-Wﬁjjw@%mwﬁﬁ_

W) kEmRE, I%%ivﬂﬁ®%¥mﬁb%%$b#ménaﬁ%%ﬂxdﬁ%@m% %
%@m%‘ﬁﬁﬁ%%%ﬁ\ﬁ%w% EERSANGOPMC LD ERE N B,
M3 A, LEOWHRI O 2 RIRE LTIHET HHEY S Y L O BREP S HH S h
AR NO xy RIGKE. BUBTRWEORKERESS.
 RARBVTHL ©RG o RRD R I 5 AERROBALS L KAGEOR
: ﬁﬁk%oﬂo@ﬁ;%ﬁﬁﬁﬁﬁﬁmﬁm%“®E¥%JUAD@%¢W%%t%Lio
-axwgﬁiﬁm'ﬁﬁmﬁnwmbf%ﬁunomn%gmgﬁmnm@mm@w&wﬁ

amaxTﬁauorﬁEinﬁ%n%ﬁm@mw%ﬁbntw %Kkﬁ%ﬁmﬁu%LV f |

v i%ﬂﬂﬁ?:r'b fk..o R

3Lnbof kﬁ%gﬂw@ﬁmm;gf ?tm%%énfuaxﬁmm<xmﬁﬁr%7' 

R%E&ﬁﬁ@w%®ﬁmT5%%tﬁaio o P |
E$K%H&kﬂ%ﬁﬁ#B@ﬁﬁ@m%@ﬁmmmmﬂf@ﬁﬁkxoﬁﬁﬁmwmﬁ&
‘ﬁﬂﬂﬁF%Tﬂmﬁio
| 1 RO o e -
Ab@$E%@J@ﬁﬁﬁ%ﬁg?airﬁﬁf&_amgfb< RO R AL
-Ta§<om&ﬁﬂ®nw®—&mt.5L%ﬁma%an6§ﬁ§$aufxﬁﬁ%w¢'
 §¢&@1959¢mﬂﬁénno
ﬁ%ﬁhnaéu Tmmlmr?o__ S . R S
ﬁ%ﬂz®% &%ﬁ.u®§ﬁ§éwﬂé?5%ﬁ&f%mﬁ?%&%&%ﬂﬁbto
-uG&Am kﬁﬁ%®ﬁ§tﬁﬁ®ﬁﬁmumw FIE%s & e CEBRLERT L
wEHE Lo e e e m_.._w_whﬁ
L®§%®Wﬁ®tbwgﬁﬁﬁgkﬁmﬁﬁm)b(ﬂﬁmmZKF?O_
:%bblkﬁ?iﬁﬁﬁ%@k%ﬁﬁ?éﬁﬁml973¢K&ﬁ§ﬂtot
RAMOER L U BROERCBRERERD D Do :
:xéﬁfu 1aa1ﬁm@ﬁﬁ@g¢@mgw3nfu5m-ﬁgmgﬁﬁg4¢ﬁ®$.'
'ﬁﬁwﬁdhfbao Tl | "f:__
 RE oS, BRI OTHD . AL, Ek®k%%%%KﬁT
'AZ%%E%&?xuwAﬁawgﬁkmmﬁ&Twmsmm?o

IV 269



“Pable 1 H

ke

 ;{969¢ﬁﬁ

1973¢§$l'

1. ¢m%@uf 1%wﬁwﬁ$ﬁﬁw,*

 005w&ﬂxKVL&

2. mw%ﬁuf.lﬁmﬁmla$ﬁﬁf
i woosmu?faéaﬁmﬁaﬁmmﬁ~*

_ 7o%u¢$ﬁ3na P
13 ﬁ%%ﬁb(‘lﬁﬁﬁmOJMMT

@&5%@&@ V%HKHL 33%“-

uiﬁ%%h%u&

e #E&ﬁb{ 1ﬁ@ﬁﬁozma?'
T B EEMM #ﬁ@mﬁb 9 9%

ukﬂﬁéh% e

i;z4ﬁmmxaaﬁ@ﬁ@¥%m004f
m&ﬁx&m b - _
L?LWMﬁmvuim%mi&vaa_f

*Tﬁleé“igb7$§%£ﬁ§ﬁ®%ﬁ

L W%%ﬁﬂﬂ%®ﬁﬁ

*a)ﬁ% ﬁ%xxo@ﬁﬁﬁka#ﬁxwﬁxmﬁm'
1) £Mkﬂ%ﬁﬁxkﬁ?%mﬁﬁﬁ®ﬁﬁt%%m
c)ﬁma@%ﬁﬁzmﬁ?aﬁ@MMWWﬁgwﬁm

2 BHBIEAROLWEME
*a)ﬁﬁﬁiﬂ%oﬁ@a%m
bjmﬁ“%ﬁ%ﬁﬁﬁ?%ﬁﬁﬁ

| e tmomERMm

| @ s amom

o mwamome

C V- 270




 Table.

