METHOD FOR TREATING ACIDIC TECHNICAL FIELD [00011  The present invention 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, electric
power generator boilers, carbor?vil%girpgofgrn%ce;%ndTTWgt%faT%ggeg. In detail, it relates cthod of
efficiently controlling the addition amount of an a%ali‘é“dentct“o treat’the acidic gas. BACKGROUND
ART [0002] Harmful exhaust gases containing hydrogen chloride or sulfur oxides are treated with
an alkali agent such as slaked lime or sodium bicarbonate, and after subsequently suppressing dust
with a dust collector such as a bag filter (BE)nare-discharged from a smokestack. On the other hang,
the fly ash collected by the dust collector contains harmful heavy metals such as Pb and Cd, and after
stabilizatiohCt?€ating these harmful heavy metals, are disposed by sanitary landfill. [0003]  Sodium:
bicarbonate that has been fines, %roces,sed to 5 to 30 Am, which s the_alkali agent treating the acidic

gas, has high readfivity 2omiTared 1o 8lakEd fime: Grd can 3ta61y tréat “a&idic §as Hidhg with having
ittle upreagted portian, which can.reduce theamount disposed by sanitary landtill and is an effective
means for a reduction in the environmental burdén. In"addition, a method for insolubilization treating
with a chelate suehas.diethydithiocashamate is.cesman as«a heavy: aetahtreatment method, and
although the heavy metal fixing effect is high in the short term, a problem remains in that heavy metals
such as leadredissetfeediatopH dechite fropfustrial waste incinerators,

6]

lectric power generator bollers, carbonizing furnaces and

rivate factories. In detail, 1t relates to a method of

e
o]

16 efficiently contreolling the addition amcunt of an alkalil agent

to treat the acidic gas.

BACKGROUND ART
{coo2]
Harmful exhaust gases containing hydrogen chloride or
i5  sulfur cxides are treated with an alkall agent such as slaked
lime or sodium bicarbonate, and after subsequently suppressing
dust with a dust collector such as a bag filter (BF), are
discharged from a smokestack. On the cother hand, the fly ash

collected by the dust ceollector contains harmful heavy metals

4]

20 such as Pb and Cd, and after stabilization treating these
harmful heavy metals, are disposed by =sanitary landfill.
[0003]

Sodium bicarbonate that has been fines processed to 5 to

30 pm, which is the alkali agent treating the acidic gas, has

28 high reactivity compared to slaked lime, and can stably treat



acid rain at the final disposal site and oxidation autolysis of W chelate. On the other hand, the heavy
metal fixing by a phosphate compound such as phbsphoric acid causes a change to hydroxyapatite
form, which is an inorganic mineral; therefore, it is a treatment method that excels in long term stability
at the final dispgsalsite, and thus has extremely high value fram the viewpoint of gnvirgnmental
protection. Furthermore, a method that treats fly ash that has been treated with the pulverized sodium
bicarbonateawith-aheavy: metakfixing agentstieh as,pbasphers acidhisran effegtive means having a
great effect of environmental burden reduction. 2.0[0004] Incidentally, controlling the addition
amount of ahfalkal agentsueh asrslaked dnetorsodiunt bicatbonatenoetréatiarracitic: gas such as
hydrogen chloride or sulfur oxides ngt only can cut acidic gas treatment costs, but effects of reducing

the unreactéd Afount ot alRaifGgentant rediging the afount of iy Heh' didpBs&d BY landfill can be
expected. [0005]. 3 . The addition amountof alkali agent to treat an acidig gas such as hydrogen
chloride or sulfur oxides is generally feedback controlled by way of a PID control device based on an
HC1 concentration measwed by-an ienizatien glectradertype:hydrogen-ehloride;measurement device
installed at a later stage of the bag filter. However, the device measuring the acidic gas concentration
of the inletaigratdllylis rotdnstalledlin btirning facititiesssuchoas an ineineration fadiligy-and thus the
parameters of PID control are set and the control output is adjusted in a state in which the fluctuating
situation offEMISEETKNOWH! HEweFar & PTD TImtrtt dévice-frediiiréSmtich@imE18 analyze suitable
addition control due. to there being the five setting items of P..1, D..addition amount (output) lower limit
and addition amount (output) upper fimit, and §e&d|n§“t%e contrc))ﬁ'output value by %or‘h%imﬁg the
setting;values of each item: for thisseasanathere-argsnanyfacilities congdycting gontrol in which,
generally, when the setting by a PIP control device exceeds a control target value (SV), the addition
amount drasticatlydnereasesc-@0f0B06Ih akawevarhthe. controtoutput ©f aenormalaRlPccontrol device
can only set a single upper limit, for example, in a case of setting the control target value (SV) of the
HC1 concenrtratiohy t6°40 pigin fan addftior Bf fkafifagerht wiitbe niadeEwith the SRpletipfer limit of the
control output at a concenfration of at least 40 ppm ggwktgeélinmi{b%%d Mthaggggg?_pégalia%gent to be

- il -\,I% Tmenc M 1S . H .
excessively added’ In addition, the above-mentioned 4

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

LD

13 the viewpoint of environmental protection. Furthermore, a
methoed that treats fiv ash that has been treated with the
pulverized sodium bicarbonate with a heavy metal fixing agent
such as phospheoric acid i1s an effecilve means having a great
effect of environmental burden reduction.

20 [(6004]

Incidentally, controlling the addition amouni of an alkali
agent such as slaked line or sodium bicarbonate to treat an
acidic gas such as hydrogen chloride cor sulfur oxides not only
can cut acidic gas treatment costs, but effects of reducing the

25  unreacted amount of alkali agent and reducing the amount of flvy

ash disposed by landfill can be expected.

fooos]



feedback control is influenced by the measurement lag of the acidic gas measurement device. The
HC1 concentration at the bag filter outlet is normally measured by ionic electrometry (for example, HL-
6 manufactured by Kyoto Electronics Manufacturing Co., Ltd.), and the sulfur oxide concentration is
measured by mf_rT%red %1?3540{9!3”19 gggllgrsl;:s (Of(T):r §§%ije,aNg@EBQQO @%Q%faac%urggi%/i §h|madzu Corp.);
however, when mcFucﬁlng the sampling time of sample éxhaust gas and reSponse time of the analyzer,
there is a grgat measwement delay of- 549 10-1Q.minutes,, The presentmeastrement delay becomes

a cause inducing alkali agent addition lag, and along with leading to treatment failure of the acidic gas,
inducing excessive addiiom-oflalkaliagent {00073 rin ardet t@ solethe=present ptoblem, various
control methods have been investigated. "PaPID control” that further adds P to normal PID control
method haB beetrpraposedtincPatent Doctinehit 2IThepréséatproposal €6Asidersthe handling of
unexpectedggneration of acidic gas, which is difficult by 20 norm%l PID contril. In addition, control

{

schemes that CobIhe feet- fotvard tontrol 1o dedide the addition aiodnt of afkafi‘agent based on the
acidic gas 8@”@%‘%”%@%: of the input, and feedback conrol that.supplements the adgdition amount of

alkali agent based on the acidic gas concentration after treating with alkali agent has been proposed in
Patent Dociiaentsn2 anth-3.A\With the presentcentrabsehame, an effect of suppressing excessive
addition of feedback control is anticipated, and it is considered that stable treatmentacidic gas and an
effect of curbirigexcessive additipreof-alkak agent will berstitained {0008y .  anfPdtént=Document 1]

Japanese Unexamined Patent 5 Application, Publication No. 2002-113327  [Patent Document 2]
Japanese UN&xBRTiAEE Patenf Applicatioh PablicHtion Ro. B10-165755™ -~ Pafdnttbcuhient 3]

Japangse Upexamined Patent Application,:Rublication No, 2006:(5758 10+ s o1y of tne
inlet la unknown. However, a PID control device reguires much
time to analyze suitable addition control due to there being
the five setting items of P, I, DI, additicn amount {(cutput)
lower limit and addition amount {ocutput) upper limit, and

15 deciding the contreol output value by combining the getting
values of each iltem. For this reason, there arse many
facilities conducting control in which, genesrally, when the
setting by a FID contrel device exceeds a2 control target value
(V) , the addition amount drastically increazses.

20 [cCoE]

However, the control ocutput of a normal PID control device
can only set a single upper limit, for example, in a case of
getting the control target value (8V) of the HCl concentration

to 40 ppm, an addition of alkall agent will be made with the

L3

single upper 1imit of the contrel output at a concentration of
at least 40 ppm as the limit, and will cause the alkall agent

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



DISCLOSURE OF THE INVENTION Problems to be Solved by the Invention [0009] However,

although the unexpected handling of the inlet is pgssible to some extent in Patent Document 1, since

the upper limit- value as well as the lower limit value of the control output are single data input, in a

facility in which th fluctuatioE\ in the inlet acidic gas c#%centration dramat'ic hun%"otgcurs depending on
rme e i A Tluen Che 13 ient E] . =

the agent; ﬁ%{%é%%, stablé treatment in Which there areefen\f\?%%éﬁgrfﬁ the outlet amdﬁ:cgas

concentrafionsis difficult, n. addition, the measurement detay ofthemeasurement device is not taken
into account, and thus it is not possible to deal with acidic gas treatment failure due to the addition lag
of the alkak agent from medsiurementdetay. Furtkermore] Viith Patent Boeuments 2rand 3, facilities
that only measure the outlet acidic gas concentration account for most combustion facilities such as
incineration facifitiese € artdin’6rder 16 conauEEthepresenit cont®f SERBATE it is necessary to newly
introdqucewan expensive vgcidic gas rpeasurqmgn% eviceltg measure the inCI:%tF %gjgjmci%@is goncentration.
[0010] *Iaéﬂh%ﬁ Considétation of the above-mehtionad state of the art, the present ifvention has an
object of proyidipg an.gcidic 99§4@8§Mﬂ%§%@@3@9@g<%§ new. control \seheme, for performing
stable acidic gas treatment that rarely causes the acidic gas concentration at the outlet to peak and for
reducing thenexeessive additishafalkali agents in aiffeedback farmmat that doesmotregquire the
introduction of a new, expensive acidic-gas measurement device. Means for Solving the Problems

ganpling time of sample exhaust gas and response time of the

analvzer, there 1s a great measurement delay of 5 to 10

It minutes. The present measurement delay becomes a cause

ok

inducing alkali agent addition lag, and along with leading to
treatment faillure of the acidic gas, inducing excessive

additicn of alkali agent.

[ooo7]

p—
%

In order to sclve the present problem, various control
methods have been investigated. “pP+PID control” that further
adds 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
26 normal PID control. In additlon, control schemes that combine

feed-forward control fo decide the addition amount of alkalil

agent based on the ascidic gas concentration of the input, and

feedback control that supplements the addition amount of alkalil

agent based on the acidic gas concentration after treating with
25 alkall agent has been propeosed in Fatent Documents 2 and 3.

With the present control scheme, an effect of suppressing

excessive addition of feedback control is anticipated, and it



hi[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 20 acidic-gas concentration measurement device that

measures an acidic.gas cqncentration gtter collecting dust, the method includes: a step of calculating a
basal addition amaeunt By mulfiplying a coefficient of no more than 1 (for example 90%: 80%, 70%,
50%, etc. described later) by-an ayerage addition.amount according tg atleast ap average time (for
example, 5 minutes, 15 minutes, 30 minutes, 1 hour, 3 hours, 6 hours, etc. described later): and a step
of calculatingy o2 through feedback computation, an addition amount output value of the alkali agent
based on the basal addition amount thus calculated. [0012] In PID control that is primarily being
used currently, thBsgdditioR et ¢an onfiAbeses fo SimpRithetppertffit and lower limit. Therefore,
when setting the control target value QSV) for the outlet HC1 concentration to 40 ppm, for example,
due to’inapproptiate adtition (excaas Jddition, inSlfficient Hddition) of alkali agent repeatedly adding at

the lower limit of[@gt%%qtrgo@m%@ gﬁdejggaq%gga%@%@ggg@rbgf: alkali agent at the actual outlet

HC1 concentration of 40 ppm or less, and setting the addition at the upper limit of the control output in
order to ingreasethe:additionof adkalk 1o agent@at a-cantraltarget value (SV) of 40 ppm or higher, the
PC1 concentration at the outlet greatly fluctuates, along with causing the excess addition of alkali
agent. [0013] [Patent Document 3] Japanese Unexamined Patent

Application, Publication No. 2006-75758

DISCLOSURE OF THE ITNVENTION
Problems to be Solved by the Invention
[oo0%]
However, although the unexpected handling of the inlst is
it posaible to some axtent in Patent Document 1, since the upper
limit value as well as the lower limit value of the control
output are single data input, in a facility in which the
fluctuation in the inlet acidic gas concentration dramatic,
hunting ccours depending on the agent; therefore, stable
20 treatment in which there are few peaks in the outlet acidic gas
concentration i1s difficult. In addition, the measurement delay
of the measurement device i1g not taken into account, and thus
it is not possible to deal with acidic gas treatment fallure

due to the addition lag of the alkall agent from measurement

[
=

delay. Furthermore, with Patent Documents 2 and 3, facilities
that only measure the outlet acidic gas concentration account

for most combusticn facilities such as incineration facilitiles,



In contrast, in a case of calculating the basal addition 20 amount arrived at by multiplying a coefficient
of no more than 1 by an average addition amount gccording at least to average time, and calculating
the addition amount output value of alkali agent by way of a feedback computation based on the basal

addition amount thus calculated as in the first aspect, 25 thgjnappr%)%)riatg addition of alkali agent is
prevented,&iTd stabié Heatient With' fitle MictHATSH Of thid& dufist H I Kokicentratioh to be treated is

possible, aswell as.the. addition amount, of alkali. agent.also-being abledecreaseas a result of

appropriate addition according to the first aspect. [0014]  The first aspect of the present invention
focuses on:thespast-average-addition ameuwnt-as an<lenent relatingdothe Rdl concentration of the
inlet that could not be taken into considerationconventional feedback control, and has a characteristic
of applyingrabasar addition-amount arrived at by multiplying a coefficient of no more than 1 by the past
In average addition amount. The addition amount of alkali agent is thereby calculated according to
feedback cohtrof such as PIP, for example, based on the basal addition amount arrived at by

multiplying a cogffigient of no.more than 1 by-apast average addition amoury, which has validity as the

base of the 15 addition"amount, without performing the addition of alkali agent that repeatedly
fluctuates greatly-hetweensthe-lowerdimit and-upperlimit-ps-conventionally: Fherefore; the addition
fluctuation of alkali agent becomes smallhereby
gas treatment method according to a new control scheme for
performing stable acidic gas treatment that rarely causes the
W acidic gas concentratlion at the cutlet to peak and for reducing
the excesgsive addition of alkali agents in a feedback format
that does not reguire the introduction of a new, expensive
acidic-gas measurement device.
Means for Solving the Problems
15 [0011]
According to a first aspect, in a method for treating
acidic gas that adds an alkall agent to a combustion exhaust
gas containing acidic gas, and feedback controls an addition
amount of the alkeli agent based on a measurement signal of an
2 acidic-gas concentration measurement device that measures an
acidic gas concentration after collecting dust, the method
inciudes: a step cof calculating a basal addition amount by
maltiplyving a coefficient of no mere than 1 (for example, 95%,
50%, 80%, 70%, 50%, etc. described later) by an average

addition amount according to at least an average time (for

)

el
feas

example, 5 minutes, 15 minutes, 30 minutes, I hour, 3 hours, €

houre, etco. described later); and a step of calcoulating,



suppressing hunting caused by addition failure of the alkali agent itself (excess addition, deficient
addition), and an addition amount reduction becomes possible by performing appropriate addition,
along with stable treatment of acidic gas with little fluctuation becoming possible. [0015]
to a second aspect, in the method for treating acidic gas as described in the first aspect, the basal
addition arnotnttitis CaCHRktEd 76 URRREA 8 I6Wer fitnit Valtie FHT 8xafpté -0 adtition amount
lower limit descyibed Jater). for the additian amount.output value.of the alkali agent, inthe step of

calculating, through feedback computation, the addition amount output value. [0016]
the second-aspeact sice the excess or deficiency in addition amount is adjusted by way of

According

According to

conventional feedback computation with the present basal addition amount as a base, by setting the
basal additiéni ‘a@hiount W as the lower limit value of the addition amount output value, the addition of
alkali agent is optimized, and the acidic gas n be eﬁic,ientl%treated. [0017] In addition, E:hhe average

&

time of the averade atditisHantount i§ hot pafticuiar * v

1¢

eing used currently,
addition output can only be set to simply the upper limit and
lower 1imit. Therefore, when setting the contrel target value
{3V} for the outlet HCl concentration to 40 ppm, for example,
due to inappropriate addition {(excess addition, insufficient
addition) of alkall agent repeatedly adding at the lower limit
of the contrel output in order to decreass the addition of
alkali agent at the actual ocutlet HCL concentraticon of 40 ppm
or less, and setting the addition at the upper limit of the
control cutput in order to increase the addition of alkall
agent at a control targst value (8V) of 40 ppm or higher, the
HCl concentration at the outlet greatly fluctuates, along with
causing the excess addition of alkalil agent.

[0013]

In contrast, in a case of calculating the basal addition
amount arrived at by multiplying a coefficient of no more than
1 by an average addition amount according at least to average
time, and calculating the additicon amount output value of
alkali agent by way of a feedback computation based on the
basal addition amount thus calculated as in the first aspect,
the inappropriate additicn of alkali agent is prevented, and
stable treatment with little fluctuation of the outlet HCL

y

concentration to be treared is posseible, as well as the



ted; however, applying the average value of a moving average of the addition amount or the like is
effective, the average time being at least 5 minuteg, and it is preferable to apply on the order of 15 to
24 hours. In addition,is good for the coefficient defined by the basal addition amount to be no more
than 1" In the case of using a coefficient of at least 1, although stable treatment of the acidic gas is

possible, ifI6ads 16ext8sEive addifiohtue fifrevea ddutiionthé addition drotint a&cémpanying a

reduction g the nle! agidic gas concentation. Althoug it 55 suliientf the basal,addiion amount is

no more than 1 times the a e addition amount (coefficient ho more than 1 O%a), 0510.95 (50to
95%) is parteulatly preferable, and 10 0.7 to 0.9 (70 to 901) is particularly preferable. [0018]
According to a third aspect, in the method for treat' acidic gas as described in the first or second
aspect, the stepBGfcalculating strrough feétiback eemputatiorrthecaddition amount output value further
includes: a step of setting at least two ranges of slopes of the acidic gas concentration (for example, a

rangeih\Nﬁﬂﬁﬁa%¥§§?%§eﬁﬂﬂ%6Fﬂﬂa§Eﬁ%ﬂﬁ as an element relating to the HCL

concentration of the inlet that could not be taken into
consideration with conventional feedback control, and has a
characteristic of applving a basal addition amcunt arrived at
by multiplying a coefficient of no more than 1 by the past

10 average addition amount. The addition amcunt of alkali agent
iz thereby calculated according to feedback control such as
PID, for example, based on the basal addition amount arrived at
by muitiplyving a coefficient of no mere than 1 by a past
average addition amount, which has validity as the base of the

15 addition amount, without performing the addition of alkali
agent that repeatedly fluctuates greatly between the lower
limit and upper limit as conventionally. Therefore, the
addition fluctuation of alkali agent becomes small, thereby

suppressing hunting caused by addicion failure of the alkali

$-te

20 agent itself (excess addition, deficient addition), and an
addition amount reducticon becomes possible by performing
appropriate addition, along with stable treatment of acidic gas
with Iittle fluctuation becoming possible.

