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Development of high efficient process for simultaneous
removal of SOxand NOx removal from flue gas(ID)
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ABSTRACT

The object of this second year study is to develope the simultaneous SOx and
NOx removal processes from flue gases using wet limestone for SOx and P,
additive for NOx. In order to accomplish a final goal of flue gas desulfurization
(FGD) and enhance the technical reliability, chemical characteristics and mass
transfer factors for FGD processes must be investigated continuocusly. Based on
the technical reliability and economic analysis, wet limestone-gypsum process was
selected as the best technology for FGD technology development. The second

yvear research results are as follows

1. A bubbling type reactor was bhuilt to test several factors affecting SOx and

NOx removal efficiencies and additive utilization.

2. NO removal efficiency i1s affected by factors such as the degree of mixing,
flow rate of flue gases, Oy cocentration and amount of P4 used Maximum
efficiency of NO removal is 100% at low NO input concentration and 75% at
1700ppm. NO removal efficiency of average 50 to 8% indicate that this
system can be applied for treatment of NO emission from other sources

containing NO of either low or high levels.

3. Ion concentration distribution in the reactor solution is PO; of above 50%,
POs* of below 50% and little PO;>. Total ion concentration in both a reactor
and washing column is POs ¥ of 77%, POs® of 129% and PO;* of 10.1%.

The byproduct produced from the oxidation of P; was recovered as a



phosphoric acid up to 98% using one washing column. The oxidation rate of

P, in the reactor was rp, = 3.0X107° (P4)*?, and this equation were

predicted well compared with expeimental data.

4. The experimental results of limestone addition for SO; removal in the
continuous system shows that SOs removal efficiency was increased I
proportion to pH, but limestone utilization decreased. There are optimum pH
ranges for the increase of S0O; removal efficiency and limestone utilization.
Average S0O; removal efficiency of 80.6% and limestone utilization of 95.6%
was obtained from S0O; removal experiments in the range of mput SO,

concentration of 1800 to 3200ppm.

5. P, was injected into the reactor containing limestone by several methods in
the continuous system. Injecting methods by both melting solution and solid
particle slurry of P, didn't show the same results In many repeating
experiment> P, injecting methods of about 0.5gr size into the bottom of
reactor using the syringe removed more than 98% SO of and 802 NO. Low
pH regions are more effective in ufilization rate of P4 and NO removal

compared with high pH.
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[Figure 2-1] Summary of important mass transfer steps and chemical reactions in

lime/limestone FGD systems.
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CaCO3 + SOz + )%2H;O — CaSQ0; - %2Hz0 + COq (1)

o 714 calcium sulfite hemihydrate(CaSOs - K H0)= ui7tA F9] AkAd] 93

M 4 gon, B @3 28FR0 98 g @84 9 41( gypsum,

CaS04 * 2ZHO0) 2 Wy .

CaS0; + 202 + 2H;0 — CaS0Q4 - 2H:0 (2)



N9 A4S dAEE BRI ARE SO27F €9 83| o] sulfurous acidE}
= ¥ olg 7|4 dibasic acid) 4t-& HANAFHT, o] AL A&dte o 23T,

SOz(gas) + H:O & H;SOs(aq) = H'(aq) + HSOs (aq) 3)
Sulfurous acid: carbonic acid(HzXCO) BT} 732 2 A carbonic acid®] 9& ¥
Y 5 ULSE 9u)din, et CaCOst sulfuric acidol] o]3f) E 3= o] SO.9 WH§
3tA ¥4

MA Bl A HSO; B} alkalinity7} & $°]2% SOz ¢ HCO3 & HxSO:8F t
L3 L F3}1vf(neutralization)& %t}

H.SOs(ag) + SOs° (aq) = ZHSOs (aq) (4)

HsS0s(aq) + HCOs (ag) & HSOs (ag) + HeCOs(aq) (5)

d7le] AEQ CaCOse thea} o] £¥=]o] wr§o] Aodd}n, alkalinity’} &
2029 SOs* 8t HCO; & A4 ¥t

CaCOs(solid) + HSOs (aq) = Ca''(aq) + SOs* (ag) + HCOs (ag) (6)

CaCOs(solid) + HeCO3 (aq) = Ca'(aq) + 2HCOs (aq) (7)

g3 e Ashitgo] A sulfatec) o) B4 QT



HSOs (aq) + %0x(ag) & SOs (aq) + H'(aq) (8)
A€ sulfate Ca o] 239 wigo] &3] A g A3, o] Hae JAEY.
Ca''(aq) + SO4 (ag) + 2HO = CaSO, - 2H,O(solid) (9)

Wj7b2elE 3 - 10%9] AA7t EAEr] dEe] EFF4ENA sulfites] YA Fol
sulfate2  Adth. {48 SO SO% 09 71MsEe] wets 10 - 100%7}
calcium sulfate®2 ZAJEY. JFFZAA sulfite®] 232} calciumii M7} 83 = H
8238 CaSO9 ¥x& F7MA17]2 CaSO,9} scaling& ¥o7)& Ago] Ut

2. pHe d%

EF4xe) 904 pHY 42L& buk solutiono] 4] HSOs 9 SO E=8 A HFHo
2 Ugis Aoz SOAARTE YEd 4 slod, E@ Sa BAsd o
$90] CaSO; TASH Bl o2 AYo] 7| AES] BYAAANA HSOy FEE
DHol 98 o=AE &% 4 Aot

CaSOs(s) + H' « Ca* + HSOs (10)
[HSOs ] = K[H'}/ICa*'] (11)
AlAsge] o] #FARe] pH7 ¥od Ay ¥ HSO; & YERUH, oA

7t4E 8 (hydrolysis) #H8-& A% WA 24ARSE SOAMALER BAAAT
F5247o049 pH $2& #9 4349 %g Jehis Re2N pHt o



CaCOs¥°l t% A4 A& 9n .

Bgo] FFEE FA}NE F¢ pHY T4 A== 4349 {39 fo &
IRl e E B33 Axd wad WY CaC0:9 #Y9 AE/F =2d F52AFEL
oA pH7’t 3 HSOs & RA X5, CaCOs8] #9Y9 Fx7 FoW SOt
¥ wa pH7F "ojxiL HSO3 & F7H%vh. CaCOs7t R101AH CaSOs7t €35
i @A HSOs & B% IA F718tA -

CaS0s(s) + SOy + HO — Ca? + 2ZHSOs (12)

UitA o2 SO" == pHE @471 olym ol By 3] 2ZHE BY
o] 317] wfjiojrt.

CaSOs(s) = Ca*" + SOz* (13)

22y pH7F BAHE CaSOst 524 AASHE AP0 Jor o2y
438 ¥ FE9 SO* 71 =Hn, ¥ pHollAE CaSOs= $3HE Aqe] Yoy
netd SO & wAEY

F4200A pH7t 35 -40 AEZ RHgE SO /HSOs & SN AN 9
A BEY Y SOAAEAE & § Utk ¥¢sEA fly ashE $RY ARR
4¥Q B¢ fly ash2 %€ Ca Mg, Na ¥47121& A&st7|Hf ojshzdo] v pHS
Fola Qe Aol o= Fde HEg ). ¥& pHY B e 249 ¥E, 18
T EL 050 F42oA SANRE o2 2EW SOAAE SHART. g
pHol A ¢A¢ F42 A =@ 288 52 A2 98 o|Rojx iy, F4=
vesseld| A 27}3<Q Z7)& #o] ¥4 ¥4

AEHoz F429 U7 7MY pH £5& aANEY AX24 pHrl &

_9__



S WAH(38 - 65) FFxAA F= B3/ UojuA soft-scaleo] B/g=, pH7t *
© A hard-scaleg ¥A3HA . =¥ pH7} &3 CaCO7t #F EA3E SO9
AAREL FSHAT 4349 o] f X(utilization)= RolA A HY, A4z e2 pH
7F 231 CaCOg7t 2F EASTE SOz9 AAREL WolA A HAWL 4349 o] Xk
= EoMNA Huz FGDIATAAdE & 2 wm A% pHIEHo| EA A
202 2