S ORALT ) AGRE L ORBHBOWR

ERETRDE

~miLhE

j%ﬁ%f%z;z}jﬂig
?mmmi '

A ERA P i s T

B e {4 -

| .-_.__'ofln-?gm(—mfs )

7.,,?0 0 4 o ( 24 Hrs );':-i" R

;oim(lm)
iﬁiomm(24hrs) rﬁff_
'k xzonpm ( 1hr) L
L 002ppm (24hrs)' :
T 0.0% !Jpﬂ_] (V.i_h:r;)_ o

E SrT.

*w;kmoiSm/mwagyéafk
r;&?ﬁ@/m%zﬁhrsi?
v:awamxtaye;rlﬁﬁf
“pi4m(?um§fﬁ

o S)Ppm ( Bhrs)

35ppm(1hr)

OOSDm(a year) :

}OOSDm(lhl)
L 024pm(3hrs)

'“f%®ﬁk®mﬁ%ﬁ%ﬁ&Ab%t%%®ﬁﬂ$ﬁﬁﬁ%ﬁ%Lfﬁﬁ?g%oﬁ;

)Qﬁmﬁﬂ;;f

S‘Si;b’f b74’/

021~031ml'

R e R AR DL AUU '3.?"“

 ﬁ3h6oT&b%

mm%%u E%@ayiKREEDﬁﬂﬁﬁﬁhf ﬁéh(h%o@ﬁﬁkhf ﬁ_

'fmﬁﬂu ﬁﬁ@k%ﬂgwﬁﬁﬁwwmﬁkl5%&%%®Eﬂ#%@%@ﬁﬁﬁivT[
-ﬂ%?é(Kﬁﬁﬂ)ZKKEdVTLLL:*

%@&xﬁﬁ@ﬁ%®£g%ﬁﬂ?%$ﬁ#ﬁAéﬂ,K@ﬁ%aﬁAb§ﬂﬁﬁﬁEK

'*fﬁkénnmmga;f~~~wﬂm~

:EXE RS e = 1t ﬁ@&%%?%@kGI%%L<@$%% &Kﬁméh%o‘
ﬁﬁﬁﬁ®§ku L%mﬂ®§§®%¢®n v KAEREID 5 CORIRA 135 T\ I
| ; 55nﬂ%#oﬁﬁmmwﬁgé%%mﬁébt%aluimaoy,,~.

o n-‘Dj‘JiWCJ:ZH‘: §7ﬂh1§cmﬁﬁj?§ﬂh?‘?§¥%@ﬁ#ﬁ fri ﬁ%%ﬁ: ﬁ#ﬂjﬁ?(’)%ﬁﬂﬂ

BRI FERM ORI Tt %%ﬁﬁﬁﬁlofﬁﬁzﬁﬁﬂﬂﬁkﬁ~
1o@ﬂﬁuxﬁmxbmﬂ§n,@@1omKﬁa#ﬂﬁm@ﬁﬁ'
ﬁA@Klbﬁﬂéh5o . .
2) Kﬁﬁﬂ _ | L RS
| &ﬁ@m%wﬁ?%ﬁm%ﬁm&©Mﬁﬂ%ﬁ%LT,w%®&ﬁﬂﬂﬂ%ﬂﬁ e
b%ﬂLKE%&%?%o f | -
quXIO He
Nmm%0®ﬁ%&m%®%

SV~ 271



L @ﬂﬁmmwkw%#ﬁﬁm#a# s Ehly

o A AR K)o S
LRI XD, Kﬁm¢guﬂ\mﬂmgULw~V | ._ 3
o @&wménéxﬁmﬁﬁﬁmAﬁﬁbnw %m%o@ﬁ.ﬁmﬁmMWﬁm,ﬁnm;
':¥m@mmﬂW®ﬁmwﬁaam Logﬁa&mwpfaﬁmmafw& pe
M A R ERNIG 6, B MR R LTS DY F%W?fmﬁﬁoﬂﬁwﬁb
??ﬁ%ﬁnmufi0§ULu%%@ﬁmﬁﬁw&ﬁbnrmao-1;p~a¢¢ggg
- %@ﬁmmﬁoxﬁﬁ TMHCfé@ﬁjﬂﬁnf?of:': |

Tab 4’mﬁﬁ@ﬁ:%®ﬁ Hj%ﬁ(K“ﬁ)GDﬂu'ﬁTﬁ - sl

68, 1Q69;-1971,?1Q72A_:“1 ‘11974 | 1975 | 1976

ol medt| U rvTfad7 | o701 | oedz | 35| 807 {30

Tesey [ sey 100 ey fe

ol pd ge3 | 128 | 128 | 759 759 *aéé'-' 35 | 35
Zomo| | 0 T A BRI

?gygjaﬂ_z,igz ' (175)