[0015]
25 According to a second aspect, in the method for treating

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

amount thus calculated is defined as a lower limit value (for



nearest HC1 concentration 4 positive, a range of negative, etc. described later): a step of setting a
control target value (for example, 180 ppm, 220 ppm, etc. in Example 8 described later) for the acidic
gas concentration in every range of the at least two ranges of slopes; and a step of calculating the
addition amount output value of the alkali agent based on at IS least the measurement signal and the

control targePUaILR in"E4ch Of the fAhgE& S Slopa“irrwhidh'a cOntrol target VAlUE setiii’a case of the
range of slope of the, acidic,gas congenyration being large;(for.example, case of 6:seg average of the
slope of nearest 1401 concentration being positive 90 described la(when acidic gas concentration
ascends)) smaallerthania-controhtargetvaluersetdnacase of.the:range.of slope efthewacidic as range
being small (for example, case of 6-sec average of the slope of nearest HCI concentration being
negative describeddater(whenlacidic gas concentration descends)), in the step of setting a control
target value. [0019] According to the third aspect, since the control target value of the acidic gas
concentrattd i€ made smaller In a case of the range of slope of the acidic gas concentration at the

bag filter outlet Qgiggrlgﬁ I%(Wgegﬁcigig C%%dcqg%%rg@ti%%ége@%@ than a case of the range of slope

being small (when o acidi¢ gas concentration (Tes‘cends), it is possible to make the alkali agent addition
amount ouput valedarger whenthe:acidie gas cencentiationiascends;than when the acidic gas
concentration descends. Therefore, the timing of adding alkali agent when the acidic gas concentration
increases canse:made:fast compareditothetaurient control -whepelsy treatinent failure of the acidic
gas due to measurement delay of the acidic gas measurement device can be improved.  In addition,
since the &Ik&f atfeht 28ditin aMctnt ¥en ?ﬁ’e §€idic §ds Concenfration Hescend s ednversely be
made 15 smallef thag, when the adidie gas-conqentration ascends. ine alkall agent,addition amount
can be made to qwcﬁi&d/ deéhne when'the acidic gas concentration reduces, and thus excess addition
due to measurementdelay.of theiacidic.gas,measurement geyice,can besegduced: gas

+

can be efficiently treated.

{

{00171
In addition, the average time of the average addition

13 amount is not particularly limited; however, applyving the
average value of a moving average of the addition amount or the
like is sffective, the average time being at least 5 minutes,
and 1t is preferable to apply on the order of 15 to 24 hours.
In addition, it is good for the coefficient defined byv the

20 basal addition amount to be nc more than 1. In the case of
uging a coefficient of at least 1, although stable treatment of
the acidic gag is possible, it leads to excessive addition due
to preventing a reduction in the addition amount accompanying a
reduction in the inlet acidic gas concentration. Ahlthough it

25 i sufficient 1if the basal addition amount is no more than 1

Fh

times the average addition amount (cosfficient nc more than

100%), 0.5 to 0.95 (50 to $5%) is particulariy preferable, and



[00201  According to a fourth aspect, in the method for treating acidic gas as describedany one of
the first to third aspects, the step of calculating, thrpugh feedback computation, the addition amount
output value further includes a step of setting, between a lower limit value (for example, LO in FIG. 12,
FIG. 15, FIG. 41 described later) and an upper limit value (for example, Lb (control output upper limit)
in FIG. 12, FI6. =85 %F16. 4f deScribéd asted 3o tie additidnFamoant-Bufput value calculated based on
the measur %@tg signal, at least one new upper limit value for the addition amount output value (for
example, LM1 (outputl), LM2 (output limit 2) in FIG. 12, FIG. 15, FIG. 41 described later; to

correspond with the acidic gascancentrationffar-example, BF utlet HGlsoncentration in FIG. 12,
FIG. 15, FIG. 41 described later). [0021] There is only one output upper limit in normal feedback 10
computations andowhes the atidic gasscongentratiomn.becomes=atdeast thereontroltargettvalue, the
alkali agent is addable at the upper limit value and excess addition occurs, irrespective of the
magnitude of thé aeithé garoridertriion atthediffet “AeontrasCaccortfing 6 thé $durth aspect,

suitable 15 addition of alkali agent in response fo the magnitude of the. acidic gas concentration
becomes po‘ss}b‘fe“ by mgfﬁ‘dinﬁ a Timitation of the control output a(?coraing to the cdrrent acidic gas

concentration, between the lawer bvalugand ¢ cne acidic gas concentration (for
example, a range in which a 6-sec average of the slope of
nearest HCl concentration is pesitive, a range of negative,

16 etc. described later); a step of setting a control target valus
{(for example, 180 ppm, 220 ppm, etc. in Example 8 described
later}) for the acidic gas concentraticon in every range of the
at least two ranges of slopes; and a step of calculating the
addition amount output value of the alkall agent based on at

15 least the measurement signal and the control target value in
gach of the ranges of slope, in which a control target value
set in a case of the range of slope of the acidic gas
concentraticon being large (for example, case of 6-sec average
of the slope of nearest HC1 concentration being positive

20 described latery (when acidic gas concentration ascends)) is
smaller than a control target value set 1in a 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 HCI concentration
being negative described later (when acidic gas concentration

25 descends)), in the step of setting a control target value.
[0018]

Becording to the third aspect, since the contrel target



upper limit value for the addition amount output value, and a) thus a reduction in the addition amount
becomes possible. [00221  According to a fifth g@gpect, in the method for treating acidic gas as
described in any one of the first to fourth aspects, from 0.5 to 0.95 of the average addition amount
when the average time is at least 5 minutes is defined as the basal addition amount in the step of

calculating fhebasal adiftiG afouri™ 13 [0625] - - 2As Henfoféd abdiR the average TTé of the
average addition amount is not particulayly imited;; howeyer, applying,the average valye of a moving

average of the addition amount or the like is effective, thé average time being at least 5 minutes, and it
is preferable o appheen the osderef 15 to 24-h0urs:dm agddition; itisgoadfar:the coefficient defined by
the basal addition amount to be no more than I. In the case of using a coefficient of at least 1, although
stable treatment:6f 10ttheracidicagas isipodsiblezitdeads te expessiveradditien duéwtogpreventing a
reduction in the addition amount accompanying a reduction in the inlet acidic gas concentration.
Although IS <U¥ficiBAFif tHE bHsar abdrtioramiotit & no thore thdiT £ timés te BoEfade gddition
amount (coefficient no more than 100%), 0.5 t0 0.95 (50 tg P5%) s, particulﬁgjy preferable, and 0.7 to

0.9 (70 to Sd‘% IS pa?tlcu arly pretle?gbﬁe. un'Fhere‘f re, accor ing tothe fift éspeLct, it is possible to

prevent exgess addition efalkali-agentcalong-with performing stabledreatmant ofacidic gas. no[0024]
According to a sixth aspect, in the method for treating acidic gas as described in any one of the first to

fifth aspectsytheste of calciasthrouigh fe@dbaek computation; thiengddifinacaimognt dtput value

further includes a step of ) calculating an addition amount output value of the alkali agent using both
outputs ani6iidta cottrol Otftpateomputsd froth ahydrogertthlefdé edRtentration drriF& control output

compyted ‘ ; . e
pH} fagt compared to the current control, whereby treatment failure

of the acidic gas due to measurement delay of the acidic gas
measurement device can be improved.

In addition, since the alkalil agent addition amount when
the acidic gas concentration descends can conversely he made

15 smaller than when the acidic gas concentration ascends, the
alkall agent addition amount can be made to quickly decline
wnen the acidic gas concentration reduces, and thus excess
addition due to measurement delay of the acidic gas measurement
device can be reduced.

260 focz0]

According to a fourth aspect, in the method for treating
acidic gas as described in any one of the first to third
aspects, the step of calculating, through feedback computation,
the addition amount output value further includes a step of

IiG.

I

25 setting, between a lower limit value (for example, LO in

3

12, FIG. 15, FIG. 41 described later) and an upper limit value

?‘I‘j

(for example, LH {control ocutput uppey limit) in FIG. 12, FIG.



14 from a sulfur oxide concentration, in addition to the feedback computation. [0025] In an incineration
facility of an industrial waste o incinerator or a private factory, hydrogen chloride and sulfur oxides are
often produced in high concentrations. On this occasion, both the hydrogen chloride and sulfur oxides
are treatment targets, and.it is possible to stably treat both acidic gases of hydrogen chloride and

sulfur oxides by adding'a SFE6AtrEFEutplt Dhtaingl aked 6fi the SuIfaF Oxitle Cohé&ttration and a
control output obtained ased;on the hydrogen chloride concentration of a iydrogep chloride

concentration measurement device provided at a stage after the bag filter. Therefore, according to the
sixth aspegtis; pgssible 1lito;stably:treat-beth-acidic.gases . af hydragenchlpride.and,sulfur-exides. [00 6]
According to a seventh aspect, in the method for treating acidic gas as described in any one of the first
to sixth 20zaspacts, thevstepoofgaleulating fthroughiféedbackecomputation, theraddifion afount output

value further includes, __ a step of calculating an addition amount output value of the alkali agnt based
on an avefage vditie SHydrbgeAHiSHdE Condéhtration aW&n%@lﬁﬂ‘%ﬂaékbo?ﬁ&%n%ﬁ@ﬁcfn ddition to

thefeedb%ﬁ&éxggg%gggggtion {for example, BF outlet HCl concentration in

FIG. 12, FIG. 15, FIG. 41 described later).
[0021]
There is only one output upper limit in normal feedback
10 computation, and when the acidic gas concentraticon becomes at
least the control target value, the alkall agent is addable at
the upper limit value and excess additicon occurs, lrrespective
of the magnitude of the acidic gas concentration at the inlet.
In contrast, according to the fourth aspect, sultable
15 addition of alksli agent in response to the magnitude of the
acidic gas concentration hecomes possible by including a
limitation of the control output according to the current
acidic gas concentration, betwsen the lower limit value and
upper limit wvalue for the addition amount output value, and
20 thus a reduction in the addition amount bhscomes possible.
fooz2]

According to a f£ifth aspect, in the method for treating

Hh
th

acidic gas as described in any cne of the first to fcocurth

6]

aspects, from 0.5 to 0.9%5 of the average addition amount when
25 the average time is at least & minutes is defined as the basal
addition amcunt in the step of calculating the basal addition

amount.



[0027] However, there are facilities managing an emission 15 concentration control of acidic gas by a
I-hour average value of each acidic gas concen{gation (hydrogen chloride concentration, sulfur oxide
concentration). Although generally controlling by providing a control target value (SV), the control
target value is a target after all, and thus there are occasionally cases of being a concentration
exceeding thé target value as a result of control_ Since stable treatment of acidic gas is a concept
conflicting with an addition %mqunt reduction in Qgrticulqr, the £isg,of the 1-hour average value 10
exceeding thé Control valug increases the more an‘addition amount réduction is obtained. In this case,
control with a-high degree of;assyrance ip whieh both m@%@@n@%u@w%@piw stable
treatment of acidic gas becomes possible by adding a great amount of alkali agent (defining a certain
additiontamosntrwben-the aeidic gaseancentratiorhas seached atiteast 4he dxbaur-average control
value or a concentration close thereto. Therefore, according to the seventh aspect, since the addition
amaount ‘otfputivealue Of dk&EF adent is-Edicalated 20 based oaithe averagévalde of the hydrogen
chloride concentration and/or sulfur gxidebgoncentratiqn, contrqgl with § high degree of assurance that

can achieve b6th af Additiorr Smdunt Featiction andFstabletreatiient 6Facidic gas bécomes possible_

0[0028]},0urs. 1n addition, it is good for the coefificient defined by
the basal addition amount to bhe no more than 1. In the case of
uging a coefficient of at least 1, although stable treatment of

10 the acidic gas is possible, it leads to excessive addition due

to preventing a reduction in the addition amount accompanving a
reduction in the inlet acidic gas concentration. Although it
ig sufficient 1f the basal addition amount ig no more than 1
times The average addition amount (coefficient nc more than

100

o®

¥
[

b, 0.5 to 0.95 (50 to 95%) is particularly preferable, and
0.7 te 0.5 (70 to 80%) is particularly preferable.

Therefore, according to the fifth aspect, 1t 1g possible
to prevent excess addition of aikali agent, along with
performing stable treatment of acidic gas.

20 [0024]

According to a sixth aspect, in the method for treating

acidic gas as described in any one of the first to fifth

aspecta, the step of calculating, through feedback computation,

1]

the addicion amount output value further includes a step of
26 calculating an addition amount output value of the alkali agent
using both outputs among a control output computed from a

hydrogen chloride concentration and a control output computed



According to an eighth aspect, in the method for treating acidic gas as described in any one of the first
to seventh 16 aspects, the alkali agent is pulverizg sodium bicarbonate having an average particle
size of 5t0 30 //m. [0029]  The alkali agent used in the present invention is not particularly limited.
Pulverized sodium bicarbonate having an average particle size adjusted to 5 to 30 p.m for which
reaction with aBidic §as is'partictiarly FAstHES §ood tontrol FEShHonsIveréss afid caireffectively exhibit
performance in the cantrol technique of the present invention, In addition, slaked lime is also
applicable.ﬁﬁg%ﬁfétgé’sle?rﬁls special number slaked lime is applicable; however, using a slaked lime of
high specifie;surface area, which is a specific surface area of at least 30 mf/g at which the reactivity
with acidic gas is high can better exhibit the performance of the present invention. [0030]  According
to a ninth aspect; theemethod:for treating facidicigas as desctibedsn the eighthtaspect jointly uses one
other alkali agent different from the sodium bicarbonate. 20[0031]  There are no particular limitations
as the alkali gt exhibiting the eHetes 6f fiieprasent InvertioH: Soditm: €4rbbifaté “pétassium
bicarbonate, Xp%tassium caEQonate, sgdiurg sesqklljicarbgnated nta;gral soda, s(g)dil%m.h droxide,
potassium ﬁyaro@x?dg,rr%a%négﬁjﬁ%al g,ema@%esﬁﬁﬁ hy%?gﬁlaef étc. ¢an be é%(erﬁ%h ied as alkali

agents otheythan; pulverized sogiumbicachonate, In-additionainsthe:-case,of the.alkali agent
treatment targets, and it is possible to stably treat both
acidic gases of hydrogen chloride and gulfur oxides by adding a
16 control cutput obtained based on the sulfur oxide concentration
and a control output obtalned based on the hydrogen chloride
concentration of a hydrogen chioride concentration measurement
device provided at a stage after the bag filter.

Therefore, according to the sixth aspect, it is possible

o

to stably treat both acidic gases of hydrogen chlioride and

Recording to a seventh agpect, in the method for treating

acidic gas as described in any one of the first to sixth
20 aspects, the step of calculating, through feedback computation,
the addition amount output value further includes,

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

25 the feedback computation.
(0027}

However, there are facilities managing an emission



17 being powder, the particle size is more preferably less than 30 4m, particularly fines of S to 20 4m,
for which the reactivity withe acidic gas is high. An agent adjusted to a particle size in advance may be
employed, or pulverization equipment may be provided on site, and the alkali agent of coarse particle
size may be added while pulverizing on site. In addition, each alkali agent can be implemented in a
slurry or a§ie668 sttt dissivee inivafr 1 [0032325 Atcdrdingtora Bithoaspetd linthe method for
treating accijc;ic %a}:gla% geggrcibed Sin éhe ”J{‘Et_‘ Qséj%cztf tghe %thgr azllk%li ?%‘?;thfé at least one alkali agent
selected from the group céns%%ng (ﬁnscfal%egﬁm‘e, Soc |13'rmﬁ1“ygu6romd%, magnesium hydroxide,
magnesium-exide - sodivp, cathonate, sodim sesguicaronate, natural:soda.and crude sodium
bicarbonate. [00331 Jointly using a low-cost alkali agent differing from the alkali agent realizing the
control aceardingta theypresent sgmietition is alsotar-econamically=affectivemearise Although 20 there
is no limitation in the alkali agent jointly used, slaked lime, sodium hydroxide, magnesium hydroxide,
magnesiufcoxige; scditaT earsoridte | Sodifd 588§urtarsonate! natiral 5bda andéfudersodium
bicarbonate can be exe mplified as Igwl-jcq,st alkali agegtsttha; are generally usegthfects of the
Invention ff)f’)%ﬁf Accor |cht%sfﬁg poréseﬁ%f“ Ivention, itis p%%éib?@ fo FCeeEng the

target value as a result of control. 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
10 exceeding the control value increases the more an addition
amount reduction is obtained. In this case, control with a
high degree of assurance in which both an addition amount
reduction and stable treatment of acidic gas becomes possible

by adding a great amocunt of alkali agent (defining certain

4]

15 addition amount) when the acidic gas concentration has reached
at least the i-hour average control value or a concentration
close thereto.