3. &718 7MY 9%

Hydroxide, carbonate, sulfate =& sulfites] 7184 €718 ¥go] CaCO; €&
due] AHW, el F2 sulfated o224 FAUjo] FHol Y. A REO]
NaCOz7t A7t 3,

NaxCOs + ZHSO3 + 2CaSQyuls) — 2Na' + SO + 2CaS0s(s) + H:O + COz (14)

o] Wh-g2 T8 BHWIo| A miF 2 Y B3 sulfieF:=E ZA
g

CaSOs(s) + SO < CaSQ4s) + SO (15)

+ sulfitezE = sulfate’xEo] HvlH3x CaSO, ITAM(A )] A3 relative

saturation levelo]| WHu] 3|3} A o)

[SO%] = K fI::g [SO%] (16)

_10_._



S E =L T sulfites A4 F3 SO9 gl & SO¢ FU& &
BAAA bisulfiteE® A4 £ F42 & AU9 pHY FLE EH/ATZ, 5
Z oA CaCOst} CaSO3¢] 8-3& Ha3gd

7+ 8% 4718 A7FAe Nad Mg 9olth. Mge sulfite, sulfatest 435 %
£317] WiEo] & BHY oHH v BL sulfite species® AJA T}

MgSQ°% + CaSQs(s) 2 CaSOQ4(s) + MgSQ°% (17)

MgS0°% o] &%& sodium$doA WAYEHE free sulfitec] 2B} 45%HE AL
&x2 $4g. gatA Nadt Mge SOz8 EAAEY U@ 2189 Adgs FUd¢
Rog HAAY

EF5Zx A29J9 chloride 32 471EP71ERE JA 3= ol sulfate ¥
EoE 233 chloride 224 F3E7] wEo|ot. w72 W HCIR 478 A7HA
7l e CaCh2A B3 5o F48H.

@7tel 7t ANEA F7te &g 93 83)@ chloride2A FZHE

2Ca* + 2CI" + MgO + 2HSO; — Mg* + 2CI° + 2CaS0s(s) + H:O (18)

4. Buffer¥71Ale] #s}

FGDE A9 34 SO; 7]A¢t AAte EAAEE FHAIIIL, HYYo|f&x
(utilization rate)2 YA3A FAFL SCAHAE WHAT7] #8] RAY /AR
o] ¥ 4 ULoH, oF W adipic acid® TL buffer F7HAE 34 & §H{=
0 $4% 4L & 5+ U

+ A F o] Buffer371A& H7H4] 93 &3 L AAE A& & UM

1) A& FA SO bisulfite2Z NP o3} SO0 A& AL

_11_



SO; + A + HO < HSO; + HA (19)

2) Buffer speciest= th& HF-&9] &3] acid/base species®] #4tof 7] @r).

CaCO3 + HA & Ca“ + A" + HCOs (20)

& CaS0O; X318 F7IA 71 A @3 SO /HSO3 buffere] & S 7HA 7]
W CaCOB4EE 270 4 oo, =@ S $88 Be9 ¥
Tg ZAA7) 3, eta As4e8d ¥y pHE F/A

3) 500-1000ppmAE9) B¢ buffer¥E2ME SOH49) 4T Y4& ¥
5], B8 NN oS EE B8 RE& pHIMNE BEY ¥ SO
AAESE Fed.

4) LA A ©E bufferB/HAE chlorides) &Ho] o8] Y& WA
=t

a3y MgA7tAls CaCOze#d widAdg 71AE 7FsAeol UedH oA
Mg? o] ]38 CaC0s:9) A/} A= watA CaSO; £83& F7HA U

5. A A (Inhibitor)

R EZEL CaCOs8-3e 723 JAAz <434 3} Fes} Mgst & FA
¥+ 48 884 carbonate®@ YAY + U2 o2 U CaCOzx A& A (blind)
A o €9 MgAZtA e CaCOsg3fo] WitiEa& 7HA& 7Hs/do] led ©
R& Mg“7t CaCOsd A3 At wetA CaSO; E£3H& F7HA171% E¥ CaSO;

_12_



¥3e] F7t2 93 2329 CaSO; blindingd YL7)i o]|RLE Q3 A34 o
858 TAAZIY}. Phosphate, polyacryl acid, 28l 32V €3 A (flocculating
agent)2 °©]8== EUE polyelectrolytes € EH{F2H &3] CaCOs&H&E A%
.

6. A 43}

ZAASGE SASYE O A&HozZ X9 B4 E 8 oz A ¥PE &7
xe] & Folm MEo] o84 B ZAAHE airE EHTO) Bo$AY =
¥2)¥ sparged W72 &3 bleed® Aol o8 ¥ 4 Ak Double-loop
F422 ¥ pHsl 2 EHTO|A S AAdss vina §&d ol ¥ pHE AL
$A87) §Zoltt. Bleed streamo]\} double-loop H4= Z5o| 16]A CaSOse)
= AREEE ATY 4 ). Single-loop AbB}oA] CaSOsziiMy= B3 A
32 @om, £#¥ Hart YAT AYM9 blndinge AZY 4 Ak
Single-loop %At YAl A4 pHEHN 50 - 62014 AL} o]Ro] & K
%t _

CO= EHTZ Z7)§ #oj¥gol o8 2AHY, uas & 3719 HePEy
o )& pHgkel 6014 65714 el2A Bt w$ =F $#¥ bisulfitest AYPE
A79) ¥ pHte F42olN & #4848 SOAA aAFE nolch E3EF F
719) getekgelu Ao UM S Y sulfites] ABRle] AT FAY A
o] A8H( 95 - 98%)& °| &t} CaSO; seeddA o] EA#A 7| &o] 39 CaSO;
HE7 F52NM o]F0)XW CaCO blinding& /1A &th ol EAe o B
& F7E oAU IR HAY F42E Tt SO¢ E4E ol o
B 4 Uk

Bleed streame]t} double-loop 4214 pH42& ¥ CaSO:nAe) A&¢ &
$l& 883 5580 M=A golol @uh. Hudson' '& pH 43 -6.0914 CaSOs&

_13__



gl AREHEES A7 ANEEE pH & B F23=H oA CaSOs
o] =/ FAEE &7 FAEH7 o)t} Bleed streamolA pH7l ¥owd
#Y CaCOs9 F43t & ¢ & 4AHo|4x& Y37 H¥ &5=E-loop
UL YYo= ¥4 v & AIY4Yo|fX & adipic acidf 7t &% WEY Y
SOAAE B3 e4d¥ + U

d718 7= pH 6.0 - 75904 CaSO; A2 Y Y 3@ sulfited]) T &
Z7tA o 23] bleed streamAt3tE LY 4+ Uk

A 2 A Sulfite AH8}

B& FGDA2YAA F4E SOA& A4 sulfite o], SOF)7F AsH o
sulfate2 HE £ Al2¥9 reliabilityo] 43 F&F& ©|A A HH, o] o]F
= BA a8 A sulfites Ao} AF9 AH3(CaSO, - 2ZHO)E FAMst=d ¥
2% ¥ sulfated A7) dFoir. Ud F4x FEew A ol&7E ¥
A3 EUAHol YR Fow AIue F-2Y ¥WHo|Y WA, mist eliminator,
FEFYIARAFTNA AA3te YL Zr2 Y. ol YL sulfited] A3EH
o] 15%7F d&vl H¥AHLo = WA AEY.

Ar3e]l AE7L 15% o317t HE A Y RE sulfateo] &€ calcium sulfiteo] 23}
A CaSO,- 2H02 o AAA3A "ot 434 FGDALHAAM 43 scaling
potential®] ¥7tx 2P L HCDF o] ANHE 41 FREHEon®,

la Ch”'] * [asoi‘] - la Hg()]2

CaSO4* 2H20 * RS = —F 235502 3H,008) (21)

A71M ke & o] A $M=H F5oji [ ac” 19 [ asos’ 1= FGDF A

....14_.