I | 262 | 140 | 140 | 934 | 034 | 642 1vca07 o a

,{a @%m@mﬁm.ﬁm.mmgﬁﬁa,%om@%%mﬁ@u%ﬁ.ﬁﬁﬁmxf,
L EBELTh s, |
-gmﬁﬁgmﬁ e G R e B T -
:;1974¢ I%ﬁﬁ@ﬁﬁ@%¢@tm %%@ﬁﬂtﬁfﬁﬁimftmba#ﬁﬁi
Zf%nnmﬁmhuf ﬁﬁgﬁaﬁﬁmmmoﬁ&mmﬁﬁié;ﬁ&ﬁmkLiﬁaﬁﬂf
Q_ﬁﬁxéﬂtofﬁq: o o G ;W_  ,¥ ..” f _
CcoFRTay fﬁ{%Mﬁwﬁﬁ%mﬂﬁ%ﬁ&@%Lt%%ﬁﬁﬂ%ﬁ&ﬁ&ﬁmL:

#gﬁmmf”'fﬁﬁénfu6ﬂa@ﬁ@Ai63WK%ML150 %oﬂﬁ@?.
’?«zx@ﬁﬁoﬁlmﬁ %zmﬁ®ﬁﬁmain{n R g g
E ﬁegmﬁu,~~' SRR L e
. Q“"&Wb o
'Q BEER ‘Nﬁ/h _ | |
w ﬁ@ﬁﬁ@%ﬂﬁﬁg *ﬁyya¢Mngﬂqwg;mé
':-"-I&ﬂtﬂiﬂﬁl k@ﬂgiﬁ,@ a2 &b Dﬁﬁ% i e quo
q Fﬂ#ﬁ%éﬂ%I%%K@\ﬁﬁﬁﬁﬁ#%bhbo. R ;
’Iﬁﬁgg@%ﬁmﬁgmavtm iz, ﬁﬁ<m1w/hui WFfﬁ03M/h

i 7,5 5 i

RS



-:ulﬁoﬁl' e e .. R

'l;ﬁﬁwmﬁmohfmﬁmiﬁﬁméh%o?fi;  Hn“u--

ﬁﬁWiqﬂﬂ¢®mﬁwkﬁbﬁﬁﬁ§%,¢éjﬁi; ﬁiﬁ_;;FT..fa
: £_ Ma®mﬁwﬂufmm@&ibtﬁﬁ ;mﬁ?mhfﬁﬁa;m@ﬁ,

- (’Fﬁ‘é?ﬂ:’t 1/3\ WT’"C“O& Y e :
%ﬁ7ntzmgm

i? LmMmEkkﬁ%%mKﬁT6ﬁﬁﬁﬁﬁﬁ®tw@%ﬁﬁ®7nhz\?&b%
EWT/EE@W%&ﬁ»/@ANWX/%ﬁmwmﬁ®tbﬁE§htoL@7n£zﬁ§
mirﬁﬁwﬁ< EXK&MT@ ERE/E%@WE@%<@%%@£ﬁ#%@#.ﬁw

9A§nz/%%ﬁn &K?iUﬂfﬁ%%h(bbmﬁﬂnﬁﬂfﬂiﬁi5“”

_mzo@/nimi %éf;j}‘\’@" ﬁéﬁ ﬁ#%%ﬁif&%ﬁﬁ’c%éo L,f._bu;,"c. _@ o

20@7;:43;{}' i)}(jj%%‘gﬁ{fczﬁl, itﬁ'ﬁf’%f‘ivbﬁ&k Bt_kih‘éééo
20@7nkz®ﬁﬁ%@®#%%HTKm?,

¥ B fﬁ ' 29 Zﬁﬁ Rsoroof w5 270 5 "E!T_f”RS'} SN P
%%ﬁﬁméba iofamgg_; _@5P¢Mas_uw@g;'

ERE/EE@WH@‘%ﬁS{%ﬁ’?’?%ﬂm’C& Z.)im —Uﬁinn:‘: L’CEEODWHCD%'JEZ’PM{#?‘S

;!'LZDO

%%ﬁﬁm&w&ﬂ@%?ﬁﬁ®:zrmﬁbfm Ew&/ﬁémﬂ%o%Aw$¢nx

““j;‘qt@]:l:.ﬁ@ﬁ*%\ 2’30_)7 nkzm&iﬁhﬁlkﬁﬂlﬁtk‘* kiJ‘-*FIJ[ﬁ L,'C\ Ha L
.E@‘f‘ﬂ?}; L,'Cﬁﬁ?“éﬂé’é&b5&%&%?%@%%@%0)1‘-_&)\ ERE/E’QDWE‘Z

'_m%ibv 1 o j ' '

'H 50%ﬁﬂ@m@mb wom% RS BT A
ﬁ%mm%m%?%7xuﬁA$l©ﬁ%§ﬁ&£%K?6a ﬁ@® %éﬁ%mﬁf
6m®ﬂ@MFmT&ﬂﬁTﬂﬁﬁﬁ®ﬁﬁkTfﬁ%ﬁKﬁA?bo ST

TS WHE A BXAURE | B B B M
| R s L s 4-_014°?@-..‘,L139m:&
EBbﬁé@wﬁﬁﬁﬁﬁa%””°”oh7hﬁﬁ7ffff[139%