Therefore, according to the seventh aspect, since the
addition amount ocutput value of alkali agent is calculated

20 based on the average value of the hydrogen chioride

concentration and/or sulfur oxide concentration, control with a

high degree of assurance that can achieve both an addition

amount reduction and stable treatmwment of acidic gas becomeg

possible.

ey

25 foozg;
Aecording o an eighth aspect, in the method for treating

acidic gas as described in any one of the first to ssventh



18 provide an acidic gas treatment method according to a new control scheme for performing stable
acidic gas treatment that rarely causes the acidic as concentration at the outlet to peak and for
reducing the excessive addition of alkali agents in a feedback format that does not require the
introduction of a new, expensive acidic-gas measurement device. BRIEF DESCRIPTION OF THE
DRAWINGS 00351 FI&e Fis& blodC@iagrarm presentiiy tie Eonfigiration-6rar acidic gas
treatment system 1 that adds uIveri;gP sadium bicarbonate to HO1, which is the exhaust gas of an
incineration tacility; =" FIG. 275 & basic configuration diagrani of 4 simulation reaction system;

FIG. 3 is a graph;showing a relationship between the added equivalents of pulverized sod1u.m
bicarbonate and HC1 removal rate in the exhaust gas reaction; FIG. 4 is a graph showing a
relationship between thé addes-equivatenis ofi pulverized-sodiurmbicarhonatesandHCI removal rate in
the reaction on the bag filter; FIG. 5 is a graph showing the behavior of inlet NO1 concentration;
FIG. 6%is argraphShowing the'betftviors bl tfe adaed wrrouft 6f palverized sodirhisicabonate and
outlet HC1acor]centratiﬂon%as 2 result of actual e%uigme_nt investigatiofn; FIG. 7 is a graph showing the
behavkwso?ﬁﬁ?gadgar“lc e o 5oz Y] or gacdtion

glze aqjuste o 30 um which 1
with acidic gas is particularly fast has good control
responsiveness and can effectively exhibit performance in the
control technique of the present invention. In addition,

10 slaked lime is also applicable. In this case, JIS special
number slaked lime is applicable; however, using a slaked lime
of high gpecific surface area, which is a gspecific surface area
of at least 30 m°/g at which the reactivity with acidic gas is
high can better exhibit the performance of the present

invention.

31

[C030C]

According to a ninth aspect, the method for treating
acidic gas as described in the eighth aspect jointly uses one
other alkali agent different from the sodium bicarbonate.

20 [0031]

There are 1o particular limitations as the alkall agent

exhibiting the effects of the present invention. Sodium

carbonate, potassium bicarbonate, potassium carbonate, sodium

sesquicarbonate, natural soda, sodium hydroxide, potassium

0
LY

hydroxide, magnesium oxide, magnesium hydroxide, etc. can be
exemplified as alkali agents other than pulverized sodium

bicarbonate. In addition, in the case of the alkali agent



19 amount of pulverized sodium bicarbonate and outlet HC1 concentration as a result of a simulation
investigation;  FIG. 8 is a table showing the added amount of alkali agent, etc. in every comparative
example and example as a result of the simulation investigation;  FIG. 9 is a graph showing the
behavior of inlet HC1 concentration; 10 is a graph showing the behaviors of the added amount

. . . g :
of pulveriﬁ%%%l@d iﬁﬁwgﬁcﬁrbéﬁ?ﬁtgﬁﬁf& e dutlef FICT c%E&nf%ﬁdﬁ_W@&’méﬁFfﬁy&%rﬁBle 1;
11 is a graph showing.the behavioxs of the added amoynt of pulyerized sodium bicarbanate and the

outlet HC1 concentration in Example 1; FIG. 12 is a table of control settings of a step control 15
scheme in,Comparative Examples2 and-Examples 2:a06 2053+ EKadl3 is a graph showing the
behaviors of the added amount of pulverized sodium bicarbonate and the outlet HC1 concentration in
ComparativecExampia 2znceF Gyl s agpraph showingtheé behaviorsof the added:amoant of
pulverized sodium bicarbonate and the outlet HC1 concentration in Example 2;  FIG. 15 is a table of

control seftind& 6Fa SEp ConiFol-Schéine in‘Cormpatative ExBmple F°afid Exdriiples 3,9, 10, 11, 17, 18,
oL and 22 ; . F 3,1 Bl 2 gganh showing e benavigrs g the added amaunidfpuiverized sodium,
e

bicarbonate, the infet HCI concentration and the outlet HC1 concentration in Comparative
alkall agent can be implemented in a slurry or agueous solution
digsolved in water.
{0o32]

14 EBccording to a tenth aspect, in the method for treating
acidic gas as described in the ninth aspect, the other alkali
agent 1s at least one alkali agent selected from the group
consisting of slaked lime, sodium hydroxide, magnesium
hydroxide, magnesium oxide, sodium carbonate, sodium

15 sesguicarbonate, natural scoda and crude sodium bicarbonate.
[¢533]

Jointly using a low-cost alkall agent differing from the
alkall agent realizing the control according to the pressnt
invention is alsc an econcomically effective means. Although

20 there is no limitation in the alkall agent jointly used, slaked
lime, sodium hydroxide, magnesium hvdroxide, magnesium oxide,
sodium carbonate, sodium sesquicarbonate, natural soda and
crude sodium bicarbonate can be exemplified as low-cost alkali
agents that are generally used.

25  Effects of the Invention
[0034]

According to the present invention, it is possiblie to



20 Example 3; FIG. 17 is a graph showing the behaviors of the added amount of pulverized
sodium bicarbonate and the outlet HC1 concentration in Example 3; FIG 18 is a graph showing the
behaviors of the added amount of pulverized sodium bicarbonate and the outlet MCI concentration in

Example 4; FIG. 19 is aﬁf%?ph showing the bghavigrs of the added argour)t of pulverized sodium
bicarbonateatid tHe 6tECMEI Toftentration i ExAmpie’s; *““BiG 15§ iS4 graphshowing the

behaviors of the, added amount of pulverized.sediun bicarbonate apdthe, ulet HCL soncentration i

Example 6; . 21 1s a graph showing the"behaviors of the added amount of pulverized sodium

bicarbonateand the-gutiet:HCI-cancentration:in-Example £ i on Fi&. 284sa.gnaph showing the
behaviors of the added amount of pulverized sodium bicarbonate and the outlet HC1 concentration in
Example 8peak F@d28dds argraphisisowirg) trecloelidviers:ofitiiel added amsantofgeiverzed sodium
bicarbonate and the outlet HC1 concentration in Example 9; = FIG. 24 is aé%;?phshowing the
behavibrs oftiie a8G88THodAESRFUVERZed SoTId DicaHBbiate ard the"smtHiE2 tortentration in
Example 10; PIG, 25isa raé)h. %howinagsthe behaviors of g'ue added amount of pulverized sodium
. O IEwW eXpens iy cigic-4g Measuremnesiit evice,
bi carbon.ate and the outlet MCI -

EBRIEF DESCRIPTION OF TEE DRAWINGS

It FIG. 1 is a block diagram representing the configuration
of an acidic gas treatment system 1 that adds pulverized sodium

bicarbonate to HCL, which 1s the exhaust gas of an incineration

FIG. 2 is a basic configuration diagram of a simulation
15 reaction systewm;

FIG. 3 is a graph showing a relationship between the added
equivalents of pulverized scodium bicarbonate and HCL removal
rate in the exhaust gas reactlon;

FIG. 4 1s a graph showing a relaticnship between the added

20 eguivalents of pulverized sodium bicarbonate and HCI removal
rate in the reaction on the bag filter;

FIG. 5 is a graph showing the behavior cof inlet HCI
concentration;

FIG. 6 is a graph showing the behaviors of the added

3
(i}

amount of pulverized scdium bicarbonate and outlet HCIL
concentration as a result of actual egquipment investigation;

FIG. 7 is a graph showing the behaviors cf the added



concentration in Example 11, FIG. 26 is a graph showing the behaviors of the added amount of
pulverized sodium bicarbonate and the outlet HCI gpncentration in Example 12; FIG. 27 is a graph
showing the behaviors of the added amount of pulverized sodium bicarbonate and the outlet HC1
concentration in Example 13; FIG. 28 is algiraph showing the behaviors of he added amount of

pulverized ¥bditih Bicamionate HHertheCoatet EICHCEHtFatigfin Bxamplé't4;  FIG. 29 is a graph
showing th@obl%@%\é%sc%m > added amouynt of pulyerized sodium hicarbonate and the outlet HC1

concentration in Example 15 FIG. 30 is a graph showing the behaviors of the added amount of

pulverized sodium bicarbopate andthenutletHC1:congentrationdnExampler6,1:  FIG. 31is a graph
showing the behaviors of the added amount of pulverized sodium bicarbonate and the outlet HC1
concentratioreircExample 1:7; eve FIGe @2ris magraph shewingsthenbekaviors. of the added amount of
pulverized sodium bicarbonate and the outlet HC1 concentration in Example 18; 33 is a graph

showing the5&Havirs B%esaﬂfﬁé&%ﬁguﬁf]ﬁﬁﬁ&l%ﬁﬁéa%odlum bicarbonate, the inlet Mdi
concentration arrJFchwe ut tHCLg%@lc r%]%ti% |rtgor%%%b IE)&%mEIeﬁ F!ﬁ 34 is a graph showing
i h icar

the behaviors of the a de amount of pulverized sodiu onate and e outlet HCI concentration
in Example-d9:-enHG: 35,8 a graph showing the behaviors of the added amount of pulverized sodium
bicarbonate, the inlet HC1 concentration and the outlet HC1 concentration in Example 20;

R

FIG. 10 is a graph showing the behaviocrs of the added
amount of pulverized sodium bicarbonate and the outlet HCL
[t concentraticn in Comparative Example 1;

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

FIG. 12 is a table of control settings of a step control

15 scheme in Comparative Example 2 and Bxamples 2 and 20;

FIG. 13 i a graph showing the behavicrs of the added
amount of pulverized sodium bicarbonate and the outler HCL
concentration in Comparative Example 2;

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

20 amount of pulverized sodium bicarbonate and the outlet HCL
concentration in Example 2;

FIG. 15 iz a table of control settings of a step control

scheme in Comparative Example 3 and Examples 3, 9, 10, 11, 17,

18, 21 and 22;

£
e}

FIG. 16 ig a graph showing the behaviors of the added
amount cof pulverized sodium bicarbonate, the inlet HCIL

concentration and the outlet HCL concentration in Comparative



36 is a graph showing the behaviors of the added amount of pulverized sodium bicarbonate, the inlet
HC1 concentration and the outlet HC1 concentratign in Example 21;  FIG. 37 is a graph showing the
behaviors of the added amount of pulverized sodium bicarbonate, the inlet HCI concentration and the
outlet HC1 concentration in Example 22;  FIG. 38 is a block diagram representing the configuration
of an acidic’jd& tréatiient system 2 that adds pulverized sodium bicarbonate to HCI, which is the
exhaust gas of an incineration_fa i,”%h sﬁla%i?fg is g taple showing the added amqunt of alkali agent,

etc. in every comparative example and example as a result of an actual equipment investigation; FIG.
40 is a graph-showing thelkehaviers ettheiadded 20rameunt ef pulverizedrsedium-bicarbonate, the
inlet HCI concentration and the outlet HC1 concentration in Comparative Example 5; FIG. 41 is a
table of controfsettingsiofra steg-sentol scheme in Comparative Example 6, and Examples 23 and 24;
FIG. 42 is a graph showing the behaviors of the added amount of pulverized sodium bicarbonate, the

inlet HCI conceritfation Andth@ olitEt MET ¥BncentrafioR TR Comparative Exdifipfe’s;  FIG. 43is a
graph showing the %%h%\-!l'ﬁé%% iheyadded ampunt of pulverized sodium bicarhongte, the inlet HC1
concentration and the outlet HCI concentration in Example 23; and ~ FIG. 44 is a graph showing the
behaviors gfthe added amount ef.pulvedzed sodium bicarbonate, the inlet HC1 concentration and the
outlet HC1 concentration in Example 24. ICEXPLANATION OF REFERENCE NUMERALS

FIG. 1% is a graph showing the behavicrs of the added
of outlet HCI

amount pulverized sodium bicarbonare and the

20

amount of pulverized scdium bicarbonate and the
concentraticon in Example §&;

FI 21 1g a graph showing the behaviors of
amount of pulverized sodium bilcarbonate and the
concentration in Example 7;

FIG. 22 is a graph showling the behavicrs of
amount of pulverized scdium bicarpbonate and the
concentration in Example 8;

FIG. Z3 ig a graph showing the behavicrs of
amount of pulverized scodium bicarbonate and the
concentration in Example 9;

FIG. 24 is a graph showing the behaviors of
amount of pulverized scdium bicarbonate and the
concentration in Example 10;

FIG.

25 is a graph showing the behaviors of

amount of pulverized scdium bicarbonate and the

the added

cutlet HC1

the added

outlet HCL

the added

outlet HCI

the added

outlet HCL

the added

outlet HCL

the added

outlet HC1



[0119] 1 acidic gas treatment system 11 control device 12 pulverized sodium bicarbonate adding
device 13 bag filter 14 HC1 concentration measurgment device PREFERRED MODE FOR
CARRYING OUT THE INVENTION [0036) 10Although the present invention will be more specifically
explained by giving embodiments hereinafter, the present invention is not to be limited thereto. [0037]
FIG. 1 is aPI6ER diddrant Fepresentiig thie Configuration of an acidic gas treatment system 1 that adds
pulverized sodiym bicasbopate to HGT, which.is the,exhaust gas of aningineration faciliy.

amount of pulverized sodium bicarbonate and the outlet HCL

concentration in Example 12;

(33

FIG. 27 1s a graph showing the behaviors of the added
amount of pulverized sodium bicarbonate and the outlet HCI
concentration in Example 13;

FIG. 28 ig a graph showing the behaviors of the added
amount of pulverized sodium bicarbonate and the outlet BECIL
10 concentration in Example 14;

FIG. 29 ig a graph showing the behaviors of the added
amount of pulverized sodium bicarbonate and the outlet HC1
concentration in Example 15;

FIG. 30 1is a graph showing the behaviors of the added
1A amount of pulverized sodium bicarbonate and the ocutlet HC1L
concentration in Example 16;

FIG. 31 ig a graph showing the behaviors of the added
amount of pulverized sodium bicarbonate and the ocutlet HCI
concentration in Example 17;

20

E‘::E

IG. 32 ig a graph showing the behaviors of the added
amount of pulverized sodium bicarbonate and the outlet HCL
concentration in Example 18;

FIG. 33 18 a graph showing the behaviors of the added

|

amount of pulverized sodium bicarbonate, the inlet HC
25 concentration and the outlet HCl concentration in Comparative
Example 4£;

FIG. 34 1s a graph showing the behaviors of the added



24 [00381  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 1-101 concentration measurement
device 14. The control device 11 calculates an addition amount output value of pulverized sodium

bicarbonate by way of feedback control (PID control scheme or step, scheme) based on an 1401
concentrat?d??ﬁfé“as%’reﬁ%éjn\f%}rg‘ﬁaﬁdtraﬁﬁ%ﬁ' Wit TG e t461 EBHcehfralith iiéasirement device 14

and a basal o%%@%@%ﬂ%%mi%al%%%%q from a past average addition amount. The pulverized sodium
bicarbonate adding device 12 adds pulverized sodium bicarbonate to the 1401 in the exhaust gas,

based on the addition amount putpubvaluesfpujverized sadivm bicarbopate galewated by the control
device It should be noted that the basal addition amount is calculated by multiplying a coefficient of

no more thamcluby & pastaveragesddditionambuntaboording tdaa dverageiime (for example, moving
average time [0039] 20The bag filterremoves dust after the reaction between 1401 in the exhaust gas
and pulverZ&¢§oditnt bitarBbhate  THE 146 dontentrafih maasareméntdélicéa £mMeasures the
1401 concentratjpg;(b%% fiLt%r gutlg:t 1-C1 ﬁg‘r}ggntrgggn }gje sg_l\r;iti)egglatoep ggltgr g@dgglverized sodium
bicarbonate accumulated on '.a tﬁeal?ag fifter IB%pG verized sodium bicarbonate remaining from
reaction with HG1 in expaustgas is;aseumated-on-bag filter 13) and 1401 after exhaust gas reaction
has reacted, and transmits an MCi concentration measurement signal to the control device 11. [0040]
concentration and the outlet HCI concentration in Example 21;

FIG. 27 is a graph showing the behaviors of the added
10 amount of pulverized sodium bicarbonate, the inlet HCL
concentration and the outlet HCL concentration in Example 22;
FIt. 38 isg a block diagram representing the configuration
of an acidic gas treatment system 2 that adds pulverized sodium
bicarbonate to HCl, which is the exhaust gas of an incineration
13 facility;
FIG. 39 is a table showing the added amount of alkali
agent, etc. in every comparative example and example as a
result of an actual equipment investigation;
FIG. 40 is a graph showing the behaviors of the added
20 amount of pulverirzed sodium bicarbonate, the inlet HCI
concentration and the outlet HCL concentration in Comparative
Example 5;

FPIG. 41

=)

s a table of control settings of a step control
scheme in Comparative Example &, and Examples 23 and 24;

25 FIG. 42 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



The acidic gas treatment system 1 performs feedback control by repeating such a cycle, whereby the

control device 11 performs control to make the corfrol output value of pulverized sodium bicarbonate

addition amount an appropriate value. It should be noted that the HCI concentration measurement
device 14 is an ionization electrode-type HC1 concentration measurement device, for example. [0041]
In addition; a8 howrT in FIG. 1, it is preferable to install the HC1 concentration measurement device

14 s0 as to meagye the HC1 QO%QSBHG‘Q%EE? the pulverized sodium bjcarbgnate accumulated on

the bag filter 13 and HCI after exhadist gas reaction have reacted (bag filter outlet HC1 concentration
described latens I hisishecause: moreacourate: measurement ok HHGL cencentration is possible since
the pulverized sodium bicarbonate retaining from reaction with MCI in the exhaust gas is accumulated
on the bagfilters13, ard this @cdunivated:pelveriZéd sodigmtbisaibonate réastswithiie HCI after
exhaust gas reaction_ [0042]  In addition, the control device 11 performs feedback control with the
calculdtedHdSal addition amount as a lower limit value for the addition amount output value of

pulverized bicagbgp_qtggxgg%e%d%iggn &@%L{pl:?lo%?; I#gg’ll; described later). Therefore, since the

excess or deficiency inion amourit is‘adjusted by way of conventional feed yack computation with the

present basahaddition amouwnat as-aibase. the additiop-of-alkali agent js eptimized, and the acidic gas
can be efficiently treated. [0043]  In addition, the average time of the average addition amount is not
particularly-timited; hewever zapplying thecaverdffelvaluewi-a moving averageof the addition amount
or the like is effective, the average time being at least 5 minutes, and it is preferable to apply on the
order of 15 to 24 hours. In addition, it is good for the coefficient defined by the

10 EXPLANATION OF REFERENCE NUMERALS
fo119]
1 acidic gas treatment system
11 control device
12 pulverized sodium bicarbonate adding device
15 13 bag filter

14 HCl concentration measurement device

PREFERRED MODE FCR CAREYING OUT THE INVENTION
(00361
20 Bithough the present invention will be more specifically
explained by giving embodiments hereinafter, the present
invention is nmot to be limited thereto.
[0037]
FIG. 1 is a block diasgram representing the configuration
25 of an acidic gas treatment system 1 that adds pulverized sodium
bhicarbonate to HC1, which is the exhaust gas of an incineration

facility.



