charging car ...,  Mmountedon
< e >
: ground
Waie@ : i : l 3 Connection valve
) : f1, 7, )
‘ e v/
- .Pre-duster : : Venturi
Bump i scrubber
g ejector Combustion
Spray -

nozzle ‘
/ [ ] to stack

00s_ ey 2 B@
G | : y
: . Leveling bar r——!L:
} k Thickener
O y A e —
e ; - Coking chamber
e ) o
Tar decanter i
' Centnifugal :
decanter ’

BREREEICEALRLEC. FRAZRLEROBRICEY, EBARETIHN, 2OER.
BAEE OFAREICEML LS R E T KRR LT RBEE ST,

CALDEDO—EHIE, ERETO/5—TBOAERD, LAL. REDEL, BRBARICE
C HEhTVABEEEE T MEICREBIh TOARERICRUVGAENS BEIEShI=TRITHR
BETBAITHBESh. ROT. PHRBEBTKESO, S5ITAVFaU—RITN—ERET
EEMARRICHRENS, AVFaI—RITI—DKRIE VI T—ITELNS.
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Bz OLTIEP156~157%28H,

3-2-2 A—HADWE — :—mam::ﬁ f

RAEZEOTMBOFPRERITHHZ, BREH Xrb\”i’xhé:étk@é:f;atﬂié 3 :!~—'7X7‘ﬂ::
—HRITAREFITMHEN 0L HNEICEL BB, Fz, TNEHMETHMIEICHE
THRBIZEAN A RET D, —IRZWHTEZFZEROTANIRETLO T, CORE
hOERITIEEIZKDTHD, :

Coke guide car Ground facilities

[

Connection valve -

Pre-duster

coke . \
oven I yuction hood

bag filter

- guenching car

FRBOA—HRAHHREIZEL L6, EIFEMED L ICRYAITonzT—FIcli5I&Eh, A
SAFIZRT LS, EHAEZE T M ECBBSh =TI/ 8—c#hhd, COBERT
—FiEa—72HFORBETEHEL. BLTHL51TH>TND,,

BEI=OL\TIZ P156~ 157688,

| 3-3 ST E

HEMIBIIFRACOREOARASTRE TR -H2. BETEHILRETIHIF AT, R
ﬁ%ﬁ#ﬁiﬁﬁb‘f'&)L«ﬁ%%@%?ﬁf#él—-thtmbb\ LHL. ESCS(EaEE AR
EB)DBRIcLoTHRENTEREE DT,

B TEALRETAY RAMNREDEMC. I—IRBBY (Do T EBLBEY (UL 5 E

NoRETHIRBIZASAFTRYT L3I, nzz\?—-iﬁﬁ“ﬁl W HMBEEHKRIZ, T D400
A—TREIN D,
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coke breeze
sizing

l B bag filter

e % mixer

raw material bin

i @{é:D bag filter

fo BF
sinter
tt::ﬂ: , machine
sinter sizing
bag filter
ESCS: Electrostatic Space Clear Super

BMIZOVWTIEZ P.158%8 M,
3-4 mﬁlﬁ

fo stack
A

ESCS blower

cyclone

Desulphuriizer
Slag-gypsum
process

BRICBTAFANERDEGEIAIE. BIFOBEEDDYTHY. FoTIR 2 BERELAFEDAT
W3, BAORBTIE. MO, 25—, AHESLUEONSHHSh S R . BT~

FERE. YAFREIEBIC I TRIRSh .

Q=13,000%2 m*/m
4 — 0.01 mg/Nm®

[ Q=4,800 m*/m : D wet s.
—p 3 — 0.01 mg/Nm® ‘ ‘

Yol - s
WAAAV= = bag . Q=13,000x2 m*/m_

i 4 — 0.01 mg/Nm

4—52’” Q=1,400 m*/m g
i 15 — 0.01 mg/Nm’ >

e . casting

vy s

cokek bin

k b wet s.
; bag f. \\E

surge hopper hot stove

P 12~ 0.02mg/Nm o
o b" g — slag ladle %[’

bed
‘ bag'f.

EF@&%D@%@I RLT EBT—REEIH R HBUME, F A FREHA, tﬂﬁ%ﬂ"ﬁd)bb
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—UREOEREEEBLTRALGATNS,
~BEORBE. —FEORBETRIEhEA 1S ANE . HRO LHONSEEBIT %
By, BREED, B EORBEEL. B, HhOTMLEHY < SRI-RETSHE
[CHILTES LS. BERREGROREEEAI AN, BEARHANEELEH RN
) ﬁbnéo .
ASAKIZ, BHFRHICAENET A TO RS, RESEORBRROBERT .
ﬁﬂu:ot\ﬂi P159%8HE, |

3-5 BEiFTHE
khlﬂ@%@%ﬁmﬁrﬁxyﬂt L&Hd, %;.'Clz/\7’74»9——#‘5!_&19”&\60

Bag filter

hot metal
Treatment center

7,700m*m . B} )
5 0.01mgﬂ\lm | | ladle repair

EP

alloy |

14,200x2 m*/m
0.4— 0.03mg/Nm®

building exhaust

1,800 m*/m ' : : ‘
20— 0.10mg/Nm® é] A A ‘ﬁ
. ' : k desulphur slag scraper
tundish yard - | hot metal pit =
‘ - : i "]
7 500 m3/m‘ . - : 5 ladle converter 5
f 1. : 7,500 m/m
— 3 o Y
15— 0.01mg/Nm" desulphurization center - 7,500 m*/m : 2— 0.03mg/Nm’
, o , 2— 0.03mg/Nm® :

BIFTIRICHTAEOFHEL. BB TEOMBISECS, WEhIcRETHIER OC BELLE
DHABREEICL>THAITMBETES, LHL. BREAREFEEN., BREOF VDA AEHE
HYdRO0VELTHIZIE. OC e hEBASZHAMEANBELLY ., HRShZVLHRIL, FO
MBI ABEREERICHRESNS, B2, BHEOFHLE. BIEEORRTE. 24
ﬁa‘ack07/7({41ﬁLtﬁﬁ"é’fﬂ&??’ét‘é‘k%i’d’é%ﬁt%@l:t T—FhniAEh, B
iﬁﬁ&%ﬁfﬁgénéo '

%F@E%i&li%h(i&&ELLTL\&L%‘" k#ﬁ%@ﬁ&ui Etaﬁﬁwﬂ'ﬁ'ﬁﬁi
BEE,. HAVKBLEREBEOTI71 L0 EHh TS, :

AOVELT B ORBIZ, BHRS ORENEETHEH . RERS AR B ﬁ%
hoOBRBOREER/MNBIZT ZBBELHENMDETHE,
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SHMI-ONTIE P 161 868,

3-6 BWIF

‘Eﬁw’é&ﬂtt\%&%'ﬁf%iﬁ‘é#ﬁﬁxm Eh@%#‘tmﬁﬁﬁb\bﬁib %Eé‘%t
EBIT  RYSYTRITHBELIZm SN, A0SV THORBEICHELTRRZ/H OEa—L7F

Ebhbd,
ZOEa—LERETEEOHIZ, (O )E%i%&%ﬁ CZ)EEQE&FE~ (37 /\beﬁQﬁ
ERELLIhS, :
Conventional sttem
roof exhausting system
, _ ,
' 4
1st 2nd
charge | melting | charge melting - oxidation reduction || Tapping
v ¢ v ¥

!

direct exhausting system

3R ﬁﬁ#ﬂﬁ\b#ﬁﬂiéﬂéﬁﬁf&@*ﬁ@%ﬁtﬁmﬁX’a} E@mlﬁif?f‘f‘c
HRERETDHENRON S,

Doghouse System ‘

bag filter

- direct

evacuation

RERBEEE. 255y TREBALLY. BREEFHSHHT 1010, BRFOFEE
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Bl -sEic, B MEEROLBEAEEA TR BT RERBRETEO0L0THD,

WEFmORIIFIZ. SHOMBLELIC. BEERETDH, ChoOMBITHL T, FLEEH
BIST BRI NI RITHBRETHY . BHRABEE20~30% WO T ELTRETH D, ‘

#wl:m\'cti P162~164%8H,

4, REER ‘

4-1 Gravitational, Inertial & Centrifugal Dust Collector
HFENZADEENREL-O. BRREOHRAORWARAEZEANE, ThEhOFh AR
BEDHL, ChEFBLT. LELEN ZA0GOBRBFOSERITHhhTEY. EEIEHTAD
MNFFEERESEIHEMRESND, ‘ ‘

Min. paiticle
Gravi ; A

Dust section view

EHNREEECHE. AR ETHELET GER 1 ~2m/) 3. 2T~ THTEEN RS
#3, BARBEEFEENAAE BERBOLEICHLLhDTEERYEL, R—IADE
BIASERTERLE L DN, 100%RESNBBEOMEY A X ERATHSND,

Stokes’ Law

V=(g/ 18 u)(01-0) D*  (cm/s)
V: setiling velocity  (cm/sec)
#: gas viscosity (kg/ms)
g: gravitational acceleration (cm/s?) .
p1: particle density  (g/cm®)
©0:gas density  (g/em’)
D: particle diameter  (cm)

— SIS A O EFENBED N EEEE L. Y (o0 QOISO ADERL. R
RCREND, KBROHRZNET DR, NEGY IO MAINTETNFHA 00 b
Wohd, RABOATAFREIL10~25m/B THRESND.