£ A0 A calcium3} sulfateo) &) FFE0|L [ amo J& &9 RFEoITH

B N3 NANEREs 1003w Hme $8H7] AFHgE vy,
sulfited] AHSHE 0] 15%0lBol A A1 ANERES 1087 Hn o) Ne A
¥ R & sulfate’} calcium sulfites} A< AAE 37) ol Aie YYEf:
7} 1014 27189 scaling potential= §7 37487 A&t} Has) FREHEs}
130) ) M A19) scaling potential® g IMoZ Z7}stA B AANHET
Ag o434 I F4E ZE SO 42 Ty 9 AgHnE Yo 9@
scaling& 7 €},

fzo] n2UYe] o GAANNE thiosulfate(S07) A7 HAE o] 48te] sulfites)
NRE PAHE AYE $9% v U S9Yo] thiosulfates] Fo] FEHW
sulfites] ABHEEE 15%0)2 4 & o s 41st FGDA2EWeA
AANA F= 2AE FAA BT AAZ sulfites] AHFE o] 15% o|#7t Hw
Ed 229 AIE 488 4 ALe BT a8y HTAAE thiosulfated]
7o) Bgto] Ho] AA FAH) Ao AW FAW, AL thiosulfates] ¥
10 - 20%0] AU e 94 F& Al 8 oY AFE A& & Uk &
37 ¥ B A2¥oA 419 scalingg A ste FPLe o453 Atk

X324 FGDAAYIA sulfite 48 £E0] JP& MAE Rez 4&g: =9
W4s FF¢9e) pHolth pHe) Wae sulfite ABEEd Bojde oz FaB
species®] FE& WIAIUH. B43) pHsl F7He] we sulfitec] 25 EE F7131HH
A3t YHAIREL Aesade AN 2e 498 249 BT B2 4
St} ol FEAX o] T W4ie) W= 4EugHold ¥ 4 YT EY HLA
YAY A2 chemistryold ABVEEE FFEANM AL FFESESG BEHY o
o ol F429 LGY AHAA F4Y& B

9 SO; 59 W7} sulfite ABVEES} Aso] F48 sulfitel-&o] WA=
dge BE AW sulfite £ FY SO; FE/ F/HY) W IHoz A

_..15_..



t Age Ror 1 W yvd AN S 4R Y= FYA 41}
A8 gt gYoz wtE AL HAZY

o)E T ABE oMUY oW AAdo] ¥& LGERUNA B& #9 SO; ¥
T& AYHuA Yo o] AADNAE N1 AYE AU JAH 2go) A%
& Aoz ¥VED. o@ ¥ A2YL adipic acidi oW ® & SO, AAR
&8¢ FANNE AAE FAE 98 WA SO, MEFANE =AY 4 U
EE o8 MY P 2L LGE A&y I d4g 294 A2 Q
A RAEY ASE sulfite A30] 9% YL §A ¥ Aok

A 3d S09 ¥33¢ B4

NAAZHNY SOt g SAfo] FFu7] A 71 BolA dgoz SOEA
7t olBEojo} dH, olE® 7tYE BAARE 743 A4e AWM Yoy,
AD} SO At FEo] 98] Bgo] Yol VWrh

71-AA AN Ae] ERAEL YA 02 two-film theoryo| 2#jA A go] 7158
. & o] o)&o] & )Mt AN FAY F(stagnant film)e ARG FZo
ZA 80, oy @ 71MS AMGL SO, BT ol 7MY Ao EAdE da ¥
AEE IS A G EAHE RE EAEL AW 3 $ASEY,
ERe EARAY FE/ 7HE e ARoz R ¥E/ MY Be Agez g
AEE Ago] Yk SOAEAI} MRS R AALos HANE FPo| SO
F4o 228€g B3 Aok

SOz7t Aol 85, o)A AMUS) A9 Fxo) WHE FAY E= &
¥ back pressure@ A HH, o]z AN Ry WojuuA It PR ¥
Atk BYAYe] e SAAH SO FrIYL £ &E, U4¥, HYz o) o

_16_



g WYY, AF QoA SO¢8 HYF/IALE ALE 5 ULeH, Z|HAAY SO,
43t vaged &3 SO; & A 278 E 2AY 4 U o] 4+ FUH
o] ¥29 S09] EFAAESEE FoIAA €Y.

Rt o] SOz9 HHFT7IRET 7|AGo A SOz9 ol oW S0:9 &4t
He 3282 Y 1L ZAEH AR A Ao SOt o] FEH. Y
o] 9 HPF = FUL SO; £ Ao AKAoE FoHT, o/HY Y
& 7183 Qe x30] wE} YAHIIE A ATVHI|E ¥

1. 719 B Hex o
71 A ke] SO7F AEE A S4go] wEt ZiAgoAe e TA5A HY,
Eg 71 9te] SOz7F bulk gasZH-8 A4 fYHTY SOz¢ £ ASAHLE #A
A Bdh. a8y bulk gaseA SO:¢ sX7F ASHE, SO¢ FXx7F RolA A H
o] 71 oA SO8 ¥x7} FAHA R3{A =Ho 718t 4%t FEAZF 2A
A Hu, 238 Fadx, AR SO; EAAE B LA Y. ol %
Ago] ERAAGL ZAgAy aAST & 4 Ut olE¥ A% tdEH T @
B3t A do] EF U
(1) 7138 SO; =71 wj$ #& uf, &
(2) B39 A7t =7t vi-¢ FobA Ao SOz9 back pressure’} A=
zeroo|ny, o] AL AWRE T guto2g] SO; EAANE ¥y APo] AW
8] 7| GgZo] Y bulkk gasE2 FE 9 G4to] 7|AW A g uld FAIR
Tttt A& vy
Ze Fxo SO& EUY wirl2e EJXAEL F48Y YFAA 714 A 67t
¥ 7 A% H& ¥7tas 27 E SO FE7F ¥ X SE dR-E9 SOt
AAR ¥ (& FTEY 7 SA)dE o8 d4E Y 4 AH. Y €FANE
o] Z1A A uj7} EchH A HQA ojuj§ WP YHME SO; AAREE FHANL

_17_



T glon, Ogvt F4Ee F2Y XJXPE HdAHoR U} oF EFH WF-9
EAAEH Ao 7]-AAHEALE AFA7]7] 98 F5X WRER FAA A}
& ude) 4, 289 9 traysh baffled] @& W o} w}.

2. oAu} EANEA

Auhfof 3@ SOx= 71-Y A Ao A back pressure(E:= HEF7I|HE Y4
o duhiel A SO9) FE7 Frgel me ARFoz PYFUIL NAY EE
bulk gasol M SO.8) £4t9) 43 FYatA € w7iA F7184A =Hu, o] €9 5=
7t A2 Ao @E AWg AuEe S04 4 #3Fo] FasA . oW
A4 BAAEL 949 HRzAuse o e woene dupxuda ¥ 4
31t

g8 SO AQ)@oNMg o] &3 A&3A wE& 39 sulfurous
acid(H,SO3)& HAstH, thA] A&stA Z#=o] H'sh HSO; & A48 dufel A
H's} HSOs &= buk liquid2 AEeIAY E= 488 sl wego o
H;S0y7t Bol 4818 48 o B SO(gas)7t §4€ 4 AUth

890l A HSOwt sl A8 e &x, 48, Sy EAsE
SR o8 A% BAY AuEg. 403),@d dFE A} go] Y HY
go) 2A3A %= LY SO; F49 e T WY o)25) I AN
& o o3 AWHA A ok @A 43),@9 g At ¥AFE SO
o F4= Guh)e) HS0s9 HSOs 9 23] 93 & AdwA fuh

Al 4 A A4 o4&

HoMe) o] §EE u]S 2% 8U0EA WY o4 ES} ¢ BAHY HHY

_18...,



o) 7]Inl9} ¥3)FAS ulBeo] Fr=E, FGD Al2d99 slegest o] vE=Hm
2 Agugo] 448t £ =UA| mist eliminatores] plugging® scaling-& ¥4 3}
Al H3, g A4s7] e ZAdgRFAAMAE Hude] A4 @Fo Fot
o] Fho] AH7E ¥

olo] Wrate X349 o]fE7 UF & ot #4429 pHE RA KA}
3131, A SO:9 AARE] RotXA =HH, o] AN AMALEE A FA 3
7] A= MAY Lol FEEH.

