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METHCD FOR TREATING ACIDIC GAS

TECHNICAL FIBLD
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he present inventicn relates to a method for treating
harmful acidic gases such as hydrogen chloride and sulfur
oxides generated in combustion facilities such as municipal
solid waste incinerators, industrial waste incinerators,

sctric power generator bollers, carbonizing furnaces and
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te factories. In detall, it relates to a method of
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fficiently controlling the addition amcunt of an alkali agent

ot

to treat the acidic gas.

BACKGROUND ART

Harmful exhaust gases containing hydrogen chloride or
sulfur coxides are treated with an slkali agent such as slalked
lime or sodium bicarbonate, and after subssguently suppressing

dust with a dust collector such as a bag filter (BF), are

Che

ischarged from a smckestack. On the other hand, the f£lv ash

collected by the dust collector contains harmful heavy metals

gsuch as Ph and Cd, and after gtabilization treating these

harmful hsavy metals, are disposed by sanitary
(00023

Sodium bicarbonate that has been fines processed to § to
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acidic gas along with having little unreacted porticon, which
can reduce the amount disposed by sanitary landfill and is an
effective means for a reduction in the environmental burden.
In addition, a method for insolubilization treating with a

5 chelate such as diethyldithiocarbamate is common as a hesavy
metal Creatment method, and although the heavy metal fixing
effect is high in the short term, a problem remains in that
heavy metals such as lead redissolve due to pH decline from
acid rain at the final disposal zite and coxidation autolysis of

it chelate. On the other hand, the heavy metal fixing by &
phosphate compound such as phosphoric acid causes a change Lo
nydroxyapatite form, which is an inorganic mineral; therefors,

-

ment method that excels in long term stability at

33

it 18 a tres

the final disposal site, and thus has extremely high value from

15  the viewpoint of environmental protacticon. PFurthermore, a
method that treats filv ash that has been treated with the
pulverized sodium bicarbonate with a heavy metal fixing agent
such as phosphoric acid is an effective means having a great
effect of environmental burden reduction,

24 [0004]

Incidentally, controlling the addition amount of an alkall

agent such as slaked line or sodium bicarbonate to treat an

acidic gas such as hydrogen chioride or sulfur oxides not only

can cut acidic gas treatment c¢osts, but effects of reducing the
25 unreacted amount of alkali agent and reducing the amount of fly

ash disposed by landfill can be expected.

[0005]
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The addition amount of alkall agent to treat an acidic gas
such as hydrogen chloride or sulfur oxides is generally
feadback controlled by way of a PID control device based on an
HCl concentration measured by an lonizaticon electrode-type

hydrogen chloride measurement device installed at a later stage

3

of the bag filter. However, the device measuring the acidic
gas concentration of the inlet normally is not installed in
burning facilities such as an incineration facility, and thus
the parameters of PID control are set and the control output is
i0  adjusted in a state in which the fluctuating situation of the
inlec is unknown. However, a PID control device reguires much

time teo analyze suitable addition control due to there heing

h

the five setting iltems of P, I, D, addition amount (output)

lower limit and addition amount (outpur) upper limit, and
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deciding the control output value by combining the setting

aluss of each item. For this regason, there are many
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ilities conducting contrel in which, generally, when the
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etting by a PID control device exceeds a control target value

)]

{8V}, the addition amount drastically increases.
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control device
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However, the control cutput o©
can only ser & single upper limit, for sxample, in a case of

setting the control targst valus (8V) of the HCL concentration
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to 40 ppm, an addition of & agent will be made with the

35 single upper limit of the control cutput at a concentration of

at least 40 ppn as the limit, and will cause the alkalil agent

to be excessively added. In addition, the above-mentioned



o

—
or

20

I

feedback control is influenced by the measurement lag of the
acidic gas measurement'device. The HCl concentration at the
bag filter curlet is normally messured by ionic electrometry
{for example, HL-36 manufactured by Kyoto Elactronics
Manufacturing Co., Ltd.), and the sulfur oxide concentratiocon is
measured by infrared absorbing analysis {(for example, NSA-308C
manufactured by Shimadzu Corp.); however, when including the
sampling time of sample exhaust gas and response times of ths
anaivzer, there is a great measurement delay of 5 to 10
mimites. The present measurement delay becomes a cause
inducing alkali agent addition lag, and along with leading tco
treatment failure of the acidic gas, inducing excessive
addition of alkali agent.

(0007]

In order o solve the present prokhlem, various control
methods have been investigated. “E«PID conbrol” chat further
addsg P to normal PID control method has been proposed in Patent
Document 1. The present proposal considers the handling of

unexpected generation of acidic gas, which is difficult by

b1

normal PID control. n addition, control schemes that combine

feed-forward control to decide the additlon amount of alkalil

agent based on the acidic gas concentration of the input, and
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feedback control that suppler amount of zlkalil

-+

=
O
b
ot
m
T
o
i
1
.
o3
}_i
f
;_)
9]
a

{

agent based on the aclidic gas concentration after treating with

§)

alkali agent has besen proposed in Patent Documents 2 and 3.

With the present control scheme, an sffect of suppressing

excegsive addition of feedback contrel i anticipated, and it
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igs considered that stable treatment of acidic gas and an effect
of curbing excessive addition of alkall agent will be obtained.
[ooos)

[Patent Deocument 1] Japanese Unexamined Patent
Application, Publication No. 2002-113327

[Patent Document 2] Japanese Unexamined Patent
Application, Publication No. HIC-1657E2
[Patent Document 3] Japanese Unexamined Patent

pplication, Publication No. 2006-75758

DISCLOSURE OF THE INVENTION

Problems to be Solved by the Invention

[000%]

However, although the unexpected handling <f the inlet is
posgible fo some extent in Patent Document 1, since the upper
limit value as well as the lower limit value of the control

£

cutput are single data input, in a facility in which the

fluctuation in the inlet acidic gas concentration dramatic,

concentration g difficult. In addition, the measursment delay

of the measurement device 1is not taken into acoount, and thus

delay. Furthermore, with FPatent Documents 2 and 3, Zacilities
chat only meagure the outlet acidic gas concentration account

for most combustion Facilities such as incinevation facilities,
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énd in order te conduct the present control scheme, it is
necegsary to newly introduce an expensive acidic gas
measurement device to measure the inlet acidic gas
concentration.
[0010]

Taking consideration of the above-mentioned state of the
art, the present invention has an object of providing an
acidic gag treatment method according to a new control scheme
for performing stable acidic gas treatment that rarely causes
the acidic gas concentration at the outlet to peak and for
reducing the excessive addition of alkali agents in a feedback
format that doeg not reguire the introduction of a new,
expengive acidic-gas measurement device.
Summary

In an aspect, there is provided a method for treating
acidic gas that adds an alkali agent tc a combustion exhaust
gas containing acidic gas, and feedback controls an addition
amount of the alkali agent based dn a measurement signal of an
acidic-gas concentration measurement device that measures an
acidic gas concentration after collecting dust, the method
comprising: a step of calculating a basal addition amount by
multiplying a coefficient of less than 1 by an average
addition amount according to at least a predetermined time;
and a step of calculating, through feedback computation, an
addition amount output value of the alkali agent based on the
basal addition amount thus calculated, and obtaining a wvalue

that is at least the basal addition amount thus calculated and



ba
no greater than an upper limit established in advance, as an
addition amount output value of the alkali agent.
Means for Solving the Problems
[0011]

According to a first aspect, in a method for treating
acidic gas that adds an alkali agent to a combustion exhaust
gas containing acidic gas, and feedback controls an addition
amount of the alkali agent based on a measurement signal of an
écidic~gas concentration measurement device that measures an
acidic gas concentration after collecting dust, the method
includes: a step of calculating a basal addition amount by
multiplying a coefficient of no more than I (for example, 95%,
90%, 80%, 70%, 50%, etc. degcribed later) by an average
addition amount according to at least an average time (for
example, 5 minutes, 15 minutes, 30 minutes, 1 hour, 3 hours, 6

hours, etc. described later); and a step of calculating,
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chrough feedback computation, an addition amount cutput value
of the alkall agent based on the basal addition amount thus
calculated.
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In PID control that is primarily being used currently, the

addition output can only be st to simply the upper limit and
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owery limit. Therefors, when setting the contrel target wvalus

{8V} for the ocutlet HCl concentration to 40 ppm, for sxample,

of the control cutpur in order to decrsassz the addition of

or less, and sgetting the addition at th
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control cutpur in corder to increass the addition of alkall
agent at a control target value (8V) of 40 ppm or higher, the

HCl concentration at the ocutlet greatly fluctuate
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causing the sxcess additicn of alkall agent.
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1 by an averazge addition amount according at least Lo averags
time, and calculating the addition amount cutput wvalue of

i agent by way of a feedback computation based on the
basal addition amount thus calculated as in the first aspect,

the inappropriate addition of alkall agent is prevented, and

concentration to be frearted is possible, as well as the
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addivion amount of alkali agent alsc being akle to decreas
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as
a result of appropriate addition according to the first aspect.
{0014}

The first aspect of the present invention focuses on the
past average addition amount as an element relating to the HCI
concentration of the iniet that could not be taken into
consideration with conventional feedback control, and has a

characteristic of app ition amount arrived at
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by mulitiplyving 2 coefficient of no more than 1 by the past
average addition amount. The addition amount of slkali agent
ig thereby calculated according to feedback control such as
PID, for example, based on the basal addition amount arrived at
by multiplying a coefficient of no more than 1 by a past
average zddition amount, which has validity as the base of the
addition amount, without performing the addition of alkalil
agent that repeatedly fluctuates greatly between the lower
iimitc and upper limit as conventicnally. Thersfocre, the

addition fluctuarion of alkall sgent becomes small

suppressing hunting caused by addition failure of the alkali

agent itself (excess addition, deficient addition), and an

Q

ddition amount reduccion becomss possible by periorming
appropriate addition, along with stable trestment of acidic gas

with little fluctuation becoming possibls.