{5) ;_/ r tz@ﬁ%

: ”'ED{}'l/E%D‘B{ﬁQiJA-F@ﬁDO



l)ﬁWIﬁ . . I . : _
_if rfvwaewﬁm m&ﬁK%Bn %»T%ﬁmibﬁxmmgéhéom@
B WﬂXRG%@ﬁ%/Rwﬁébﬁwwﬁﬁmn Eﬁ@ﬁxm%%gn% @mﬂ@_
 %ﬁx$®ﬁW&ﬂxm&ﬂﬁtﬁmbfﬁw&ﬂw/aAK@%?& Lmu;&ﬁn@'
,W@ﬁ» ¢A®$&Emf &Mﬂ®¢@W&ﬁ»/¢A%o<5 %L{&Wﬁawb
x¢®mmﬁ$gﬁm§5 %n%gﬁmn mﬁ“ m3wﬁ”.mu_n. .
a0 R0 Y0 S O SO S0 O
.'CaSOS'/HMTh/O+VHaO—éCaSO(-MhO:jﬁ'L"
"EﬂCacea%soa+zﬂyaﬁve@aso4-2Hao+coz mfawwaﬁﬁzw72 
'”ﬁﬁﬂXKamtmﬁﬁ -#%ﬁ&ﬁ@vv—rm@%?ahamxbﬁﬁénao
xrf»v ﬂ—ﬁ %%ax&w&W%%%ﬁTétb ﬁbmﬁmt /;ﬂ%w_
®¢fﬁ$éhtﬂﬁaﬂﬂﬂéﬂﬁ(HTML&W&)@ﬁﬁﬁﬁﬁmﬁﬁﬁéhbo
f%_éxbtnu—a &ﬁ@utﬁ%mﬁxmﬁ%nﬁﬁmﬁﬁ*h ﬁ%#6mm3ﬁao;
2)E%£mlﬁ e LR n
 mREA A A, ﬁ@ﬂ»xﬁA ﬁ@ﬁ»/?akﬁhﬁﬁ517l—m,ﬁﬂﬂm
 PPHﬁ%ﬁK$%$ﬂ o @ﬁﬁ@r»/¢Aoﬁmwtwmﬁﬁm%ﬁ%ﬁﬁfg%
kD %7)-@PH@@9§@ﬁ:-_Eén %bﬁ @&ﬁkﬁkén f_faﬁ
%%LT6L$m?7ﬁmkibﬁﬂﬂﬁﬁ”mbhé o
fRaBie T - ;_ i
fCasoa /H20¢4h3044—/H20 = caso;@Hg0+-s& i

"“3Cacm4dhso4++ho 5 casoi-mho+cor,:¢emgkhwrﬁ'
.Casoarkﬂzo+sog+/qho - Ca(Hsosh_--*l'“*gm) - d
CCE CHS 0505 55 05 FH 0 CaS 0V BHE 0 £ S0 T n S (e o r
| j“mmﬂme&f,/Jﬁf ﬁ%ZO%Kﬁﬁéntﬁﬁx7u—&ﬁbﬂﬁ%6%ib  
;ffﬁgﬁ% én Eﬁmrﬁgnamwugw?AQéxﬁ- '

'3)&Mﬂ1ﬂ '

ﬁ4umﬁm§n(t%E@ﬁ»vamxﬁﬁﬁmmm tjb@*f%lﬁ%@X7J.

wmﬂsnn&f%mmmménbo







o Stack

Fig.-1  FLUE GAS DESULFURIZATION, LIME STONE-GYPSUM RECOVERY PROCESS

- Reheat

Furnace

From Boiler

I

~ To Waste Water | -
Treatment * . -

) ]

Pres'cr'ubbe'r '

N

Absorbent

To Absorber

Absorbent
- Slursy pit - o

 Thickener -

. Mist |
- “Eliminator |

1 Absorber |-

el |

| PH Controller

| Treatment

Mother Lig.

~Mother Liquid

Tank -

a D?hydrofor o

Gypsum :;.;".'

IV— 275




T_hr"'c'i'w ~Away. |
| Process . |

Table -5

S

~ Classification of Wet

IV

. Thl'.()w - Away S

(3)

Sg_diur_h base

Throw - Away

FGD P._rbc_e_ss‘es_ .

A t.)fs=o<r'b ent

{CacOs

Ca (OH)2

Na OH

Absorption
‘System

Process

i

Lirne,Lime stone|

Ca CO3"

Absorption

| 0)_<idqti_bn __

System

1 /Gyp sy}h

‘Recovery -

By= product
Recovery
| Process -

Process

5)

Double alkali

, /Gy'psu?ﬁ__

"Ca (OH)2

Naz SO’.a '

(Na OH)-

A bsarption

[oxidation

System

ey

SUl_furic acid
Dilution

/Gypsum .

H20
+

Catalysi

Absorption |

"-Sy_'sr em .

- ‘-é-&'_Sepc'srcnién_-
| System

=

Calcium

Substitution
System

-] System . ..