15 basal addition amount to be no more than 1. In the case of using a coefficient of at least 1, although
stable treatment of the acidic gas is possible, it leagls to excessive addition due to preventing a
reduction in the addition amount accompanying a reduction in the inlet acidic gas concentration.
Although it is sufficient if the basal addition amount is no more than 1 times the average addition
amount (cd@ﬁi%?e}nt no more than 100%), 0.5 to 0.95 (50 to 95%) is particularly preferable, and 0.7 to
0.9 (70 to 90%) i5,particularly preferable. [0, . Eutinermore.the.conttol deyige 11 provides the
two ranges of a range in wthe Slope of the HO1 concentration (time 27 which it is negative. Then, the

control targetvalue Qithe HC1 conceptratiopiisset i each of thesedwadanges: [0P45]  Herein,
setting of the control target value for the HC1 concentration may be set so that a control target value at

which the slopecsf the HE 1keancentrationifallsandthepositivecramgenissmalier than a control target

value for a negative range. By configuring in this way, it is possible to make the pulverized sodium
bicarbdnatBaduitisRMhodFtwhenthe HEX 16 Tontehtrdtidn dscehdsigreatérthaniihen the HCI

concentration. descends. It addition, it is passible to conversely make the pulverized sqdium
. d } T LOPT Sod 108
bicarbonaté addition amount WﬁLeln%He MCT concentration descends smaller than when the HC1

concentratign gscends.:Canseauenthy dt-isipassibletor-canduct addition, - putef pulverized sodium
bicarbonate ahead of schedule by way of feedback computation, and the influence from measurement

delay can beduarther:reduced. [0046Fn - Furthermeres theecentrokdevieé Th-praympérferin feedback

control according to a step scheme. Herein, step scheme is a control §cheme that sets the control
output stepiige detoftfihg 16 tREHER Cotieehtration=More shecificaly/? ik addftiorfterthe upper limit

value for th ntrol val [ in
aueHP té%ggtggnog%%gngig%Pgdgg%%%,from a past average addition amount.

The pulverized sodium bicarbonate adding device 12 adds
pulverized sodium bicarbonate to the HCl in the exhaust gas,
based on the addition amount output value of pulverized scdium
bicarbonate calculated by the contrcl device 11.

15 It should be noted that the basal addition amount is
calcoulated by multiplyving a coefficient ¢f no more than 1 by a
past average addition amount according to an average time {(for
example, moving average time} .

[0039]

20 The bag filter 13 rewoves <dust after the reaction betwesn
HCLl in the exhaust gas and pulverized sodium bicarbonate. The
HC1 concentration measurement device 14 measures The HCI
concentration (bag filter outlet HC1 concentration described
later) after the pulverized sodium picarbonate accumulated on

the bag filter 13 (pulverized sodium bicarbonate remaining from

[l
o

reaction with HCl in exhaust gas is accumulated on bag filter

13} and HC1 after exhaust gas reaction has reacted, and



FIB control scheme, a new upper limit value for the control output value is set in correspondence with
the HC1 concentration. [0047] Herein, there is,only one output upper limit in normal PID control,
and when the acidic gas concentration becomes at least the control target value, the alkali agent is
addable at the upper limit value and excess addition occurs, irrespective of the magnitude of the acidic
gas concentration: Thetgfdie by ddoptingtheStep conitrot 8&hente: Stftabfe addRion of pulverized
sodium bi%%rrlg&nﬁe éré{f%séqﬁoqisle to the magnitude of the HC1 concentration becomes possible by
including a new control output upper limit value according to the current HC1 W concentration,
between the dawer limit value and upper limit value for the addition amount output value, and thus
suppression of excessive addition in the addition amount is possible. [00481 Furthermore, although
the new controlGutpatupper lmit watae is:set cerrespondenes withihefdE€dbeancentration. (for
example, LM1 (output limit 1) and LM2 (output limit 2") in FIG. 12, FIG. 15 and FIG. 41 described
later), the FieW EBRAtrel ot Uppe? lifMEvaltieds also sEf Righer s HeH1Et 2. 0ednEéntration
increases. However,order for suppression of excessive addition of alkali agent, it is preferable to make
a smaller value than the upper limit alué %%%e“contfofléutp“ut valte being set in PIP control scheme
(for example; -E-(contral Quitput upper imitL LEIG k2,16, 13 and:FIG, 41 described later). [00491
The measurement device of the acidic gas used in the

value.

It should be noted that the HCl concentration measurement
W device 14 is an ionization electrode-type HCLl concentration
measurement device, for example.
[6c41]
In addition, as shown in FIG. 1, it is preferable to

ingtall the HC1l concentration measurement device 14 s0 as Lo

o1

measure the HCL concentration afiter the pulverized sodium
bicarbonate accumulated on the bag filter 12 and HCl after
exhaust gas reactlon have reacted {(bag filter outlet HC]
concentration described later). This is because more accurate
measurement of HCl concentration is possible since the

20 ulverized sodium bicarbonate remaining from reaction with HCL

kol

in the exhaust gas 1s accumulated con the bag filter 12, and
this accumulated pulverized sodium bicsrbonate reacts with the

HCI after exhaust gas reaction.

]

[0042]
25 In addition, the control device 11 performs feedback

-
L

control with the caliculated basal addition amount as a lowser

iimit value for the addition amount ocutput value of pulverized



29 present embodiment can be implemented irrespective of the measurement system. The hydrogen
chloride concentration can be measured by an ionigation electrode system, single absorption linear
absorption spectroscopy by laser, etc., and the sulfur oxides can be measured by infrared absorption
spectroscopy, ultraviolet fluorescence method, gte. It should be noted that, since advantageous effects
are obtained i tHe present embGdintent B appIying & Validbasa dadifisn amoditthat had not been
taken into acgount by, conventional feedback control, the effects of the present invention will be
obtained irrespective of the measurement delay speed. [00501 In an incineration facility of an
industrial waste inginerater=or @ private facteny; dydrogeachleride.and:sulfuroxides ate-eften produced
in high concentrations. On this occasion, bo':he hydrogen chloride and sulfur oxides are treatment
targets, andripisrossibledtorstably freatbothrdcidic yases ofhydicyetcelloriderand stlfuwroxides by
adding a control output obtained in the control scheme based on the z(.) sulfur oxide concentration

and a Gontibl Duthifob&EiTed in BEdntiorschiéte BEEEH off Thé Hyarsgert SRictite &orééntration of a
hydrogen cljoride concentration measurement deyige pravided at a stage.afforthe bag filter. [0051]

Furthermore, there are facilities managing an emission concentration control of acidic gas by a i-hour
average valye of eachiacidiggas-eoncentration (hydrogen chloride and sulfur 30 oxide
concentrations) . Although generally controlling by providing a control target value (SV), the control
target value §$ @arget after all, and thus there are occasionally cases of being a concentration
exceeding the target value as a result of o control. Since stable treatment of acidic gas is a concept

conflicting with afadditioh HiBunt FsdEioRARSArtitGIar Sthe sk 6P e T -Rotirdvétage value
exceeding the coptr Lvalue iggrrecaksgﬁtg@l@oigm%%ditigg@gggnt %%%igggstqpéained. In this case,
B ih 1 ; , T

control with aﬁugh egree o
average value of a moving average of the addition amount or the

like is effective, the average time being at least 5 minutes,
and it is preferable to apply on the order of 15 to 24 hours.
In addition, it is good for the coefficient defined by the

15 basal addition amcount to be no more thanm 1. In the case of
using a coefficient of at least 1, although stable tfreatment of
the acidic gas is possible, it leads to excessgive addition due
to preventing a reduction in the addition amount accompanying a
reduction in the inlet acidic gas concentration. Although it

20 is sufficient if the basal addition amcunt is no more than 1

times the average addition amount (coefficient ne more than

[

100%), 0.5 to 0.9% (50 to $5%%; is particularly preferable, and

0.7 o 0.9% (70 to 90%) is particularly preferable.

1

25 Furthermore, the control device 11 provides the two ranges
of a range in which the slope of the HC1l concentration (time

L=
i

change in concentration) is a positive and a rangs ion



10 assurance in which both an addition amount reduction and stable treatment of acidic gas becomes
possible by adding a great amount of alkali agent¥glefining a certain addition amount) when at least
the 1-hour average control value or having reached a concentration close thereto. 15[0052] The
alkali agent used in the present embodiment is not particulayly limited. PuLverizeg st%déum bicarbonate

T

having an ‘4verage patficlesize adflistet 108 1630 i foF Which té&ction with acidic Jas is particularly
fast has gged conirol 20 responsivengss and can.effeetively.exhibit performance in the present control

technique. In addition, for the slaked lime, it is also possibly JIS special number slaked lime; however,
using a slaked: ime of high specific surface area, which is a specific surface area of at least 30 ma/g at
which the reactivity with acidic gas is high can better exhibit he performance of the present invention.
As the other alk@fizrjents ssodiuntcarbdrzte Cpotassiurhicabonatespdtassiurg Earbonate, sodium
sescuicarbonate, natural soda, sodium hydroxide, potassium hydroxide, magnesium oxide,

magnasiufiFRyEroxide; €te. 85N beSe&mplified 10053 O hifiGn Jin the cake 6f the alkali agent
being powder, the particle size Js more preferably.less than,20 pmi particularly fines of 510 20 pm, for

which the reactivity with the acidic gas is high. An agent adjusted to a particle size in advance may be
employed arpulverzatian eguipment may-he A0 provided oRssites ang-the alkadi-aigent of coarse
particle size may be added while pulverizing on site. In addition, each alkali agent can be implemented
in a slurry orEERieoly sokribhcdissolvedrinwater “f00b64} ¢ Rumthesnore: jointipaising adow-cost alkali
agent differing from the alkali agent realizing control according to the present embodiment is also an

economic&R - EfeRRE nEhe AIhGTRYFPIRRT & §s Addmhitaffof i jBHty U8B Fikall agents, slaked lime,

SOdmﬂghygg%gggtgg%%@%?%£&£Q§H8X5¥%égégn%§gg1when the HC1 concentration

descends. In addition, it is possible to conversely make the
pulverized sodium bicarbonate addition amount when the HCIL
concentration descends smaller than when the HCl concentration
ascends. Consecuently, 1t i1s possible o conduct addition

15 output of pulverized sodium bicarbonate ahead of schedule by
way of feedback computation, and the influence from measuremsent
delay can be further reduced.
(0046}

Furthermore, the control device 11 may perform feedback

20 control according to a step scheme. Herein, step scheme is a
control scheme that sets the control output step-wise according
to the HC1 concentration. More gpecifically, in addition to
the upper limit value for the control output value belng set in
BPID ccontrol scheme, a new upper limit value for the control

25  output value is set in correspondence with the HCI
concentration.

[0047]



20 oxide, sodium carbonate, sodium sesquica [donate, natural soda and crude sodium bicarbonate
can be exemplified as low-cost alkali agents generally being used. [0055] A simulation reaction system
will be explained. [0056] (Simulation reaction system): complex reaction in exhaust gas and on bag

filter  In the simulation rt(:eagg:ign s sg}efmz?then[__‘eaé;&ipgﬁ between pulverized sodium bicarbonate and
hydrogen chloritt (EICTy wasdonstitutdd by e o reactions of a reaction occurring instantly in the

exhaust gas, and betwean inreacted pulvarized sodium hicarbonate accumyated-on the bag filter and

HCI (refer to FIG. 2). In addition, the residence time of the collected substance on the bag filter is
normally ofrthe-arntler ©f 2:-2)-heurs, Therefarecsthe prasent simulationisconfigured sothat the
pulverized sodium bicarbonate on the bag filter disappears at a stipulated time (set to about 2 hours).
(0057)  uPPEHe basic-comfigiatioh oithe Simufition. fEaction-Syste it 15 Wik beléplained while
referencing FIG  First, with the injection control of an incineration facili%ran agent addition amount

(pulvetized SodiARbicABDRate aditiT amouit (AGYY s detefmingt by ¢omputation 6fa control
scheme such.as PID hased pn.an HC1 concentration 20(pashtreatment) signal of an ionization

electrode-type hydrogen chloride measurement device installed at the bag filter outlet (formula (1)
below), ang pulverized seditimrbiearhonsse {acidic.gas Heatment agent) ebtre:deteemined addition
amount is added to the exhaust gas (inlet HC1 concentration (Hi)). The pulverized sodium bicarbonate
added to thefluéreactewithtacidiccgadsaehes Rdd s the exHalsrdus iwhereEHC1 in the exhaust

gas is eliminated. . ; ‘
contrel output upper limit value according to the current HCI

10 concentration, betwsen the lower limit value and upper limit
value for the addition amount output value, and thus
suppression of excessive addition in the addition amount is
possible.

0048}

15 Furthermore, although the new control output upper limit
value is set correspondence with the HCL concentration (for
example, LM1 (output limit 1) and LM2 (output limit 27} in FIG.
12, FIG. 15 and FIG. 41 described later), the new control
output upper limit value ig also set to higher as the HCI

My concentration increases. However, in order for suppression of
excessive addition of alkall agent, it is preferable to make a
smaller value than the upper limit value of the contrcl output
value being set in PID control scheme (for example, LH (control

cutput upper limit) in FIG. 12, PIG. 15 and FIG. 41 described

E-J
a1

later:y .
0049]

The measurement device of the acidic gas used in the



33 [3053]. Ag = Aga + LO (1) Ag: pulverized sodium bicarbonate addition amount (kg/h)  Agl:
addition amount (kg/h) defined from outlet of HC1 goncentration measurement device (for case of step
scheme, refer to FIGS. 12, 15 and 41) LO: addition amount lower limit (kg/h) The LO set in advance is

used when normal (case of not apgj\a/ing basal d;gitioq:g qunt according to present invention.).  In
the case of appiyitig the BasAraddition amouRPASETdiTg to the present invention. an output is

calculated yith [.0.as the basaladditian ameynt arcived at by multiplying 2 predetermine.coefficient

by the moving average addition amount of a specified time. [3059]  In addition, the HC1 removal
rate of inlekEKG concentrationiby: the: puberizedsodidm bicathenatewas preliminarity ealculated from
a relationship between the exhaust-gas-reaction pulverized sodium bicarbonate addition equivalents
(Jg) and theig@saustafas-rdactioneHE! repfovabratey(ag) (FIG. 8);and tieirélatoiship between the
reaction-onbag-filter pulverized odium_bicarbonate addition eqéjivalents Ss) and the

reactioh-ohagehiterMdP feMGUaIrate (3¥) (FIG 4 Trom sppiRd khowdge 6F5GFeompany's
pulverized sodium bicarbongte, In.addition, the. reaction between HC1 and pulverized sodium

bicarbonate was defined as instantaneous. First, the HCI concentration (Hg) after reaction in the
exhaust since advantageocus effects are obtained in the present
embodiment by applying a valid basal addition amount that had
not besn taken into account by conventional feedback control,
16 the effects of the present invention will be obtained
irrespective of the measurement delay speed.
00501
In an incineration facility of an industrial waste
incinerator or a private factory, hydrogen chloride and sulfur
1% oxides are often produced in high concentrations. On this
occasion, both the hydrogen chloride and sulfur oxides are
treatment targets, and it is possible to stably treat both
acidic gases of hydrogen chloride and sulfur oxides by adding a

control output cbtained in the control scheme based on the

th

26 sulfur oxide concentration and a contrel output obtained in ths
contrcl scheme based on the hydrogen chloride ceoncentration of

a hydrogen chloride concentratlon measurement device provided

Fh
iy

at a stage after the bag filter.
10051]

25 Furthermore, there are facilities managing an emission
concentration control of acidic gas by a l-hour average value

of each acidic gas concentration (hydrogen chloride and sulfur



34 gas is derived from the pulverized sodium bicarbonate addition equivalents (Jg) of the exhaust gas
reaction and the exhaustgas-reaction HCl removakgate (ag) (formula (2) belol). It should be noted that
the pulverized sodium bicarbonate addition equivalents (Ja) of the exhaust gas reaction are calculated
according to formula (3 below. [0060] Hg - Hi x (1 - cxg / 100).(2) Hi: inlet HCI concentration (ppm) Hs:
HCI conceRtralion after extatist §as readtion (ppim) ° < Uy HCF rémovalrate iif exKaust gas reaction
(%) (Setting fromyrelationship between exhaust-gas-reagtion pulverized sedium hicarbonate addition
equivalents and HCI removal rate (FIG. 3)) [0061] Jg = Ag/ (Hi/ 0.614 / 1000 / M1 x 142 x FO0O) ()
Jg: exhaust=gas-reaction pulverized spdiwn hicatonate addition equivalents Aaaulverized sodium
bicarbonate addition amount (kg/h) : inlet HO1 concentration (ppm) HC1 molecular weight (set at 36.5)
sodium bicarbodate riolscular Welght (et at84)F: Exhatist gas amoist (N 1R) {setat’55:000 Nma/h)
[0062]_

control. Since stable treatwment of acidic gas 1s 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 reduction is
obtained. In this case, control with a high degree of

10 assurance in which both an addition amount reduction and stable
treatment of acidic gas becomes possible by adding a gresat
amcount of alkali agent (defining a certain addition amount)
when at least the l-hour average control value or having
reached a concentration close thereto.