3

Becording to a second aspect, In the methed for treating

inil

acidic gas as described in the first aspect, the bassl addition

amount thus calculated is defined zs a lower limit value [(for



H

A

251

20

ta

ot

example, LO: addition amount lower limit described later)! for
=he addition amount output value of the alkall agent, in the

calculating, through feadback computation, the addition

h

step ©
amount output value,
[oo16]

Locording Lo the second aspect, §ince Uhe @XC8ES8 o
deficiency in addition amount is adjusted by way of
conventicnzal feedback computation with the present basal
addition amount a&s a base, by setitlng t

o

2 bhasal addition amount

by

ag the lower limit value of the addition amount oQuiput vaiue,

-

rhe addition of alkall agent i1z optimized, and the acidic gas

can be efficlently treated.
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In addition, the average time of the average addition

amount is not partlicularly limited; however, applying the

—

average value of & moving average of the addition amount or the
ike ism effective, the average time being at least & minutes,
and it ig preferable to apply on the order of 15 to 24 hours.
In addition, it is good for the coefficient defined by the

basal addition amount o De no more than 1. In the casze of
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using a cogfficient of at least 1, although stable treatmant O

T

the acidic gas is pos
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ible, 1t leads o excessive addition dus

to preventing a reduction in the addition amount accompanving a

reduction in the inlet acidic gas concentration. XAlthough It

iz gsufficient if the basal addition amount is no more than 1

e

ot amount (coefficient no mors than
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rimes the averagse addit
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According to a third aspect
acidic gas as describad in the fi

through feedback

fom?

amount output valus further inclu

least two ranges of

gxamplse, a rangs in

later) for the aclidic gas concent

at least tftwo ranges of slopes;
addition amount output value of t
least the measurement signal and

zach of the ranges of slope,

and a step of

in which a control

uiarly preferable

in the method for treating

rst or second aspect, the step
computation, the addition

des: a step of setting at
acidic gas concentration (for

average of the slope of
tive, a range of negative,
setting a control target valus

Example 8 dsscribe

raticn in every rangs cf the

calculating the
agent based on at

e alkali

the control target value in

target value

gset in & case of the range of slope of the acidic gas
concentration bheing large (for example, case of 6-gec average
of the slope of neavest HCLl concentration being positive
described later (when acidic gas concentration ascends)) is
smaller than a control faryget value set in & case of the rangs
of slope of the acidic gas range being small (for example, case
of 6-sec average of the slope of nearest HCL concentration
being negatl described later (when acldic gas concentratlion

descends))., in the step of setting a
[0019]
Aoeording to the third aspsct,

since the contrel target
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value of the acldic gas concentration iz made smaller in a cass
of the range of slope of the acidic gas concentration at the

er outlet being large {when acidic gas concentration
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ascends) than a case of the range of slope bsing small (when

by

acidic gas concentration descends), it is possible Lo make the
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gent addition amount output wvalue larger when the
acidic gas concentration ascends than when the acidic gas
concentration descends. Therefore, the timing of adding alkalil
agent when the acidic gas concentfatiom increasss can be made
fast compared to the current control, whereby treatment failure
of the acidic gas due to measurement delay of the acidic gas
measurement devige can be improvead.

In addition, since the alkall agent addition amount when
the acidic gas concentration descends can conversely be mads
smaller thaﬁ wnen the acidic gas concentration ascends, the
alksli agéﬁé‘éddition ama&nt can be made to guickly decline
when the acidic gas concentration reducesg, and thus excess
addition due to measurement delay of the acidic gas measuremsent
device can be reduced.
(60201

According o a fourth aspect, in the method for treacing

acidic gas as described in any one of the Ifirst to third

agpects, the step of czloulaving, through fsedback computatlon,
the addition amount output value further includes a step of
setting, between a lowery limit value (for exampls, LO in FIG

in

12, FIG. 1%, FIG. 41 described later) and an upper limit value
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or example, LH (control output uppsr limit) in FIG. 1
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15, FIG. 41 desgribed later) for the addition amount gutput
value calculated based on the measurement signal, at lsast one
new uppey limit value for the addition amount output value (for

example, LMY (output Iimit 1, LMZ {output limit 2} in FI
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FIG. 1B, FIG. 41 described later
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to correspond with the acidic

=t HCl concentration in
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FIG. 12, FIG. 15, FIG. 41 described later).
[0o21]
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There ig only one output upper limit in normal

h

eedback
W computation, and when The acidic gas concentraticn becomes at
least the controel target valus, the alkall sgent iz addable at
the upper Limit value and excess addition occurs, lrrespective
of the magnitude ¢f the acidic gas concentration at the inlet.
In contrast, according to the fourth aspect, suitable
15 addition of alkalil agent in responss to the magnitude of the

acidic gas concentratlion becomes poseible by including a

limicatzion of the

0

ontrol output according to the current
acidic gas concentration, between the lower limit value and
upper limit wvalue for the addition amcunt output value, and

i thus a reduction in the addition amount becomes poszible.

aspacts, from 0.5 o 0.95% of the average addition amount wnen
25 the average time ig at least 5 minutes is defined as the basal
additlion amount in the step of calculating the basal addition

amount.
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As mentioned above, the average time of the averags

-

addition amount 1s not particularly limited: however, applying
the average value of a moving average of the addivion amount or

the like is =zffective, the average time being at least 5

minutes, and it is preferable to apply on the order of 13 to 24
nour In addition, it is good for the ceoefficient defined by

the acidic gag is posgsible, it leads to excessive addition due
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the addition amount accompanying a
reduction in the inlet acidic gas concentration. Elthough it
18 sufficient if the basal addition amount is no more than 1

times the average addition amount {(ceefficient no more than

10G%), 0.5

rt

to (.55 (50 to 93%%) is particularly preferable, and

oot
4]

0.7 wo 0.% (70 to 90%) is particularly preferab
Therefore, according to the f£ifth aspect, it is possible
to prevent excess addition of alkali agent, along with

performing stable treatment of acidic gas.

Aooording to a sixth aspesct, in the methed for treating

h

acidic gas as described in any one of the first to £ifth

caloulating, through feedback computation,

P“h

agpecta, the gren of

the addition amount outpout valiuse further includss a step of
b

caloculating an addition amount output valus of the alkall agent
uging koth outputs among a controel outpubt computed from a

hvdrogen chloride concentration and & contrel oubtput computed
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from a sulfur oxide concentrarion, in addition to the feedbac)
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computation.
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In an incineration facility of anm industrial waste

ur
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incinsrator or a private factory, hydrogen chicoricds and sul
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oxides are coften produced in high concentrations. On th

=

occasion, both the hyvdrogen chloride and sulfur oxides are

trestment targets, and 1t is possible to stably treat both
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and & control output obtained based on the hydrogen chloride

concentration of a hydrogen chloride concentration measursment

+h
|t

gevice provided at s stage after the bag Ter.

1
e

Therefore, according to the sizth aspect, it is possible

to stably treat both acidic gases of hvdrogen chlorids and

sulfur oxides.

Eccording to a seventh aspect, in the method for treating
acidic gas as described in any one of the first to sixth

wlating, through feedback computation,

(a3
ey
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BEpPecrs step of

%

a
the addition amount output wvalus furthey incliudes,

a step of calculating an addition amount output valuse of
ikali agent based on an averags value of hydrogen chicride
concentrarion and/or sulfur oxide concentration, in addition to
the feedback computation.

(0027}

However, there are facilities nanaging an emission

I
=
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concencration control of acidic gas by a l-hour average value

Py

of each acidic gas concentration (hydrogen chloride
concentcration, sulfur oxide concentraticon). &Llthough generally

controlling by providing & contrel target value [(8V), the

¥

contrel targes valus is z target after all, and thus there are
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f being a concentration exceeding the

target value as a result cof control. Since stable tresatment of

]

acidic gas is a concept conflicting with an addition amount

i

reduction in particular, the risk of the l-hour average valus

16 exceeding the control value increases the more an addition

amount reduction is obtainsd., In this case, control w

iy
waa £
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nigh degres of assurance in which both an addition amount
reduction and stable treatment of acidic gas becomes possible
by adding a great amount of alkalil agent (defining & certain
15 addition amount: when the acidic gas concentration hag reached
at least-ﬁhe.llhour average control value or a concentration
close thereto.
c

Therefore, according to the seventh aspsgr, since the

addition amount output value of alkali agent is calculated

jall

o based on the average valus of the bhydrogen chloride
concentration and/or sulfur oxidse concentration, control with =
nigh degree of assurance that can achieve both an addition

as hecomas
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According to an eighth aspect, in the wmethod for treating

acidic gas as described in any one of the first to seventh
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aspects, the alkall agent 1ls pulverized scdium bicarbonate

having an average particle size ©of 5 to 30 um.

Lt
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The alkall agent used in the present invention is not

v limited. Pulverized sodium bicarbonate having an

average particle size adjusted to © to 30 um for which reaction

[ =N

with acidic gas iz particularly fast has good control

responsiveness and can effsctively exhibit performance in the
control technigue of the present invention. In addition,
10 slaked lime iz slsoc applicable. In this case, JIE special

able; however, using & siaked lime

}
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number slaked lime 1 i

m
4
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g

of nigh specific surface area, which is a specific surface area
of at least 20 m’/g at which the reactivity with acidic gas is

high can better exhibit the performance of the present

[co30]
recording to & ninth aspect, the method for treating
acidic gas as described in the eighth aspect jointly uses one

rom the sodium bicarbonate.