1Ammonia

A7)

Calcium =

1/ Gypsum

" NHs -

" | Absorption

System -

Oxidation

_ System

' :'So_d.i_u m base

.S_ujifu.ric '(-zci_d

Recovery -

1 Process

(8)

| 7sutfurié acid

‘Naz 803

(NaOH)

- Absorption

System

|Oxidation

SyStem'

Ox,_ido_'ti:{‘)_nﬂ":;_: |
8 Separation

"+ Calcium Substitu|
=(tion & Separation

_f By prodisct |

" Waste

' qu_fe'_'_- o
lor Recovery) .

System.

Calcium Substitu-
tion & Se_pcr_cimon

' .'Sys'Té'r'n' .

< | System

Magnesium base| -

/Sulfuric acid

| wgtorz

: A.bso_r.’_pf'iqp.
| System

S0z Reducing

Sysrem. :

| sulfuric acid

qu'r_it

A e = e

|Absorption
|system

502 Reducing

“sulfuric acid |

Syste_m o

Plant.

Ca S04:2H20

H2S04"

W -2r7




- Table -6

Description of Wet -

FGD _V'QP-ré'ce's,sés'

Process o

B // | Mqih_.'_ Reactions.

Flow Chort

Throw= Away Process

(I ) Ccalcnum base/Throw - Away

Suifur dloxlde reacts on

N Ilmestone or cqlc:um hydroxlde

e resultmg m ihe producnon of =
calcmm suifn‘e whlch is thrown
nway 10 ash pond

' Cacos

Cor

CaloHI2

S0 {Ccsoa-'/zHéo -

CaS04-2H20 }._...,. Waste

FLUE 6AS s
Py
I T

70 ST&K

WATER o] |

SIS RSN

ABSO-
RBER

iy CALCIUM BASE THROW AWAY

ABsiORB_ENT- el
WITHDRAWAL WATER:

. ABSORBENT = °
MAKE UP TANK -

(2) Sodlum bcse/Throw Awoy

__Sulfur dIOXIde reocts on
_ “caustic sodc resultmg in the
' ='-product|on of sodium’ suiflfe
By curmg lT Glouber ‘s salt”
s produced und thrown oway

|

802 I
NaOH —Y i Na2S03 + H20

Na2 504  ——a Waste

TO STACK

oY

'(_52_)'”SOD'_IUM. BASE THROW-AWAY

WATER o—»

ABSORBENT

ABSO“.

RBER:

OXIDIZER

ey g

ABSORBENT

“mSTE' ' MAKEUPTﬁNK'




___Préé'ess_"_'_ e  Main Reactions Lo F‘Iow Chart

- Gypsum Recovery Process

(3 UmerLmestone 7 Gopn || Togmk () L/ Grpsu
e ol s e ey

.Ca COs -—L-:w Caq SO3:I/2H204+C02 . . o : WATER LI B P s

| s S Cd(OH) RBen| | et

Ca(OH)2 | RBER| ~ |

I
SR » Ca S04 - 2H20 | caos > houst™ ——l«I .
- 802 i o FLUE GAS 1 REMOVER) fR I B

Sulfur dioxide feacts o limestone

ox'r'biZER .
THiCKENER’

in the production of calcium |
sulfi,'e By arrmg it Qypsum - o
E 'S pI'OdL('ed ) | _

: L cososbamormo | €L R LR, S S
. .C?G (OH)2 . Ca S.OIS 2 H O+ He ) _ R _  IpH CONTROL_LER' AER : o . 3 GYF’SUM
g : - : ' : ' - e . — WASTE WATER

{@ Double Alkoh /Gypsum o e B L . TOSTACK. .:-st'oa (4)DOUBLE ALKALI/GYPSUM
- -Sulfur dromde reacts on ' NU? S0s3 —L>N°HSO3 o . . |
. _ A 2 WATER [
sodrum’s su!flfe resuinng : T I N i
| -rhe produchon of hydrogen _ R EE ——F>Cc1803 |/2HzO+NozSOs+COa L ABSO-1.
--:'_‘sulfne By dddlng Jime: foiit 1 | | CacCoOs SOz FLQE_"GA.S PUST i | 4y y
'colcmm su!frfe s produced_ S or |- : ; Ca S_04'-2H20- _ G__Q,REMOVE_R) _

-and by airing it gypsum is’ | - |ca (OH)a _ _ : I-PH CONTROLLER

prod uc e d —*—) Cd S03-1/2: H20+ Naa S03+H20 _ WASTE WATER '

_ DEHYDRATOR

GYPSUMN

(5)Sulfunc Acud Duiunon/Gstum R | | | o - - R (53 SULFURIC ACID DILUTION/GYPSUM

‘ ' ' _ TO STACK
Sulfur dioxide is ‘absorbed by S0z - o  COOLING TOWER. - S o
water confmnm_g_ a cqfdlysf - H20 J»HaSOs ‘ thSO# = ' _ = — rﬁ ]XIbszR COO(FOH)Z DEHYDRATOR R
. A DR  (Cat | WATER ' | Co Cos "
~ resulting. in the . production of l"C“- cosor Catoriz | VAT i B p——
sulfurous acid. By airing it _

sulfuric acid is produced. _'By | ; ' | - Ca SOa - 2H0 ELUE GAS | ) - I

~adding lime ‘to the acid, [ . R s . 1 Q__ : (-|§ A =) ' o L
‘gypsum is produced. (. S | ¥ l-y-le - 'CRYSTALIZER T GYPSUM