Centrifugal force (F) = mvV? /R (N)
m: particle mass (kg)
V: particle velocity (m/ s)
R: cyclone radius (m)

centrifugal

- 143 -



N REBEETE, TROBNERBIRICHRESEEHH.
&%’)L\I:I%Mkﬁﬂ%%zfﬂﬁﬁé%b\fﬁgﬂ?éﬁf
EE R

?ﬁﬂl:’)h\ﬂi IP.1 65~166%5&MHE,

4-2 HFRB SR
BREEEBETOLNE, RIS \—FHRPORTERET DOISREERAV S, BRAKBE
Bl HFSREL . ERNICEEM ORELRNSEEICHEL THIRESh S,

Principle of dust collection;

water drop

media

a ter film

WAWALBEDRAIZ13—RNEhhTEY. X7*(M~.7r74”4:‘)lm}¥7k‘t mEKR. FERE
. BliEickE{SHTohd,

a l
[:E] demister ] w ) spray disc
v = IXX ' o _ ‘
; water - impact disc
1333333 packina =
= \ L
Y ny Al

= Gl L?B/Ti* x)@(?ﬂ

ir . . VD Rotary type
Reservoir type Pressurized Packed bed type 55’ 78] :
watfer type " ’

FHHEBNRE. BENSCTELN, EHBRENE LS (FRIk>THRITELES) AT
L—iE 0 —BRa7E F hi8%k150. 25~0. 5kPaTHd, THADHFEIL. 0. 25~2kpar&éo
2TL—EOEE. H-HAKIET. 3~2. 7UIMTHY. ﬁmiﬁwtﬁA(io 1~0. 50/m® TH

Do
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EHXOBWE . ERMITL, BAREEOTHROLAY, EERTLBABET 5, HFk
EQESHOAY, ERBEBLTE L ERHADEEMATL—Sh 5, Bz LY ERNE
B FREICRRSD . BSESh=A R 2 LB DEMENS, THM (PIAIE. FRALT
SZF oo E) R EO BB DLENS, HKEIZIRYM DT/ ZILhS R A TS
.

REHRRBEBOHRERDIZ (. %w%ﬁﬁﬁknof—ﬁxﬁﬁ&& HALERETHoLH
Xﬂ]‘C&uéo

B HOWLWTIE P 66&%&@5

4-3 HBMmLE ‘
DB EEBERIZL, KE{FT) Y D4 W E—E(2) F—h) v TN~ /s%%ao LAl
RITANE—DBE—BHIZAVDATND, HEIRBERS-NBEETLH AN, RSIFT
REITANA—Z BT IEE, MEEAFICHEBEL. BAREEROBICTVVCEBRHTS. T
DT EBTIEOMAZEL., COMANMMM FEHITT 2,

Filtration Mecha_nism

AP

APi= APf + APth

—>

/ twisting &

—

/ aperture 50~10 «

fsgl

filter cloth

.
be shaken off thin film dust

AL, KRR, SRS, IoREBHLLEE
AW-EBL208HR. BREEREZRAVETREHR <4
BEHIS NTTANI—REHOBERITEL
TR, AHREDORAEEHCENEETHD, /\ ]
TI4NE—DEHBENREBICET DL, BHF
[CEWLEAALELWELTHENRDHD. TOFH ‘
EICRTEYH- T MES LB NS, M voical bag filter unit
HTId. MEEHNS~AZCRYDN TS, il R
EEOAYOLHOOBAICIRYGITOhE=4 Y

NR—FFLT, AWM BLES RAMERWNET, ERXOBEIZE. 2BELHBELL, 2%
[ BLE=F AR TVES, FORH. FHBRERZFE—-CEEZEL. EREDEE-

filter baq

/
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BEEEUHAL, HEEORE- HEEECHROLBISEL TS,
RigE 0)7:»‘@55& (A EEM S L)Qﬁﬁlﬁ) [LBHO. 3~1 OQm/?}‘”Eéﬁéo

Tvpe: ‘ Filter cloth: Dust shake-off: Apparent

; filfration rate:
(1) bag filfer (1) woven fabric (1) intermittent 0.3~10cm/s

(2) packed bed filter ~ (2) nonwoven fabric  (2) continuous
HMICOL\TIEP167~168%8 M,

4-4 WRMBER
ﬁﬁ*gﬁﬁ(EP)l;t%#i:x@a)aﬁ#w}\é&kﬁ%Wﬁl?’é&%i?’émkﬁubhé &
BREEXEILENEEER

e REEEORBBE ~ L .
BOBICOnFHREBERES - Pnncggle of dust collgctlon N

b, COBMEB/RLEMN '
SBYT HHFIE. BEBEH |
LRBEBICBET ST
[C&koTAAdEEhd, L T
TChDOMFEREBEC
BlEHHLN. EEBEICH g
BHTREESNS, collecting

- electrode

~ discharge
electrode

T L, BT E LK
BRI Lo TEMMIZIRY B
no, KEEEETRNED
ELOAERIC LM TED. BRI 2SARITRT £312 §><o>&a>§m<ﬁwcuéo

: Structure of EP
o high voltage DC
dischalge manhole  generator
elecirpde ~ .
: hammering
e drive.
e
gas L
distribution
plate
, hopper
hammering
device collecting electrode

EP 1:4:7‘3R&ﬁ‘z?@ﬁﬁ(»ﬁ:iUEEéhégtliﬁ< E%ﬁﬁ&fﬁ'ﬁ&f%‘d EE:J’HE%’H*
HTITRETED,

Bz DLTIE P 168~ 16925,
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4-5 MEEEORE | e : |
KEEBORELITIRE. RFMFCRTHFLAROPEEZBLETEEEEL.

‘Parametfer
—parlicle distribution —~flow rate
~dust concentration ~due point
~—specific gravity .—gas temp.
—electric resistnace rate

BEHRAPOFRORESEHBAAIG. ThZhORBEBOM FREDBIIAESGER
’é&l‘a"é‘ ThZhORBEBTREZAIUFEERICET RAGVMFRERL 20
mg/Nm® ELvbh TS, HL. BREREH A HREEELERTLE. @'XFEL\ELE
BMRIZThRhIEGESE0 EP Iiﬁﬁﬁx@i&&a)ﬁi#’é%ihﬁé: &H&L\

Equipmenl

Applicable : Operatin B
Coliector | !p!;rticle i Aﬁ o Remc;;:)l rate ?QSt‘ : pCost o

| (am MmO Aty | GO |
Gravity 1,000~50 | 10~15 40~60 S ‘
Inertial 100~10 | 30~70 50~70 S
Centrifugal | 100~3 | 50~150 |  85~95  |300~2,2001 100~1,000
Scrubbing | 100~0.1 | 300~900 80~95  |400~2,200 100~1,300
Filter 20~0.1 | 100~200|  90~99 300~2,100, 300~1,100
EP 20~0.05 | 10~20 | 90~99.9 |400~4,4000 100~1,00

PERECHELTE. EHEBRBELEMHEEEBORS . KSTHTFLDSGTRTFOER
BRREShZOT, REHARENEGDICLEA-T, BLRERLNBLN S, A0 Fal—
RYZIR—EDTYPRITIN—D[HE . BBEBREICECHACERTHE, AVFal)—0
AO—MBAERTADT, FAMNRE 10 g/ Nm’ BIFOHRICHEET ~ETHD,

RFGAR4—NTRLI&IIT, BESNHBPHERCFET S EP OBHE. MTORETRBESR
EHEZ 10510 Qem [CHBEShDIRETHD, BEIZHOTIE, T I7ML4—DFE
AHEDHBBEOBRAISEE LT 250°CULFTHEHLIL EP miﬂ‘“liﬁwm#%mwﬁﬁh\b
500°CEL T EEhN S, ﬁws&{ﬁﬁtﬁhﬁlzx ﬁra‘lminﬁra‘ls OO0, AL ¥ 14/ KWh
FHEEIZROTIND,

HHIzOWTIHEP170~173%88,

5. MRGBEHT

5-1 uﬁmmwwmmm

—WREFHLHEHENS SOxEEITHEETHTRELTEY. I&ﬁﬁﬁto)m%’&ﬁm—a\é
I—HZRWETEMN S, EiE SOX MKGPIC ?#tﬁéhé‘_é:mmx

BIERHEE (FOD) I R BRI YR BRI S ESN, E5o0AREHHEDD SOx
F00%MRET B LN TES, SHESALON TS FCD 1. BRETEF X THD. BIRE
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Wiklt, BRERAEFHCEBI TSRS, MALEDI0%E HH TN,

Method Reaction ‘ Byproduct
Activated | SOp+H,0+1/20,—H,50, - H>SO,
carbon : ; :
Caustic 2NaQH+S0,—-Na,SO3+H,0 Na»S0q
soda | Na,SO;+H,0+S0,—2NaHSO; :
Ammonia | 2NHOH+S0,—(NH,)»S03+H,0 (NH4)2S0O4

(NFl1),S03+8Q3+S0o+H,O0 —~2NHHSO5+Ho
Slaked lime, CaO+80,—CaS0; CaS0y
CaS0;+ 0, — 2CaS0y