H

other alkali agsnt different

24 [G031]

exhibiting the effects of the present inventlon Sodium
carbonate, potassivw bicarbonate, potassium carbonatse, sodium

sesguicarbonate, natural soda, sodium hydroxide, potassium
2 hvdroxide, magnesium oxide, magnesium hydroxide, etc. can be

exemplified as alkali agents other than pulverized sodium

bicarbonate. In addition, in the case of the alkall agent
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being powder, the particle size ig more preferably less than 30
um, particularly fines of 5 to 20 um, for which the resactivity
with the acidic gas is high. An agent adiusted to & particls
size in advance may be emploved, or pulverization =sguipment may
he prcviﬁed~gn gite, and ths alkali agent of coarse particle
size may be added while pulverizing on site. In addition, each

alkall agent can be implemented in a slurry or aguecus solution

dissclved in water.

o
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Loy

hocording £o a tenth aspect, in the method for treating
acidic gas as describesd in the ninth aspesct, the other alkali
agent is at least one alkali agent selected from the group:
consisting of szlaked lime, sodium hydroxide, magnesium
hydxoﬁide; magnesium oxide, sodium varbonate, sodium
sesguicarbonate, natural soda and crude godium bicarbonate.

i
J
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L3

Jointly using a low-cost alkalil agent differing from the

invention is also an economically effective mesans. Although
there is no limitation im the alkall agent jointly used, slaked
lime, sodium hydroxide, magnesium hydroxide, magnesium cxide,
sodium carbonate, sodium

mude sodium bicarbonats

N

mocoording ©o the present invention, it is possible to
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provide an acidic gas treatment method according to a new
control scheme for performing stable acidic gas treatment that
rarely causes the acidic gas concentration at the cutlet to
peak and for reducing the excessive addition of alkali agents
in a feedback format that does not reguire the introduction of

a new, expensive acidic-gas measurement device.
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram representing the configuration
of an acidic gas treatment system 1 that adds pulverized sodium
bicarbonate to HCL, which is the exhaust cgas of an incineration
facility;

FIG., 2 is a basic configuration diagram of a simulation
reaction asystem;

FIG. 3 is a graph showing a relationsﬁip between the added
eqgquivalents of pulverized sodium bicarbonate and HCL removal
rate in the exhaust gas resaciion;

FI5. 4 is a graph showing a relationship betwesen the added

-

equivalents of pulverized sodium bhicarbonate and HCl removal

rate in the reaction on

N

he bag filter;

I

FIG. 5 1s a graph showing the behavior of inlet HCI
concentration;

FIG. & is a graph showing the behaviors of the added
amount of pulverized sodium bicarbonates and outlet HCI
concentration as a result cf actual eguipment investigation;

FIG. 7 is =z graph showing ths behaviocrs of the added
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amount of pulverized sodium bicarbonate and cutlet HCL

concentration as a result of a simulaticn investigation;

rrj

IG. 8 is & table showing the added amount of alkali
agent, etc. in every comparative example and example as a
5 result of the simulation investigation;

FiG. % is a graph showing the behavior of inlet HCI
concentration;

FIG. 10 is a graph showing the behavicors of the added
amount of pulverized émdium bicarbonate and the aunie@ HC]

¢ concentration in Cowmparative Example i;

FIG. 11 is a graph showing the behaviors of the added
amount of pulverized sodium bicarbonate and the ocutlet HCL
concentration in Example 1;

FIG. i2 is & table of control settings of a step control

i5 scheme in Comparative Example 2 and Examples 2 and 20;

FIG. 13 is a graph showing the behaviors of the added
amount of pulverized sodium bicarbonste and the ocutletr HCL
concentration in Comparative Example 2;

FIG. 14 is a graph showing the behaviors of the added

2 amcunt of pulverized sodium bicarbonate and the cutletr HOL
concentration in Exanmple 2;

FIG. 15 is a table of control settings of 2 step control
gocheme in Comparative Example 3 and Examplss 3, 9, 10, 11, 217,
18, 21 and z2;

25 FIG. 16 is a graph showing the behaviors of the added
amount of pulverized sodium bicarbonate, the inlet HCL

concentration and the ocutlet HCl concentration in Comparative
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FIG. 17 is a graph showing the behaviors of the added

H

amount of pulverized sodium bicarbonate and the outlet HCIL

{

concentration in Example 3;

FIG. 18 is a graph showing the behaviors of the added
amount of pulverized godium bicarbonate and the outler HCL
concentration in Example 4;

FIG. 1% 1s a graph showing the behavicrs of the added
amount of pulvarized scdium bicarbonate and the cutlet HCI
concentration in Exampls 5;

FIG. 20 is a graph showing the behaviorsg of the added
amount of puiverized scdium bicarbeonate and the cutlet HCL
concentration in Example §;

FIG. 21 iz a graph showing the behaviors of the added
amount of pulverized sodium bicarbonmate and the cutlet HCL
comcentration in Example 7;

FIG. 22 is a graph showing the behaviors of the added
amount of pulverized scodium bicarboenate and the outlet HCL
concentration in Example 8

FIG. 23 1z a graph showing the bshaviors of the added
amount of pulverized sodium bicarbonate and the outlet HCI
concentration in Example §;

FIG. 24 i3z a graph showing the behavioers of the added
amount of pulverized sodium bicarbenate and the cutlet HCI
concentration in Example 10;

FIG. 28 is a graph showing the hehaviors of the added

anmcunt of pulverized sodium bicarbonate and the ourlet HCL
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concentration 1n Example 11;

FIG. 26 is a graph showing the behavicrs of

amount of pulverized sodium bicarbonate and the
concentration in Example 12;

FIG.

27 i a graph showing the behaviors of

pulverized scodium bicarbonate and th

amount of

4

concentration in Example 13;

FIG. 28 is a graph showing the behaviors of
amount of pulverized sodium bicarbonate and the
concentration in Example 14;

FIG. 2% is a graph showing the behaviors of
sodium bicerbconate and the
concentraticon in Example 15;

FIG. 20 1s a graph showing the behaviors of
amount of pulverired sodium bicarbonate and the
concentration in Example 16;

FIG. 31 is a graph showing the behaviors of
amount of pulverized sodium bicarbonate and the
concentration in

Example 17;

FIG. 32 is a graph showing the beshaviors of
amount of pulverized sodium bicarbonate and the
concentration in Exampls 18;

¥IG. 33 is a graph showing the behavicrs of

the

zed sodium blcarbonate,

=

pulver

concentration and the outlet BCL concentration in Comparative

3. 34 is a graph showing the behaviors of

the added

outlet HCL

the added
outler HCL
rthe added

outlet EBCI

the added

outlet HCI

the added
cutlet HCI

E

Toe

added

outliat HC1L

inleat HCL

the added
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amount of pulverized sodium bicarbonate and the outlet HCL
concentration in Example 19;

FIG. 35 iz a graph showing the behaviors of the added
amount of pulverized sodium bilcarbonate, the inlet HCL

concentration and the cutlet HCI concentration in Example 20;

o1

FIG. 36 is & graph showing the behaviors of the added
amount of pulverized sodium bicarbonate, the inlet HCIL
concentration and the cutlet HCL concentration in Example 21;

FIG. 37 iz a graph showing the behaviocrs of the added
amount of pulverized sodium bicarbonates, the inlet HCI
concentration and the cutlet HCI concentration in Bxample 22

FIG. 38 is a block diagram representing the configuration
of an acidic gas treatment system 2 that adds pulverized sodium
bilicarbonate te HLL, which is the exhaust gas of an incineration
facility;

FIG. 39 is a table showing the added amcunt of alksli
agent, etc. in every comparative example and example as a
result of an actual eguipment investigation;

FIG. 40 is a graph showing the behaviors of the added
amount of pulverized sodium bicarbonate, the inlet HCI

concentration and the cutlet HCL concentration in Comparative

Example 5;

(w1

PIG. 41 is a table of control settings of a step control
gscheme in Comparative Example 6, and Examples 23 and 24,

FIG. 42 ig a graph showing the behaviors of the added
amount of pulverized sodium bicarbonate, the inlet HCI

concentration and the outlet HCl concentration in Comparative
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FIG. 43 1s a graph showing the behavicrs of the added

amounit of pulverized sodium bigarbonate, the inlet HCL

concentration and the cutlet HCl concentration in Example 23;

and

FIG. 44 is a graph showing the behaviors of the added
amount of pulverizsed scdium bicarbonate, the inlet HCL

concentration and the outlet HCl concentration in Example 24.
EXPLANATION OF REFERENCE NUMERALS
1 acidic gas treatment system

11 control device

12 pulverized sodium bicarbonate adding device

et
[e8)

bag filter

14 HCL concentration measurement device

PEEFERRED MODE FOR CARRYING OUf THE INVENTION

(00367
Aithough the present invention will be more specifically
axplained by g¢giving embodiments hereinafter, the present

invention ig not to be limited thereto.

FIG. 1 is a klock diasgram representing the configuration

of an acidic gas treatment system 1 that adds pulverized sodium

9]
pa-

h

[N

bicarbonate to HCI, wh & the exhaust gas of an incineration

facility.
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The acidic gas treatment system 1 is configured from a
control device 11, a pulverized sodium bicarbonate adding
device 12, a bag filter 13, and an HCl concentration

3 measurement device 14. The contrel device 11 calculates an
addition amount output value of pulverized sodium bicarbonate
by way of feesdback control (PID control scheme or step scheme)
based on an HCl concentration measurement signal transmitted
from the HCl concentration measursement device 14 and a basal

16 addition amount calculated from a past average addition amount.
The pulverized sodium bicarbonate adding device 12 adds
pulverized sodium bicarbonate to the HC1 in the axhaust gas,
based on the addition amount output value of pulverized sodium
bicarbonate calculated by the control device 11.

i It should be noted that the basal . additicon amount is
calculated by mu tiplying.a coaefficient of no more than 1 by a
past average addition amount according to an average time {for
example, moving average timej .

fnoze

"

20 The bag filter 13 removes dust after the reaction between
HCL in the exhaust gas and pulverized sodium bicarbonate. The
HC1 concentration msasuraement device 14 measuresg the HCIL

s

concentration {(bag filter ocutlet HCI concentration described

.t

¥

later) after the pulverized sodium bicarbonate accumu

‘_l
i
o
o)
o)
Q
I

e

2 the bag filter 13 {pulverized scdium bicarbonate remaining from
reaction with HCl in exhaust gas 1s accumulated on bag filtexr

13} and HCL after exhaust gas reaction has reacted, and
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transmits an HCL concentration mesasureman
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contrel device 11.

1=

(0040

The acidic gas treatment system 1 periorms fesdback
control by repsating such a cycle, whereby the control device
11 performs control to make the control cutput value of
pulverized sodium bicarbonate addition amount an appropriate
value.

It should ke noted that the HCL concentration measurement

device 14 is an ionization electrode-type HCL concentration

meagurement device, for sxample.

In addition, as shown in FIG. 1, if is preferable to
install the HCI concentration measurement device 14 s0 as to
measure the HCOL concentration aiter the pulverized sodium
bicarbonaﬁé"accumulaied on the bag filter 13 and HCL after
exhaust gas reaction have reacted (bag filter ocutlet HCL

concentration described later). This is because morse accurate

[

measurement of HC1l concentration is possible since the
pulverized sodium bicarbonate remaining from reaction with HCL
in the sxhaust gas is accumulated on the bag filter 13, and

this accumulated pulverized sodium bicerbonate reacts with the

rer axhaust gas reaction.

o
3
-
W

i}

—
e
[l
i
[30]
-

In addition, the control device 11 performs feedback
control with the calculated basal addition amount as a lower

limit value for the addition amount output value of pulverized
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sodium bi

8]

arbonate {for example, LO: addition amount lowsy

limit describ

e

ater

ok

a

D

Therefcore, since the excess or deficilency in the addition
amount is adjusted by way of conventional feedback computation
with the present basal addition amount as a base, the addition
of alkali agent is optimized, and the acidic gas can be
efficiently treated.