1. 4314 4 ¥ 3} =(relative saturation)®] 4%

A¥Ee 454 FGD A€M 4349 4@ 2U) AT AUV ¥
£ §ozo FFE ede9e) pHolv, o) pHel Watel &8 A FUE VE
Ase 84 AREHEOIG

AREADS S8 AU AnMolgTe] A TA FB& UAE Re €4
2 9=9 YA AREBEIHOH, olAL A@AN HE s o] Ay
sa=s) qEa ¢ 4 AT

la a,"*] ’ [amg']
kol CaCOs3(s)) (22)

CaCOs - RS =

714 kg = CaCO; &} $E3 BFoli [ ac” 19 [ acs®” 1= FGDFAY &
o A calcium3} carbonateo] 29} #%FXo|t}.

Ao chloride $%7t ¥& A9+ closed-loop FGDAIA®| A chloride®]
FE7t w4 WolAA HI, o2 A A4 FUEREE FHA7E Caol e
FEE ol A Hn, getM HYMo|fEE FAsA Hrh

In-loop FAMA3 NARNHE A88F7)7 A ) CO;& €A (stripping) s}
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© 7AYol ong MIAMNAYEINEE DA gt AMo|fEE F/HA =
23§ 7IALY.

2. SO; frY%ES 4%

434 FREHES} HAHo|4xe] FP& F= WHE SO9 HYFEOlH
SO:8 RUFE7 F7HE] wet AN FYEREE FA%E A%E 2 €9
ol Yol Yol olfE UMY HYNFIFYIE FAUoz EA4AE A
A8R, §9 SO¢ FE/ F/He] wha FAYo) SHHE AP FE F7}e
= B%E EA €9 1A F=J €8#9 carbonate¥ =7t WA YA i
BE( v7t2s} BYE o|Ruz) FFHI S3E 49 Fre PN 4
MANEREE GAAIA 0] @l o4 EE FAAYE FHAE HH & o
$E0) H2E FIFPIAA F1Hz HYAo] Urpd o S8FEst B JHA
Q 47t Bk
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A 37 T4 434 T £4

Al 13 SANYNTEY 7ledR

1. AT EXUR

A v, 48, EYFAM oj&4HI e UFEY F4FFL 0% ojde ©
F&E Hola glon AFAEFY R ANITAE Ad3ie dFE U7} o
Fo|z Aeolng UAFA H|# JeFd A= ¥ ¥ o, E® F7}
vtk g4 Xole o V)9 A4 ITHE AL 7] AYESY Y&
Eo]7] 93 F FAEE Ygdtc TAHLE ojFojF UY. AIYHojy AJE
o] g3l HAAATANME UEE AP HFAE AMEAIL en, dAHH|T}
AHg3tE 989 FH A FAEA F= A2 ¢EA UX, 44 =8 HO
ok dide] AAFTAL a7te] wEAE AHE3L en HiEE KL Ee /F
A4HY F AAY dFPo] e Xo] AHEEHI Yo oy THE 4d¥ Fos
FAgse, dAv 8 =¥ 4F @R TAF /MY =4 dEYR Ao

H9 AR INFY /T AXNAFHE ARG, N5 T3] FH4AHTH
o) FxANoln F3 FEYY A$E AFEJ /M Add ol AFUY Aaeg A
A ToE AW AINA 89 & HIEXNHE A €4 #1049 o3 Fol F
4% dEoz HQT UEL FE ZALIEAE o8 A3Y FAFH #A
€ o AXE Holx Ued AL MIEXNE A8 4AFHI} Loj3A] gou
2 RAEY g4 R A AAE T /€Y T4 EXE Fi U0 A
£o|t

<E 3-1>9& u|FolA Clean Air Act 194 Scrubber Projectol] ]3] 19969
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<Table 3-1> Summary of Clean Air Act Phase 1 Scrubber Projects

Utility _ Generating Control Waste | Module Size fap;:h Coal
Capacity(MW) | Technology Product (MW) (MW) | Sulfur(%)

Alleghany Power Service Harrison 1,23 3% 640 WL-Mg Stabilized Sludge 3% 100% - 40
American Electric Power Gavin 12 2> 1300 WL-Mg Stabilized Sludge | 12X 20% 2% 260 42
Atlantic Electric England 2 160 WLS-FO | Commercial Gypsum 1% 100% - 3.1
Commonwealth Edison @ Kincaid 1,2 2% 600 WLS-FO | Disposal Gypsum 2X 100% - 41
Henderson Municipal Henderson 2 X175 WL-Mg Stabilized Sludge 2% 100% - 43
linois Power @ Baldwin 1,2 2X 600 WLS-FO | Disposal Gypsum 6x 33% _ 3.2
Indianapolis Power & Light Petersburg 1,2 278/478 WLS-FO | Commercial Gypsum 2% 100% - 22-45
Kentucky Utilities Ghent 1 567 WLS-FO | Disposal Gypsum () 3% 50% 1% 280 35
New York State Electric & Gas | Milliken 1,2 2 165 WLS-FO | Commercial Gypsum 2% 100% - 32
Northern Indiana Public Service Baily 7,8 500 WLS-FO Commercial Gypsum 1x100% - 45
Owensboro Municipal Utilities Elmer Smith 1,2 450 WLS-FO | Commercial Gypsum 2% 67% - 35
Pennsylvania Electric Conemaugh 1.2 2% 900 WLS-FO | Commercial Gypsum 5% 50% 1% 450 28
Pennsylvania Electric Homer City 3 650 NS NS NS - 28
PSI Energy Gibson 4 635 WLS-10 Stabilized Sludge 2X 67% - 35
Southern Indiana Gas & Electric | Culley 2,3 103/265 WLS-FO | Commercial Gypsum | 1x100% - 38
Tampe Electric @ Big Bend 3 460 WLS-FO | Commercial Gypsum 1 100% - 3.2
Termesse Valley Autharity Cumberland 1,2 2% 1300 WLS-FO | Disposal Gypsum 6% 40% 1 520 40
Virginia Power Mt. Storm 3 530 WLS-FO | Disposal Gypsum 2% 50% - 20

@ = Delayed , WL : wet lime, WLS : wet limestone, FO : forced oxidation, NS © not selected




$FE X2 3t PA BEFA AU AHF = FGDITAHL] d8& A &
A3 & F A EH.

3 18719 wAHAe] HX EE AYFU FGDIAHL SO; AARE] %14
&4 4/ FAHe= MHAHUNSH, prescrubbertt EHT(effluent hold tank)7}
Ao A @& VY FFE2 FAHHY U Aol FEYo|g. oA HE ul
9} o] FAANFALE o]83 = FAL, Pennsylvania Electric utility®& #]<| % 17
M utilityFANA 2F 7T7%o] MFE= 13719 FALE 2o Fa . o]§o] o
&3t grtEAle 4 Y340 8% HFHH, &4 42 (wet lime)@ |83
FAANME A2 v (Mg)E o] 833 UEE B 9. EW MHEFHNA
Y HEXE Nt Yoeze ZA 4498 H1d7%), 78 4 2(30%),
AARE €A (2BR)T 3HFE ERY F Jev, AN 53%7 A= Y3}
T HEE A9 &S HET el ¥ uis fo] WFe FFoAE I
ZIEXNEE AT $AFRI dEo)y SYUd H]F Bolf¥E RAFH Y.

EY o]go] AMEIIL Ue A FRFREE BE 20 - 45%] o2+ Ifk
FAgol X7 AL T uj&HE Lk SO; ujE/tA2E XNIded E EA7 &
& BoE.