BRARICTELT, ZHIEREIL. BR(Ca0). HiEY—4 (NaOH) . 7 EZT7 (NHa) . #HE
JE(Ca(OH)) BE LR T %, HARIEERENIL 7 L (CaSO:) ZERML . TO—EITIEER
HAPDBRELDORIGE, BEORASYCOIE-KIZEYRENIL S L (CaSO,) [ZEHEND,
BEALY I L(BERE) FEEVETHY . EEROEHITHS. TOEMI, BREFHER
BRBLEEENEFNCELTHSY. EEOREEABLVEOIC, BARTREEDATY
Do

Limestone - Gypsum Process
SOx Rem. >90% |:>

most popularly used method
in Japan

limestone = cheap

“initial & operating cost = economical
-systems stability = stable & safe
-gypsum = marketable

BEMI-OWTIX P182%8 M,

5-2 BIREWE

AFARIZRT 70— EHBEFTELDATVWIBRREEEORTHL BETAXREETITS
F=ibl, AEIS AV, RO TRIEICAY ., T THES0~603V0 Y DERBETTAS
J—kOTERBINT (10~20%) LS IPEML . SO, [FRITHINSHERESN D,
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Flue Gas

Oxidation
S ‘,WTower

Demister

Water ‘
' H2S04 Gypsum
« Separator
i pH ' 1
b A -~ Control ’ Air )
Lime Tank = : : /\
- : .Gypsum

WAEET, BIRITERERDILL D L (CaSOz) EERL . TN —HISIEEH AP DEREDRIT
& BEBEOEFSRITKYBRMBAIIL D L(CaSO,) KRS D, TOH EEARE, TSRS
= T IB=N—F— EREBYRAPITHHSND, '

Reaction

S0,+Ca0 — CaSO;
206803+Oz"" 2CaS0y
C3003+302 - CaSOS+ COZ ‘

SN B EES MSITEE N, £ TRARIZE-T, K5 10% U FORBEHELT
MHEhD, BUKEO L BAREERS VIR0,

 BREEECELNAGREIEERERLLILEBRTHD. BOREEEEETHEE KL,
LBPWALSNA, EERABN=OICRECEREAERLA>TND,

ﬁml:ot\tld: P.183%&H,

5-3 a—YRIFHAD BB ,

I—JRIFHR(COG) [£4~7g/ Nm® DFRIEAR (HS)EEH, BLHOU—ERED. 1%DOH
WEBUCERICILEMT 5. COG FEMBFEOBREICHEHIEOT, COGC DHIE SOxEH
RELLTREREGHREL-5T, TO L. BifZ COC BEENBOBRLZEMT S,

COG OBRIZMBERI=TLEZT ., BB/ — S HEEFH->TIHbMD, ChoOTETRET S

BEIL. BHeptE. BnBi. BRXBCLEOFETREShS, RETRE. h1voRT70
BRETCYHRTORAMN COG BN EFKLLE>TIVD, BRNICHATESHOHO COG
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WA LE. Zho OB, ML BIEnES

=Y,

System DeSOx-chemical Catalyst k Bypmduct
Takahax- NH3 naphtoquinone (NH4)2SO,
Hirohax saffonic acid soda | + H>SO,
Takahax-Reduction NasCOs naphtoquinone crude S
Decomposition salfonic acid soda
Fumax-Hemibau NH3 picric acid H>SO4
Stred Ford- ; anthoraquinone gypsum

- Combax flue gas 1 Na,CO3 sulfonic acid soda ;
De-Sox | metavanadate soda
T artaric acid soda
Diamox-claus NHs none pure S
Salfiban-claus alkanol amine ) none pure S

COG DBHHREIERTARIZRT &31=. COG HBIRDSLLIEFMTTHAS,

COG refining process’

naphthalene
scrubber

benzene

scrubber

refined

%OG

* ! ] booster
coke primary EP
oven cooler :

HMI-HOLTIE P 188~ 189048,

5-4 AHN9HR-EOINVIRE
BhNvIA(BRER)EEDN JDX(%I&&&@) 0)7!:1—&7\’5:174H~T'§‘o COG [FREZXBEHT
SEEN.EP [CAY, HAFOS—ILEBEBLE9%KESND, RIT, HRILTTH MM D
AST=RIE THE (1, 4—FIrF I ANKRUEF RIS L) EEE K EEML. COG hnil
30%M 7 EZT (NHy) BAKIZEITS, COBRMBLI NH; 1&. COG hORIEAK(H.S) LT
B (HCN) ERGL, WhR BB ER S 7o Thh s, HoS & HCN DR EZEIGHIZ90
~99%THd. TDH. BiEzhi= COG li?/%-—"?ﬁﬂ*ﬂ%&l-}séc
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Takahax-Hirohax Process
Removal rate :S, CN > 90~99%

desulphurized COG waste gas

Oxidation tower k
Absorber:

! .{ wastewater

IpE | ot Wéste gas
¢ & > = i water
- Service tank i [* Heat exchanger T ¢ @
: Reaction tower = 3
—— B
Gas washer
: wastewaler -

WA B L S A Y . SR T RSB E I ko CKBE P = L (NHOH) ISBESh B,
cOBEOBIz. U7 AT oED Y L (NHCN) EF AL TP B L (NHINCS) i:%};ﬁé
ha. | G

Reaction

NH3+ H,O — NH,OH :
NH,OH + HoS — NH4HS + H,0
NHOH + HCN — NH,CN + H,O
NHHS + 1/20, — NHOH + S
NH.CN + S — NH.NCS

FERBIAD —EBIEHEMS N, 60 kg/em® ETHEHL T TMESh ., BRE-HBITRIGEICA
%, BERILEIZ TR CRISEOEH R T 200 CHLEIcmitEhd, RIGEICA TR
BIEERXBIUERBICE N, TATORBELMIEHE (HS0.) HHNEHETE=I L
((NH)2S0) 1. F=, ERIEEMEITUEZT (NH) IEREh D, BXBILRISREALER
BITESND, RIGEASOHEH RITKESh ., KEPIcHHSNS, TAKFEORERLEK
nEE@WIcELND, el R : e S

Sz DL\TIL P.189~ 10055,

5-85 D9 A5k
TRYIREEATARIZRT,
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Fumax Process

Picric acid : :
. Absorber Absorber i
L = ey Mist catcher
cOG s Alkalin ; I
> T u sol. - ’ cave | sao : )

AIR @‘l i ey I ; T :

H-»S scrubber NH3 scrubber

L ; to H2S0y plant
e

Evaporator o :
' Mixing t.

COG 4 2 A5/ i—TF L EC 7 BREEML . BHEh5, —B B ORINET COG HDFH
LK (H,S) (57 E= 7Bl h B, '

Absorption
NH3 + H,O— NH,OH
NH,OH + H,S— NHHS + H,O

H,S ORI E > THBENHBIE 7T L (NHMS) X, ZRTESh . BEETKE
7Y E=Y L (NH,OH) ICEE SN 5, BESRIVEIERIE TRELERTh S,

Regeneration
NHHS + 1/20,— NH,0H + S

BABTTEIRE (S) HEOSBBICEY. BRIGEM S ESh, REBEETEELN5,
sﬁ:bﬁmmﬁmmm%%smmn,&ﬁa—ﬁx:ﬁs&:mczﬁamo

H,804 recovery

-8+ 0~ SO,
SOy + 1/20,—- 803
303 + HzO"" HzSO4

BB THTIE. BEIE SO (2BbEh., KIZBRIRLT, m@(‘ﬁﬁﬂ'éo

CEEOEEEOREIT R, HoS XO'J/ \'—’C?’MJ DBRAER SN T HS AkRESHh, NH3 A
951 \—‘Cﬁ}ﬁﬁ“ﬁ:‘%l-a‘:é NH; fR&E#. Xﬁqﬂlhﬁ{ﬁ‘éhéo
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M- OLVTIZP190~191% £,

6. NOx sk

6-1-1 NOx &R :
NOx&ld, BEZEH (NO) EZEBEZE R (NO,) O 2 ﬁﬁmi&&ft%éﬁ:w&?é PRIETIZ.