6043

In additiocn, the average time of the average addition
amount 1 not particularly limited; however, appiying the
average value of a moving average cf the addition amount or the
like is effsctive, the average time being at least I minutes,
and it is preferzsble to apply on the order of 15 to 24 hours.
In addition, it is good for the coeffici@nﬁ defined by the
baszal addition amount to be no more than 1. In the case of
using & coefficient of at least 1, zlthough stable treatment of
the avidic gas is possible, it leads o excessive addition due
to preventing a reduction in the addition amount accompanying a

reduction in the inlet acidic gas concentration. Although it

i1

is sufficient 1f the basal addition amount is no mors than 1

rimes the average addition amount {(coefficient no more Than
100%), 0.5 to 0.9% (30 to 95%) 1s particularly preferable, and
0.7 To 0.8 {70 to 50%) is particularly preferable.

rooa4d)

Furthermore, the control device 11 provides the two ranges

of a rangs in which the slope of the HCl concentration (time
rate of change in concentration] is a positive and a rangs lon
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which 1t is negative. Then, the control target value of the

o
)
'.._l
0
Q
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Q
0
3
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n is set in each of these two ranges.

Herein, setting of the control target value for the HCL

concentration may be set so that a control target value at

which the sliope of the HCl concentration falls in the posi

wve

ot
rt

v

3

[ =

range is smaliexr than a contrel target value for a negat
range. By configuring in this way, it is possible to make the
puiverized scdium bicarbonate addition amount when the HCL

concentration ascends greater tThan when the HCl concentration

(=N

descends. In addition, it is possible to conversgely make the
pulverized sodium bicarbeonate addition amcunt when the HCL
concentration descends smaller than when the HCL concentration
ascends. Conseguently, it 12 possible ro conduct addition
output of pulverized sodium bicarbonate ahead of schedule bv
way of feedback computation, and the influence from measurement
delay can be further reduced.

[D046]

Furthermoxre, the control device 11 may perform feedback
control according to a step scheme. Hersin, gtep scheme is a
control scheme that sets the control ocutput step-wise according
to the HCI concentration. More specifically, in addition to
the upper limit value for the control cutput valus being set in
PID control scheme, a new upper limit value for the control
output value is set in correspondence with the HCL

concentration.

[0047]
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Herein, there is only one output upper limit in normal PID

control, and when the acidic gas concentraticon becomes at least

the control target valus, the alkall agent is addable at the
upper limit valus and excess addition occurs, irrespective of
the magnitude of the acidic gas concentration. Therefore, by
adopting the step control scheme, suitable addition of
pulverized sodium bicarbonate in response to the magnitude of
the HCl concentration becowes possible by including a new
control output upper limit value according to the current HCI
concentration, betwesn the lower limit value and upper limit
value for the addition amount output value, and thus
suppression of excessive addition in the addition amount 1is
possible.

004g]

Furthermore, although the new control output upper limit

()

g Bg

pie

valus correspondence with the HCI concentration {for

example, IMI (cutput limit 1) and LM2 (ocutput Limit 27 in FIG.

12, FIG. 15 and FIG. 41 described later), the new control
cutput upper limit value is alsc set to higher as the HCL
concentration increases. However, in order for suppression of
excegsgive addition of alkali agent, it is preferable to make a
smaller value than the upper limit value of the control output

value being set in PID control scheme (for example, LH {contro

!

ocutput upper limitc) in FIG., 12, FIG. 1% and FIG. 41 described

[0049]

The measurement device cf the acidic gas used in the
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pregent embodiment can be implemented irrespective of‘the
measurenent system. The hydrogen chlorids concentration can be
measured by an lconization electrode sysitem, single abscorption
linear absorption speciroscopy by laser, etc., and the suifur
oxides can bs measured by infrared absorption spectroscopy,

ulrtravigler fluorescence method, etc. It should b

it

noted that,
since advantageous effects are cobtalned in the present
embodiment by applving a valid basal addition amount that had
not been taken into account by conventicnal feedback control,
the effects of the present invention will be obtained
irrespective of the msasurement delay speed.

[0050]

an industrial waste

Fh

In an incineration facllity o
incinerator or a private factory., hydrogen chloride and sulfur
oxides are often produced in high concentrations. On this
gooasion, both the hydrogen chloride and sulfur oxides are
creatment targets, and Lt is possible to stably treat both
acidic gases of hvdrogen chioride and sulfur oxides by adding a

control output obtained in the control. scheme based on the

Hr

output obtained in the

s

sulfur oxide concentration and a contro

!

control scheme based on the hydrogen chloride concentration of

a hydrogen chloride concentration measurement device provided

i

iloer.

at a stage after the bag

(0051

i

Furthermors, thers are facilities managing an emission
concentration control of acidic gas by a i-hour average valus

of esach acidic gas concentration {(hydrogen chleorids and sulfur
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oxide concentrations). Although generzlly controlliing by
providing a control target value (3V), the control tayget value
is a target after all, and thus there are ocrasionally cases of
being a concentration exceeding the target value as a result of
contrel. Since stable treatment of acidic gas is a concept
conflicting with an addition amount reduction in particular,
the risk of the l-hour average value exceeding the control
value increases the more an addition amount reducgtion is
obtained. In this case, contrel with a high degree of
assurance in which both an addition amcount reducticon and stabkle
treatment of acidic gas becomes possible by adding a great
amcount of alkali agent {(defining a certain addition amount;
when at least the l-hour average controel value or having

reached a concentration close thereto.

The é“kaii agent used in the present embodiment 1s not
particulariy limited. Pulverized sodium bigarbonate having an
average particle size adjusted to 5 to 30 gm for which reaction
with acidic gas is particulariy fast has good control

-

regponsivenssgs and can effectively exhibit performance in the
pregent control technigue. In addition, for the slaked lime,

it is also pessibly JIS special number slaked lime; however,

using a aked lime of high specific surface arsa, which iz a

h

specific surface avea of at least 30 m /g at which the
sactivity with ascidic gas is high can better exhibit the

performance of the present invention. As the other alkal

el

agents, sodium carbonate, potassium bicarbonate, potassium
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carbonate, sodium sesguicarbonate, natural sod

i
i
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hydroxide, potassium hydroxide, magnesium oxide, magnesium
hydroxide, etg. can be exemplified.
[0053]

In addition, in the case of the alkali agent being powder,
the particle size is more preferably less than 30 um,
particularly fines of 5 to 20 ugm, for which the reactivity with
the acidic gas is high. &n agent adiusted to a particle size
in advarice may be employed, or pulverization eguipment may be
provided on site, and the alkall agent of coarse particle size
may ke added while pulverizing on site. In addition, each
alkali agent can be implemented in a slurry or agusous sclution
dissolved in water.

[0054]

Furthermore, jointly using a& low-cost alkali agent
differing from the alkali agent realizing control according to
the present embodiment i1s also an economically effective means.
Although there is no limitation in jointly used alkali agents,
siaked lime, sodium hydroxide, magnesium hydroxide, magnesium
oxide, sodium carbonate, sodium sesgquicarbonate, natural soda
and crude socdium bicarbonate can be exemplified as low-cost

altka

et
ta

foet

1 agents generally being used.

(]

I

& gimulation reaction system will be explained.

Enmtt 1
Lo
and
i
[}
et
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(8imulation reaction system): complex reaction in sxhaust

©y
v
i

and on pag filtexr

In th

M

gimulation reaction syvstem, the reaction between
pulverized sodium bicarbonate and hydrogen chloride (HCL) was

5 gonstituted by the two reactions of a resaction occourring
instantly in the exhaust gas, and betwesn unreacied pulverized
sodium bicarbonate accumulated on the bhag filter and HCI (refer
Lo FIG. 2. In addivion, the residence time of the collected
substance on the bag filter is normally on the order of 2

10 heours. Therefors, the praesent simulation is conflgured so that
the pulverized sodium bicarbonate on the bag filter disappears
at a stipulated time {set to about 2 hours;.
[0057]

The basic configuration of the simulation reaction systen

15 will be explained while referencing FIG.

3

First, with the injection control of an incineration
facility, an agent addition amount {pulverized socdium
bicarbonate addition amount {(Ag)) is determined by computation
of a control sgcheme such zg¢ PID based on an HCL concentration

20 (post treatment) signal of an ionization electrode-type
hydrogen chloride measurement device installed at the bag

filrer ocutlet {formula (1) below), and pulverized sodium

bicarbonate f{acidic gas trsatment agsn

-

yoof the determined
addition amount i added to the exhaust gas (inlst HCI

25  concentration (Hi)). The pulverized sodium bicarbonate added
toe the flue reacts with acidic gas such as HCl in the exhsust

gas, whereby HCI in the exhaust gas is eliminated.



Ag = Agl + LO (1)
Ag: pulverized sodium bicarbonate addition amount {(kg/h)
Agl: addition amount (kg/h) defined froﬁ,out;et of "I
5 concentration measurement device {(for case of step scheme,
refer to FIGS. 12, 185 and 41)
LO: addition amount lower limit (kKg/h)
The LO set in advance is used when normal {case of not
applying basal addition amount acceording to present invention).
10 In the cagse of applving the hasal addition amount
according to the pregent invention, an output is calculated
with LC as the basal addition amount arrived at by multiplying
a predetermined coefficient by the moving average addition
amount of a Sﬁecified time.

14 (oo

in

2]
In addition, the HCI removal rate of inlet HCI
concentration by the pulverized sodium bicarbonate was

preliminarily calculated from a relationgship between th

{h

exhaust-gas-rzaction pulverized sodium bicarbonarte addition
2 eguivalents (Jg) and the exhaust-gas-reaction HCL removal rate
{og) (FIG. 3), and the relatilonshlp betwsgen the rsaction-on-

(Jg) and the reaction-on-bag-filtser HCY removal rate {wg) {(FIG.
4y from applied knowledge of our company’ s pulverized sodium
%5 bicarbonate. In addition, the reaction between HCL and

pulverized sodium bicarbonate was defined as ilnstantaneous.