FGDEAAA o83t e F72Y 84%FF spare moduled XA 160MWolA
5¥ Al&3o Commonwealth Edisone] -+l &% 1719 8%Fc] 600MWel o
2717HA] 3ty WA= 400-500MW7F F/8 olFi e FGDFA Y Ak
7t Wi 27 ol 5719 TR AEY 42Ut AAFHA ¥EE ¢ F U

ol2| gt AF}E H|Fo] B 2010d 71X Ao F 437] 22,860MWF 2]
VERTXNE Y AYez e U9 4322 Hol, MY ¢AE WA
G4 Axe A2E ¥H FGDITA Bus 7€YY T4E 48 AR @A HE3
< A°] HigFIITL €. & AAUTAE AXA @#L L{HBAEE ol8He

L

A3 w8 AP, BAFEI} ol E FUY A3 JE9 F4xE AAHA

,._.23_.



%3 500MWol 48] hFE F4ZNA ZANRTHE o8¢ HALTE A3
£ Aol vlgFATT FA.

2. FGD&A 9 7| 3%

A o]l 8H1 e FGDEFAY VlesES AU 1Y 5% o|49 LeRjL L
QA ¥ o 71F BAHA PP YAZAE €4 HIAHFTAHALRA o] IHY A
A 7eFES BY, 9403 A FL 600 MW, EFRE &L 95% olgoln, &4
AZAEE B% oo, ¥HgA(424) o8& EH B% ool F8 ALEFLS
AXNGAL EEe] 15% ©]8l, v]4 WFUA BH 10439 50% o)3te H 9
¥+ Ut

oo AFHR JE FGDITAY 7led AANHS A¥EE ef4dn +34
Mz /Ade] =/1EL A & BF4dv9 AF, 274F R 234G LAL $49
29 o-&2 gRAdne AR(HF HAL)AS 319 ¥ FAG

=Y a4 4T MANTE 2 AA ov)du] R bypass Ald& AAE
F4eY dY3 92 aust, 84 4 Q& (wet stack) %], Y gE& o] 8§ w7t
iE, AATARLE A A1EE AFPLE AW ofuix) R Axw) AF, AR EFF
HguFe 7 AX 9 cocurrent flowg ©]-4% {F5Ee IV F4, VA @473
219 282 U@ thickner?] tiA], 9AA FAE XA inhibited oxidationt 43143
d& ¥ forced oxidation& F& scaling WA|, AAA Y7HAo] o 45 X A&
g4 517] Y EA@ypsum F)9 A@§-ole FAH.

EY Hode 4 AIAHTAHY 45E& A7 A 71F A S B2
A7t AP A, & FAY chemistry o2 QY @J T & P4 X scaling
T +3% B4 HE, FA9RAA 2& FAFA7HS slury EF8Y R £5 %
ol & dPato HY FT& T LYY FA Hviy 2838, w84 B4

.._24_..



718t3 k. a3 FAAAE ol¥ti HAY XHFTHSE Y JAIEE T
Ha3d 4+ e AELHUEY G HAA Y HARE 3og QA ¥l 7}
=32 v} option AASL Qltk. FGDEFEA Y AAjAd] o) &3te AAHQY &
HolA B Rao] A P C-276, C-229} L &A% ¥ coating& 3t
4813, #7)3 lining(scrubbert} ), FRP(scrubber outlet duct), %713 &2%= FRP
2 scrubber Azto] 7| H(E WM& 200MW FE2 FRP scrubber ¢ AZF)=Y 3
9] 4 AE} T B AU BEAAHRC FAFLE Holglt.

o]9} ol-&8 FAAINY FAY FHEAH AL M B LE FAPHI =
ATE ATEE AA Y/AE A8Toz UFH @R pH AJAE F5UeE
@3] AFPA|7)7] 9% 3234 o (RE P4, scaling JA|, ¥H§A o] && FA)
AV, A3ure-& oA 98 sulfur, thiosulfate& o}83l7]1% 31w, vH-§& €8T
Yol e etxza8g ZWAF]7] HE FE #7140 formic acid, adipic acid,
dibasic acidg& ©|83l7]1k ¥t EAZ AN=2E 7|led 7€ Hujd A3 UA
He BAAE HAsy) 98 AMEE stack 34A] ulde] FGD system& A X 3A
U f8 5A M= retrofitting 7]€& WA g Fx FE A4S FAIE @
Sana = =98 A48T Qo MAS TEHE 484& FUste scrubbery)
of 33 A A4 Mo Yo £347], slury £v] A3 4d¥] R pump F
o] BAE AF/|x 3, Chyoda-1213 L A2 &4, 43, &3, A%
W AR A F& Y Vel AHEfez U FaTXN& FHIHL 3
o UAZ 7€ AvE A B Fe U4 BE YY duct& o]8ULE
Ae) MAHe) Astst ¢PRHE Y 4+ A} FAAZ closed loop £Yo.2
T 85 AHEF 9 sg uE&FY F2AEHE & 7 e UE, o¥EAY Y g4
AE AATYE 3o} ¥d.
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Al 2 2 AN T 7edR

#32 nZo M FYMEEE7SICCT ; Innovative Clean Coal Technology)7)
A% YBos 71E9) ALRI Aol HH o= AE YU =& FA
ARg 2733 Uk AR AFAY ALFAL Ad Aol o] APAA 7
PEREH 44HFEAASY BAH AZAAE ANE Ao AN oY WY
& A7 BE RA A7 & AYAMNE 0d Fo) AA GRLd) AR 3
o 71 45& YFHE A& BEE H1 Younz wrighRe] 7Ee FH(EY A
34 FR)] jeistx ANE ANLRE AEse] full-scale AFAYE FPHE
TS A3 U

19871 1249 v]l=9 #AAWYHEH Public Law No.100-202(Public Law No.100-4462
+A)ol <#) ALAYY 7Y R ofito] Feoj=gion] DOENHE ol& EdhE 90d
9% 4458 & A= BT {RT B0 ARHY 9F R SAFAHOSA & o
4] ogEF WEA HgHAY 2937 R SQEA HEA
(repowering)e] H 4% 4 UL 2 F3A A FHLAEAS) SHAE sloj@
T A TAHLE Pure Aire] AFGD¥A ] 71 R Southern Company Services$]
Chiyoda Throughbred(CT)-1213% AZAY& AAste WA o] WPZoluh

A71ME 9 TR S4E Fetsn 7 TAY FAUE Hetgsn S

1. Advanced Flue Gas Desulfurization(AFGD) ##%
1.1 AFGD#&A ¢ &4

o] ¥4 ni=x9 Pure AirAlel A IndianaZ ¢ Heo] U= Porter Countyo] A
¥ Bailly & 4A Lo AR 1992¢ 649FEH 24 Fo AT & FHL 1
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FRAVE o4 TAEE V& & AL BEFAJ ol AYY HnE B
NEZ A& & AoH, Ax R M Bo] 7|Eo] s o S0%AE AP, 7]
(A R Ao SAFE FAHNY £ AE P& AU Yok

o] T4 /MEAAEE BH AFEERE UFEE $AHAA Ui 7)€Y e
FAE @Y e FEI ANE AAFSE 7€ €4 454 FGDe| 2§
o full-scale® Al&% v} AY. . -

AFGD#A o] o] 4% 71¢& MHIA(Mitsubishi Heavy Industries America, Inc.)9]
/1% #4424 FGD 7]€24 spare moduleo] $lo] 528 MWE AMeste 2}
F422 7AS0 A2 R AN} ARPD 4 NAEE FARAT

¥ single loop2 T4 =o] o] prescrubber& MAFJI 3 FrxoA F
AXRTANAANE sO%oz A AX % $Av 8o ARIUch asa wrtas)
Frleleeast M #e SE(Dfthkec)s) R AU 98 ANTT X ¥4
o] AZH I retrofittingo] §olstth= 3P & ¥ AUtk

o] FAL WES(Waste water evaporation system)& AdXx3a uvj7}A9] sd &
o]-§3 IHF& FLAITI A 9 s EEFE FAIA T UG-

EY 48 A4 Fujsld o4O A% RAFNE F2A Yol AAw
§ % Sug "asta gon, utlity ¢85 FGD €3¢ Easd 7es AL
S& AN ok

1.2 AFGDEA9 +4

o] 4L [T¥ 3-1]dA H= v} o] 4719 FRFAHLE FAHY IUH.