NO HETHY. NO; IEEIZ NO DFHBTIRET 5. #iﬁﬁfik&(#é NOx®DF&E(< liEL_
ZONAN=A LB BB,

(1) EEHD Ny 1/~ F —EOHBOBEERELTTES, H—7 ) NOx
(2) BB PDERENBTEROBRLAELTTES. Ea—T)L NOx

IBIRIZED NOXDERIE. EICHS O ERLIFROIET TS, ERBRRECS TS, ¥
BRMLZEALLL NOXDREDERERSARIZRS, |

Thermal NOx
5,000 ‘
., w""lkl.::... .
*
Q g “o .‘P’."n =00
: . o ° *,. %
retention » % % o,
. 0 a . % "..
time (S) N % % R Pagg
. : 3 s %
1.000 o K K .
o °
o o o
o ® v t
: PR :
o P S ° “ L)
RS S i > 100
g @ ° B,
- oY < ;
T s Y
NO w2 s ° Y 8
: i : CO KR
nnm o 0 % © % S
a s ° ° Py ®»
§od ; P
e g o L) ‘u 10
a a ° s Y
Ca o ° LY v °
I E O B
I @ ° °
100 o a ° ® ey .
oy =01 - s ®
ag ° ° ® - °
By L L ° L)
) 03 % ° °
EM L) 2 k. S °
o ® o {9 % ° °
- o 3 ry :
- 0 < s s
: g 0.01 % . ]
[ a @ ® ° ® ®
] a ° ® s 3
a a & S > [ @ »
o o P ® P e ° s
= o B e o ® » b
o @ Pt ® % ® A Py
a o @ . ry ® £ »
o a @ ’. 2 ® .
@ a a LS s 8
) A ° % s °
10 §F 533 ° ®
0.6 1.0 1.4 1.8
Air ratio

ERLAENT 5HDMAETE. BEBEABEGIAIEE . NOXRE X LARMIZNT 3, L
AL BSHEESI, AL —RIMELA DL, MBBEOETIHL . NOXREHH D

L5,

Hia w%ﬂqmﬁﬁc‘ﬁﬁ@@?ﬁﬂ’&il:iﬁ% BEPIC SR ABET, EROERIZAS
TOBF /YD PREY DY, E, SHEBREIZEENDL T EKIE (HCN) 2T EZT (NHs) .
ERPDEE(Y—TIL NOx)J:U@%!: NOxIZZEDBZEMNHBNTIND, ‘
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N and S contents in fuels

Fuel N S

Solid coal 0.7~2.2 0.3~2.6
wi% coke - 0.6~14 0.2~1.0
crude oil 0.03~0.34 0.1~3.0
C-oil 02~04 0.2~0.3
Liquid B-oil 0.08~0.35 10.2~0.3
W% A-oil 0.005-0.08 0.2~0.3
light oil 0.004~0.006 0.03~0.5
~ kerosene ‘ 0.0005~0.01 0.001~0.2
COG-crude 0~9 1.6~7 |
Gas COG-fine 0.02~0.5 0.05~0.7

BFG tr tr

g/Nm’

o LDG tr tr

LPG LNG tr tr

2 JIS K2205 kinematic wscos:ty (cSt, mm2/s) C-heavy oil: 50 =~1,000, B-heavy oil: 20~50,
A-heavy oil: =20

M pDeERICHLT, %*44:10)2%0) NOx|ZZRERE > HLLERE A% NO E@RE"EES,
FOHEIEBEE12~1 5%0)?&%13)6 ‘

HI-OULVTIE P.194~195%4 5,
6-1-2 NOx &£ EBEHOTE
NOx4REIZERZ I 2 EEIE:
(MBHEPOERBE
(2) BRiERE DZESR
(B3) 13 —F—K B REE
(4)%;@!:33«1%7‘1‘%@%@8%&1 ,
NOx@%E’éi&ﬁT%ﬁ%&Lf'

Bl S, BEEREH A OBRBERZENTHY. mau-—yﬁw m—w«.euw;
W OERAETL. MERENETT .,

WA TIE. COC MBEIE NOxEH D ERI-EENRNH S,
BERHOOEDLILEBRENRATHS: |
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(1) SRR

(EMERERDEL TS
B)BBRE~DRATOER
- Causes of generation V Reduction methods
‘ ~_ Fuel altemation
‘ - Change of fuel :
heavy oii— light o:l-» gas
” - low N fuel \
N in fuel , i L ‘
| Euel denitrification | ”—"‘ﬂ‘,g%%'f-’—’—‘—‘l!
: - Denitrification of COG
; T lowerO
02 con. : 2 : ‘
T Changing operating conditions k
Flame temp. || lower - Low air ratio combustion
1 temp. - Lowering dry hot air temperature
- Changing the(rnal load
Retgntion Improvement
time - : by
shorter Remodelina combustion system combustion
retention
- Multistage combustlon

- Recirculation of exhaust gas
- Addition of steam or water -
- Low NOx bumer

ELTRTHNIE. BERBERO LTRSS

(1) SEHRBEDEER

(2)BAARERAXDER
(BVRMEITKEAE - EKREZATEDIMEICER
(4){BE NOx/ \—4—DEHE

HMIZOVWTIE P196288,

6-2 @B O

6-2-1 W% ik
erﬁﬁm#muuﬁﬁ%@%%ﬂwﬁmﬁﬁ%r&é—ﬂ%m“%ﬁﬁﬁﬁwﬁm%ﬂ
. EROEERLELD . BEFTEEDNAZCOG X 1~9gm’ DERESATNS, Thid.
R H AL Z SO TR SR EA, 800~1,000°CT. BEBMEMN4~6HTHELIZ,
—OXFkMWX&ﬁw%ﬁﬁﬁ&éﬁm %#mﬁﬁm&ﬂ@?%uaﬁﬁﬁ ~E&lzk
‘ 60 N
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1. Use of low N and low S fuel S <N ‘
2. Denitrification of COG N 1~9 g/m’® 800~1,000C, 4~6 sec.

EHIZ DT P196~200%5 88,

6-2-2 WiRFAEDOTE : i

HIOASAFTHRALILIIZ, BREEZETSEDHL, HEIC NOxOERBIEDLD. FZ
(. HTRDOBERREL1%EGNIE. NOXIZ10%ET TS, SEBEERE. RRAESR
% 2 BB ERICH T TR —MIE SN, AIAIE, —BECERESBD80~90%%
EAL. BYORRZEZBRE. HBNETALBOR—MIBAL THREET D&, NOxIZ20%(E
FLEZRELN DD, KBEFEKERBZITEATILE, BREFMATHLICLY, BB

- BEEHILILLOT, LRETHH>THARBEEEL. NOXHHIFEh S,

1. Low air ratio operation ~ 0; 1% /= NOx 10% [
2. Multistage combustion .1 stage air ratio; 80~90%
V rest air —2" stage combustion —

NOx
= A20%

Bl AR TEAShAREL NOREREOBFERT

3. Steam or Waterin[ection flame temp. [/ = Knox [/ ;
; s no-change in generated calorie

Injected steam

BHAERCE. BEETRO—BARRERICEESIhS, PRtz S DB R A Az
FoTHRFEN, BEEALVERY, BREBHORGAEGY. TORR. AAOESR
EARES, ChoOBRERIZRY,
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4. Exhaust gas circulation

L M=1.0
%
2,200 %,
‘..
M=1.2 .'...
¥y ....'.
> o
Flame ..'.. ..h'., ...... oaq
e T, et e 1
09 Yag . %aay
0..‘0 o ....... n,...
A ll....‘
a® Sag
1,400 .,-'
10

5. _Low- NOx bumer

Gas circulation

NOx

. removal %

100

20

8 NOw s —F—ix NOXEEFT B/ EDVETHY . BEREDET . KABEOET. &
AEIE1 5 AR EREORREL OIS OB EERRT 5. ChEOBEERS

ﬂ'f:ﬁ:ﬁ’éﬁbft‘éo
TERN—F—2A1IL:

N=F—BLNEBELLTHE. CIVELDRERET RIE, KBOBEHITRILF—I2E>TES
ILARIZEAER, %iﬁﬁﬁm&iﬁ&bﬂ&(&%ﬁﬂ#lmz\ﬁmfﬁb‘ﬁTL NOx4E R D&

BI=2htB.

tile angle

exhaust
gas

B T —

tife angle (degree)

CEDFHRFIN—F—EZBBBICT B L&Y, EL\Aﬁe’&ﬂ"ﬁL Aﬁd)&}gmfﬁ’&'?‘(ﬁ

NOxDERMZEEHT 5,
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air
) NOx
secondary air

primary air ; Ppm
 gas (. 150
L 100
W — 20 total air ratio - 1.1
l% otal airratio.. 1.

‘ 1.0 0.8
primary air ratio

BCBRERA—T—:
CON—F—I&, fﬁﬁ%gﬁd)ﬁﬁl*w%‘:—! KO T MB{HAAMNTL—LORIZHAEN., £
DFER. KEBEMED,

fuel |

Os in exhaust gas %

A= SNTIE P.196~202% 818,

6-3 BEH A TE ;

CHREORBETRET D NOXDKEBSE., RIGEIEND T, CO LS NOXERETHILE
BRI B#THS, BaH5T70A0OR T BREEHFNEHEIZ. 7oEZT (NH) ZAWL
AEROBIREMBETENDD. COARIE. PU—UGH AR, I8, SOxEEFEVEA
Z)MBIZH L THRMICEATEREBETEL TS, BICEE TGS DERTRIZFRE
EBIERTSE. MBEEDET. %ﬁﬁwﬂﬁ&&&:’m’%ﬁfﬁir—ﬁiotm%o~

mﬁlm(iﬁﬁ‘éﬁ7 ooow)t m%ﬁmﬁwﬁ!&xj«fhum% BH R, ﬁ’i‘t EPI_N) %
CTCEBLEENRRESh BERETECIDHERKEBICEYI0%LLE®D SO RESh
3, RIET.HAIZ EP TRBESh, 774—/\—F—, 835, MEFIc&Y 400°CICREB
Th. BB TO0%ELE® NOx MErEsh., —EREHKE (CO REREREICAY, iz AL
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‘C-—&it&ﬁ”é&!bb HAREELRSHE, %CDT& BEMBENLTT 78—\ —F—bi
HTLAETROMBIZFATI D,

cooling absomption .