First, the HCl concentration (Hg) after reaction in the exhaust
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gas iz derived from the pulverized sodium bicarbonate additicon
eguivalents (Jg) of the exhaust gas reaction and the exhaust-
gas-reaction HCl removal rate (og) (formula (2) below). It
should be noted that the pulverized scodium bicarbonate addition
equivalents {Jg) of the exhaust gas reaction are valculated
according to formula (3) below.
(0060

Hg = Hi x (1 - og / 100} (2)

Hi: inlet HCL concentration (ppwm)

Hg: HC1 concentration after sxhaust gas reaction (ppw)

wg: HC1 removal rate in exhaust gas reaction (%)
(Setting from relationship between sexhaust-gas-reaction
pulverized sodium bicarbonate addicvtion egquivalents and HCI

removal rate (FIG. 2))

%

[0noe1]
Jg = Ag / (Hi / 0.614 / 1000 / M1 x M2 x F / 1000 {3}
Jg: exhaust-gas-reaction pulverized sodium bicarbonate
addition eguivalents
Ag: pulverized sodium bicarbonate addition amount (kg/h)
Hi: inlet HCLl concentration {(ppm)
Mi: HCl molecular weight {(set at 36.5)
M2: sodium bicarbonate molecular weight (ser at 849
F: exhaust gas amount (Nm'/h) (set at 55,000 Nm /h)
[06s2]

In addition, the pulverized scodium bicarbonate remaining

from the exhaust gas reaction accumulates at all times on The

e}

Fitter. The pulverized scdium bicarbonate accumulated on

[

ba

18]
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the BF reacts with HCL after exhaust gas reaction, whereby the
HCY concentration at the bag filter outlet (Ho? is decided. On
this oecasion, the pulverized scodium Dicarbonate amount
accumulated on the BF (Rsa) is arvived at by deducting the
pulverized scdium bicarbonate amount reacted with HCL cn the BF
from the sodium bilcarbonate having accumulated in the exhaust
gas reaction, In addition, the HC1 removal rate on the bag
filter (w8} was decided from the pulverized scodium bicarbonate
addition eguivalents on the bag filter (Jz) calculated from the
present accumulated pulverized sodium bicarbonate amount on the
bag filter (As) and the HCl concentration after exhaust gas

reaction [(Hg) (formuala (5) below), and the HCl concentration at

the bag filter cutlet (Ho) was determined (formula (4; bslow).

1fi --ma /100y {4
Hg: HC1 concentration after exhaust gas reaction (ppw!
Ho: HC1 concentration at bag filter outlet (ppm)

ws: HCL removal rate of reaction on bag

(Serting from relationship between pulverized sodium

Ia
a
[
)]

picarponate addition amount on bag fllrer and HEYD removal

1=

Js = As / (Hg / 0.614 / 1000 / ML x M2 x F / 1000} (5}

Jg: pulverized sodiuvm bicarbeonate addition amount on bag

filter
he: pulverized sodium bicarbonate amount on bag filter
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iICl concentration after exhaust gas reaction (ppm)

e ml
oy
e!
T

M1: HCL molecular welght (set at 36.5)

M2: sodium bkicarbonate molecular weight (set at B4)

F: exhaust gas amount (Nw’'/h) (set at 55,000 Nm'/h)
(0065

As = Z, / Ts x 3600 (6]

Zn: pulverized godium bicarbonate accumulated amount on bag
filter (kg

Ts: unit simulation time {= data sampling time) (sec)

{0.5% gec setiing)

(0066
Ze = Zw ox (1 - 2.3 / T4 x Tsl (7)
Zy : unreacted pulverized sodium bicarbonate (kg)

T4 sccumulated pulverized sodium bicarbonate on bag

filter 0% disappearance fime constant (sec

(7,200 mec setting)
Te: unit simulation time (= data sampling time} {(sec)
(0.5 sec setting)
[00Ee7]
Zey = (Ag / 3600 x Ts ~ Rg) + (Z,.. — Rsz) (8}

Ag: pulverized sodium bicarbonate addition amount (kg/h)

ation time (= date sampling time) (sec

[

Ts: unit simu
(0.5 sec serting)

Rg: =odium bicarbonate reacted amount in exhaust gas
reaction (kg/hi

Zy.y: pulverized sodium bicarbenate accumulated amount {(kg)

on bag filter befcre Ts (s=cC)
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Fs: sodium bkicarbonate reacted amount in reactlion on bag

filter (kg/h}

Rg = (Hi / 0.614 / 1000 / M1 x M2 x F / 1000) / 3600 x% Te&
X og / 100 (9)

Hi: inlet HC1l concentration {(ppm)

Mi: HC1 molecular weight (set at 36.5)

M2: sodium bicarbonate molecular weight (set at §4)

F: exhaust gas amount {(Nm’/h) (set at 55,000 Nm'/h)

wg: HCL removal rate in exhaust gas reaction (%)
[0069]

Rs = {Hg / 0.614 / 1000 / ML x M2 x F / L1000) / 3600 x Ts
x o / 100 {10

Hg: HCL concentration after exhaust gas reactimn {ppm)

Mi: HUl molecular weight {(set at 36.5)

MZz: sodium bicarbonate molecular weight (set at 84)

F: exhaust gas amount (Nm'/h} (set at 55,000 Nm'/h)

.
o
e

ms: HCL removal rate of reaction on bag filter
o070}

The HC1 concentration at the bag filter cutlet after the

rt

present reaction is measured by ths lonization electrode-typs
hydrogen chloride measurement device 34, However, with the
ionization electrode-type hydrogen chloride measurement device
14, there is a measurement delay time due to the facility (T1l),
a measurement delay time due to exhaust gas sampling {(T20), and
a measurement delay time due to lonization electrode-type

.
feaedback

measuremaent (T2E, response time), and thu

n
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characteristic control lag ccours.
[(Q071}

Therefore, the delayv time (T) of the HCl concentration
meagsurement device 14 in the present sgimulation is defined zas
the sum of the delay time due to the facility (T1l) and the
measurement delay time of the HCL concentration measursment
device 14 {T2) (formula (11) below). It should ke noted that
the measurement delay time of the HCL concentration measurement
davice 14 (T2} is arrived ac by sgetting the measurement delay
time of sampling exhaust gas after HCL treatment from the flue

and the measurement delay time of the ionirzation electrode-type

HC1l concentration measurement device (T28) {(response time), and
summing these {(formuia (12} below}. For the %0% response time

(measurement delay) of an lonization electrode system generally
used, diffusion of HCl gas into absorbing liguid has an

nfluence; therefore, T2F was defined as (formula (13) below).

| =

In the present simulation, for ths ionization electrode system

naving long measurement delay time, it was defined as a total

i
o

of 600 sec (10 win: Tl = C.5 min, T2 .5 min) for T1 = 30
sec, TZo = 330 gec (sampling delay 210 sec + bromineg scrubber

passing delay 180 sec), and T2§ = 180 sec, bassd on the

It should pe noted that, for the case of using an HC1
concentration measurement device having a short measurement
delay time according to an lonization electrode system, the

behavior was confirmed by varying the measurement delay time.
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[0073]
(HC1 concentration measurement device (simulating low speed

regponse, lonization slectrode system)

T o= TL o+ TZO{11)

3

T: delay time of gimulation rsaction system of HCL

concentration measurement device (sec

e

-]

T1: delay time of facility (sec) (30 sec setting;

T2: meagurement delay time of HCL concentration

measurement device (sec)

=
-3
(AN

= TZo + T2p (12

= 4L

sxhaust gas sampling time ©

by

HCIL concentration

measurement device [(sec)

{290 sec setting)

T23: B0% response time of HCl concentration measursement

15 device (ssc) (180 gsec setting)

[l

Ts: unit gsimulation time (= d

20 (0.5 sec setiting)

Xn: current meagurement device inlet HCL concentration

{ppm)

Y current measurement devics putlet HCL concentration

25 Y..:: previcus (Ts (sec) before) measursment device outlet

HC1 concentration {(ppm)
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In addition, the addition amount of alkali agent treating
the acidic gas is defined based on the addition output obtained
from feedback operated based on the concentration measured by

the HCI measurement device {above formulas (1)3. The basal

R

agdition amount according to the present invention was
calculated with the moving average addition amount x
ceogfficient {no more than 1) as the lower limit of feedback
control.

[007E8]

10 In addition, using the inlet HCLl concentration, which
fluctuates as shown in FIG. 3, the reactidon efficiencies of the

exhaust gas reactlon and HCL reaction on BF were set from the

=
[

addition behavicr of PID in actual sguipment as we as the HCI
generation situation (FIG. &), and the results of the present

ih simulation reaction system.(FiG..Tf. The pregent investigation
results are shown in FIG. 6 and FIG. 7. 1In the present
facllitvy, at the HCL removal efficiency from the exhaust gas of
80% and the removal efficient of reaction on the BF of 65%, the
behavicrs of the actual eguipment and simulation agreed (FIG. 6

2 and FIG. 7). Therefore, the following simulations ware
performed at the present conditions. It should be noted that,
in order to clarify the contrel responsiveness according to the

control method, an inlet HC neentration (Hi) of a time

e
9]
O
(9]

1

period having large comparative fluctuation was used to conduct
25 the pressent simulation.
[o076)

Hereinafter, the present invention will be more
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specifically explained by giving examples; however, the present
invention is not to bhe limited thereto.

The investigation in the following examples was done by
producing a simulation reacticn system from actual egulpment
investigation results, and investigating the control results by
each contrel method. It should be noted that, since there 1s a
condition of long average time for the average addition amount
in the basal addition amount (3 hours, & hours), the inlet HCI
concentration was repeatedly used, and evaluation was done with
the results during the 6 to 2 hour elapse.

(00777
Comparative Example 1
Uging the inlet HC] concentration ghown in FIG. 9, the

control target value (5V) of the outlet HCl concentration in

#

100

of

PID contrcl scheme “P (proportional gain) , £ = 0.1 sec,

D= 6.1 sec, addition amount output lower limit 200 kg/h,
addition amount output upper limit 480 kg/h” bassd on the HCL
concentration measured with an HCl measurement device {(9.5- min
measurament device measurement delay total time) in the
simalation was set o 200 ppm, and was feedback controllied.