AR 2 w7t~ #<9)fan¥-2(flue gas ducting & fan section)22 ESP fio] o
Ao FGD Al&2go2 vwjrt2 {YAl7]1 wiriA2 F¢AZ] 4= ESP Adez
i =

EAE HIYUNFTITRELE A4 EfAM2ZRE ALEU 4 434(95% o)
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FLUE GAS DUCTING AND
FANS SECTION

)
-ﬁ-._
1.D. FAN
N3 i SO, REMOVAL UNIT SECTION I

AlIR
ONIT -@ﬁ-. — T o

1.D. FAN

EXISTING STACK

WATER
WASTE
EVAPORATION
SYSTEM INTERMITTENT OXIDATION ABSORBER
WASH WATER —"@ MIST
| - ELIMINATOR
LIMESTONE € -
A _
NEW STACK
LIMESTONE — e —— WATER
PNEUMATIC 'e e
BLOWER ABSORBER 2= - -
RECIRCULATION
PUMPS ROTARY
REAGENT FEED 1 5> SPARGER
SECTION

SLAKED LIME

SILO ‘GYPSUM BY-PRODUCT HANDLING I
. WATER

BASKET
CENTRIFUGE

WATER
O O O
SLAKED LIME WASH WATER FILTRATE
sump 40 SUMP SUMP

"g - o a‘ WASTE WATER

THICKENER
OVERFLOW
TANK

[Figure 3-11 Flow diagram of Advanced flue gas desulfurization(AFGD) process.
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o] 325mesh(44u) ¥ 7)€ pneumatic® 2 absorberd] FF3}i, 90%ol4 SO, AAE
A CaS EMIE 10682 #A31, A9 FAEL FAANAY. B 38 A3y
(hydrated lime)& ©]83t9 WES 24| H4¢) pHE 4422t

MAZ SO, AAFELE A7|AE F5-E HFE vi7tE FYAI7]3L wet/dry
interfaceol] deposit FA& WA|37] A3 FEFH2E AL 3™, YR grid 1P
oA w7l FYSEE 0ft/secol L E2 {KX|dt] Hu|E L2YJA|7|H ol A
XL A R HE4ATE VMR A B9 EF grid 22 Q3 J)/AHFA] H
X9 F71E 7tALH, SO, AAEEY F71E LA B9 a8 [2¥ 3-2]9 A4
B =ute} o] air rotary sparger(ARS)& ©]-83l9 CaSOz& CaSO 2 @3 8| AMSA]
7l YPEL SA3] EFA V.  ARSHZ}IEL J)E o)8IE FV
spargere]] H|3} o2 FHE 21 Jd. & 7|&9 spargere {tA0|§XE7F 15-25%1%1
o Wate} 40-50%0)w, Ass mutd] ta e FHH R AU AAHH 2
T2E SR

A2 F48 AINEFELEAN o7 €42 85 F E8E 7EF
U 5= absorber2 AEPAFIZ A¥ = WESE B3 FLA|A ESP Ad9 uj7tx
of EFAIL HuAYe HupsAzFdos $4A. W @4 F vjEs
& W4 & 38 (hydrated lime)2# pHE ZASHL W7t22) A& o8 7143
YA|AH ESP Aoz EAIGOEZMA vig=He s E HAYAIH, WESE 3@
LY EL ducto]M AxF ESPolAH AMAYT. a2lx Cl SO* ol §9 #¢E
€ pH A F350] Ao WESHAN FUHA @omz FGDE AR A
=0

2. Modified CT-121 FGD <+ 7%

21 CT-121F# ¢ &3
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[Figure 3-2] Absorber structure of advanced flue gas desulfurization(AFGD) process.




o] FAL " Southern Company Services, Inc.ol4 Georgiagd-2] Coweta
Countyo] AA¥ Georgia Power Companye] 4|39 ¥ XHF U
CT-121& 24t} FGDF A2 24 Jet Bubbling Reactor(JBR)°lE &3 @39
&710l A 71&9 A 3A FGDEARANM9 g, 24, 2R 0] o]Fo] AA H
ng g3ozv FuAQ FWA JNEFH vl DL, AHEEFHAN $
TS B

o] A|2¥& 7|&9 CT-121F 4| u|3 JBR, outlet duct, chimneyol 17}
sus316) Al o] fiberglass reinforced plastic FRP& o] 83w, uj712 & A7}H3tA] &
i, &9 JBRE AMXA3A gor, e &M £AH SO& FA A|A3%
A} Bt EAA QA

22 CT-121F#9 74

o] AlA|E FogolM spray towerZ]le& ©l83e A4 FGDFAIFA- €
JBRE #F4goz o)g3txn U [29 3-3l0A4 BE uis} o] wi7lAE F4%
o2 Fo7}7] Mol pre-scrubber§ FFHHUA WZAH T X B, o] Ed wjrtx
t $Al#(spager pipe)o]d ¥E7)E 3 downcomer pipe® E8 FUHo] IF
bubbling zonel 2 Foi7}H, o|RoA 7|A7} eejegte] HE 243 FFEo] A
AgY. E8E 7)A= o #(riser pipe)2E ©]F 39, entraing 7] AH deck
H FeA RolA Fnt. Mg ¥rstaAs 25& ¥ A2 HESH7] Mo mist
eliminator& %3 ¥t}

Atz oz ol Y FrEgUdMe [a¥ 3-4ldA B vl o] wH§-9
B 4o wa} Jet bubbling zone? reaction zoned] ¥ FYoZ JE 4 NeH, SO,
o] &4, sulfite7} sulfate2 2] At} AA o] sulfate’} A1 E HATY % F3 A
AER e 4Fs vy HHo] ASH o Yojd.

Jet bubbling zone sparger& ¥3 4 7| AgE&eo] €A A&SHE A
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MIST ELIMINATOR LIMESTONE
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[Figure 3-3 1 Flow diagram of Chyoda-121 process.
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QUTLET PLENUM AGITATOR

UPPER DECK
PILLAR
INLET_DUCT f B
- ,GAS RISER
INLET PLENUM ﬁ Z
SR g S
SPARGER PIPE i
..
1l b

OUTLET DUCT

f~___ LOWER DECK

JET BUBBLING ZOKNE
REACTION ZONE

"'-.,_‘_h.“

[Figure 3-4] Jet bubbling reactor(JBR) cut-away sketch of Chyoda-121 process.



A3 AHEE 9922 FAHY NeH, €889 liquid level& ¥ 3}F deck
oA T4e) FAIEE F3 A=A & 7147 FFAQ) duct velocity2 #8712
FHEd FHEG. o] FF SO9 AAREL EAHES vige 2 Ry €Y
A+E7tA 9 Eo] , pH, ¢ SO:9 ¥x9 §4=2 & 4+ I

Sparger ¥°|< F789 AAET HAE €22 overflow weir®] £°|& TF
Aoz AP o ZAHEH. uirt2¢ H¥ALE reaction zoned] 2 FAFHE
2 FoiZ weir settingof 4= Y73}

Jet bubbling#t= ¥ ¥4 @ SO;= reaction zonedl X F718& RAMGe] o3 A
85", reaction zoneS2 HYHT AAAL AF SO¢ W&E 3 calcium
bisulfite®} ¥H-§-& 3= FAo] A3rgo] J¥Ho M= HAYEY. reaction zone
el e ZY7e QM E c8/AIZ ) 43347 HadAHY 4F& TIAA
Aol & AE AEE & A HY, AL AFYETFTL o839 0% IA=
g5AdSs Ao

o] A]A¥& pH 354 458 x9 ¥ FYoA =3 A7t FL& 44 &
ol 4% F UoH, ANEEI mE7] BfEo scalingo] e £2IE& KA &H £

23 CT-12134¢] Hahurg
o] AJA¥9) bubbling reactorslA] Yolv:= & gL & g

CaCOs(s) + SOx(g) + % Op + ZHO — CaSQy « 2H0(s) + COq(g) (1)

o] W& t}&3} o] Jet bubbling zoned} reaction zoneol A 2] 43 Q ¥rg o
2 MEY 471 doln, Jet bubbling zonedl X dojvte AL B&3F Fo.