T tower - lower
sintering machine : \ /
No— - (T—l=
O ~ '
O mist
@) ‘ dry EP separator wet EP

Sox rem. >90% .

, ; K v
aeﬁ ar~ ‘
% % ' De-NOx HE After
stack De-CO heating bumer
o furnace .

V’ Knox rem.‘ >90%; ¢
De-NOx: Dry Type Selective Contact Reduction usin NHS3
6NO + 4NH3 — 5Ny +6H,0
BNQO, + 8NH3 — 7N> +12H0

Bz OWTIE P202~203%5 1,

7. MUBIBES AT L

7-1 MBREERTL(1/2)

1SO14001 EANBBEE L R T L (EMS) DEA LS TS, EMS OBV, BB S HH
FTRERMEEECINEL. BIFICEBSh-BEEHEZROILICH D, 180 1400112, D
BEAHORE. QHE. ORGLER. DEAKREEE. OREBICLIRBELEERLTY
60

EMS : , fo next step
‘ ‘ Do g S
1S014001 [ Pan | —wi R
; /V & : Environmental principles.
‘ -~ Action v B
. Reviewing ﬂy plant manager B

Do

Check : Enforcement & application
Confirmation & collective measures -

TS SRR TS RLATREES NS L

- 159 -



1. BERSHEIL. THEN0SARBREOBNEEE T LEENCABLL TS,
2. BHICHT SRBER L BNEBRYT S LNEETHE,

3. TREAGERMHILEEEHEToLE. BHERCEAT S, FESLNREHETEC
E. THTRETS BARMIAAH LREERES S OB RN D, BLRFNHAERS
k.

4. 2HBHFORETEEEESE, ﬁ%%@bb—:zﬁfﬂﬁ%‘@&ég

5. WHFAHHENSFLNE ORISR M ELEERS 51O EETHS,

6. THOL LRI, RAEECRXBOSNERDEFNEELE, BHAEI -5
OELEE. WREBCRELESLERELETAEESEUL. REERMRISRUEDS
E3IZBNEL., Bk EEOBREBETNIERLE,

B OWTIEP271~280%8ME,

7-2 MWEHES 2T L (2/2) :

CEARRICEAT B0, THASHEHSH 55 A BRI NIV TEOARE, HH. 2
BELETEESEN (B4 ), KERICEAREEHT SR, ST ROMHR
Eoh kBRI T HESRELREL, AR A CEALEhEE5E,
Bt EA s Lk S R ML B SRR E RNE DT AL L, AT IR

B L, BAGLNTI “ARBRERICKMSh S, ﬁiﬁhxéﬁ&ﬂﬁ%ﬁ(EQS)fﬁi
éhft\%ﬁﬁ’&z7*fl~(:§"9"o

Measurement lftems

Emission Standard EQS
dust ' o Suspended particle matiter
sulfur oxide SO, (sulfur oxide)

g nitrogen oxide NO: (nitrogen oxide)
8 Cd, its compounds
= Ci, HCI
& F, HF, SinFans2 CcoO
' Pb, its compounds ~ Photaochemical oxidant

FL hm B ZF L ld . Fo, HEH ARG SOx. NOXRE., i RBLEZBHMICHRTS
BRETHEIN T, FNEOF—42—F, avia—iLtra—28bhbh, TTTREAPIC
HHEh L ELMEREZOFL. SLEMEORHEREERT L, BERFNZZTITHSI
B3, SHEAGOBERE 92 F—4%%5, ~
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Telemeter System

SOx o SOx o : j :

NOx | NOx - — . —
;o | L
v . ~ ;
f aqtomatzc site center administration center

BRI OLVTIX P.2563~255%8 1,

8. HWE
REOPRRFBOTEBV-—REUSEATROONSIF AR EHKEERDS. 9% THD,

EERNIEF L O—REBHOBED, FR-RERTERERSAFIZFRT,

Dust Generation & Utilization

 Dust Generation at 3 million-ton Crude Steel Production (t/y)

- Process lpry Dusf CollectoriWet Dust Collector Total
Material / Pig Iron 111,000 38,000 . 1149.000 - (61%
_s_f_e_é_el ! 33.000 60,000’ 193,000 (38%)
Rolling 2.700 300 13000 (1%)
Total 146,700 98300 | 245000
; 60% (40%) (100%)

HARE., Bibsk. R, ERLGEDERERAEEH . BBFHFNTEERSNS,
B4V TIE P.205~ 20655, |

9. HITRILF— ,

IHRAX—FERBFABIEEET 20, HANVEBIPEREFVE—RHBFICLYKE(E

1%, &BI2, 2R, BR. BRENTHNTESLED. HEBHLHBATEINZETHERE
%o o

- 161 -



“others

- _Integrated Steel Production

LPG:-- others 1.5
, 4 7

51.7

fuel oif electricity

Non-lntegrated Steel Production

BEIFNF—ERAFRMELH) ﬁ?‘éh&lsﬁéhfé é‘I*)biF“G)jiﬁitL‘Cfi :

(1 ) ENERBOERL. ﬁ%ﬁlﬁd)&ﬁ

(2) B R DME T il (TﬁﬂHL "Iﬁﬁbﬁ‘dd)ﬁﬁwﬁiﬁﬁ“ﬁt EXD

() BRROFIELRY OEIX

- Energy saving Method

-high efficient equipment & improving operatlon
-reducing the number of unit operations

V ; & changing to continuous process
-waste heat recovery

M- OLNTIEP210, 216~220%58M8B,
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N.Mﬂﬂﬁ#

1. BETHICETEANERE
BTG E, TR, BHER. ﬁ‘}fﬁé Qﬁﬁﬂﬁliﬂ'ﬂi %E(HzSO;;) T &k (NO3) .
FHIEE (CaCOy) . FUEZT (NHy) . REFT 2 (CO). ?‘)EﬁE?ﬁ‘ﬁﬁc‘:L'ElK({ﬁbhfL\éo

m@mwmm&mﬁm»wwxm&mwmmmm FO1=8. U8
BRROVTNBOFHIZETRBIEIERENS: ~

() BIZ &5 B0 (. )
()7 DREHHEETHRT TR ;
() BRBLSMICEDIBORKFLE. ThOBEIEL

HURRE . HAEHY(KCY). BEEENY (K,SO4) . BB 3™ LAl (KSOMgSO,) 1 EE R

HITHAWS, ﬁ‘)%ﬂ&bfﬁ%ﬁi(ﬁb\bhéiﬁ‘!b#){i BRI BR AR E S B S
g bt J:U(‘Eb#téo

Fertilizer P Raw maternials

- Nitrogenous .~ : ammonia, Chilean saltpeter, limestone + Nj, =--
Phosphate F. : phosphate rock ‘

- Potassium F. : ore (ingredient ; KCI + NaCl), KCI, «---
Coated F. *N, P K + thermo plasticity resin

CHSOBBEST, $ESOBREEESHET S50, BABHEEIETEEALEENS
5. ChBRBEIEREFLN., XEFRENEVETT TRIEN DS,

BHEEE TR TIE, HIE. SOx. NOx, H# Rk, Zv{EKR, TUEST I, K E B RB L
ETHREBMHCPRELTHRESN TS,

Poliutants Origins of Pollutants
Soot ' :
SOx } Boiler, Dryer, Calcining fumace, etc.
NOx )

Dust Raw material stock yard, Raw material feed equipment,
Belt conveyer, Bucket conveyer, Crusher, Mill, - Sieve

HF Phosphate fertilizer plani------ Reactor, Calcining furnace,
, Melting\fumace, Phosphoric acid concentration plant

NH» Pelletizer, Dryer
Solvent Coated fertilizer manufactuning process

FUESTPIRAREELAHGLAO BENEICEESHh TOT, ARTBES M IR CHM- 5
BRI BOXLEEHENRFIESNh TS BT T L BT T L RRE
HETIHE. REHOEBRENTEORIRAKTUOEZTEEATLSN. HHTHDH LHL.
FUoE—PERABREEEFZREBIDILBEEVA. KEOHET. BRENTETRETSHE
BAZDREE—BIRELTVS, COFETREBEESN ST RAPOT o ETRETHH
HEEEBRT D,
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ENEETHOLET R R GREICET AR ERNEORERERS(RITELHTL
i , ;

B OLTIL P1~89%8H,

2. IS EEOKE

24 BAREER, MIEHREER, BOHRELE ;
*ﬂ?&ﬁxd)%ﬁfﬁﬁ&%f—&) E;f‘&@wﬁzmﬁhﬁﬂﬁizmi FhEhOFNTR

MREDHS, LIELIE, COFEIZLSH Xﬂ)thd)ﬂi*ﬁ?@ﬁ&h%*ﬁbﬂftﬂ :ﬁ#lihx
DOFihFRERESETHENELND,

Min. particle |
Gravily %

Dust section view

EABREEECE. ABRETHELET EE1~2nm/B) SE, ThICE-TENTRBRSE S,
EHEEEBEIEEAKRES BREBABICERINSGILZIFLALL, RF—0ADE
BIAERATESLEALN., 100%BESIIHEORBY A XIFRATREND,