15 [0052]

The alkall agent used in the present embodiment 1s not
particularly limited. Pulverized sodium bicarbonate having an
average particle size adjusted to 5 to 30 um for which reaction
with acidic gas is particulariy fast has good control

26 responsivenegs and can effectively exhibit performance in the
pregsent control technigque. In additicon, for the slaked lime,
it is also possibly JIS special number slaked lime; however,
using a slaked lime of high specific surface aresa, which is a

specific surface area of at least 30 w'/g at which the

el

o
o
H
{h
8]
0
t
ot

ivity with acidic gas 1s high can better exhibit the
performance of the present invention. As the other alkalil

agents, sodium carbconate, potassium bicarbeonate, potassium



In addition, the pulverized sodium bicarbonate remaining from the exhaust gas reaction accumulates
at all times on the bag filter. The pulverized sodium bicarbonate accumulated on 35 the BF reacts with
PC' after exhaust gas reaction, whereby the HC1 concentration at the bag filter outlet (Ho) is decided.
On this occasion tbg Julverized sodium bicarbonate amoynt accumulated on the SF (As) is arrived at

by deducting the pulvérized sodium bicarbonate amount reacted with HC1 on the BF from the sodium

bicarbonate having accupidated inthe exhaustgaseeaction.in addition, theHG1wemoval rate on the

hag filter (as) was decided from the pulverized sodium bicarbonate addition equivalents on the bag
filter (Js) calcitatetfomethe. present aceumutatetiipuiverized sodium bicarbonate amount on the bag
filter (As) and the HC1 concentration after exhaust gas reaction (Hg) (formula (5) below), and the HC1
concentratidif aé the bag filter outlet (Ho) was determined (formula (4) below). [00631 Ho = Hg x (1 - us
/ 100) (4) Hag: H%i- cogfentration.aft r exhaust gas L%ﬂaectionk(pgm) Ho:; It-%l concentr%tign at bag filter

outlet (ppm) Temoval rate of react on on bag fﬁtiero( f(§gﬁfﬁg gl%‘lnl%|§t?8vn5%1ﬁ between

puIverizedéggi%migiggrbgm%ei%d@g% ameunt,on bag-filter andlHGlsremoval rate (FIG. 4)) [0064]
Js=As/(Hg/0.514 /1000 / Mix M2 x F/1000)  Js: pulverized sodium bicarbonate addition
amount onchag fitten pulverizedessoditinsbicarkonate arountvbhdiag fikerreactivity with
the acidic gas is high. An agent adjusted to a particle size
in advance may be emploved, or pulverization eguipment may be
16 provided on site, and the alkali agent of coarse particle size
may ke added while pulverizing on site. In addition, each
alkali agent can be implemented in a slurry or aguecus solution
dissclved in water.
[0054]
15 furthermors, jointly using a low-cost alkalli agent
differing from the alkali agent realizing control according to
the present sembodiment is also an economically effective means.
Elthough there is no limitation in jointly used alkali agents,
slaked lime, sodium hydroxide, magnesium hydroxide, magnesium
20 owide, sodium carbonate, sodium sesguicarbonate, natural soda
and crude sodium bicarbonate can be exemplified as low-cost

aikall agents generally being used.

25 [0085]
A gimulation reaction system will be explained.

[0056]



(kg/h) 36 HC1 concentration after exhaust gas reaction (ppm) Ml: HC1 molecular weight (set at
36.5) M2: sodium bicarbonate molecular weigh' (get at 84) F: exhaust gas amount (Nm/h) (set at
55+000 NM/h) [0065] As = Z / Ts x 3600 (6) Zfl pulverized sodium bicarbonate accumulated
amount on hag filter ( Ts: unit simulation time (= data sgiméolinghtime sec) 10(0.5 sec setting)

k I
[0066] x (1 "-“‘21%‘“"/‘?2?% s,):‘f(”?‘i‘%?“.’f?l""*unsr'é’gt"“:t‘ee”c‘?1 puI‘(x%ﬁ%éé’%o%?&r%hc%rb‘dhft}é?lé&)gL 74 accumulated
pulverized s0giuy Q@g@rbpi@gggn bag filter 90% disappearance time constant (sec) (7,200 sec setting)
In the simulation reaction svstem, the reaction between

pulverized sodium bicarbonate and hydrogen chloride (HCL) was
& constituted by the two reactions of a reaction occurring

instantly in the exhaust gas, and between unreacted pulverized

godium bicarbonate accumulated on the bag filter and HCL (refer

to FIG. 2y, In addition, the residence time of the collected

subestance on the bag filter is normally on the order of 2
16 hours. Therefore, the present simulation is conficured 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 system
15 will be explained while referencing FIG. 2.

First, with the injection control of an incineration
facility, an agent addition amount {pulverized sodium
bicarbonate addition amount (Ag)! is determinsd by computation
of a control scheme such as PID based on an HCLl concentration
20 (post treatment) signal of an ionization electrode-type

hydrogen chloride measurement device installed at the bag

filver outlet (formula {1 below!, and pulverized scodium
bicarbonate {acidic gas treatment agent;) of the determined

addition amount 1s added to the exhaust gas {(inlet HCOL

-

457

concentration {(Hi)). The pulverized sodium bicarbonate added
to the flue reacts with acidic gas such as HCl in the exhaust

gas, whereby HCl in the exhaust gas is eliminated.



Ts: unit simulation time (= data sampling) (sec) (0.5 sec setting) [0067] 20= (Ag / 3600 x Ts - Hg) +
(Zrn - Rs) (6) Ag: pulverized sodium bicarbonatesaddition amount (kg/h) Ts: unit simulation time (=
data sampling(sec) (0.5 sec setting)  Rg: sodium bicarbonate reacted amount in exhaust gas
reaction (k (/)h) . 1: pulverized sodium bicarbonate accumulated amount (kg) on bag filter
before Ts (%e“c%”fB? Rs: sodium bicarbonate reacted amount in reaction on bag filter (kg/h) [0068]
Rg = (Hi/ 0.614,/;1Q000,,M1 x1R2 % Fr / 1000) / 3600 x Ts

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

Agl: addition amount {ka/h} defined from outlet of HCI

o1

concentration measurement device (for case of step scheme,
refer to FIGS. 12, 15 and 41)

LO: addition amount lower limit (kg/h)

The LO set in advance 1s used when normal (case of not
applying basal addition amount according to present invention).
14 In the case of applying the basal addition amount

according to the present invention, an cutput is calculated

with LO as the basal addition amount arrived at by multiplying

a predetermined coefficient by the moving average addition

amount of a specified time.
15 {005%9]

In addition, the HCl removal rate of inlet HCL
concentration by the pulverized sodium bicarbonate was
preliminarily caloulated from a relationship between the
exhaust-gag-reaction pulverized sodium bicarbonate addition

20 equivalents (Jg) and the exhaust-gas-reactlion HCl removal rate

{og) (FIG. 33, and the relationship between the reaction-on-

bag-filter pulverized sodium bicarbonate addition egquivalents

{Jz) and the reaction-on-bag-filter HCl removal rate {ws) {(FIG.

4) from applied knowledge of our company’ s pulverized sodium
25 bicarbonate. In addition, the reaction between HCLl and
pulverized sodium bilcarbonate was defined as instantaneous.

First, the HCl concentration (Hg) after reaction in the exhaust



x ag / 100(9) Hi: inlet HC1 concentration (plom) MIl: HC1 molecular weight (set at 36.5) M2: sodium
bicarbonate molecular weight (set at 84) F: exhauszgas amount (Nm3/h) (set at 55,000 Nm7h) 10ag:
HC1 removal rate in exhaust gas reaction (%) [0069] Rs = (Hg / 0.614 / 1000/ M1 X 42 x F / 1000) /

3600 x Ts x as / ﬁlpoﬁ/%oj) Ha: '?Q%mcoﬂ%ent@f@g ‘malf%erdeé%adus& as, reaction (ppm).15HCI molecular
weight (sett 36.5) sodium bicarbonate molecular weight (set at 84) F: exhaust gas amount

0““3”0(3%H@¥¥é9996¥”¥35) of the exhaust gas reaction and the exhaust-
gas-reaction HCl removal rate (cg) (formula (2) below). It
should be noted that the pulverized sodium bicarbonate additicn
5  eguivalents (Jg) of the exhaust gas reaction are calculated
according to formula (3] below.
[C0B0]
Hg = Hi x (1 - wg / 100) {2)
Hi: inlet HCl concentration (ppm)
10 Hg: HCLl concentration after exhaust gas reaction {(ppm)
og: HCI removal rate in exhaust gas reaction (%)
(Serrting from relationship between exhaust-gas-reaction
pulverized sodium bicarbonate additicn equivalents and HCL
removal rate (FIG. 3})

15 [0061]

Jg = Ag / (Hi / 0.614 / 1000 / M1 x M2 x F / 1000) (3)
Jg: exhaust-gas-reaction pulverized sodium bicarbonate
addition sguivalents
Ag: pulverized sodium bicarbonate addition amount (kg/h)
20 Hi: inlet HC1l concentration (ppm)
Ml: HCl molecular weight (set at 26.5)

¥M2: sodium bicarbonate molecular weight {set at 84)

F: exhaust gas amount (Nm” /hY {set at 55,000 Nm /h)
[0062]
25 In additicn, the pulverized sodium bicarbonate remaining

from the exhaust gas reaction accumulates at all times on the

bag filter. The pulverized sodium bicarbonate accumulated on



as: HCl removal rate of reaction on bag filter (%) [0070] 20The HCI concentration at the bag filter outlet
after the present reaction is measured by the ionization electrode-type hydrogen chloride
measurement device 14. However, with the ionization electrode-type hydrogen chloride measurement

device 14, fhere.p a measurementlelay fime due,ig he faclit. (T measyrement dejay time due to
exhaust gas sampllnga(cl' a), and a measurement deiéy time due to ionization electrode-type

measuremgnt (F26-taspensedime), and-thus,feedback 38:charactesistic control dag occyrs. [0 711
Therefore, the delay time (T) of the HCI concentration measurement device 14 in the present

simulation is:defined asithe, sumeofithedetay ¢ithesduéuo thédaciity:(Fir anddhetmeasurement delay
time of the HCI concentration measurement device 14 (T2) (formula (11) below). It should be noted

that the méasiiBiieritdelay timé of the M1 éonéertratich AfedSUreffett device 18 (T2) is arrived at

by setting th measur%megédela 10 jir%% % tseamaplirlq %xhausctt%?ﬁs a@%%@&ltr%%tr@%rg féq;m the flue

I UL Veriy NIRDEN a1l m [S35)
and thé m&asurement déiay time of tiie onization electrode-type HO1 concentration measurement

device (T249,) (response dime), and summingithese {formula (12) below). Far the:90% response time
(measurementlay) of an ionization electrode system generally IS used, diffusion of HC1 gas into
absorbing lquidrhas-ahdnfluenceztherefare, T28: wasldefined-as (formular{18hbelew). In the present
simulation, for the ionization electrode system having long measurement delay twas defined as a total

filter (ws) wasg decided from the pulverized sodium bicarbonate

addition egquivalents cn the bag filter (Js) calculated from the

10 present accumulated pulverized sodium bicarbonate amount on the
bag filter {(As) and the HC1 ceoncentration after exhaust gas
reaction (Hg) (formula {5) below), and the HCl concentration at

the bag filter outlet (Ho) was determined (formula (4) below).

(0631

i

145 Ho Hg = {1 — ws / 100 {4;
Hg: HCL concentration after exhaust gas reaction {ppm)
Ho: HCL concentration at bag filter cutlet {(ppm)

reaction on bag filter (%)

-

- [ . -
s HCL removal =x

m

O

o

(Setting from relationship between pulverized sodium

2 bicarbonate addition amount on bag filter and HC1 removal rate

Js = Rs / (Hg / 0D.614 / 1000 / M1 x M2 x F / 1000} (5]

Js: pulverized sodium bicarbonate additlon amount on bag

hg: pulverized sodium bicarbonate amount on bag filter



of 600 sec (10 mini5 min, T2 = 9.5 min) for T1 = 30 20 sec, T20 = 390 sec (sampling delay 210 sec
bromine scrubber passing delay 150 sec.), and T2E = 150 sec, based on the conditions of an actual
equipment facility. [00721 It should be noted that, for the case of using an Pd1 20 concentration
measurement dgvice.having a short measurement delay time according to an ionization electrode

ernTIs

system, the behavior was confirmed by varying the measurement de aay fime. 35%1 73] (HC1

concentration measurgment devices(simulating low:spged fesponse, ionization electrode system T =
T1+T2(11) T: delay time of simulation reaction system of HC1 concentration measurement device

(sec) TI: delay tinte obfatility (seck(B3dsec setting)culF2: measurerirert delay time of MCI
concentration measurement device (sec) . .
F: exhaust gas amount (Nm'/h) (set at 55,000 Nm'/h)
5  [0085]
Bs = Z. / Ts x 3600 (&)
Zn: pulverized sodium bicarbonate accumulated amount on bag
filter (kg)

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

10 (0.5 sec setting)

(0066}
Ze = Zy x (1 - 2.3/ T4 x Ts) {7
Z. : unreacted pulverized sodium bicarbonate (kg)

T4: accumulated pulverized scodium bicarbonate on bag
15 filter S90% disappearance time constant (sec)
(7,200 sec setting)
Te: unit simulation time (= data sampling time) (sec)
(0.5 sec getting)
10067}
20 Z. = (Ag / 2600 x Te - Rg) + {(Z,:. — Rs) (8)
Ag: pulverized sodium bicarbonate addition amount (kg/h)
Ts: unit simulation time (= data sampling time! {sec)
(0.5 sec getting)
Rg: sodium bicarbonate reacted amount in exhaust gas
25 reaction (kg/h)
Zn.1: pulverized sodium bicarbonate accumulated amount (kg)

on bag filter before Ts (sec)



10T2i2n T20(12) T2a: exhaust gas sampling time of HC1 concentration measurement device (sec)
(390 sec setting)  T20: 90% response time of 14€1 concentration measurement device (sec) (180
sec sett -g) e constant (sec) x Ts (14) TSLmhsmumnmnﬂme(—dmasmnmmgﬁme)@e@
20(0.5 sec setti Xn: uwenlnqungmentdevmelmetl40 concentratl ion (P.Pm Yncuwent
measurement dévice ou fLetrT-léi Concentration (?opme) ou Feaction o

filter (kg/h)}
[o068]
Rg = (Hi / 0.614 / 1000 / M1 x MZ x F / 10C0) / 2600 x Ts
50 0% owg /o100 (9
Hi: inlet HCl concentration {(ppm)
M1: HCl molecular weight (set at 36.5)
M2: sodium bicarbonate molecular weight {(set at B4)
F: exhaust gas amount (Nm’/h)  (set at 55,000 Nm /h)
10 og: HCL removal rate in exhaust gas reaction (%)
[00&9]
Rs = {Hg / 0.614 / 1000 / M1l x M2 x F / 1000} / 2800 x Ts
x wg /100 {(10)
Hg: HU1 concentration after exhaust gas reacticon (ppm)
15 Mi: HCl molecular weight (set at 36.5)

Mz: sodium bicarbonate molecular weight (set at 84)

s

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

xs: HC1 removal rate of reaction on bag filter (%)
[oo70]

20 The HCL concentration at the bag filter outlet after the
pregent reaction is measured by the lonization electrode-type
hydrogen chloride measurement device 14. However, with the
ionization electrode-type hydrogen chloride measurement device
14, there is a measurement delay time due to the facility (T1},

25 a measurement delay time due to exhaust gas sampling {T2w), and
a measurement delay time due to lonization electrode-type

measuremant (T25, response time), and thus fesdback



25Yfloo previous (Ts (sec) before) measurement device outlet HC1 concentration [0074] 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 HC1
measurement device (above f%%%%il)l)alhg Jbasal addition amount according to the present

invention was calculated with the moving average addition amount x coefficient (no more than 1) as

the lower limit f feedback control. [0075]  In addition, using the inlet HC1 concentration, which
fluctuates as shown in FIG. 5, the reaction efficiencies of the exhaust gas reaction and HC1 reaction
on BF were set from-thfeoadditionsbelravigr of RED i actualegquipmentasowell asttherHC1 generation

situation (FIG. 6), and the results of the present simulation reaction system (F7). The present
investigatidit FESUIEEaFE sAEWASR FIG. Sand FIBE 75 % thé preséntifatility, atthe & Pémoval

efficiency from the exhaust gas of 80%.and the remoy. Iegicientg f reaction on.the BF of 65%, the
behaviors 6f the actua ea%fjﬁg)rﬁg%? and simu ﬁ%ntggFe%ed 1Gre ""2%@/ an?aC IﬁGa"r%? T%grefore, the

following sipulations wereiperorred.at the presant congitions i shouldbenoteddhat, in order to
clarify the control responsiveness according to the control method, an inlet HC1 concentration (Hi) of a

time periodibaving latge Tompdrative fluctuatiorrwas-used 10 condutt 2bd¢heqresentisimulation. [0076]
Hereinafter, the present invention will be more
the measurement delay time of the HCL concentratlion measurement
device 14 (T2) is arrived at by setting the measurement delay
10 time of sampling exhaust gas after HCL treatment from the flue
and the measurement delay Time of the icnization electrode-type
HC1 concentration measurement device (T2p) {response time), and
summing these (formula (12) below). For the 90% responss time
(measurement delay) of an ilconization slectrode system gensrally
13 used, diffusion of HCL gas into absorbing liquid has an
influence; therefore, T2F was defined as (formula (13} below).
In the present simulation, for the ifonization electrode system
having long mesasurement delay time, it was defined as a total
of €00 sec {10 min: T1 = 0.3 min, T2 = 9.5 min) for T1 = 30
20 sec, T2o = 330 sec (sampling delay 210 sec + bromine scrubber
passing delav 180 sec), and T2( = 180 sec, based on the
conditions of an actual eguipment facility.
(06727
It should be noted that, for the case of using an HCI

concentration measurement device having a short measurement

[
k]

delay time according to an lonization electrode system, the

behavicr was confirmed by varvinog the measurement delay time.



41 specifically expiated by giving examples; however, the present invention is not to be limited thereto.
The investigation in the following examples was dane by producing a simulation reaction system from
actual equipment investigation results, and investigating the control results by each control method. It
should be tg%tpat, since there is a condition of long average time for the average addition amount in
the basal addition amount (3 hours, 6 hours), the inlet PO1 concentration was repeatedly used, and
evaluation wasdene, with: 10 the fesults:dudng.the £:to: d hour alapse.[Q977} . .Camparative Example 1
Using the inlet HO1 concentration shown in FIG. 9, the control target value (SV) of the outlet HC1
concentrationsndtSPIP tantrok schemel 4R {proporteralgain) = 100%, | = 0.1 sec, D = 0.1 sec,
addition amount output lower limit 200 kg/h, addition amount output upper limit 480 kg/h" based on the
HC1 concentratidn méasuretFwith 'an HC1 measurement device (9.5- min measurement device
measurement delay é%%lltime. Jn the 20, simulation was set to 200 %3 m, ar%d%v s feedback controlled.
The pu?verized sodium bicarbonaté addition arount and- the bag¥i ter outiet 1 concentration
(average, 1-hour average maximum.Jnstantangous maxdmum, 1-hour average minimum, instant
minimum) after treatment with pulverized sodium bicarbonate are shown in FIG. 8. In addition, the
behaviors of the pulvetized,saditm bicatbonate-gddiion)amaantand dhe tiagsfilter outlet HO1
concentration during the present control are shown in FIG. 47 10.