(1) 7]1-94 BARA o|27]7tX] 9 71 %& FE SO:9 &4t

(2) 84 SOt A3 ue = 85
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(3)8 /3 3ef &} SO27t 43 (hydration)= o] HSO32 =™ o]z e] HSO;” + H =
BY& o]lfE HA

(4) HSOs 7} 43t=o] SO & ¥A4#

(5) 84N e) CaCOs: AR Y2 S35 ojRAE H' ol23 whgste] Ca”,
COz HXO5& ¥AY

(6) 3}4(4), B))AH PP Ca*’s} SO =@ HO7 w-g3td CaSO, - 2H;071
R R

o] AL WAooz FHIH &I .

SOz(g) — SOz(aq) (2)
SOz(aq) + H20 — HzSOs (3)
H,SO0;s = HSOs + H' (4)
HSOs + % 0; = SO + H' (5)
CaCOs(s) & CaCOs(aq) (6)
CaCOs(aq) + 2H' — Ca®" + COp + HO (7)
Ca? + SOF + 2H;0 — CaSO, + 2H,0 (8)

¥ ¥ reaction zoned| A&l F A W& YeElR &3 gl

Oz(g) — Oq(aq) (9)
HSO;” + % Ozlag) — SO + H' (10)
CaCO3(s) = CaCOs(aq) (11)
CaCOs(ag) + 2H' — Ca®* + CO; + H0 (12)
Ca® + SO + 2H0 — CaSO,- 2H:0 (13)

CaSQ, * 2H:O0 — growth ' (14)
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& ZAL8E #7198 KUE JMALT Bl SE I o]Re] H()AM B
¥ bisulfiteg AF3ALA sulfateo] 2& ¥H3}A Eot. EY o] sulfateo] & reaction
zonel E fUFO! o SME AHAI W] ¥ HYuAAYL YA, o
AL ASHY 43R A EAY =77 F7H3A Bk

Hel dd9 WEEY M4 E v B9, dEntEd ¥ls LA uaA
T 3A SO; 7149 &4, A34je &3 d4e §3), HuEAY AFDATo=
g 4 3t

24 CT-1213#3 e ZdH

Z1E83] |3 o] FAo AIAUE AT ATEY <K 3-2>9] B vist
Zo] FHY VL P E 9 x&o] jglene FEHH W HAn|7} Fada, @
€ pHollAM =d%ol] 23 AIXY o]§x=7 oW, 419 A/ 21 BEY
gFol A B =@ F529 F27 3y G AJEs o, AN
7F Ade FHE 23 Y. 38y olof Wato uwjrtie FEAl ¥ A} A7)
o] T8 fand] §F0] FHoldr, F4-=2 Yol TEFH AR & ol 83fof 3y &
T8 A7 v Fo|7} RI|HE] FA7 @o] 285, FF=X WF9 FRPA
TA] A A Y FRP designd E& 7]€°] 4784 EH YA AUE B4 718
ol o] Wi FHFEo] B Ay FEU o]fHIAL HEo] B ARE U
do2 UEINME upstrem EJE AANA FLA2 A% FEE AEE 3}V
wf ol AZEo] glo] FAJF en, 500MWolde] HYFGDFAo] A Agol
Ao= d3do] Y.

agla AE g vistAE AEA gou2 QM wet fan] FAF & AMY s
dol o] SO9 #3o] FAo AARLZ U8 4o Ho] M=ol A A
o] @ujrto] ¥F& A 4 UH.
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oxidation process.

Advantages

(1) no slurry pumps

(2) no slurry piping and
nozzles

(3) produce very large
gypsum crystals

(4) higher limestone

utilization

(5) lower overall energy
requirements
(6) possibly higher reliability
due to simplicity of System
(7) possibly lower capital
cost due to simplicity
of system
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(1)

(2)

(3)

(4)

(5)

(6)

<Table 3-2> Comparision of Chiyoda 121 vs. Advanced limestone forced

Disadvantages

larger fan due to
high AP gas side
higher grade materials
of construction

larger foot print

large solid FRP scrubber
vessel may be difficult
to construct

little experiences with

high sulfur coals

only few large systems
on-line(> 500MW)



A 4% BAHZH &% NOY AALY

Hg7Iuel 3N FA& Al Astete w2 F9 SO% NO® R&Ho
2 AAN7) 9T AYE SRS A B Az 9 NOzt2sts) W
N2A& A% 48& ANSUT. AL 60 TAA HIFo] L7322 g §8Fe]
AL EAHn2 Tl 8 §4F5] nF BUTojopet wgo] Hojs
Suz gAY 9@ %) B F¥ 247} ¥,

o] A¥AAH 14 FAY WHERE HUNAY BES A9 FUF, WE7WY
pH, 28|x BAACAS] JP& vIAE THEEFIS @ 4 A P A&
£ol JY& 7AE OFE, FULAF, 27 PEE % TUEES B¢ J¥&
dYsech E@ ANWEY 449 EEXA4Y R A3 NO AALEE ¥/ A
A9 AAFT] A Avugon Hiol ¥ FAo LHVIEENE T
A stk E@ @Al RU4EE AYSE white fumed J4Ar) AT AW
+95te 8%l 4E A4 ¢ A& BYTH

Al 13 NOx ¥ 03P EY 54

1. 443t A A(NO)

1.1 NO¢ 543 Aj4 Mechanism

AAF AR dAEEANO)E FA, 739 7|24 BF o]43aA A (NOy)
g A NOxEHi H 29, <K 4-1>o] NO9 €33 EAL AZY3FEY. NOxk= &

23 AAS A ALY B Ao o3 AgHI| dEo] NOxd A4 F4Le
SO:%= 89 e A E= XY 450 AY B3t o5 ¥ 54
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o2 NOx& AAAAAHL NgE FAS F7HS o] AL E A= HEhukgof 9
& t}& 3} o] thermal NOx, prompt NOx, 18] I fuel NOxE F+EE ).

< Table. 4-1 > Physicochemical properties of Nitric Oxide®

L T - ]

Properties Values
Molecule weight 30.01
Melting point -1636 C
Boiling point -151.7 C
Density 1.04
Solubility 0.0035 g NO/100 ml H0 (at 55 T)

1.1.1 Thermal NOx

ALE F7F9Y F717F 204 REEH A48 3715y ALEAE AYUAA
AAET. NOAA ol 8 w34 Zeldovich mechanismo]gt €33 t& Ao
Ve oo duim e o] ukgA e dmot Fr)9 EFEC] ol@ FAUH ¥ =E
= Ayt A9 e A48 o ¥ F49

O, = 20 (5)
No + O NO +N (6)
N+0O,2NO+ 0 (7)

U¥tH o g dartad FAAEAE 1700C HFe XA A(B)9 Eafjurgof
o3 ALYAE YA vt o] AL YRSt AAEAIL HE3 2(6)8) NO#E
et FAld AAYAE FEYH. o] AAYAE ALFEASG W3S (7Y
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NOE A3 AA2HUAE YAAA AHEE doxiny. wdA thermal NOxs
AYe 257t 3, 4429994 ALeEr €9, a3 Z2FYNA AL
7}A9] AFAIZte] A uf BolAth 2B 2 thermal NOx:= d4ALx, A9 24}
AEe F7ie Y], T8 LAy HFANTE AoiHe=zN APFE + UH-
<& 4-2>= 4O ()9 & 48 BT @& Yedd.