Stokes’” Law

Ve(g/ 184)(p1-0) D (cms)
V: settling velocity ~ (cm/sec)
g gravitafional acceleration (cm/s )
# : gas viscosily (kg/ms)
0 1: particle density (g/cm)
©:gasdensily (g/cm, )
D: particle diameter {cm)

RIS AR NEBEE . Y150 O OR TR AL, R
RCRENS, KEROHREMET SBE . NEEY A HOUNEITETNFH (IO HE
WERB, FABOS AL 10~ 25m/BTHRESNS. ~

Centrifugal force (F) = mvV? /R~ (N)
m: particle mass (kg)
V: particle velocity (m/ s)
R: cyclone radius (m)

Inertia
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ﬂﬁﬁﬁ&%ﬁ’ﬂi ﬁzmﬁh%ﬂﬁ#ﬁkiﬁ%éﬁéb\ HAIVFRMIFREEL TR
HERNTHBHFERE -HRT 5,

,ﬂ, Inertia
Bz OLTIEP165~166%518,

2-2 HSNWER
HRARBEBOREBICEHANZZ LI

(D HALDKFEIZKBEEA~OFHE
(2)F AN OEE D=k BME

- (BGOSR FDBE I DEM
() FARDBEL>TRIBKS D BEE
(B)EAIZEPBFOHE '

SRREREIL. EE, SR TR OVREBERBRIEMEECHFBHTAORENFERIC
'Cé'%ad)‘c' 4, bx&&@lam(ﬁbnéxvi BoTE, :

Tyglcal Tvpes of Scrubbers

Type * Velocity e AP Th. @

m/s 1/m’ kPa - oum

Spray 1~2 2~3 0.1~0.5 =3

Packed 0.5~1 2~3 1~2.5 =1
Jet 10~20 10~50 0~-1.5 20.2
Venturi 60~90 0.3~1.5 3~8 20.1

Th. @: Particle size of threshold to allowing 50 % removal

FHA S REEROBEDBEEEEIZRT,

Packed tower 4
I8 demister
XE€Zx<«s
waler
pivawiviymi
packing / & gas

RARBEEEDHROICEMAOEDICE. TATNOEBICELEAARREBAH ALERET
BDIENEETHD,
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BRI OLTIE PO92~04% 51,

2-3 AEMREER
NTTANS—RBEBRE2ORBEBODTRLEVERBEEL>TLS, T 71 1L4
——lio Tum HBEORFCHLRETES, T ITMNE—%H 77&:3%#40)#&1: AR
1= 97~99%®§E$’&f§6u&7§"€%6 ~

REBBEIT. SHOREIBRADIHBLLHFCTE—REHEEN. B FERET 5258
BELTHRASNS, 2:BEOHEST A OBEBREL, $ELZ0. 5~3cmicm THD, LIzt
2T RBBOHRZNET BFEIT, BLDONT TN A—FHHTIAND S EEBERHE
hbhd, LE , ;

Filtration Action in Filter Cloth

;

e, 1 filter
t ,

| Fiue gas . >

05~3 cm/s

pnma/y layer

AP =150 mg Hg — dusting

Pl (2. BRIFOHHR35, 000m¥h (250°C) MED /T I N A—I%. CREZE LS, &
FIZIZERE30cm. £EES#H600cm OMABEKIAIL4—1R50~60FEBIN TS, ZOFE.
6EDMNDIEIL. Ho—TRML R DIELAB b, BYDSENRBEESAS,

HSRBRIFIZEDLNEAMIEL. 200 cuTrﬁgl LEBBEBEANRIZOT. HSRIPA
N—EnLhS, )

B | Clean gas

Flue

AHEIZFASSEELCEHIBLEA 150 mm Hg (DB T 5L FAFDILELABETHS. &
AOBFELIE, ASABRIFORE . BE—BHITEDL TOOMERAL. EHXLHE, F X
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FOJBERREISERED . EERRETEEbhd,

, Dusting:f@guency -

- intermittent
- confinuous

Dusting drive
- vibration
- reverse a'ir

B, Mﬁwm%miﬁ’&ﬁzm\a&olm Fi=. ﬁmw&ﬁéﬁﬁét—m_zooh\bzso"cw

ra«_w_néo
ﬁﬂif:o!,\'c(at 1—‘».94~95€—$Rﬁ0

24 BASEER

BRAREEE (EP)ZHH 7.430)3?'#:{»11\3&7&%*5%ﬂ?’é@f’é’%d)l %L\bi’bé ﬁ

B RO EOBREEBEECEE

EEREOEBEBERBORICanT

BEREXED, CCEHELLEH SR
BYTBHRFIE. MEREICRKEE
BIZBBT3/4F k> TA4H 24k
Thad, FLTChoORFIIRER
BicslEFHeoh REEEI-HE
ARG -3 Sy (R

B, RITEREREFKEICE

TREAMICIMURRNM S, REEEE

TRAMEOEB LN ERESTEHNTE
5. BRI, RSARITRT ESI28<

Pnnc:ple of dust collectron

dust 'y
collecting ~ «
electrode

OBOBEHHILITLVD,
Structure of EP
‘ high voltage DC
discharge manhole " generator
electrode o : ' .
-/ — hammering
B ey . drive
gas I
distribution
plate
hopper
hammering : ‘
device collectmg electrode

EP 34 R EHF ORI %i‘)EEé#Lé‘_é:m#( E%Eﬁ@ﬁ"’!ﬁﬁf&)")
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hFIcRETES,

UL T POS~06%5 B,

2.5 MWEWORTE o | v g
REEEERETHHE. ASFITRTHT LA ZOMEISERELGHAIEEDEL:

Factors affecting Dust Collection: ; '
particle size distribution,

temperature of dust,

dust concentration, j
apparent electric res:stance rate, due point, gas temperature,
composition of ﬂue gas, gas volume, efc.

##E?J APDFAOHFEEMBST Ii%h‘?ihd)ﬁ&ﬁﬁ@ﬁ%&%%ﬁﬁﬁkﬁ%&%#’é
2TV, ﬁ@%ﬁ’(ﬁ%f%é# FRERITRT Ekﬁz_&t\ﬁ%}&ﬁﬁ 20 mg/Nm® T
HBELDNI TS,

BREOSANERDS Zi=. LHBREZEEERATIE. T AMLAELEERI TS
- BIElY EP liﬁﬁ‘@@@'xhﬁfid)%#i&ﬁ‘dm(f&t\

Anphcable Range of Dust Collector ,

; ; S B B Cutback Pressure :
Tvpe Particle Working Level Drop . Equipment. | Running Cost
. (um) (@ o)) (%) (mm H20) Cost
Gravity 1000~50 d.p.~400 40~60 10~15 S S
Inertia 100~10 d.p.~400 50~70 30~70 ’ S S
Centrifuge -100~3 " d.p.~400 85~95 50~150 M M
Scrubbing 100~0.1 no} limit .}  80~95 300~800 M. L
- Fiftration 20~0.1 no- limit 90~99 100~200 =M =M
EP 20~0.05 d.p.~400 90~99.9 : 10~20 L S~M

BERECELTE. EARBEEELRE N EBEEQHE . KELHFLNSLETORE
REESNE0T. BEH ABENBILBILEN T, BLBEERBOND, AU F1l—

ROTR—EDTYRAYSN—DHE . ChoDRBERBREICECHARICERT 5L, A0Fa

S: cheap, M: average, L: expensive

Y—DAO—RAEERT SO T, FANRE 10 o/ Nm° ITISERT A& THD,

BAIISOLTE PO7E S,

3. Sox MREBE ; .
AR ELE TIR TR, R 55—, BIRE. BERlF. BRF QMM OBEEIZEY SOxBERSh S,

Sources of SOx.  Fuel SOx

- Boiler

- Dryer

= Calcining furnace

- 168 -
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LaL. EK’E!;H%‘ﬂLﬁbtiﬁ&tﬂ&ﬁ%iﬁf:?‘f:&)I:%@ﬁﬁﬁ%ﬁé?&ﬁbfﬁéﬂ&’ﬁ
SHETHTEOA ERRREOERICE>TEEITHBLTINS,

B B A S ML IS R B OB EABEI A>T BHDEE R 5N b, BB
HELER. B, RERCHETED, ChETIRESh - BREEO RO EET0%ELE
MBI ETHY. BEBEHRETIESOWNL EFLHHTLNS,

BEEITE. BRBIE, KRBT 2 LRIGE, TIVAYBBERIE. FTILTIVAYE.
BHERILE L E B BB, ENDOR T, KBILT Y 27 ARIEEPNRBOR 1 S5—LE
[SELTLVD, CORBEHRIG. ASARITRT ESI0, RERIR FHBIAR BE-HE
HR DL BRETHD, BIEDITBRULNEL AEOMBERITHLMTED, %@77*
/0A®Eﬂ$%liﬁﬂ¥#ﬁﬁd)lﬁ¥4thfﬁﬂFﬁ?'%u.é:fﬁ‘cé%n