A’BSO-
RBER

~ |@©)ammonia Calcium /Gypsum | - s02 ;. C ~ (6) AMMONIA - CALCIUM/ GYPSUM
| _S_u.lfurfdi'o;ide reacts on dr_‘n,mo_n_'i_o_ .-N.Hg,&' L{NH%S% }-—L)(Nr-h)z SOa - B TO STACK - |
“water resulting in the production |~ A _NH"HSO%_ L | |

of su!flfe (hydrogen sumte)

_CQ(OH)z WATER _

- _ DR “NH3
_ By airing it qmmomq sulfcn‘e : R S : -ABSORBERI

s produced ‘and by dddmg 11 (NHe)280s | Ca SO4-2H0+NHs- - |COOLING { \[ |

: : : E ' = = _ FLUE GAS - '

hrne to it gyp_sum is - produced : : . o . o TOWERI, :

Rt Yo

CalOH)2

H)2 | DEHYDRATOR B

l*:u— N H3

V- 281

Y l A!R suasmurnoﬁmms- GypPsum -}
WASTE WATER = . & : - TANK CTANK o



Process S -~

Mc_i’ih'

- Reactions

Fiow _

S u_l furic -Ac id R ecoire'ry Process

: (?) Sodlum bose/Squurlc Acnd

~Sulfur d|oxld_er‘_reocts :on_sodlum_
sulfite . resulting in the ’prbdﬁ'ci'idn
of Sod|um blsulfns |
By heonng tt sod|um sulfite ond

' ;sulfur dioxsde ore recovered

SOz

Noz SO:s -—-L-;s- No HS 3

at
—-I-[]-xg- No 803+802 + HaO

'¢'| (Co?)*“, 02

-The former |s used ogom |n the | IR

_'_'fsrs? process whlle sulfuric: o
__:oc;d is produced from the Eoner

Chori _ R S _

1o STA{:K (7)WELLM/-\N LOAD/SULFUR{C ACID COOLING WATER |

: TR : , : : .70 SULFURIC|

S e "~ ACID PLANT|

inTeR EVAPoeATOR |

. |aBsoR-|
| “FLWEGAS ., [COOLINC
N o;;.-'___g{- TOWER|..

WASTE WATER j

_(8) Moqnesnum bose/Sulfunc Aczd

‘Sulfur dloxlde reocrs on mognesmm
hydromde resultlng in the - o
_ :.productlon of mognes:um sulfne
- By, heotlng |tmogne3|um oxtde :
""o_nd sutfur dioxide ore__recover.e_d.
 The former is used 'ogoih'in't“he '
" first process after. dddiog.wotér.'
From sulfur dioxide sulfuric.

* acid is ‘produced.

802

Mg(OH)z _L_ M 503

Mg 804

Heotlng S
—> Mg O + SOz +co3

(Cat) FOz

803,

- H28504

- H20

| _;{ RBER|~|
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S 1R MAGNESIUM/SULFURIC ACIO .
TO STACK S o
"TO SULFURIC
ACID PLANT. :
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Table -7

Desulfurlzonon Insmllohons |n The Elecfrm Uhlmes of dapan

Power Comparny -

Desulturization F’rocess

Mcker

' "Pow&r' plant

| Unit

“{out: puf
{MW)

r{u’-e'r

Start -wp

Gqs

Volume

(Nmd /H)

Gd pac'i'"t'y
%) -

Effic:ency
(%)

“Rémarks

EPOC

Wet, Li:rn'es:rone ~Gypsum

MHsu; MI }ke Machmery

“Takasago

250

- Takasago

256"

lesui Miike. Machmery
"1"'HI1 L

I sogo

265

975 - 2

840.

OOO.

. _.aoo;;

°93.3.

1976 -3

840.

000 .

o0 |

59_3.3

976 - 3

900.

000 |-

100 |

. 90"

CILHT

I1s0g0
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1976 - 6

900,

000

100

80,

lBaboock - Hitachi K.K -

. Tokehara

250

eTT - 2

852

. 000"

RLc L

942

[ HI ersui Mike Mochlnery

Matsushima

. 500,

1M1isua MliIke%uchinaryK

‘Matsushima

TB00 .

1980 ~ 1

. 300

000

CE

95

1980« 7 -

060 |

LTE

55

E P D C:Electric power -

Ishikawa ] ima
-Harlmo .
Hecvy lndusmes

Co, Ltd,

IHL

: Ho_kkaido

_ Wie?.','Lir:n'e:s_té'neF Gypsum

“{Babcack - Hitachi KK

Date

350,

HIB‘C-O{]

1978 - 12 -

T260.000 ..

25"

TR0

{Babcock - “Hitachi K.K'[

Tornakomai-Shigashi

350 -

Coal'

1980 -8

610,000 |

50 |

- 90

Tohoku

|Wwet, Limestone = Gypsum

Mitsubishi Heavy Industries|

‘Hachinohe - -

250

IMitsubishi.Heavy Industries|

“Higashi-Niigata

1974

I
N

380,000

50 |

1976

7420.000

90

IWet, Double Alkali-Gypsum

JKawasaki Heavy Industries

‘Shin - Sendai

. 600

Oll

1974 .