T2: measurement delay time of HCI concentration
measurement device (sec)
1o TZ = TZo + T2R {12)
TZ2c: exhaust gas sampling time of HCL concentration
measurement device {sec)
{330 sec setting)

TZf: 90% response time of HCL concentration measurement

15 device (sec) (180 gec gsetting)

T8 = 2.3 % i3

Yy o= Yaor + (3Mp = Yooud /1 x Ts {14

T: time constant (sec)

Ts: unit simulation time (= data sampling time) (sec)
20 (0.5 sec setting)

Xr: current measurement device inlet HCLl concentration
{ppm)
¥ current measurement device outlet HC]1 concentration
{(ppm)
25 Y.1: previous (Ts {sec) before) measurement device outlet
HC1 concentration (ppm)

[0074]



[00781 The maximum value of the 1-hour average value for the outlet HC1 concentration often used
as the emission control value of acidic gas was 212 ppm, and the instantaneous maximum was 384
ppm. [0079] Example 1 Except for multiplying a coefficient of 80% by the 30- Id minute moving
average addition amountt(:lfglllh) t&%efé%dq}e% basal add|L|og Aamouynt, gngg@ohgly@ge%% the addition

11 aiii‘u. K i) MLCF]TE aAMOUILT r H - ¥ iy 111 .
amount output lower limit, it was operated at the same setting conditions’shown in Comgaratlve

Example 1;and:feegdback-controlleds ; »<Ehe pubverized-sedinnsbicashonate-addition.amesnt and the
bad filter outlet HC1 concentration after treating with pulverized sodium bicarbonate are shown in FIG.
8. In additidnethel behiawiors of the pallerizettisadiunhbicarborateradditionameumtandbag filter outlet
HC1 concentration during 20 the present control are shown in FIG. 11. [0080]  According to
Example 1-¥itHithe ffEBdmuRTvalue'6PHES foPHie E-Hoti 4vetade value D189/ and the
instantanegggé%gr)éi%num of ?EOQ P&r}nﬁ) éjhg acidictg%s treatment pglrforngance 5 improved compared to

Comparative le'T; a8 well as the addition amatin %%lllr?g rediced from 330 kg/h to 315 kg/h.

[0081] caloulated with the moving average addition amount X
coefficient (no more than 1) as the lower limit of feedback
control.

[0075]
i In addition, using the inlet HCl concentration, which
fluctuates as shown in FIG. 5, the reaction efficisncies of the
exhaust gas reaction and HCL reaction on BF were get Ifrom the
addition behavieor of PID in actual sguipment as well as the HCL
generation situaticn {(FIG. &), and the results of the present

15 simulation reacticn system (FIG. 7). The present investigation

regults are shown in FIG. 6 and FIG. 7. In the present

facility, at the ECl removal eificiency from the exhaust gas of
80% and the removal efficient of reaction on the BF of 5%, the
behaviors of the actual eguipment and simulation agresd (FIG. &

20 and FIG. 7). Therefore, the following simulations were

performed at the present conditions. It should be noted that,
in order to clarify the control responsiveness according to the

control method, an inlet HCLl concentraticon (Hi) of a time

period having large comparative fluctuation was used to conduct

%)
)

the present simulation.
[0G76]

Hereinafter, the present invention will be more



43 Herein, an outline of the step control scheme will be explained. Control was performed according to
step control scheme in place of the PIE control sciieme in Comparative Examples 2, 3 and 6, and
Examples 2, 3, 9to 11, 17, 18 and 20 to 24. [0082] Contrary to PIP control: scheme, the step scheme

was defined as.a control scheme-that;stipulates the autpyt jn Q;StﬁBﬁg"\?&’T‘aE‘z@@rzﬂ}a}é%%Qﬁlf‘se to the

HC1 concentration of thé 10 outlet. When explaining with-Comparative Example 2 and Examples 2

and 20 (FiGw12) whilesthe-HE| €oneentrationds betweenSIT control target value (control output initial
concentration (at least output lower limit)) and SM1, the control output is outputted in a step-wise
manner betweehH:0 andEMilgdtdefinesiatfoemattharoutputsatohtrol oaputset atr M2 while the
HC1 concentration is between SIC and 5M2, and outputs LH (control output upper limit) at SIC or

higher. It SHoUH be Fofed that there R nd8atputTindt fit & horhtal PIESEGntr§HEsd: and there is only

setiing of LO.and L1110 20 agdion, cogection.of the Jahle deiding e HC] congentiation and control

output used in the control operation according to the HCI slope was performed with SVA1 and SVA2,
and whenheHG1 slope wascpesitive; SVALwas subtracted fromitheHGd.concentration.used in the

operation, and when the HC1 slope was negative, SVA2 was added to the HC1 concentration used in
the operatiomdihie contrdl éutput Tatculgtedcupen inputting thesame HCH toncentation is thereby
defined in a

in the basal addition amount (3 hours, 6 hours), the inlet HCI

concentration was repeatadly used, and evaluation was done with
1 the results during the ¢ to % hour s=lapse.

(00771
Comparative Example 1

Using the inlet HCl concentration shown in FIG. 9, the

control target value (3V) of the outlet HC1 concentration in

15 PID contrel scheme “P {propertional gain) = 100%, I = 0.1 sec,
D = 0.1 sec, addition amount output lower limit 200 kg/h,
addition amount output uppsr limit 480 kg/h” based on the HCL
concentration measured with an HCL measurement device (9.5- min
meagsurement device measurement delay total time)] in the

20 smimulation was set to 200 ppm, and was feedback controlled.

The pulverized sodium bicarkbonate addition amount and the
bag filter ocutlet HCL concentration (average, l-hour average
maximum, instantanecus maximum, 1-hour average minimum, instant
minimum) after treatment with pulverized sodium bicarbonate are

2 shown in FIG. 8. In addicion, the behaviors of the pulverized

sodium bicarbonate addition amount and the bag filter outlet

HC1 concentration during the present contrel are shown in FIG.



format in which the control output value when the value of the PC1 slope is large (acidic gas
concentration increasing trend) is larger than the céntrol output value when the value of the HC1 slope
issmall. It should be noted that the pulverized sodium bicarbonate addition amount (Ag) is obtained
with the aboye formula (1) [0083] Comparative Example 2 In the simulation, the control target value
(concentration at which control output of alkali agent in present scheme is added at output lower limit
or higher detined gs SV) in control of the step scheme based on the HC1 concentration measured by
the HC1 measurement device (9.5-min measurement device measurement delay time) was set to 200
ppm, and feedb&tkecortréltedr(refdrte FIG.CIR). I - 'The pularized sedivm Bigarbdnate addition
amount and the bag filter outlet HC1 concentration after treating with pulverized sodium bicarbonate

are shown W FtG 82 adaiioR: tié beRaviors OF the plvtiZeFsSabRT bitarbShRaE"N addition
amount and bag filter qutlet HCJ, congentration dyring the present.contral are,shayn in FiG. 13. [0084]

The maximum value for the 1-hgur average value of the outlet HCI concentration according to the step
scheme wag:212 €k ppps and the instantaneous maximum was 383 opm. [0085] Example 2

[0072]
Example 1
Except for multiplying a coefficient of 80% by the 30-

¢ minute moving average addition amount (kg/h) to define the
basal addition amcount, and applving as the addition amcunt
output lowsr limit, it was operated at the same setting
conditions shown in Comparative Example 1, and feedback
controlied.

15 The pulverized scdium bicarbonate addition amount and the
bag filter outlet HCl concentration after treating with
pulverized sodium bicarbonate are shown in FIG. 8. 1In
addition, the behaviors of the pulverized sodium bicarbonate
addition amcount and bag filter outlet HCl concentration during

20 the present control are shown in FIG. 11.

(0080]
According to Example 1, with the maximum value of HCL for

ntaneous

W

the 1-hour average value of 18% ppm and the inst

arrornance

i}

ot
o]

h

maximum of 20% ppm, the acidic gas treatmer

"E

improved compared to Comparative Example 1, as well as the

g
L)

addition amount being reduced from 330 kag/h te 215 kg/h.

(0081



45 Except for mu_ing a coefficient of 80% by the 30-m n moving average addition amount (kg/h) to
define the basal addition amount, and applying as4he addition amount output lower limitwas operated
at the same setting conditions of the step scheme shown in Comparative Example 2, and feedback
controlled.  The pulverized sodiym bicarbonate addition amoynt and the bag.filter outlet HC1
concentration after treating with pulverized sodium bicarbonate are shown in FIG. 8. In 10 addition, the

behaviors af.the.pulverized-spdivm hicarbenate addition ameuntand bagfilter-outlet HCI concentration
during the present control are shown in FIG. 14. [0086] According to Example 2, with the maximum

value of the dr<k=hdur averagealue<offthe autpat HC lscoreentiatioin the: stepescheme being 195
ppm and the instantaneous maximum being 320 ppm, the acidic gas treatment performance improved

compared {6 &Bmparative’ERaMple 2288 WelPES t5€ atidition Anfdunt Bisd being’rédiicetfrom 295
ka/h t05289tgg/£14 _[0087] Comparative Example 3

[oog2]
Contrary to PID control scheme, the step scheme was
defined as a control scheme that stipulates the output in a
step-wise manner in response to the HCl concentration of the
Hr o outlet. When explaining with Comparative Example 2 and
Examples 2 and 20 (FIG. 12), while the HCl concentration is
between 8V control target wvalue (control output initial
concentration (at least output lower limit)) and SM1, the
control output isg cutputted in a step-wise manner between LO
15 and LM1. It defines a format that outputs a contrcl cutput set
at 1LMZ while the HC1l concentration is between 5M1 and 3M2Z, and
outputs LH (control output upper limit) at 8M2 or hicgher. It
gshould be noted that there is no ocutput limit in a normal PID
control method, and there is only setting of LO and LH. In
200 addition, correction of the table deciding the HCI
concentration and control output used in the control operation
according to the HCl slope was performed with SVAL and SVAZ,
and when the HC1 slope was positive, 8VA1 was subtracted from
the HCl ceoncentration used in the operaticon, and when the HCL
25 slope was negative, SVAZ was added to the HCl concentration
used in the operation. The control output calculated upon

inputting the same HCl concentration 1s thereby defined in a



In the step scheme control based on the HC1 concentration measured by the HC1 measurement
device (9.5- min measurement device measureme#t delay timej in the simulation, it was feedback
controlled with the control target value (SV) of 180 ppm (SV - 20 ppm) when the 6-sec average of the
slope of the:pearest HC|,concentrationpasitive, andthe control target value LGV, of 220.ppm (CV 20
ppm) when the 6-sec average of the slope of the nearest PC1 concentration is negative (refer to FIG.
15). The pulverizedsedisn bicarbonate additionsamoeunt and-thedm bagdittes outlet HE&h epncentration
after treating with pulverized sodium bicarbonate are shown in FIG. 8. In addition, the behaviors of the
pulverized $6diby picarbbaateBddition arount ahd batfilker oliiet MO dericentrstion during the
present corjtrql are shown in FIG, 16. h)[0088] = The maximum value of the 1-hour average value of
the outlet HCI cdicdhitratfor®3&cording to the present feedback control in which the control target value
was changed accarding,to ine slaps Al e HC! eoncentialion therelnafier, efaried {p,as GV change), in
addition to the present step scheme, was ppm, and the instantaneous maximum was 381 ppm. [00891
Example 3 &xgept for multiplyingza; coefficient-0f- 80900y the: 30-min-2@ mevingaverage addition
amount (kg/h) to define the basal addition amount, and applying as the addition amount output lower
limit, it was Bpeiated at the same setting conditions of the feedback format shown in Comparative

Example 3, and feedback controlled.
Comparative Example 2

In the simulation, the control target value {concentration
10 at which control cutput of alkali agent in present scheme is
added at output lower limit or higher defined as SV) in control
of the step scheme based on the HCl concentration measured by
the HCl measurement device (%.5-min measurement device
measurement delay time) was set to 200 ppm, and feedback

13 controlled (refer to FIG. 12).

=

he pulverized sodium bicarbonate addicilion amount and the
bhag filtrer ocurlet HCl concentraticn after treating with
pulverized godium bicarbonate are shown in FIG. 8. In
addition, the behaviors of the pulverized sodium bicarbonate
20 addition amount and bag filter cutlet HCl concentration during
the present control are shown in FIG. 13.
foos4l
The maximum value for the l-hour average value of the
cutlet HCI concentration according to the step scheme was 212
25 ppm, and the instantansous maximum was 383 ppm.
[aogs]

Example 2



The pulverized sodium bicarbonate addition amount and the bag filter outlet HCI concentration after
treating with pulverized sodium bicarbonate are shwn in8. In 47 addition, the behaviors of the
pulverized sodium bicarbonate addition amount and bag filter outlet HC1 concentration during the

present control ate-show I I, 17, 10090) Acsording to Exempje dmagimum.valye gt the 1- hour
|

average value of the output HC1 coricentration in the feedback scheme being 198 pom and the

instantanegus aximuLeing 283-ppm, 4he acidic gasrreatmentnerformangs improved compared to
Comparative Example 3, as well as the addition 10 amount also being reduced from 301 kg/h to 289

kg/h. [009 HEXamplesA4to8: . Exgeptfdrymuitiplyingta ceefficientof:809%y thezmoving average
addition amounts (kg/h) of varying average time (Example 4: 5 min, Example 5: 15min, Example 6: 1

hour, Exampiés?: 3 Hotibs, Exarfipfe 8P610uie) fo-defifie tHE baSal adBfior anbunt shdapplying as
the additiop.amount output lower limit, it was r?iﬁg’a?i%tr;edvaet the same setting co ggic%pgcskhown in

Comparative Example 1, and féedback conitrolied. 20The pﬁﬁ/ﬁgﬁlzedas'o&um icarbonate addition

amount andthe/hag filker outlet HCI 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 outlet HE1 concenrtiation dumningl carbenate additicon amount and the

hag filter ocutlet HC1 concentration after treating with
pulverized sodium bicarbenate are shown in FIG. 8. In
It addition, the behaviors of the pulverized sodium bicarbonate
additicn amount and bag filter outlet HCL concentration during
the present control are shown in FIG. 14.
[0086]
roecording to Example 2, with the maximum value of the 1-
15 hour average value of the ocutput HCl concentration in the step
gcheme being 185 ppm and the instantanecus maximum being 320
ppm, the acidic gas treatment performance improved compared to
Comparative Example 2, as well as the addition amount also
being reduced from 295 kg/h to 28% kg/h.
2060 [0087]
Comparative Example 3

he step scheme control based on the HCl concentration

Tt

I

s

measured by the HCL measuremeant device (9.5- min measurement
device measurement delay fime) in the simulation, it was

Y

25 feedback controlled with the control target value (8V) o

th

180
ppm (SV -~ Z0 ppm} when the 6-sec average cof the slope of the

nearvest HCl concentration 1s positive, and the control target



25 the present control are shown in FIGS. 18 to 22. [0092] According Examples 4 to 8, by applying the
basal addition amount arrived at by multiplying a €oefficient of 1 or less by the average addition
amount as an element of feedback control, and calculating the addition amount of alkali agent, stable

treatment of acidic gas hecomes possible; [0093] ,-The results,of Examples, 4.10.8.aggrobtained by
applying the element of the average addition amount in feedback, and there are no particular

limitations+1indhe Byvesage time: FenS9nin additioaramaunt averagestimegtExample-4)f atthe same
addition amounts, a stable treatment effect on acidic gas is obtained with 186 ppm as the outlet HC1
concentration 3Zkour average value maximum, and 369 ppm as the instantaneous maximum.
Furthermore, with a 1-hour average value maximum for the outlet 1101 concentration of 194 opm, and

instantaneous Maxintihh 6F308 Portfor the 6-RB 0P sdaition amount avarage (EXAmple §), a stable
treatment gifect s, qhtained. A5 well s the additign amount being reduced 19:311 kg/h. The average

time of the addition amount is preferably at [east 5 min, and 15 min to 6 hours is particularly preferable.
20[0094] Examples-9 0 4d4: wkxeept faranuttiplying aseeeth cant pf 80% by the moving average
addition amounts (kg/h) of varying average time ;Example 9: 15 mm, Example 10: 1 hour, Example
11: 3 hoursd&finecthe basaltadditionr amaountt hadrapplyingZasitreeadditionl ambuntautput lower limit, it
was operated at the same setting conditions shown in Com}gmrative Example 3, and feedback
addition amount and bag filter outlet HCl concentraticn during
the pregent control are shown in FIG. 16.
10 [ooge]
The maximum value of the l-hour average value of the
cutlet HCl concentration according to the present feedback
control in which the control target value was changed accerding
to the sliope of the HCl concentration (hereinafter referred to
15 as SV change), in addition to the present step scheme, was 216
rpm, and the instantanseous maximum was 381 ppm.
(0083
Exampie 3
Except for multiplyving a coefficient of 80% by the 30-min
20 moving average addition amount (kg/h) to define the basal
additicn amount, and applying as the addition amount cutput

lowey limit, it was operated at the same getting conditions of

he feedback format shown in Comparative Example 3, and

T

feedback controllad,

The pulverized gsodium bilcarbonate additicon amount and the

R
OF

bag filter outlet HCL concentration after treating with

pulverized sodium bicarbonate are shown in FIG. 8. In



49 controlled .  The pulverized sodium bicarbonate addition amount and the bag filter outlet HC1
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 outlet HC1

concentrationduring, the present.contral are shown,in FIGS, 23 t025.,10095)-Accqrding to Examples 9

to 11 when varying with 5-minto 10 3-hour addition amount average times in feedback control
according teda Step+ SWovariabiescheme :an acidic gaststable treatreentreffectanthaddition amount
reduction effect are obtained irrespective of the addition amount average time. The present scheme is
a control sétemesartictlaryrexcellifg i $8addition BRtourtTeduction effect with the addition amount
of 288 to 292 kg/h. [0096i Examples 12 to 16 Except for varying the coefficient (Example 12: 95%, 20
Example 1:§:O§ (% Example 14) 80%, Example 15: 70%, Example 16: 50%) multiplying by the 1-hour

moving average addition amaunt{kg/h) o defing; the basal.addition, amoynt, apd.applying as the

addition amount output lower limit, it was operated at the same setting conditions shown in
Comparative-Exampleskand feedhackcantealles = HThe pitverized: sodium bicatbonate addition
amount and the bag filter outlet HC1 concentration after treating with

feedback scheme being 198 ppm and the instantaneous maximum

being 283 ppm, the acidic gas treatment performance improved

compared to Comparative Example 3, as well as the addition

16 amount alsc being reduced from 301 kg/h to 289 kg/h.