Wet Type Absorption

SOz"‘ H20— H2503
H2SO3+ Mg(OH),— MgSOs+ 2H:0
) M9303+ H,803— Mg(HSO:;)z

Mg(HSO3)z+ Mg(OH)2— 2MgSOs+ 2Ho0
H,S0O3+ MQ(OH)z"" MQSO:ﬂ' 2H.0
MgSOs+ 1/202— MgSOy

i | Mg(HSOy)2+ 1/20,— MgSOs+ H2805
plOStack | pigSOs+ 1/20,— MgSOs

Flue gas ",

' [___% = & o sludge
water _p N/ V | .
Mg(OH). > T Filter wastewat

air i i
Absorption Oxidation
fower tower

HMIZHOTIZ PO8~00% SR,

4. NOxRRZE=H

4-1 BEIHPIZHITH NOxDFE

NOx&iZ, BRIEEHR (NO) EZBHEER (NO) @ 2 BEO T LEILMEERT D BT,
NO METHY. NO, & NO DEIZFRBTIRET 5. BETERIZEITS NOXU)%EL-@EEL_
ZODIHh=X LB HD,

(‘3 )Eﬁqﬂd) N D= —EDEROBMRBLRIELTTES. Y—TJL NOx
)BHPOERVBROERERGLTTES, Ea—IJL NOx

& b BRI TE AN S NOx, Vb BEa—T L NOXDBELOBHREEIZRT .
EMSETH T, LRNEREEEOML C BHEEIM, a—T)L NOXDREZTIIE
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EFJBTEL BHEETIRICHETHED NOXDERITY —TIL NOxEEZ LN S,

Thermal NOx » Fuel NOx
ROBEREITEDHE, FERO NOXBREILE G5!
(1) gRifER ALY
(2) BB OBRBELNE L
| (3)Ei&mﬁi’ﬁt:dﬁsHé%tﬁﬁzmﬁu;‘%@ﬁﬁﬂ

HIRBREICHE D NOXERER R EFERMOBEHRERTAFIZRT,

Ar ratio ~ Retention time ~Thermal NOx

5,000 o
retention = T o0
tlme (S) ‘ ........................ .
1.000 : ' .A ‘
------ 100
NO ppm . .
100 01 F R
01
4 P i
0.6 1.0 14 1.8
: CAir ratio

REHOBMO—BEETE. BEBHAEEBEL . NOKRELLABICERT 5, LAL.
BALHMEELS, BRENHIELVRELDL, BEEREDOETICHL. NOXRELR D
Liadhd,

NOx concentration increases at:
“- higher temp. in combustion
- higher O, conc.
- longer retention in high temp. zone

BRI OLVTIE PO ~1 00% B,

4-2 NOx S5
CHhETIZRARTE-BRHICESGEL2 D NOXHIF AL, ’J“Ckﬁﬁﬁéh TITRIFIHE

HOTFTERASh TS, EPO)EE%!‘J:
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©: large effect is expected

O, not so large effect is expected

4; effects vary depending on the equipments

s affecting on existing equipment is predicted
" %%, careful application is required

Remarks
oy 5 [} v
, zg ¢ 22 3
Decreasing ag 3 =5 3
effect 88 3 35 3
2 - e g [(w] 2
; k Thermal Fuel & 3 -
O Redusten e NOX  NOX
Improving "operating : : : L
Lower air ratio combustion 4 P s »
Lower heat load : O ; e ¥
Decreasing pre-heat air temp. 2 it - @ ®
Improving equipment configuration ?
2-stege combustion & & ; :
Rich-lean burner f : : e
Exhaust gas recirculation < o N N W
Steam or water injection al e I
Low NOx bumer o : :
mixing accelerate type m m e :
flame-divided type : : A } s
self-circulate type i . : ;
stepwise combustion type 7 o N
Emulsion combustion o : N é
N o ’ ’

Feth — EHEETHTIE. NOXDHHERST-HIROMEARB SN TS,

— B OBERES TESEIHET Bl DB S LR
— BRAEORELMEFETESEIHECT A OEREA il
— A% NOx/ \—4—D1FEFE ‘

HMICOWTIE P10 2S8R,

5. MERER; L ; ‘ , '
B T RSB RIEICEYRGIZ R MR, BMIEFSTRE. SLhbar A7 —,
Ny AT R HEEH TH S,

Dust generating equipment & location designated by air _pollution control law
- belt conveyer

- bucket conveyer

- crusher, milf
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- sieve
- ore stock yard

BN T, BHBEURRYAOLERY/S—, RALPTURT—, 1y bas AP —% <
EhaR. SEMOS . EBECRESL TG, %M%@EE'}XDL?)‘?'%%#Hﬁﬁé
Eﬁﬁ?éf_&)!»%gﬁﬁﬁﬁﬁéh‘tb\éo ‘

Eguzgment protected work shop environment from dust scaftering
- - silo, hopper for raw material & product '

- fransporting equipment except belf & bucket conveyer :
- packing machine, efc.

R iﬁﬂ'ﬁﬁ‘]kﬁ%ﬂkﬁ‘?ﬁéhé ‘f’i‘lz.l‘i' U/%E@&’)k@%ﬁ?ﬁéhéiﬁ"li lﬁﬁd)
REEV—FTEW, FRAFOREBEHIEL TS,

- oUtdoor stock
'with sheet cover

(pho.sphate rock)

AT —, Nnb:um?—— gz @Mt@&gﬁéia‘é%@ 13: RO AR
%&%m%h\mbnn\é

(1 )#xbﬂ&ﬁ&ﬁﬁiﬁiﬁ@%%&@fﬁﬁ&ﬁﬂo)&mﬁ%‘ |
(2)ShbOMEBERREN TSI 0T —CRERST 580/ —HEONIRE
() B EEoTUEL. R THT—TRE

(4) 5 AR5 BT A S S HII=T— K/ S~ TR

- indoor allocation

- closed cover, negative pressure
- Sealed dust collecting cover

- dust collecting hood

:h%wﬁs&fﬁ%éﬁtﬁxrti;iﬁ#, YA OO TA NA—DNT T4 L a—IZREIEhB,
Sl DLV TIE P 102£ 5, |

6. NH; FREHHE
TFUESTIEARFLRHLET. BEPEICHEESh TSN %F&&—E{Eliﬁ&)bﬂ‘tb\&
L PUESTOHMHEEL. BEFILRCIYRBERE ETORMEEH O TORMA
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HD, WBRBEZBARFEIZES>T 1 1E5ppmDEBITED NS, ﬁﬂiﬂﬁ‘b@n‘?@éh%}
7/%—7@3&(:{174’ FIZRTRICk>THESN S, ‘

1. Pemmnissible NHs emission:

1~ 5 ppm at boundary of premise (set forth by prefecture govemors)

Q=0.108 X He’ X Cm
Q :gasvolume (Nm3/h)
He : effective height of exhausting outlet (m)
Cm: concentration at boundary line of premise (ppm)

B TIHBNTRET 57 EZTOREBDHERTIFITTRY
The ammonia treatment in compound fertilizer plant, as an example, is shown in a slide.

2. In compound fertilizer plant :

Process Origin Abatement
(NH4),S0, - reservoir type wet scrubber
pelletizer & drying (NH )3P0y pressurized water scrubber
CO(NH,), . packed bed water scrubber

(NH4 removal 70~90%, 20~50ppm)

FUOESTISEHEEIBRTRAOREL, FCCIRBR7TUE=T7. BT E=7 . RRUEED
BHo—&88, #eRERE0OEMIcEYSHEINE, ChODHRBDTUE=T7REXEL.
BHEROBREA AN ESATHNIDT, HRARDFPUEZTFIIASAFTCRTERRITIN—T.
K. HEIWEHFREBEE. FLEBBERERAV TR —RITRWEREN S, ChibdD
Hiklz 4:67/%_70&%%31@70~90%wﬁ&l-%or BH7UEZTREIZ20~50p
pmT#H Do «

RETHOEMIETIE. BHREAE 1~5um OMALREMFRESCOT, BRLES
EENEDNS, EHED BTN s EEEEORESRS(FIRT, SEEEH
ONO7YVE=T7RERRE+pomTHSB,

3. _In urea plant

fan o
— , - NH3 =several 10 ppm

demister

roctification biate — l

‘ auide vane T T | ] 29
pelletizing tower % , wa{er
HMIZDOLTIEP104~106%5,

7. 7R EWREREH

IBdE T, 7/#1'&"“4%"7/1&:*%((%)&7/1!:'74’?(3»&)0)%‘( mwm i
BEEDIL ) L (Ca(HPOL), (BX P41 BB)ORIGITERERMIE. SoIC BRUVIE, #
RUVIBGEDBRIFcERShS,
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Generation of F

- reaction & condensation process for H3P0O4 production
- reaction process for Ca(H,P0,), production

- reaction furnace for fused P and calcined P production

TR EMOMEIZ(E. HF & SiF4 AVFEITKIZ ?&U%ﬁ#ﬂﬁc‘:k‘éiﬁé‘]k%&%%ﬁ’&%ofué
DT BXAXLSEAIATNS,

HF. SiF4 — with greater hydrophile property

BARBEE. FERKXBXLRIT/1\—. DxybRITGNR—GER, 7vRIEEHONEIZED
b, SiF, BKIZIERINEShEE, BT 4% (SIO) A EHEh,. B LHABROMEER-TOT
FELADETHD REFELTIANR—BHTHIN. e AP OITVIEDBEZSHIZTIT
%&Z12IE. Na, CaREDTILAVEIZ RS, RERBERSIRITREY, ,