.:‘ i

420.000

25 -

96

Wet, Sodium=Sulturic. Acid ', IMitsubishi- Kakoki Kaisha - |

Niigata -

(Bl =Bf~—[r|={=|n = [rl—}

e |

97T

760

000 -

50, |

90. -

Wet, Double Alkdli= Gypsum

|KawasakiFieaty Industries

SAkita .

1977 ..

1.7050.000

" |tie up with Kureha chemical

_ Industrles :
Wel Imon - Locd

‘Tokyo

Dry, Active Carbon.

" BBabcock- Hitachi

KK

“Kashima

17600 .

Heavy

972

420.000

25 ]

80. . -

Wet, Limestone - Gypsum

. IMifsubishi Heavy Industries

Yokosuka

{265

0il

A

1974

400.

.90

Chubu'

Wet, Sodium- SUHUF’IC Amd

Mitsubishi-Kakoki Kaisha

“Nishi~ Nagovya .

220
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1973

A

TO0- -]

90

Wet L:me Gypsum
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Owdse-Mita

375

1976

200,000

100
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Yo B

Oil

1976

oy

200,

000 "

Ho k'u'r'i.ku -

' Wet Sulfurrc Acid Dlluflon

- Gypsum

Chiyoda -
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T 500

JHedvy &

1974 —i

]
Sjoju o= iNfoos o o

750,

000
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350

Crude Oil

1975, -

1..050.000

OO .

56
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:Amagqsokl H|gash|

156

972 -
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000

o5

" a0
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1973 -

_400.000

%5

Mitsubishi Heavy Industries

Amagasa k| ngashi

1 156,

T1o75 ~

. 375.1

000

75

90

Heavy

|Wet, Lime stone-Gypsum

- Babcock~ Hitachi K, K-
IBabcock~ Hitachi-

“Osagka -

BB

Oil

1975 - 3

~500.000

100, ] .-

20

KK

‘Osaka

156 ¢

1975.=12

- 500.000

00"

" 90

|wet, Lime -Gypsum -

Mitsubishi Heavy Industries

156 |

1976 - 10

475.000 .

I

190

1Babcock- Hifachi K.K .

‘Amagasaki-Higashi
Osaka ,

1976 - 10

. 500.000

100

<380

Additional Indstaligtion

Chiigoku. '

“Awet, Lime stone — Gypsum -

Wet, Lime stone— Gypsum . *
R 0 IBabcock- Hitachi - K.K
IBabcock- Hitachi- K K"

. Mitsubishi Heavy Industries

Mizushima .

Heavy Oil

1974

'310.000

850

i Tamashima:

- 500 jHeavy & |

1975 -

.460.000 -

100 -

96

IBabcock- Hitachi  K.K

_Tamashima

Crude Ol

1976

.000.000

00"

96

Shimonoseki

400

Heavy Qil}

1977

.200:000

100 -

© 90

Shikoku

: We_f, Double Alkall-Gypsum

‘{Kawasaki - Hedvy Indusiries
. flawasaki~ Heavy Industries

Anan’

Heavy

1975 =

.260.000 |-

100

Y

“Sakaide

450

Qil

1975, =

2607000 ..

= JOO

L97

tle up wnth :
Kureha chermcol Indusfnes

Kyushdrrl.

|wet, Lime stone - Gypsum-. -

IMitsubishi Heavy Indusiries |

Karita -

1375

[Mitsubishi- Heavy Industries

Ka ratsu

375

974~
1976 -

1 550.000" -

50

90

570,000

50

790

[Mitsubishi Heavy Industries

~Ainoura

375

Hecwy

e =

730,000

—75

[mitstibishi “Heavy Industries

Ainoure

s O|I,.'

1976 -

| 730.000

{Mitsubishi Heavy Industries

-Karatsu

1976 ="

730, 000

50

790

Wef, Double Alkall Gypsum

50

[Kawdsaki Heavy Industries| Buzen - |
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1 o777

90

tie up with
Kureha chemlcul In&strles

Oth'ers' ;

"Wet lee - Gypsum

|Mitsubishi Heavy Industries

1976 - |

_6l1.000 |

190

|Wet, Limestone - Gypsum

~ [Mitsubishi -Heavy Industries
[Mitsubishi Heavy Industries|
. |Mnsub|sh| Heavy Industrles

' "‘"thsubishl HeavyIndusmes L _
[Mitsubishi Heavy Industries|Kashima-Minami-Kyodd

[Mitsubishi- Heavy Industries

“Mizushima- Kyodo, | -
=N ng ata - s:Kyé!'d_O 1,

| ie7e

530 OOO 3

90

Niigata - Kyodo. ..

1977

-3

. 530.000 -

90

Sakata - Kyodo |~

-Sakata- Kyodo |

o |Heawy

.100-000"

90

1_9_?8_ =10

100, 000 .