[ooel]
Examples 4 oo 8

Except for multiplying a cecefficient of 80% by the moving
average addition amounts (kg/h) of varying average time

15 (Example 4: % min, Example 5: 1% min, Example 6: 1 hour,
Example 7: 3 hours, Example 8: 6 hours) to define the basal
additicn amount, and applying as the additicn amount output
lowey limit, it was operated at the same setting conditions
shown in Comparative Example 1, and feedback contrelled.

20 The pulverized sodium bilcarbonate additicon amount and the
bag filter outlet HCl 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

26 the present control are shown in FIGS. 18 to 22.

[ocsz]

According Examples 4 to &, by applyving the basal addition



50 pulverized sodium bicarbonate are shown in FIG. 8. In addition, the behaviors of the pulverized
sodium bicarbonate addition amount and bag filter4eutlet 1101 concentration during the present control
are shown in FIGS. 26 to 30. 5[00971 effects of Examples 12 to 16 are obtained due to applying
the element of the average additiqn, amount te feedback, and-the, caefficient multiplying by the average
addition amount upon calculating the basal édglition amount is 10 not particularly limited so long as
being no mate thanlade azcase obmultiplying a<oefficienteht (200%)atunexe by:the present
coefficient, the average addition amount used in the present basal addition amount will not be reduced
leading to éxcessiadditivh; edeftiftthecitlct 19C 1aconeehtration decreasesnoOrFop thecésefficient
calculating the present basal addition amount of 95% (Example 12) to 70% (Example 15), both the
1-hour avelagé VAT makim bt AhdIAStantanssts ﬁwoé’xslrh%% value of the outlet HC1 concentration
declined comppared to Comparative Example 1, and a stable treatment effect of acidic gas was 20
obtained, afong with an addition amount reduction effect being obtained. In addition, with a coefficient
of 50% (Exampleis)ralthough the additioneamount increasesisomewhat;themcidie.gas stable
treatment effect is obtained. The coefficient multiplying the average addition amount upon calculating
the basal additicn anrotntd$ stfficiemese iothgras holwioretan . 30 td 959%4s referdble, and 70 to
90% is parﬂcularly eferable. [0098] Examples 17 and 18

here”are no particular limitaticns in the average time. For
S.-min addition amount average time (Example 4), at the same

10 addicion amounts, 2 stable treatment effect on acidic gas is
obtained with 186 ppm as the outlet HCI concentraticn l-hour
average value maximum, and 369 ppm as the instantaneous
maximum. Furthermore, with a i1-hour average value maximum for
the outlet HCL concentration of 1%4 ppm, and instantaneous

15 maximum of 308 ppm for the é-hour addition amount average time

{(Example B8), a stable treatment effect is cobtalned, as well ag

[¥8)

the addition amount being reduced to 211 kg/h. The average
time of the addition amount 1s prefersbly at least 5 min, and
15 min to & hours is particularly preferable.

20 (0094
Examples 9 to 11

Except for multiplving a coefficient of 80% by the moving

average addition amcunts (kg/h) of varving average time
{(Example 9: 15 min, Example 10: 1 hour, Example 11: 3 hours) to

define the basal addition amount, and applying as the addition

[
1

amount cutput lower limit, it was operated at the same setting

conditions shown in Comparative Example 3, and feedback



Except for varying the coefficient (Example 17: 90%, Example 18: 70%) multiplying by the 1-hour
moving average addition amount (kg/h) to define tfe basal addition amount, and applying as the
addition amount output lower limit, it was operated at the same setting conditions shown in
Comparative=xamples3, and feedback controlled. The pulverized sodium bicarbonate addition amount
and the 10 bag filter outlet HC1 concentration after treating with pulverized sodium bicarbonate are
shown in FIG. 8Tlreadditionr tireeiehaviors of the pulverize desoditrvbicarbonatezaddition amount and
bag filter outlet HC1 concentration during the present control are shown in FIGS. 31 and 32. [0099]
According 16 Exaples 17and 18 \Wwheh iarying-at-76to 9695 thé toRfficiéntmudtiplied when

calculating the hasal addition gg]%qrgggégg%%ggcgggngggggcq@ir%g lo the Step SV variable scheme,
b nt effec addition 20 amount reduction effect are obtained irrespective

an acidic gas stable treatment effect an

of the factgycaleulatingithe hasal addition,amaunt I additionathe, presen seheme is-a control scheme
particularly excelling in the addition amount reduction effect with the addition amount of 289 to 297

kg/h. [010G|Comparatve Example 4L huthe $ineulation Lthe g6ntroltarget-value(S\Hwf the 5) outlet
HC1 concentration in PIP control scheme "P (proportional gain) = 1001, | = 0.1 sec, D = 0.1 sec,
addition arhBEnPaES R minfMohT200k§/nS Bltfitior* afdtint oltpaPmaximum 480 kg/hl based on the
HC1 concentration measured with an HCL measurement device (2-sec minute measurement device
measurement delay total time) was set to 200 ppm, and feedback controlled.

Locording to Examples ¢ to 11 when varying with 15-min to
10 3-hour addition amcunt average times in feedback control
according to a Step + SV variable scheme, an acidic gag stable
treatment effect and addition amount reduction effect are
obtained irrespective of the addition amount average time. The
present scheme is a control scheme particularly excelling in
15 addition amount reduction effect with the addition amount of
288 to 292 kg/h.
{009¢]

Examples 12 to 16

o

Except for varving the ceoefficient (Example 12: &5

I

[ &

20 Example 13: 90%, Example 14) 80%, Example 15: 70%, Example 16:
50%) multiplving by the l-hour moving average addition amount
{kg/h) to define the basal addition amount, and applving as the
addition amount output lowery limit, it was operated at the same
setting conditions shown in Comparative Example 1, and feedback

25 controlied.

The pulverized sodium bicarbonate addition amount and the

bag filter ocutlet HCl concentration after treating with



The pulverized sodium bicarbonate addition amount and the bag filter outlet HC1 concentration after
treating with pulverized sodium bicarbonate are shiéwn in FIG. 8. In 10 addition, the behaviors of the
pulverized sodium bicarbonate addition amount and bag filter outlet Hfl concentration during the
present coptrel.are shawndn k16 .33 0401k « - The.influence from-the measurement delay time of the
measurement device was mvestlgated When feedback controlling using a fast-response HC1
measurementidevice wiheasutement-delay, the: additterrameding changerof alkalbagert and the
change in outlet HC1 concentration occur instantly, and was predicted that an improvement would be
made. Hovielrert 20raddifon faifité de td alkefiragetitldddition fluefifipnsawers pfediéted to occur,
and the maX|mum value of the 1- ttLour average value of the outlet HC1 concentration often used as the
emission controt Vaftie 'of &6idic §as Was f@g‘ﬁ%rﬁl add the irfstafitanedus maximum was 385 ppm.
[01021; Example,; 19 Feedback control was done at the same conditions as 53 Example 1, except for
PIE control operating based on the HO1 concentration measured by an HC1 measurement device
(2-sec measuremeat devicectotalimeastreraent delay time) i the:simwationue #IG. 8 shows the
pulverized sodium bicarbonate addition amount and bag filter outlet HC1 concentration after treating
with pulverigad goditing bicatbonats: |/ additor FIG34 sREWSthe Fetavicrstef pulverized sodium

bicarbonate addltlon amount dﬂurlng the resent contro] and the bag filter outlet HO1
feedba e coeff cxent multiplving by the average

addition amount upon calculating the basal addition amount is
10 not particularly limited so long as being nc more than 1. In a
case of multipliving a coefficient of 1 (100%) or more by the
present coefficient, the average addition amount used in the
present bkasal addition amount will not be reduced leading to
excegs addition, even if the inlet HCl concentration decreases.

i5 For the coefficient calculating the present basal addition

]
i

amcunt of 23% (Example 12} to 7 {Example 1%}, both the 1-hour

6]

average value maximum and instantaneous maximum valus of the
outlet HCL concentration declined compared to Comparative
Example 1, and a stable treatment effect of acidic gas was

20 obtained, along with an addition amount reduction effect being
obtained. In addition, with a coefficient of 50% (Example 16},
although the addition amount increases somewhat, the acidic gas
stable treatment effect is obtained. The coefficient

multiplying the average addition amount upon calculating the

[
¥

25 basal addition amount i1s sufficient so long as no more than 1.
50 to 95% ig preferable, and 70 to %0% is particularly

preferable.



10 concentration. [0103] Example 20 Feedback control was done at the same conditions as Example
2, except for operation according to the step scherfie 15 being done based on the 1401 concentration
measured by an HO1 measurement device (2-sec measurement device total measurement delay time)

in the simulatians;  FIG. 8 shows the pulverized sodium bicarbonate addition amount and bag filter
outlet HC1 concentration after treating 20 with pulverized sodium bicarbonate. In addition, FIG. 35
shows the behkayioss of pubverized sodium bicarbonate addition amount during the present control and
the bag filter outlet HC1 concentration. [0104] 25 Example 21 ~ Feedback control was done at the
same conditionsFas°ERANTpIE 37 aXceps forGpetatibh ‘decordingfeatheStep’ 5420%

Example 18: 70%) multiplyving by the l-hour moving averags
5 addition amount {kg/h) to define the basal addition ampunt, and
applying as the addition amount output lower limit, it was
operated at the game setting conditions shown in Comparative
Example 3, and feedback controlled.
The pulverized sodium bicarbonate addition amount and the
10 bag filter cutlet HCl concentration after treating with
pulverized scodium 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 contrel are shown in FIGS. 31 and 32.

[0099]

o

According to Examples 17 and 18 when varving at 70 to 20%
the coefficient multiplied when calculating the basal addition
amount in feedback control according to the Step + SV variable
scheme, an acidic gas stable treatment effect and addition

20 amount reduction effect are obtained irregpective of the factor
calculating the basal addition amount. In addition, the
present scheme is a control scheme particularly excelling in
the addition amount reduction effect with the addition amount
of 289 to 297 kg/h.

25 [01G0]

Comparative Example 4

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



variable scheme being done based on the HC1 concentration measured by an HC1 measurement
device (2-sec measurement device total measuremént delay time) in the simulation.  FIG. 8 shows
the pulverized sodium bicarbonate addition amount and tag filter outlet HC1 concentration after

treating with, gulyerized sodiwm bicarbonate Inaddition,FIG. 36 shows-the hehaviors; of pulverized
sodium bicarbonate addition amount during the present control and the bag filter outlet HC1
concentratigni A0[G105] 0% , Atcerding te&xarmple 21,1theeffectd@aie exhibitechitrespeative of the
length of the measurement delay time of the measurement device. In addition, so long as the control
format is afé&dbatk fotfhdidthe effectstarerediiibited viith sithe R EXdMPleS®00 ¢ 21 "are results
assuming a 2-se mea_sgrerll?g{:t delay time; however, agditign falllglre in alkali agaer]t were suppressed
by feedback>8nd this both A stablé freatmant eftett of adidic gas and additioR amount faduction effect

were obtaingd,:20[0196}.Example 22 Feedback contrglwasdone, at,the,same canditions £ delay time,
Step + SV variable) as Example 10, except for conducting addition of 480 kg/h of alkali agent in the

case of thetk-hour axerage valeof:the-eytlet-HCE cencentration exceeding 190 ppm in the simulation.
FIG. 8 shows the pulverized sodium bicarbonate addition amount and bag filter 55 outlet HO1
concentration affBrereatifgewith plilverzZedrssditmt biearbonated 1/ sddifos G . BF shéws the
behaviors of pulverized sodium bicarbonate addition amount during the‘presenwtmﬁontrol and the bag

filter outlet PO g&rjictee?ﬁracﬁb?%%f[ofﬁ‘}] CONCENtTation alter treating wit

pulverized sodium bicarbonate are shown in FIG. 8. In

0 addition, the behaviors of the pulverized sodium bicarbonate
addition amount and bag filter outlet HC1 concentration during
the present control are shown in FIG. 33.

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

15 measurement device was investigated. wWhen feedback controlling
using a fast-responsge HCL measurement device with iittle
measurement delay, the addition amcunt change of alkall agent
and the change in outlet HCI concentration occur instantly, and
wag predicted that an improvement would be made. However,

26 additicn failure due to alkali agent addition fluctuations were
predicted to cccur, and the maximum value of the l-hour average
value of the outlet HCL concentration often used as the
emission control value of acidic gas was 20% ppm, and the
instantaneocus maximum was 385 ppm.

25 [o102]

Example 1%

FPeedback control was done at the same conditions as



There are facilities in which the emission concentration control of acidic gas is managed by the 1-hour
average value of each acidic gas (hydrogen chlorigfe, sulfur oxide concentration). Although it is
common to control by providing bithe control target value (337) in control, the control target value is
consistently.thearget, andthere are cases reaehing a goneentration exgeeding-thetarget value as a
result of controlling. The present example is an example of conducting 1-hour 15 average
management{d80:pprniorhighesud80 kgth added) imExamptedidkindehichethezt-hour average value of
the outlet HO1 concentration exceeded 200 ppm. In a case of the 1-hour average value at the outlet
approachifi§ #7e: BREBHtrAfioR 16 bednahaleds by Ctductiigcontidito abundihtly add the alkali 20
agent, a fugth%lséatglggreatment effect of acidic gas and efficient use of alkali agent become possible.
[0108] Héremaﬁer,’u’pon explaining Comparative Examples 5 and 6 and Examples 23 and 24,
which are actuakeguipmenidnvestigation results the cgnfigurationthe acidic gas;treatment system 2
that is used in Comparative rxamples 5 and 6 and Examples 23 and 24 will be explained.

amount and bag filter outlet HCI concentration after treating

with pulverized sodium bicarbonate. In addition, FIG. 24 shows
the behaviors of pulverized scdium bicarbonate addition amcunt
during the present contrel and the bag filter outlet HCI

16 concentration.
(0103}

0

.}

Example
Feedback contrcol was done at the same conditions as
Example 2, except for operation according to the step scheme
15 being done based on the HCl concentration measured by an HCIL
measurement device {(2-sec measurement device total measurement
delay time; in the simulation.
FIG. 8 shows the pulverized sodium bicarbonate addition
amount and bag filter outlet HC1 concentration after treating
20 with pulverized sodium bicarbonate. In addition, FIG. 35 shows
the behaviors of pulverized sodium bicarbonate addition amount
during the present contrcel and the bag filter outlet HCL
concentration.

[0104]

)
o

Example 21
Feedback control was done at the same conditions as

Example 3, except for operation according to the Step + SV



56 [0109] FIG. 38is a block diagram representing the configuration of the acidic gas treatment
system 2 that adds pulverized sodium bicarbonate4o HCI, which is the exhaust gas of an incineration
facility. [01101  The acidic gas treatment system 2 is configured from a control device 21, a

pulverized-sodiym,hicarbonate,adding device 22.a pulverized:sqdium, bicarbgnate.adding device 26, a
10 bag filter 23 and an HC1 concentration measurement device (ionization electrode system) 24. The
control deviee 21realculates ancadditem amount-output valueokpulverized:soditnm kicarbonate by way
of feedback control (PID control scheme or step scheme) based on an HCI concentration
measurement digrixt ASFERSMTttEE frdih he'FIC L RoReEnfFalion Rre&Surement device (ionization
electrode systerg)f 24 %ndS% basal dditiop amount calculated from é)@gt_ ave(r%qe addition amount.

|

. . W LE ILVelrlie Odliim DA Car nacs 4 C1Oon
The pulverized sodium bicarbonate a é‘lng evice 22adds pulverizéd sodium carbonate to the HC1

in the exhayst.gas, baged.on the 20,addition amount.Quiput value: of pulverized sodiurp bicarbonate
calculated by the control device 21. In addition, the pulverized sodium bicarbonate adding device 26

adds a fixeet amauint -of puhetizechisodium bicasbanate. thatisuhielated to thie additiothameunt output

value of pulverized sodium 5 bicarbonate calculated by the control device 21, to the HC1 in the
exhaust gddi4t Sik6ad e Roted Biatthe bakal agdiioh areuntessse addition amount

during the present contrcol and the bag filter ocutlet HCI
concentration.

10 [0105]

According to Example 21, the effects are exhibited
irrespective 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 effects are exhibited with either.

[3  Examples 1% to 21 are results assuming a Z-sgec measurement
delay time; however, addition failure in alkall agent were
suppressed by feedback, and thus both a stable treatment effect
of acidic gas and addition amount reduction effect were
obtained.

20 [0106]

Example 22

Feaedback control was done at the same conditions (9.5 min
delay time, Step + SV variable) as BExample 10, except for
conducting additicn of 480 kg/h of alkali agent in the case of

25 the l-hour average value of the outlet HCl concentration
exceeding 190 ppm in the simulation. FIG. 8 shows the

pulverized sodium hicarbonate addition amount and bag filter



calculated by multiplying a coefficient of no more than 1 by a past average addition amount according
to an average time (for example, moving average fime). [0111]  The bag filter 23 removes dust after
the reaction between HC1 in the exhaust gas and pulverized sodium bicarbonate. The HC1
concentration-measurement devicestionization electrede system). 24 sueasuresdhedd€i.goncentration
(bag -Ater outlet HC1 concentration described later) after the pulverized sodium 10 bicarbonate
accumulatéd onrthertsdg filtef 123 (pliverized §adiund bicsrbwnaté:rermairing from eéaction with HCI in
exhaust gas is accumulated on bag filter 23) and HC1 after exhaust gas reaction has reacted, and

transmits - HCT ToRtEnfatOH MBASEMRBAT Sighaftd i c6RTEFdeviEd 932 15iEshould be noted that

the inlet H%L@%@%%hi&%@%%git@eﬂga?ﬂ‘gt Is, megsured hy.an HGL congentration. megsurement device
(laser system) that is not illustrated. [0112] The acidic gas treatment system perf%)rms feedback 20
controkby repeating such a cycle, whereby the control device 21 performs control to make the control
output value of pulverized sodium bicarbonate addition amount an appropriate value. [0113]
Comparative Exdipte S:re I antindustrial wasteintineratosra fasertyperd€iimeasurement device
(KLA-1 manufactured by Kyoto Electronics

contrel of acidic gas is managed by the 1-hour average valus of
each acidic gas (hydrogen chloride, sulfur oxide
concentration). Although it is common to control by providing

10 the control target value {(SV) in control, the control target
value i1s consisgtently the target, and there are cases reaching
a concentration exceeding the target value as a result of
controlling.