' , 2" Absorption tower
1% Absorption fower
water PIAK ARR : to wastewater
treatment
exhaust = ————————P

l ——

—> =
NaOH
(2%)

MO TIEP102~104%81,

8. AMRERT

8-1 lREAX

BUOOFHEEFIERCEHEL ZOEHIZERORI LOBMEICFRINS, RLOHIH
(&, RERTITOOPBRERTHS MEFKWICEHEONOEENHD,

PRUEEED T, EERBARE. BURS%E. H1800°CT. 0. 3~1. O MM TRED
CO, & H0 12822, CORRITELEDLATEY., BEEBRECEVHRER TS, B
BREEBIFNCEREEEL->TIT. EEESOBRBICL Th#Ehd, 1L, BEHS
AL I BB T500ppmBl EOBBEE->TUOAIE, BREEMA TICMETAIEMNTES,
ZOARIGHELNBETHY ., #HEENESTHY. BZME(LO5%ITET S, MIEIREES
HlE MEOEETCTEERSZRESE. MEDEICEAS, BENTREERED200~3
00°CT., REDMBERIL9%ELTHD.
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Incineration methdd decompose to CO,, H,0 by heat

direct incineration at =800C
regenerative thermal oxidizer regeneration, heat efficiency >80%
calalytic incineration using catalysis at 200~ 350 C, rem. >99%

RYZN—ETIE BEH AL, RI513—-DHT, %&aff—timk;o'c%,%héo_m%ﬁ
[FRVEIS, HRPOIAFES AFERBIBRETHIAHTED.

Scrubbing method  scrubbing by chemical solution
water, acid, alkaline, oxidant, efc.

ATl B R ARERLL T, B, BERHZL EERRBEROVT AL OB T
Ehhs, BEROBLE. ARAHL, DRERAR. BILAILSHIL. HOVERELD
WFhOOFETTDIS, ~

Adsorption method
recovery type
‘fixed bed - activated carbon, steam regeneration
fluidized bed ' activated c., heat regeneration by N2 gas
concentration type '
honeycomb separating odor from low concentration gas

replacement type replacing saturated adsorbent or oxidant

T, THAYRB A S E T AT T A MEC LY. BRRSRMEENS,

Biological method biodegradation by microorganisms
soil bed using soil bacteria
- packed tower using bio-film on the media

BRAHLTRETHIEZTHRELZ . BRETTREDLVESIZERD,
Deodorizer, masking agent deodorize or easing offending gas
BEMIZOWLWTIE P 1062 8E,
8-2 BEEIZHTHMER ()
FEORREIZHTHIMEREASIAFITTRY,
YREEED T, Ef&#ﬁﬁ,iizc}%;mfﬁﬁnénéo)’c BHHAELBEAIEBED NOXZEM

T3, ERMBHXLMERBEALOBE, EREPESTBEANBATIE, ERAERE
h. ARPIZEMHETNIL. FBROMBEL. MIROERETESIRT LA B D,

Combustion method

Deodorizing Method ~ Trigger ‘ Trouble

direct incineration NOx / permission level [
regenerative thermal ox. mixture of Cl,, paint, efc. HCI T, clogging
catalylic incineration mixture of Cly, paint, S, efc.  catalyst deterioration
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BHETIEL 7h . DOONKGUBEQBRNBAT HL. FERDBREEIL. HHRO
BEMNERL. EERUE DEIETERLT,

Adsorption method V =
Deodornizing Method Trigger Trouble
recovery type ; : :
fixed bed mixture of ketone, high B.P. firing, deterioration
~ substance of activated carbon
fluidized bed - ~high temp. of exhaust gas - -A.C. deterioration
concentration type V :
honeycomb mixture of cyclohexane firing
- replacement type conc. > several ppm short term A.C.
‘ : replacement_

EPETE, LEART HE, SRUERINMETL., SRMICIIERTRICHES. %J‘Ei"wﬁ
&, ﬁiﬁﬁiﬁl ﬁi%’&’%fé@kﬂ:ﬁ&‘]ﬁﬂ%f‘ﬁi%‘d‘éo '

Biological method -
: Deodorizing Method - Trhgger : Trouble
soil bed drying of soil malfunction
packed tower slow acclimatization slow starter

17"7/\-—75‘(?031‘51““(3: ﬁk*ﬁd)ﬁ?ﬁﬁﬁ%ﬁ?ko&b% hxb\QZb’é%ﬁ( BLH
& AI5A—NRICHAEOBRBEZEC T LN H S,

Scrubbing ; : :
less sprinkling water malfunction
dust in gas - clogging infemals

HM-OLTIEP110~111%8E,

9. ;w@nmmﬁam i ‘
EHBRFHOREABHEIZEADE, %Tiﬁ#ﬁﬂﬁ%&ammﬂﬂwﬁéﬁlﬁ— [ THd, BEl
b OBEROREE—BNIIBBEZ10%ETHS,

1. Sources of Generation
coated fertilizer (thermoplasticity resin)

BEH 2 5O ER O ERE. BEEEIR OEFE T KE LR BEL 5T, LizAtoT, BH
DEIRG, BEEELLTORELRIC, IRMEEEASBISNEL, FLT, @FHNREN
SENEN T BB, AEERSEEETREShS,

2. Abatement

recovery of solvent brings profit = production cost reduction
residual solvent value < recovery cost = pollution control
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RABRMLICE, ShETICBATERBREFENRAVLN S HHBEMEETE., BHRES
PEEREORIESIYLBENREETAHHAESNS, COFEFFEICRELBEINELOD
TENIEERRAMTIEIEL,

3. Abatement Process
- cooling condensation method
cool down flue gas below vapor pressure

TR - BBUETIE, REFROBHICHL TEOBRELERICEVERIEEZL > RIRFL
‘BohhiE, COFERILBERATES, , '

- absbrption & dispersion method
absorbing of solvent to absorbent with lower vapor pressure

B - WEGE TR, ChoDFEE, REEQEL. BEBRBERS OLWVERIZITERTES,
ChoDEBEFHENTET, EGERANRL. BERK. BBK. RBKO 3 BEOREEE
- BHD IEONDWAERIIE, SEHER CRRRER. BERR) . DUBSF I, BELISL—T,  FIE
TFWEERHD BWEFIOBELEE ., FRAME, KESME. 8. BERBEEE TR

o

- adsorption & dispersion method
# applicable to compositions with low vapor pressure and non-
 existence of antagonist. Adsorbed at under pressure or lower temp..
>+ adsorber: fixed bed, moving bed, fluidized bed ;
¥ adsorbent: A.C., silica gel, molecular sieve, aluminum gel
s+ regeneration method: heated gas, steam, heat transfer,
extraction under decompression

BMICOLTIE P112~114 5,

10. MWEBEBRORT L ' ‘

1. EMS: BIEEEIATL(EMS)DERIE, BLO—&Z-E5MRBEOKRE TFIZH-
T, 1992 FICHAAN-RELARICET IEBLE T HRTREER" NEEShIz, COR
BIcEOE BT LCHBEEISO) L 1996 I BETR—UAVMBEE"ZHRELE, Chic
FY, BREERETINEZDIBE~ORELERHCEIZ, CENF-TWSEERMEIC
WUT, EXFHEARERTET D, £EE. ChERTICBL, BREERTH-0IC, VAT
LEBEL. EELTV COFEZBRVELITON, A BB T COYII0IE
PDCA 4% L (Plan-Do-Check-Action) &FE[Eh 3, 1SO 14000 (&, BIESEERETLHEEL
T oIz, BUEE. BE. EEBLATLZEDIIEEFERLTNS,

1. Environmental Management System
- Organization for Environmental Control ISO 14000
- 1SO 14000 series—---- PDCA cycle : )
- Responsible for environmental protection

2. BREBEETZa7ICESEERIh, ThICIEFTRGILEE 0BG, SRS

-177 -



BOREAE. FFIR. ZBESSLLEGSORSNELEARDLNTNS,

2. Environmental Control Manual
- Operation Standard Manual

3. MEBDOHFIF=OLWT. 2EHILNELE, EBFLCLL. BRRERILETENRE
FRHRIEELEN, LT, HENERFEINRTOISLEREEET A7 ILORR
NEETHD, :

3. Education & Training
- - legally qualified expert of environment control
- training program and preparation of manual

4. BHISETEIZLORBBRESIRBEONLIOT, FREORREBLOADER/MEDT=H
2. RAMRENEETHD,

4. Environmental Control at Work Shop

5. BET-AULY: BREBXEBTEOONREFRELHELEZFOLLTIIEESEL,
ZOFHICE, FEMEORLE, EHMICAEL, BERL. BELGHTREEEN, BHTH
129 55 £F LA T, SOx. NOx, EBOBHARGEh TS,
5. Environment Monitoring
- maintaining monitoring system

- moniforing of air pollution state
- legal emission permissible level

B DONTIE P 147~ 160588,
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KB H ST — A MR

B BELHRESREERS N EEREGNS
W HEEN BIBRIEGES—

T105—0011
HEMERTABEI—-1-8
TEL 03—5472—0144
FAX 03—5472—0145

FEOMEHUE . COR ORGEEL, EEEELTOMNERE. HESATOVET, ChohoDWE—. 4
B A BN RERN 4~ OBWEICESEBERTT S,
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