The pulverized godium bicarbonate addition amount and the
bag filter cutlet £c1 concentcration (average, l-hour average
wximun, instantaneous maximum, 1-hour average minimum, instant

minimum) after treatment with pulverized sodium bicarbonate are
ahown in FIG., 8. In addition, the behaviors of the pulverized

sodium bicarbonate addition amcunt and the bag filter outlset

¢l concentration during the present contrel are shown in FIG.
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10.
(0078]

The maximum valus of the 1l-hour average value for the
putlet HCL concentration often used as the emissicon control
value of acidic gas was 212 ppm, and the instantan=sous maximun
was 384 pom.
foo7e)

Example 1

Except for multipiving a cosfficient of 80% by the 30-
minute wmoving average addition amount (kg/h) to define the

basal addition amount, and applying as the addition amount

ower limit, it was operated at the same setiing
o)

—t

output

conditions shown in Comparative Example 1, and feedback

controllied.

The pulverized sodiﬁm icarbkonate addition amount and the
pag filter ocutlet HCl concentration after treating with
pulverized sodium bicarbonate ave shown in FIG. 8. In
addition, the behaviors of the pulverized sodium bicarbonare
addition amount and bag filter cutlet HCLl concentration during
the present control are shown in FIG. 11.
foogo?

According to Example I, with the mayimum value of HCl for

the l-hour average value of 182 ppm and the instantansous

maximar of 30% ppm, the acidic gas treatment pericrmance

improved compared to Comparative Example 1, az well as the
addition amount being reduced from 330 kg/h to 315 kg/h.

ranall
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Herein, an outline of the st

Fi

R

o control scheme will be
explained. Control was performed according to step controd
scheme in place of the PID contrel scheme in Comparative
Examples 2, 3 and 6, and Examples 2, 3, 9 to 11, 17, 18 and 20

3 to 24.
ioogz]

Contrary to PID control scheme, the step scheme was
defined as a contrel scheme thar stipuvlates the output in a
step-wise manner in response to the HCl concentration of the

10 outlet. When explaining with Comparative Example 2 and
Bxamples 2 and 20 (FIG. 12}, while the HCL concentration is
between $V control target value {control cutput initial

put lower limit)) and $SM1, the

%)

concentration {at least ou

{4

control output i1g outputted in a step-wise manney between LO

15 and LM1. It defines a format that ocutputs a control ouiput set
at LMZ while the HCL concentration is between 8M1 and SMZ, and
outputs LH (control output upper limit; at SM2 or higher. It
should be noted that there is no output limic in a normal PID
control method, and there is only setting of LO and LH. In

20 addition, correction of the table deciding the HCL
concentration and control output used in the control operation
according to the HCL slope was performed with SVAIL and SVAZ,

and when the HCl1 slope was positive, SVAL was subtracted from

.

the HCl concentration used in the opermcion, and when the HCL
25 slope was negative, SVAZ was added to the HC1 concentration
used in the operation. The contrel output calculated upon

inputting the same HCL concentration is thereby defined in a
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the

iy

format in which the control output value when the valus o
HCl slope is large (acidic gas concentration increasing ftrend)
is larger than the conirol ocutput value when the wvalue of the
HCl =lopes is small.

5 1t should be noted that the pulverized scdium bicarbonate

g

gddition amount (g is obtazined with the azbove formula (1.

o}

it

[cog3]

Comparative Example 2

4

In the simulation, the control target value {(concentration

10 at which control output of zlksli agent in present scheme 1is
added at output lower limit or higher defined as 8V) in control
of the step gchems based on the HCl concentration measured by
the HCI measurement device (9.5-min measurement device

measurement delay time) was set to 200 ppm, and feedback

controlled (refer to FIG. 12).

[
paki

The pulverirzed sodium picarbonate addition amount and the

ke,

bag £ilter ocutlet HCl concentration after treating with

o}

pulverized sodium bicarbonate are shown in FIG. 8. In

1

addition, the behavicors of the pulverized sodium bicarbonate

20  addition amount and bag filter ocutlet HCL concentration during

the present control are shown in FIG. 13,
[ooR4sd

The maximum value for the l-hour average value of the
cublet HUI concentration according to the step scheme was 212

25 ppm, and the instantaneous maximum was 383 ppm.

Example 2
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Except for multiplying a coefficient of B80% by the 30-min

Bfe

moving average addition ameunt (kg/h) to define the basal
addition amount, and applving as the addition amocunt cutput
lower limit, it was operated at the same setting conditions of
the step scheme shown in Comparative Example 2, and fesdback
controlled.

The pulverized sodium bicarbonate addition amount and the
bag filter outlet HCl concentration after treating with
pulverized sodium bicarbonate are shown in FIG. 8. In
addition, the beshaviors of the pulverigzed sodium bicarbonate

addition amount and bag filter outlet HCI concentrastion during

]

the pregent control ars shown in FIG. 14.
[0086]

According to Example 2, with the maximum value of the 1-
hour avera?é value of the output HCL concentration in the step
gcheme being 155 ppm and the instantaneous maximum being 320
ppm, the acidic gas treatment performance lmproved compared Lo
Comparative Hxample 2, ag well as the addition amount alsc
being reduced from 235 kg/h te 289 kg/h.

{0087]

Comparative Example 3

b1

11 the step scheme control based on the HCI concentration
measured by the HCL measuremesnt device (9.5- min measurement
device meagurement delay time} in the simulation, it was
feedback controllied with the contrel target valus (8V) ¢of 180
ppm {8V - 20 ppm} when the &-sec average of the slope of the

nearest HCL concentration is positive, and the control target
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value (8V) of 220 ppm (8V + 20 ppm) when the &-sec average of
the slope of the nearest HCL concentration is negative {refer
to FIG. 1D},

The pulverized sodium bicarbonate additicon amount and the
bag filter outlet HCl concentration sfter treating with
pulverized sodium bicarbeonate are shown in FIG. 8. In
additicon, the hehaviors of the pulverized sodium bicarbonate
addition amount and bag fillter outlet HC1 concentration during
the present control are shown in FIG. 16.

(onggl

The waximum valus of the l-hour average valus of the

]

outlet HCL concentration according to the present feedback

control in which the control target value was changed accerding

I

to the slope of the HCLl concentration (hereinafter referred to
as SV change), in addition to the present step gcheme, was 216
pem, and the instantaneous maximum wag 381 ppm.

[0Ce9]

wample 3

et

80% by the 30-min

Fh
o

Except for multiplyving a cosfficient o
moving average addition amount (kg/h) to define the basal
addition amount, and applying as the addition amount output
lowey limit, it was operated at the same setting conditions of
rhe feedback format shown in Comparative Example 3, and
feedback controlled.

The pulverized sodium bicarbonate addition amount and the
bag filter cutlet HCL concentration after treating with

pulverized sodium bicarbonate are shown in FIG. 2. In
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addition, the behaviors of the pulverized sodium bicarbonate
addition amcunt and bag filter outlet HC1 concentration during
the present control are shown in FIG. 17.

f0090]

According To Bxample 3, with the maximum value of the 1-
hour average value of the output HCL concentration in the
feedback scheme being 198 ppm and the instantaneous maximum
being 283 ppwm, the acidic gas treatment performance improved
compared to Comparative Example 3, as well as the addition
amount also being reduced from 301 kg/h to 28% kg/h.
gosa]

Examples 4 to B

]

Except for multiplyving a coefficient of 80% by the moving
average addition amounts (kg/h) of varying average time
(Example 4: 5 min, Exampls 5: 1% min, Example 6: 1 hour,
Example 7: 3 hours, Example 8: & hours) to define the basal
additicen amount, and applving as the addition aﬁount output
lowery limit, it was operated at the same setting conditions
shown in Comparative Example 1, and feedback contrcolled.

The pulverized sodium bicarbonate addition amount and the
bag filter outlet HCLI concentration after treating with
pulverized sodium bicarbonate are shown in FIG. 8. In
addition, the behaviors of the pulverized sodium bicarbonate
addition amount and bag filter ocutlet HCl concentration during
the present control are shown in FIGS. 18 to Z2.

fops2]

ncoording Examples 4 to 8, by applyving the basal addition
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amount arrived at by multiplving & coefficient of 1 or less by

the average addition amount as

I

n element of feedback control,

4

nd calculating the addition amcunt of alkali agent, stable

treatment of acidic gas becomes possible.

The results of Examples 4 to § are cobtained by applying
the element of the average addition amount in feedback, and
there are no particular limitations in the average time. For

5-min addition amount average time (Example 4), at the same

~
o

additicn amounts, a stable treatment effect on acidic gas is
ochtained with 1846 ppm as the outlet HCI concentration 1l-houy
average value maximum, and 36% ppm as the Iinstantaneous
maximum. Furthermore, with a l-hour average wvalue maximum for
the outlet HCI1 concentration of 1%4 ppm, and instantaneous

15 maximum of 308 ppm for the.6~hour addition amount averags btime

tExample B), a stable treatment effect is obtained, as well as

La}
4

i

the addition amount being reduced to 311 kg/h. The average

sime of the addition amcunt 1s preferably at least 5 min, and

jouct

15 min to 6 hours ig particularly preferable.
20 [0024]
Examples 9 to 11
Except for multiplying a coefficient of 84% by the moving
average addition amounts (kg/h) of varying average time
(Bxample 9: 15 wmin, Examplie 10: I hour, BExample 11: 3 hours) to

25 define the basal addition amount, and applying as the addition

<

- ’

amount output lower limit, 1t was operated at the same setting

conditions shown in Comparative Example 3, and feedback
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controlled.

The pulverized sodium bicarbonate addition amount and the
bag filter outlet HCL concentration after treating with
pulverized sodlaw bicarbonate are shown in FIG. 8. In
addition, the behaviors of the pulverized sodium bicarbonate
addition amount and bag filter outlet HCL concentration during
the present control are shown in FIGS. 23 to 25.

[0085]

becording to Examples ¢ to 11 when varying with 15-min to

3-hour addition amount average times in feedback control

o

ceording to 2 Step + 8V variarkle schems, an acidic gas stabls

0
0

rreatmant effect and addirion amount reduction effect are

®
-3
p
M

obtained irrespective of the addition amount average tim
present scheme is a control scheme particularly excelling in
addition amount reduction effect with the addition amcunt of
288 to 292 kg/h.