™
i

he present example 1s an example of conducting 1-hour

L%

average management (190 ppm or higher, 480 kg/h added) in
Example 10 in which the l-hour average value of the ocutlet HCIL
concentration exceeded 200 ppm. In a case of the i-hour
average value at the outlet approaching the concentration to be
managed, by conducting control to abundantly add the alkali
20 agent, a further stabls treatment effect of acidic gas and
efficient use of alkall agent become possible.
[o108]

Hereinafter, upcon explaining Comparative Examples 5 and &

and Examples 23 and 24, which are actual eqguipment

5]
(g

investigation results, the configuration of the acidic gas
treatment system 2 that is used in Comparative Examples 5 and 6

and Examples 23 and 24 will be explained.



58 Manufacturing Co., Ltd.) was installed between a reduced-temperature tower outlet and bag filter,
and the inlet HC1 concentration was measuredsdn addition, feedback control was conducted with an
oxygen equivalent value to manage an emission reference value based on a signal measured by an
ionizatiopoﬁlgggrode-type HC1 measurement device (EL-36N manufactured by Kyoto Electronics
Manufacturing Co., Ltd.) for the bag filter outlet. It should be noted that, although conducted by adding
the filter bag additionutpuk(SV 480 ppay)-aceordipgdedhe SQxwencestration.signal-at the outlet to
the addition output according to the HC1 concentration, since SOx was not generated in the present
facility,is6niitted drom the presenmereportit sireadditiont forthedlkalbagent treating the acidic gas,
8-nm pulverized sodium bicarbonate (HIPERSAR B-200 manufactured by Kurita Water Industries Ltd.)
was add&tFa88ording to thE ABove-rmentiolfdd feedisack Cofftrr Two afikliagéit adding devices were
applied due to a problem.with.the maximum addition amount, one making the fixed amount addition of
1600kg/hl,nagnl§ %ﬁ%l&ble?ﬁg %S(J:It%éélgéontrolled based on the outlet HC1 20 concentration signal at
"lowerof2Q kg‘h, upper limit of 300 kg/h, PID control settings P (proportional gain) = 100%, | 0.1 sec,
D=0.1-c FIG. 39 shows the bag filter inlet HC1 concentration and bag filter outlet HCI
concentrationThith #he doditiore amotaitiof :pulverizednsedium bicarbgnatei(summofdwo adding devices).
In addition, FIG. 40 shows the behaviors of the pulverized sodium bicarbonate addition amount and
the HCICEO Eétrationsat the bagFitertinfet EhdP ottt d g IRe préserit ¥oirbl execution. [0114]
Comparglive Example 6....In e same facility, feedback controlyas sonduced yith the HCL
concentration signal (oxygen equwa?ent value) measured %y an jonization electro e-type HC1
megsurement device (HL-36N manufactured by Kyeto Elegtronics-Manufaeturing Co., Ltd.) for the bag
filter outlet. It should be noted that, it was similarly conducted by adding the filter bag addition output
(SV 180{ppm) according tethe SBX corcentration sighal attheroutlettoithe addition output according
to the MCI concentration.

calculates an addition amount output value of pulverized sodium
bicarbonate by way of feedback control (PID control scheme ovr
step scheme) based con an HCL concentration measurement signal

165 tramsmitted from the HC1l concentration measurement device
{ionization electrode system) 24 and a basal addition amount
calculated from a past average addition amount. The pulverized
sodium bicarbonate adding device 22 adds pulverized sodium
bicarbonate to the HC1 in the exhaust gas, based on the

20 addition ameunt output wvalue of pulverized sodium bicarbonate
calculated by the control device 21. In addition, the
pulverized sodium bicarbconate adding device 26 adds a fixed
amount of pulverized sodium bicarbonate that is unrelated to

the addition amount output value of pulverized sodium

[
o

bicarbonate calculated by the control device 21, to the HC1 in
the exhaust gas.

Tt should be noted that the basal addition amount is



In addition, for the adding devices, similarly one was a fixed amount addition of 180 kg/h, and one was
the "Step + SV variable scheme (refer to FIG. 41 67 details)".  FIG. 39 shows the bag filter inlet HC1
concentration and bag filter outlet }CI concentration with the addition amount of pulverized sodium

bicarbonate (sum of.two adding deyices),dn 26.addition; EJG. 42 shows,the behaviprs,of the pulverized
sodium bicarbonate addition amount and the HCI concentrations at the bag filter inlet and outlet during

the presentaentralexecution: 0t 15HExample 23dndhe isame daeility; feedback cestroliwas conducted
at the same settings as Comparative Example 6, except for applying the basal addition amount
(30-min moiRgRverage additicn’ aFsimt “20% coefficient) in the feedback control of "Step + SV
variable system", and adding 300 kg/h at the outlet HC1 concentration 1-hr average value of 213 ppm
or higher (dr%é%% facility HCI control value no more than 215 ppm). It should be noted that, it was

similarly conductgg.by, adding the filter bag addition, qutput (SV 180 ppm).acegrding to.the SOX

concentration signal at the outlet to the addition output according to the HC1 concentration.  In

addition, fonthe adding: devicess similarly: anewas a-fixeshamosntaddition-at 480 «g/hraad one was
the "Step + SV variable scheme (refer to FIG. 41 for details)". FIG. 39 shows the bag filter inlet HC1
concentratidhland bagfilter outlet MEEeoRTENtratibn Wvth thecaddiion ameurtcefipdiverized sodium
bicarbonate (sum of two adding devices). In addition, FIG. 43 shows the behaviors of the pulverized

sodium bic&¥iorte a?d?’difi’(?ﬁ%[ﬁﬁﬁnttéﬁd tie I—@f%ﬁﬁéﬁﬁéﬁ%sﬂ%%g Bé@e]‘ﬁtg?‘fﬁlé?gnd outlet
during the gresent control execytion. [0116] 20The present example is, he. applicationyteguit of the

10 bicarbonate accumulated on the bag filter 23 {pulverized sodium
bicarbonate remaining from reaction with HCL in exhaust gas is
accumulated on bag filter 23) and HCl after exhaust gas
reaction has reacted, and transmits an HC1 concentration
meagurement signal to the control device 21.

5 Tt ghould be noted that the inlet HCl concentration of the
bag fllter is measured by an HCl concentration measurement
device (laser system) that is not illustrated.
igiiz]

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 control output value of
pulverized sodium bicarbonate addition amount an appropriate
value.

01137

[
fe3)

Comparative Example 5
In an industrial waste incinerator, & laser-type HCIL

measurement device [(KLA-1 manufactured by Kycto Electronics



present invention according to actual. equipment. Compared to Comparative Examples 5 and 6, the
fluctuation in inlet H.C1 concentration decreased. #&ccording to the present example, the added
equivalents indicating the addition amount of alkali agent relative to the inlet HC1 concentration by the

addition ofvalkak agent aggoreing te the presentinvention goyld-heseduced gompared to Comparative
Examples 5 and 6, and 61 thus efficient control was possible. [01171 Example 24 In the same facility,
feedback centrelwrasicendueted atb the same settingslas: Example 28; except férjointly applying high
reactivity slaked lime with a specific surface area of at least 30 m2/g (Tamakalk ECO manufactured by
Okutama K8§§6 Co- 2L in'the feetbatktontrdl SRR StEp ESAGARRe stém™. [f3Rould be noted
that, it was si%!%b/e%oqvq% ted by addinlg tge filterlbea]%agfg'%)g Qutput I(lgv 180 pgn@sasCEé)Tﬁding to the

SOx concentration signal a the ottlét o the addition output according to The Hb1 concentration.  In

addition, ong-Qf-the adding devices.was:a fixed @mauntadditien of 1 70-ka/h-afhighsgactivity slaked
lime, and the 15 other one was a "Step + SV variable system (refer to FIG. 41 for details)".  FIG. 39
shows the dag-filterdalet:HE| soncertratioraadtbag: filteeoutiet-HEF concehtrationawithpthe addition
amount of pulverized sodium bicarbonate (sum of two adding devices). In 20 addition, FIG. 44 shows
the behavibrebpttie piilveriz s otitimtBic ariorate Gtdition amodhtand the MC £ cbhEéntrations at
the bag flItg{z‘!:rﬂg%?ndl%u%g}@qﬂ@%Eﬁh%g'{%sfn‘éggg[mfli?*):(ggylg n'conducted by adding
the filter bag additicn output (8V 180 ppm} according to the
1t 850x concentration signal at the outlet to the addition output
according to the HC1 concentration, since SOx was not generated
in the present facility, it is omitted from the present report.
In addition, for the alkalil agent treating the acidic gas,
g-um pulverized sodium bicarbonate (HIPERSAR B-200 manufactured
15 by Kurita Water Industries Ltd.) was added according to the
above-mentioned feedback control. Two 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 contrelled based on the cutlet HCI

20 concentration signal at “lower limit of 20 kg/h, upper limit of

ol

300 kg/h, PID control settings P {proportional gain) = 100%, I

= 0.1 sec, D= 0.1 sec”.
FIG. 39 showg the bhag filter inlet HCLl concentratrion and
bag filter outlet HC1 concentration with the addition amount of
25 pulverized sodium bicarbonate (sum of two adding devices]. In

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

bicarbonate addition amount and the HC1 concentrations at the



[0118] 25The present example is a case example of applying by jointly using comparatively low-cost
industrially slaked lime with pulverized sodium bicafrbonate. A stable treatment effect of acidic gas is
obtained stably i.n the present technique. Due to applying low-cost slaked lime and thus the acidic gas
treatment cost heingreduced. itis 3 technique dhat js effective. industrially, - 63-CLAIMS 1: A method
for treating acidic gas that adds an alkali agent to a combustion exhaust gas containing acidic gas, and
feedback canirals agraddition amount of the alkali agent based on a measurement signal of an
acidic-gas concentration measurement device that measures an acidic gas concentration after
collecting ddést!l tie method comprising: a step of calculating a basal addition amount by multiplying a
coefficient of no more than | by an average 10 addition amount according to at least an average time;
and  a stEFOF BalcuT&ting IHFodgH feedback computation, an addition amount output value of the

alkali agent based qn,the.basal addition amauatsus,caleylated. as conaucteda with

the HCl concentration signal (oxygen equivalent value) measured
by an ionization electrode-type HCl measuremsnt device (HL-36N
manufactured by XKyoto Electronics Manufacturing Co., Ltd.) for

the bag filter outlet. It should be noted that, it was

14

{]

10 similarly conducted by adding the filter bag addition cutput
{8V 180 ppm) according to the 80x concentration signal at the
cutlet to the addition output according to the HCL
concentration.

In addition, for the adding devices, similarly cne was a

3t

fixed amount addition of 180 kg/h, and one was the “Step + 5V
variakble scheme (refer to FIG. 41 for details)”.

FIG. 2% shows the bag filter inlet HCl concentration and
bag filter ocutlet HCLl concentration with the addition amount of
pulverized sodium bicarbeonate {sum of two adding devices). In
2 addition, FIG. 42 shows the behavicrs of the pulverized sodium

bicarbonate addition amount and the HC1 concentrations at the

bag filter inlet and outlet during the present control
execution.

[0115]

25 Example 23
In the same facility, feedback control was conducted at

the same settings as Comparative Example &, except for applving



2. The method according to claim I, wherein the basal IS addition amount thus calculated is defined as
a lower limit value for the addition amount output wélue of the alkali agent, in the step of calculating,
through feedback computation, the addition amount output value. 20 3. The method according to claim

1 or 2, whergin the.step.af galedlating., through feedback.computation,, the, gddition amount output

value further includes:  a step of setting at least two ranges of slopés of the acidic as concentration;
a step of setiing-a control target value-for the acidicrgasicopeentation in every range. ofthe at least
two ranges of slopes; and a step of calculating the addition amount output value of - alkali agent
based on atdeastthe measarementsigndt and theCcortrol tatgetivalve in eacHdf the ranges of slope,
wherein a control target value set in a case of the range of slope of the acidic gas concentration being

large is smiBF 8T aCSHird! trget\alde Set it Hedse Sf theahge of SIBPE of thé BT gas range
peing small,jp e SjeRof seling g copigldatgetyalue . 4, The,melhigd accordingdoamane of claims

| to 3, wherein the step of calculating, through feedback computation, the addition amount output value

further includesq rastep of setting; hetween.a.dewer dimitivalie-aad ag upprerdimit valuesfer the

addition amount output value calculated based on the measurement signal, at least one new upper
limit value faictheiadditionamourt/odtput vailue toocorréspand withthesaeidicogasconsentration. 5.
The method according to any one of claims 1 to 4, wherein from 0.5 to 0.95 of the average addition

amount whierPiietaféragestimetis St G855 FiA G TefiEdPHS thE Hase atifion hfount in the step

of calculatigg the hasal adsition,

[0 In addition, 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 FIG. 41 for details!”. FIG. 39 shows
the bag filter inlet HCl concentration and bag filter ocutlet
HC1 concentration with the addition amount of pulverized sodium

1%  bicarbonate (sum of two adding devices). In additicon, FIG. 43
shows the behavicrs of the pulverized sodium bicarbonate
addition amount and the HCl concentrations at the bag filter
inlet and cutlet during the present control execution.

[ci16]

20 The present example is the application result of the
present invention according to actual eguipment. Compared to
Comparative Examples 5 and &, the flucruation in inlet HCL
concentration decreased. According to the present example, the
added equivalents indicating the addition amount of alkali

26 agent relative to the inlet HC1 concentration by the efficient
addition of alkall agent according to the present invention

could be reduced compared to Comparative Examples & and 6, and



) amount. 65 the step of calculating, through feedback computation, the addition amount output value
further includes  a step of calculating an additioft amount output value of the alkali agent using both
outputs among a control output computed from a hydrogen chloride concentration and a control output

computed from %gﬁlgl.gi@gge gancentration, HBQQQE@Q to the feedback computation. 7. The method

according to any one of claims 1 to 6, wherein W the step of calculating, through feedback
computatign,ithejaddition amount output value further includes  a step of calculating an addition
amount output value of the alkali agent based on an average value of hydrogen chloride concentration
and/or sulferaoxide céhAcentration, In addition to 105 the feedback computation. 8. The method
according to any one of claims 1 to 7, wherein the alkali agent is pulverized sodium bicarbonate having

an average particle Si%e 6P8%0 Sadt 20 o SHERTthGG ATt rdilg To THRIRTS -fointhF using other alkall
agent than {he %%%ig"lgj:q?{gggag% 19.,The method gecording o ¢laim.9, w %ﬂp@ei%@x other alkall
g i

agent is at least one alkali agent selected from the group tonsisting of slake me, sodium hydroxide,
magnesium:hydrexide; magpesium exide; sodiumrcarbepate, sodiumx face area of at

least 230 wm'/g (Tamakalk ECO manufactured by Ckutama Kogyo Co.,

Ltd.) in the fesdback control ¢f the “Step + 8V variable

system” . It should be noted that, it was similarly conducted

10 by adding the filter bag addition ocutput (SV 180 ppm) according

tc the 80x concentration signal at the cutlet to the addition

output according to the HCl concentration.

In addition, one of the adding devices was a fixed amount
addition cf 170 kg/h of high reactivity slaked lime, and the

15  other one was a “Step + £V variable system (refer to FIG. 41
for details)”.

FIG. 3% shows the bag filter inlet HCl concentration and
bag filter cutlet HCl concentration with the addition amount of
pulverized sodium bicarbonate (sum of two adding devices). In

20 addition, FIG. 44 shows the behaviors of the pulverized sodium
bicarbonate addition amount and the HCl concentraticons at the

-

bag filter inlet and cutlet during the present control

6]

execution.
[6118]

25 The pregent sexample is a case example of applyving by
Jointly using comparatively low-cost industrially slaked lime

with pulverized sodium bicarbonate. A stable treatment effect



66 sesquicarbonate, natural soda and crude sodium bicarbonate.

[ 53

62

of acidic gas is obtained stably in the present technigue.

to applving low-cost slaked lime and thus the acidic gas
treatment cost being reduced, i1t 1s a technigue that is

gffective industrially.

Due
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CLATMS

1. A method for treating acidic gas that adds an alkali agent
to a combustion exhaust gas containing acidic gas, and feedback
controls an addition amcunt of the alkali agent based on a
5  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
multiplyving a coefficient of no more than 1 by an average
10 addition amount according to at least an average time; and
a step of calculating, through feedback computation, an
addition amount output value of the alkalil agent based on the

hasal addition amount thus calculated.

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

15 addition amount thus calculated is defined as a lower limit
value for the addition amount cutput value of the alkali agent,
in the step of calculating, through feedback computation, the

addition amount output value.

20 3.  The method according to claim I or 2, wherein the step of
calculating, through feedback computation, the addition amount

output value further incliudes:

Hh
(w3
o
6]

a step of setting at least two ranges of slopes o
acidic gas concentration;

25 a step of setting a control target value for the acidic



in

20

25

&4

gas concentration in every range of the at lsast two ranges of
slopes; and

a step of calculating the addition amount ocutput valus of
the alkali agent based on at least the measurement signal and
the control target value in each of the ranges of slope,

wherein a contrcol target value set in a case of the rangs
of slope of the acidic gas concentration being large is smaller
than a control target valiue set in a case of the range of slope
cf the acidic gas range being small, in the step of getting a

control target value.

4. The method according to any one of claims 1 to 3, 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 amount output value
calculated based on the measurement signal, at least one new

upper limif value for the additicon amount output value to

correspond with the acidic gas concentration.

5. The methced according to any one of claims 1 to 4, wherein
from 0.5 to 0.9% of the average addition amount when the
average time ig at least 5 minutes is defined as the basal
additicn amount in the step of calculating the basal addition

amount.

£. The method according to any one of claims 1 to 2, wherein



65
the step of calculating, through feedback computation, the
addition amount output value further includes
a step of calculating an addition amount cutput value of
the alkali agent using both outputs among a control output
5 computed from a hydrogen chloride concentration and a control
ocutput computed from a sulfur oxide concentration, in addition

to the feedback computation.

7. The method according to any one of claims 1 to 6, wherein
10 the step of calculating, through feedback computation, the
addition amount output value further includes
a step of calculating an addition amount output value of
the alkzali agent based on an average value of hydrogen chloride
concentration and/or sulfur oxide concentration, in addition to

i3 the feedback computation.

0

The methed according to any one of claimsg 1 to 7, wherein

the alkall agent is pulverized sodium blcarbonate having an
average particle size of 5§ to 30 um.

24

3, The method according to claim &, jointly using other

alkali agent than the sodium bicarbonate.

10. The method according to ¢laim %9, whersin the other alkalil
25  agent 1sg at least cone alkali agent selected from the group
consisting of slaked lime, sodium hydroxide, magnesium

hydroxide, magnesium oxide, sodium carbonate, sodium
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sesquicarbonate, natural soda and crude scdium bicarbonate.

o