00 |

90

"I HL:

-Sumitomo-Kyodo -

‘Fukui = Kyodo

1975 - 12

450.000

100 |

g0 .

1978 = 8

750.000

100

s

L1976 - 9.

431,000

.90

Toyama- Kyodo |
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__9 ]

- 750. 000

100

925
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.Feaiurés of

F GD Processes

F G D

. Process

Chorccternsﬂcs of Prodess'

Manufacturers in Japan

Desulfurlzutlon efflcuency of ‘more thcm 90%

No waste wciar treormem ‘in the case of the orl—ﬂred thermai ‘power planf

1,
(l) 2. The simplest process
3. Easy .operation - L o S .
Calcwm base 4, The cheapest " cons1rucf|on cost (no by produci) _ CMitsui — Miike Machiners
_ 5. Location ‘conditioned by land -availabiiity becouse of the necessny of S - y
' oy o ‘large ash pond to throw. away caicium sulfne :
Throw = Away : g P Y
' S L Desulfurlzonon effncnency of more than 90%
_ (2_)_ B : _ 2. The smplest process : S A LT
l'sedium base 3. Easy. operation - Ishikawajima~Harima Heavy Industries
o ' -4, Cheap" construction - cost. (no by producr) _ : R : o '
5. Expensive’ operanon cost {large consumption 'of obsorbent) :
8. Very. large quum‘lty of waste weter to be treated {unsuifable for large bo:ler)
T ‘Suitable process for the paper and pulp factory which consumss Glauber s salt
(3) 1. Desulfurization efflclency of more rhan 90% ' :_._MITSUbIShi Heavy Industnes
1. . _ __2_._'Slmp!e process - : ' Mitsui = Miike Mochmery '
lee L|me§f0ne 3. Easy Qperation : : i : _ ._BQbCOCk H]fQChl SR K :
4. Necessity of controlhng and removing scaie in-the obsorpnon Ilqurd crrcu!anng system - -_:Ishlkawajlmc Harlma Heavy Indusmes
' ' 1. Desulfurization efficuancy of more than 90% i Kawasaki Hecvy Industries (Tled up th
(4) . - 2. Expensive construction cost - Kureha Chemical Indus?r!es)
|Double  Alkari ‘27-_80;;‘2"??“'9‘* prf°°ess - Showa Denko K.K (Tied up with Ebara
(Indirect lime - '5‘ "U;sdlt:bleop:rt]celg: in the case  of the high - . .Manufocfurmg Co.)-
T -l 5 o e hig concenfrunon of ox en
R limestone process) _gus (large consumpfion of obsorbem) _ g In flue TSUk'-S-h’mq M(_}chme_ry.
Gypsum  Recovery : _ . |
' - (5) 1. Desulfurization efficiency of more than 90% IR ' L S
2. Simple process Chryod_a_;C_hemlcal Engineering &
Suffurlc Acid 3. Easy .operation Construction Co. Ltd,.
Dilution 4. Expensive construcnon cost h;gh gmde of mqtermls) ; '
(Indirect lime-=~ - 5.-Expensjve operation cost {energy .cost).
lirm N 5 _ 6. Necessity of catulyst (Mg acts-as negative curutysf)
imestone process) | 7 Large quantity of waste. water to be treated
' ®) L I Desulfurization . eff:caency of more than 95 %
| 2. Complicated  process '
Ammonla Colcsum 3. Difficult operation :
_ 4. Expensive operation cost (absorben'r) ' ‘ : :
__If}dlrect ...IJlrr_le.. _ .. 5. Generation a plume of smoke ‘owing fo 'NH3 leakage ( particularly, in the case S o .
- limestone process) | - - of the oil - fired power plant) : e _ : ‘Nippon Kokan K.K.
' ' 6. Treatment of NHjz 'in the waste wafer : o
- 7. No. actual use for ‘lorge FGD plant )
' I_.'Desuifurizohon efﬁmency of more fhan 95 %
g4 2. Complicated. process - o o
(7) o ‘3. Difficult operation ' G :
_ o 4, EXpensive construction COST (hsgh grade mcferiols) “Mitsubishi Kakoki Kmshq
Sodium base 5. Unsuitable  process in the case. of the high concenfrotion of oxgen in flue :
AR ~ gas (large consumption of - absorbent) (Wellman Load)
Sulturic.“Acid '6:.Being -more economacal for the h|gher ‘sulfur . content of flue gcs
.Reco'\ler-’y 4?,?.'_Be|ng uble to: produce snnp!e sulfur if desn’ed . -
' j ' ) !.'-'Desu!furlzonon efflmency ‘of more than 95 %, - _ _ o
(8.)"_ _ 2.-Complicated  process (in parncuior, necessny of handlsng of powder) o UL
> M Lo b s 3. Difficuit operation o _ : ~Mitsui Miike Machinery
|Magnesium base 4. Expensive ‘construction cost _ ' : B :
' ' 5. Being- economtcnl for the hlgher sulfur confent of flue gas
6. Belng ablie ‘to produce srmple suifur if desn’ed
7.
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