{oo9e]

yampoles 12 to 16

(%1
o

EBxcept for varying the coefficient (Example 12: 9
Example 13: 90%, Example 14) 80%, Example 15: 70%, Example 16:
50%) multiplying by the i-hour moving average addition amount
{kg/h) to define the basal addition amount, and applying as the

addition amount output lowey limit, it was opervated at the same

setting conditions shown in Comparative Example 1, and feedback

ot
[43]
=
(82
T
Ly
4y

The pulverized sodium bicarbonate addition amoun

pag filter outlet HCL concentration after treating with
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- .

puiverized scodium bicarbonate are shown in FIG. 8. In

addition, the behaviors of the pulverized scdium bicarbonate

[

addition amount and basg filter cutlet HC1 concentration during

the present control are shown in FIGS. 26 to 30.

The effects of Examples 12 to 16 ars obtained due to
applying the element of the averace addition amount to
feedback, and the coefficient multiplyving by the average
addition amount upon calculating the basgsal addition amcunt is
not particularly limited so long as being no more than 1. In a
case of multiplving & coefficient of 1 (100%! or more by the
present coefficient, the average additlion amcunt used in the
present basal addition amount will not be reduced lsading to
excess addition, even if the inlet HCI concentration de;reases,

For the coefficient calculating the present basal addition

s}

amount of 25% (Examplse 12} uo 70% (Example 15), both the l-hour
average value maximum and instantaneous maximum value of the
outlet HCIL co@centratiom declined compared to Comparativsa
Example 1, and a stable treatment effect of acidic gas was
obtained, along with an addition amount reduction effect being

hoa coefficient of 50% (Example 18),

rr

tior, wit

[

n add

b

obtained.
although the addition amount increasss somewhat, the acidic gas

stable treatment effect is obtained. The coefficient

{.J

multiplying the average addition amount upon calculating the

basal addition aweount is sufficient so long as no more than 1.

50 to 95% is preferable, and 70 to 90% is particularly

preferable.
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[c098]

‘Examples 17 and 18

Except for varying the coefficient {Example 17: 20%,
Example 18: 70%) wmultiplving by the 1-hour moving average
addition amount {kg/h) to define the basal addition amount, and
applying as the addition amount output lower limit, it was
operated at the same setting conditions shown in Comparative
Example 3, and feedback controlled.

The pulverized sodium bicarbeonate addition awmcunt and the
bag filter outlet HCLl concentration after treating with

vulverized sodium bicarbonate are shown 1n FIG., 8. In

addition, the behaviors of the pulverized scodium bicarbonate
addition amount and bag filter ocutler HI1 concentration during
the present contrel are ghown in FIGS. 31 and 32.

{0039]

According to Examples 17 and 18 when varying at 70 to 90

o®

the coefficient multiplied when calculating the basal addition
amount in feedback control according to the Step + 8V variable
scheme, an acidic gas stable treatment effect and addition
amount reduction effect are cbtained irresgpective of the factor
caloculating the basal addition amcunt. In addition, the
pragent schewme is a control scheme particularly excelling in

o

fect with the addition amount

iy

che addition amount reduction &

Comparative Example 4

In the simulation, the control target value (8V) of the



cutlet HC1l concentration in PID control scheme “P (proporticnal
gain) = 100%, I = 0.1 sec, D = 0.1 sec, addition amount output
minimum 200 kg/h, addition amount output maximuam 480 kg/h”

based on the HCL concentration measured with an HCL measurement

[ 3]

device {Z-sec minute measurement device measurement delay total
time) was set to 200 ppwm, and feedback controlled.

The pulverized sodium bicarbonate addition amount and the
bag filter outlet HCL concentration after treating with
pulverized sodium bicarbonate ave shown in FIG. 8. In
10 addition, the behaviors of the pulverized sodium bicarbonate
addition amount and bag filter outlet HCl concentration during

the present control are shown in FIG.

e
{a}

[0101]
The influence from the measurement delay time of the

ia measuremert device wasg investigated. When feedback controlling
using a fast-response HCI measurement device with little
measurement delay, the additicn amount change of alkall agent
eand the change in cutlet HC1 concentration cccocur instantly, and
was predictred that an improvement would be made. Howsver,

20 addition failure due to alkali agent addition fluctuations were
predicted to occur, and the maximum value of the 1-hour average
value of the outlet HCI concentration often used as the
emligssicn contrel value of acidic gas was 209 ppm, and the
instantaneous maximum was 385 ppm.

25 [0102]

Example 18

Feedback control was done at the same conditiong as
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Example 1, except for PID control operating based on the HCL
concentration measured by an HC1 measurement device (2-sec

measurement device total measurement delay time) in the

FIG. 8 shows the pulverized sodium bilcarbonate addition
amount and bag filter cutlet HCI concentration after treating
with pulverized scdium bicarbonate. In addition, FIG. 24 shows
the behaviors of pulverized sodium bicarbonate addition amount
during the present control and the bag filter outlet HCL
concencration.
foLoz]

Example 20

Feedback control was deone at the same conditions as
Example 2, except for operation according to the step scheme
being done baszed on the HCL concentration measured by an HCL
measurement device (2-sec measurement device total measursement
delay time in the simulation.

FIG. 8 shows the pulverized sodium bicarbonate addition
amount and bag f£ilter outlet HCI concentration after treating

ith pulverized sodium bicarbonate. In addition, FIG. 35 shows
the behaviors of pulverized sodium bicarbonate addition amount

N

guring the presen

T

control and the bag filtsr ocutlet HCI

0
o
]
0
8}
o
ot
A
%]
1
ot
O
ot}

ExXample 21
Feedback control was done at the same conditions as

Example 3, except for operation according to the Step + SV
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variable scheme being done based on the HCL concentration
measured by an HCL measurement device (Z-sec measurement device
total measurement delay time; in the simulation.
FIG. 8 shows the pulverized sodium bicarbonate addition
5 amount and bag filter outlet HCl concentration after treating

with pulverized scodium bicarbonate. In additicn, FIG, 36 show

]

the bszhaviors of pulverized sodium bicarbonate addition amount
during the present contrcl and the bay filter cutlet HC1
concentration.
it [0105]
According to Example 21, the effects are exhibited
irraspective of the length of the measurement delay time of the
measurement device. In addition, so long as the control format

is a feedback format, the seffects are exhibited with either.

31

—

Examples 1% to 21 are results assuming a 2Z-sec meaguremsnt
delay time; however, addition failure in alkall agent were
suppressed by feedback, and thus both a stable treatment effect

gas and addition amount reduction effesct were

T

of acidi

0

abtalned.

20 o106

Fesedback control was done at the same conditions (2.5 min
delay time, Step + SV wvariable) as Example 10, except for
conducting addition of 480 kg/h of alkall agent in the case of

2 the l-hour average value of the outliet HCL concentration
exceeding 190 ppm in the simulation. FIG. 8 shows the

pulverized sodium bicarbonate addition amount and bag filter
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outlet HCI ¢oncentration after treating with pulverized sodium
bicarbonate. In addition, FIG. 37 shows the behaviors of
pulverized sodium bicarbonate addition amount during the
present control and the bag filter outlet HCL concentration.

(0107}

o3

There are facilities in which the emission concentration
contrel of acidic gas is wmanaged by the 1l-hour average value of
each acidic gas {(hydrogen chloride, sulfur oxide
concentration) . Although it is common to control by providing

it the control target value (8V) in control, the control target
vazlue is consistently the target, and there are cases reaching
a concentration exceeding the target valus as a result of
controlling.

The present example is an example of conducting l-hour

management (130 ppm or higher, 480 kg/h added) in

o
W
=
o~
i
Y
W0
@

Example 10 in which the l-hour average valueg of the outlset HCL
concentration sexceeded Z00 ppm. In a case of the l-hour
average value at the outlel approaching the concentration to be
managed, by conducting control to abundantly add the alkalil

% agent, a further stable trsatment effect of acidic gas and
efficient use of alkali agent become possible.
[c1o8]

Hereinafter, upon explaining Comparative Examples 5 and &

angd Examples 23 and 24, which are actual eguipment

25 dnvestigation results, the con

th
}..J
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treatment system 2 that ig used in Comparative Examples 5 and 6

and Examples 23 and 24 will be explained.
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FIG. 38 is a block diagram representing the configurstion
of the acidic gas treatment system 2 that adds pulverized
sodium bicarbonate to HCL, which is the exhaust gas of an
incineration facllity.

{01107

The acidic gas treatment system 2 is configured from a
control device 21, a pulverized sodium bicarbonate adding
device 22, a pulveriged sodium bicarbonate adding device 26, a
bag filter 23 and an HCI concentration measuremsnt device
{ionization electrode system) 24. The control device 21
calculates an addition amount output value of pulverized sodium
bicarbonate by way of feedback contyrol {(PID control scheme or
step schame) vased on an HCl concentration measursment signal
transmitted from the HCl concentration measurement device
{ionizatlon electryode system) 24 and a basal addirion amount
calculated from a past average addition amount. The pulverized
sodium bicarbonate adding device 22 adds pulverized sodium
bicarbenate to the HCL in the exhaust gas, based on the
addition amount output value of pulverized scdium bicarbonate
calevlated by the contrel device 21. In addition, the
pulverized sodium bicarbonate adding device 26 adds a fixed
amount of pulverized sodium bicarbonate that is unrelated to
the addition amount output value of pulverized sodium
bicarbonate calculated by the control device 21, to the HCL in

B

he exhaust gas.

e}

7t should be noted that the basal addivion amount is



[
~3

caleoulated by muliiplyving a coefficient of no wmore than 1 by a
past average addition amount according to an average time (for
example, moving average time).

(o

j-

11}

5 The bag filter 23 removes dust after the reaction betwesan
HZl in the exhaust gas and pulverized sodium bicarbonate. The
HC1 concentration measurement device {ionization electrode
systen) 24 wmeasures the HCl concentration (bag filter outlsast
HCL congentration described later) after the pulverized sodium

10 bicarbonate accumulated on the bag filter 23 (pulverized sodium

bicarbonate remaining from reaction with HCI in exhaust gas is

“

accumulated on bag filter 23) and HCL after sxhzust gas

o

reactlion has reacted, and transmits an HC1 concentratlion

meagurement signal to the control device Z1.

>t

15 It enould be noted that the inlet HCL concentration of the
bag filter is measured by an HCL concentration measursment

- . - i

device (laser gystem) that is not iliustrated.
The acidic gas treatment system 2 periorms feedback
20 control by repeating such a cycle, whereby the control device
21 performs control to make the contreol ocutput valus of

pulverized sodium blcarbonate addition amount an appropriate

~
I e

25 Comparative Example 5
In an industrial waste incinevator, a laser-type HCL

measuremsnt device (KLA-1 manufactured by Kyoto Electronics
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Manufacturing Co., Ltd.) was installed between a reduced-

&8

remperature tower cutlet and bag filter, and the inlet HCL
conventration was measured. In additicon, feedback control was

conducted with an oxygen eguivalent valus L0 manage an emission

o

reference value based on a signal measured by an icnization
electrode-type HCLl measurement device (HL-38N manufactured by
Kyoto Electronics Manufacturing Co., Ltd.) for the bag filter
outiet. It should be noted that, although conducted by adding
the filter bag addition cutput (8V 180 ppm) according to the

16 80w concentration signal at the outlet to the addition output
according to the HCL concentrazicon, since $0x was not generated

rom the present report.

h

in the present facility, it is omitted
In additicn, for the alkalil agent treating the acidic gas,

B-um pulverized sodium bicarbonate (HIPERSAR B-200 manufactured

15 by Kurita Water Industries Ltd.) was added according to the
above-mentioned feedback control. Twe alkali agent adding\
devices were applied due to a problem with the maximum addition
amount, one making the fixed amount addition of 180 kg/h, and
one being feedback controlled based on the cutlet HOL

20 concentration signal at “lower limit of 20 kg/h, uppsr limit of
300 kg/h, PID control settings P (proporivional gain) = 100%, I
= 0.1 sec, D= 0.1 s&cC

FIG. 3% shows the bag filter inlet HCL concentration and

pag filter outlet HCL1 concentration with the addition amount oI
25 pulverized sodium bicarbonate (sum of two adding devices). In

addition, FIG. 40 shows the behaviors of the pulverized sodium

DPicarbonate addition amount and the HCI concentrations ar the
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bag filter inlet and ocutlet during f
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execution.
[0114]
Comparative Example &

In the same faclility, feedback control was conducted with
the HCI concentration signal (oxygen equivalent valus) measured
by an ionization electrode-type HCl measurement device (HL-36N
manufactured by Kyoto Electronics Manufacturing Co.
the bag filter outlet. It should be noted that, it was

he filter ba

a

addition output

(a1

similarly conducted by adding

L

Cx concentration signal at the

i

{8V 1890 ppm) according to the
cutlet to the additicon output according te the HCI
concentration.

In additiomn, for the adding devices, similarly one was a
fixed amount addition of 180 kg/h, and one was the “Step + 8V
variable scheme (refer to FICGC. 41 for details)”.

IG.

1
W

¢ shows the bag filter inlet HCLl concentration and

ilter outlet HCL concentration with the addition amount of

h

bag
pulverized sodium bicarbonate f{sum of two adding devices). In
addirvion, FIG. 42 shows the behaviors of the pulvarized scdium
bicarbonate addition amcunt and the HC1 concentrations at the
bag Filter inletr and cutlet during the present control
exaecutbion.
{0115}
nxample 23

In the same facility, feedback control was conducted at

the same settings as Comparative Example 6, except for applying
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the basal addition amount {(30-min moving average additicon

amount, 70% coefficient) in the fesdback control of “Step + SV

variable system”, and adding 300 kg/b at the cutlet HCL

concentration 1-hy average value of 213 ppm or higher {(present
5 facility HCLl contrel value no more than 215 ppm). It should be
noted that, it was similarly conducted by adding the filter bag
addicion cutput (SV 180 ppm) according tc the S0x concentration
signal at the cutlet te the addition cutput accerding to the
HCLl concentration.

10 In addition, for the adding devices, similarly one was a
fixed amount addition of 180 kg/h, and one was the “Step + 8§V
variable scheme (refer to FIG. 41 for details)”. FIG. 3% zhows
the bag filter inlet HCL concentration and bag filter ocutlet
HC1 concentration with the.addition amount of pulverized sodium

15 bicarbonate (sum of two adding devices). In addition, FIG. 43
shows the behaviors of the pulverized sodium bicarbonate
addition amount and the HCL concentratilons at the bag filter
inlet and outlet during the present control execution.

[0116])

20 The present example is the application result of the
present Iinvention according to actual eguipment. (Compared to
Comparative Examples 5 and 6, the fluctuation in inlet HCI
concentration decreased. According Lo the present exampls, the
added equivalents indicating the aﬁdition amount of alkali

2%  agent relative to the inlet HCI concentration by the efficient
addition of alkall agent according to the present invention

could be reduced compared to Comparative Examples 5 and 6, and
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ent control was possible.

In the same facility, Ieedback control was conducted at

-
;

the same settings as Example 23, except for jointly applying

o

-

high reactivity slaked lime with & specific surface area of at

i)

least 30 m*/g (Tamakaik ECO manufactured by Okutama Xogye Co.,
Ltd.) in the feedback control of the “Step + 8V variable
system” . It should be noted that, 1t was similarly conducted
by adding the filter bag addition cutput (SV 180 ppm} according
to the 80x concentration signal at the outlet to the addition
cutput according to the HCl concentration.

In addicion, one of the adding devices was a [ixed amount
addition of 170 kg/h of high yeactivity slaked lime, and the
other one was a “Step +‘SV variable system {refer to FIG. 41
for details) ™,

FIG. 3% shows the bag filter inlet HCI concentration and
bag filter outlet HCL concentration with the addition amount of
pulverized sodium bicarbonate {(sum of two adding devices). In
addition, FIG. 44 shows the behaviors of the pulverized sodium
bicarbonate addition amount and the HCl concentrations at the

mag

Fe
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¥

-

ter inlet and outlet during the present contrcl

(01181
The present example 1s a case examwple of applying by
Jointly using comparatively low-cost industrially slaked lime

with pulverized sodium bicarbonate. A stable treatment effect
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of acidic gas is obtained stably

to applyving low-cost slaked lims

treatment cost being reduced,

effective industrially.
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1. A methed Ifor treating acidic gas that adds an alksali
agent teo a combustion exhaust gess containing acidic gas, and
feedback controls an addition ameount of the alkali agent
based on a meagurement signal of an acidic-gas concentration
meagsurenent device that meagureg an acidic gas concentration
after collecting dust, the method comprising:

a step of calculating & basal addition amocunt by

multiplving & coefficient of less than 1 by an average
addition amcount acceording to at least a predetsrmined time;
and

a step of caleculating, through feedback computation,
an addition amount output valus of the alkali agent based on
fthe basal addition amount thus calculiated, and obtaining a

value that 18 at least the bagal additicon amount thus

calculated and no greater than an upper limiif established in
advance, as an addition amount oubtput value of the =alkalil
agent.,

2. The method according to claim 1, wherein the basal

addition amount thus calculated is defined as a lower liwmit
value for the addition amount output wvalue of the alkall
agent, in the ste of calcoulating, chrough feedback
computation, the addition amount output value.

3. The method according to claim 1 or 2, wherein the step
of calculating, through feedback computation, the addition
amount cutput value further includes

a step of setting, between a lower limit value and an
upper limit value for the addition amcunt output valus
calculated based on the measurement signal; at least one new
upper limit value for the additicn amount output value to
correspond with the acidic gas concentration.

4 . The method according to any one of claims 1 to 3,
whereln the gtep of calcoulating the basal addition amount
includes setting, &g a basal addition amcount, from 0.5 to
0.8% of a moving average addition amount defined by an
average value of the acldic gas concentration when
continuously measuring for a predetermined time the acidic
gags conventration every time established in advance that is

selected from at least 5 minutes.

5. The method accowrding to any one of c¢laims 1 to 4,
wherein the step of calculating, through feedback
computation, the addition amount output value further
includes

a step of calculating an addition amount output wvalus
of the alkali agent using both cutputs among a control
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sutput computed from a hydrogen chloride concentration and a
control output computed from & sulfur cxide concentration,
in addition to the feedback computation.

6. The method according to any one of claims 1 to &,
wherein the step of calculating, through fesdback
computaticn, the addition amount output valiue further
includes

a step of calculating an addition amount output wvalue
of the alkalli agent based on an average value of hydrogen
chloride concentration and/or sulfur oxide concentration, in
addition to the feesdback computation.

7. The method according to any one of claims 1 to €,
wherein the alkali agent 1s pulverized sodium bicarbonate
having an average particle size of 5 teo 30 um.

8. The method according toe claim 7, dJointly using other
alkali agent than the sodium bicarbonate.

g . The method according to c¢laim 8, wherein the other
alkalili agent is &at least one alkali agent selscted from the
group ¢oneisting of slaked lime, sodium hydroxide, magnesium
hydroxide, magnasium oxide, sodium carbonate, sodium

segguicarbonate, natural sods and crude sodium bicarbonate.
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METHCD FOR TREATING ACIDIC GASL

ABSTRACT
The purpose of the present invention is to provide a method for
rreating an aclidic gas according to a novel control scheme for

performing a stable acidic gas treatm

9}

nt tha

£+

thea

n

rarely cause

Jrt

acidic gas concentration at the out

=
&=

]

to peak and

f

or reducing
the excessive addition of alkall agents in a feedback format
rhat does not reguire the intreduction of a new, expensive
acidic-gas measurement device. This method for treating an
acidic gas invelives adding an alkall agsnt to a combustion
exhaust gas containing an acidic gas and feedback-controlling
the amount of the alkali agent to be added on the basis of a
measurement signal from an acidic gas concentration measurement
device which measures the acidic gas céﬁééngration after dust
collection, the methed invelving at least: a step of
calculating a basal addition amount found by multiplying the
average addition amount suitable for the average time {(for

example, 1 hour, as described later) by a facteor of 1 or less

—
Ih

o

or example, 80%, as described later;; and a step of

i

zalculating, through feedback computation, an cutput value for
rhe amount of the alkali agent to be added on the basis ¢f the

calculated besal addition amount.
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