<Table. 4-2 > Equilibrium constants for the formation of NOY2

Nz + O & 2NO T(CK) Kt

el PP i kel kil . e — e i L

P’
KT_ PN=P02

1.12 Prompt NOx

VLA AudA LA @fTdrt A28 7|54 AL Hg3a A4gE
t}. Fenimorew= °j€#3 F7]9 EY7I2E UTHE AHEE wuola AAAA 4
€ flat flameo] HPAANA FIE 42 NO7l 33 A4EE LA} ol&
Prompt NO#}iL 8% ™. Fenimore= prompt NO¢] Aj4do] F#HEAL B/t A
of st & W& Agn'
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N; + CH & HCN + N (8)
Nz + 2C =2 2CN (9)
21(8)e] WA EHE AAYA= NOAAZ Y FdUel H FAld HCN, CN
EALE EEE AFEFH N3 NOE A4

1.1.3 Fuel NOx

Aol &A= SR oz AYY A4 H¥o) AAAAGA A= YA
o AFde drdidve F2 o|FHAY 3}¥E(heterocyclic ring compounds)E
EAS Hge Ale 1 2P AAAUE YHE AN QREY o)E
714 AARFEANM 2429 Ui B2zt L AAERS] N-NAFr
Y e, wgA daHANA YFe NOJ/F wA¥H.  Haynes@E 3}
Henimore'#7} A<t fuel NOxAA 8 @A ot .

fuel nitrogen — 1 (10)
I+ R — NO (11)
I+ (NO I) = N, (12)

A7l4 I+ d8F9 AL Eo] dEd & g g3 EAFe] AL J4
e T4 EClIL, RE 242 E §RE SAEoIY. Fuel NOx9 A471F& o
E2EUY] EE ALV FEER FEe GRF €FE ARl AY fuel NOx&
AYUEHI o] ¥ d2WNEH] AY I $E2 Ydojdd. 23y AR} FUY
Aol 2850 ¥#E AL $432=2 HCONol Hi, olojMq b FUAHE
2 A#HY A fuel NOx7t A€

12 |34 A3
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NOx: %382 B8z o] QEFTs F/1eta da54art EA%E AS
e 2238 PN, 42449 828 NOo| oM efxn] B3 P4, =
M, 283 neae] ¢kaitd. NO9 $E71 O6ppm FEe]™ oA Yito] dojun &
7t £€48 o)d WAL AREY. B NOE §57F & A$ Ao Ho 3
&g FAAUET oy} SOxs} npi7iAZ AHgule) Fa @ dHo] @),

NO= 52 o 54¢ do7ed ¥571 ¢ 0.12ppm A0l HAE & 4
olth. NOzo) 57t & wole BAI HEHE sFo] B ol Hd o4
o] AM T F/1E F4Y 4 Y. & NO7t Hez2vis Agsiy il
AR F0)7) WO Be FENMNE ZAL F2ad wye MAJE Yo

t}.

2. 821(P;, Yellow Phosphorous)

2.1 Pyo] B4
White phosphorous& ¥ yellow phosphorous @1 % Ran o] 7o) U

ofE BEE WEOD. P wWrFo WASE MAE s YHr)(white
fume)7t TAST FAFNE AMLES} Aesta o] YRR AFA = W
A 719 Aed B&o Aol @k #¢ F/FAME 0TAAH Ao
B, Py 2 AA9} fume® HEAolmEz HFA Fostojoryth. Puo) Byo] <E

4-3>¢] e UTH.

2.2 Pso] A3}

P 45hge Aol AANME dojus Aoz FHANTY. QA
Ao H3-& PRI WA Ado] o8 VsEE AL QN Ao APy o
Ae AANE PR BAe] 8& 3= 949 /A9 ¥, v BHgs LEF
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olth. 7] 3ol e} WL Pue] §HZXE oA SAHE Py T718 AT ¥Hg-3
= Aojt}. Pyl 4tAo] 9% A3l 0% 0:8 $AAIFH, Py+O% Pi+0z8] W& X%
= U e Ao E AFHA U

<Table 4-3 > Properties of Yellow Phosphorous®

o il el I el

Properties Values
Molecule weight 123.9
Density 1.73(at 60C)
1.82(at 20C)
Melting point 441°TC
Boiling point 280C
Solubility 0.0003 g P4+/100 ml H;O

iilwal T, il A

Ozl 2% P8 Astofl= «2{7}A]9 phosphorus oxy acids7} @8 &3}
g1, PO, PO, PO, 281 PO% &L FHA/ EA3l= 222 AZ4EY. ot
SH oA HEupsh o), O 93 4std Pi= -4 POE A3 o POE
A9 wHEte] PO, PiOsTE AA8HA =1 o]EL moistureg {534 HsPO,

Kl

HsPO3& W=} Py AF3hit$ mechanisme w23 el

P, +0;—2PO+0O (13)
O+0+M—-0;+M (14)
PO + nOz — (P4Oy, PsOg) + mO (15)
P4O10 + 6HO0 — 4H3PO, (16)
P,Os + 6H0 — 4H3POs (17)
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A7 Me ¥hgFo WX @& A2 dolE EUE EXE 6EA o
o, FAHOZ olRo] oMY ERAAAE WA7A WaAAR @& Aol

Al 23 U3 NO2| ®vE7|F

golo) Asst olo] % NOAA We717E & YA AN Fe AHE UA
77 A8 Fol Utk Pio 0] WL AT )4 LTo|A Yoluhew, Uol
A AR vt go] APolME PR FHANA O 98 487 Lojuin, 7]
BlNE L7t Z7H0 et §A9 44 YRz R PYEE ¥ 7% &
A7F 889, 4(13), (14) a3 (14994 BQFa A+ vks} o] Pyt 09
$& OS} Os8 AAAAT. P, + 0% Py + 09 WREEE B 2& Ao L3
A e, Ws 39 Os 57 e 5% F& FAYW LA} 0EY FE
Bo WA B8 A0E o450 P UREE O o8] 45E Roloh

aeo] A(18)3 (19)9]49 Zo] NO7H NO;2 AshsE A& Osb 07} Ognch
W4 B WeEy) @] PREe) NO: Os Osol o8 stk  NOS) Atshy
gl o8) HHE NOj= A(@), @D o] E thd NO, NOo w§8te] NOs
N:OE B4 8T NOy NiOs ¥ N;O= NOo| u)#) &of ot $HME7 2458 ¥7)
B2o] 489 WA 4(22), 233} Zo) HNO;, HNOsE ¥4 ®ch PAtsis} NOA
Aol e HH& AW et B

Ps,+0; — PO +0O (13)
O+0;+M — Oz3+M (14)

PO +n0O, — P4O10, PsOs + mO (15)
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PO + 6HXO — 4H3PO, (16)

POs + 6H:0 — 4H;POs (17)
NO+O+M — NO;+M (18)
NO + O3 — NO; + O, (19)
NO; + NO+M — NpOs + M (20)
NO; + NO; + M — NO4 + M (21)
NzOs + H:O — 2HNO; (22)
NzO; + HO — HNO; + HNOq (23)

HrgA3 MAZYH EAgE SolEL 24(16), (17), (22) a8 (23)2& F-H

phosphite, phosphate, nitrite, nitrates o] A |t}

Al 3 - AEFA € By

1. AHEA

W7t 9 SOx R NOx& A|A#7] A% A¥FX e [29 4-1]5 Zon, oA
2 Wj7tA FFFE, $§IRE, /AN RE F A ARELeE FA4HY
.

g7 fUAEHT SO8F NOZI29 X+ ZrZy 1000 - 3000 ppm, 130 - 2000
ppm , O8] FEE 0 - 10 vol% 24 AL EH7IZ 3o REA}l7IA(simulated gas)&
¥R, FE7129 {FL 3 - 10 L/min o}

€71 Al#o] 15cm, o] 45cmql pyrex tube2Al WHEF2 7 L, 6719
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[Figure 4-1] Flow diagram of experimental apparatus.
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blade7} €o112™ disc turbin¥ efe] Jdelg o83t AAAFow, V{7
(2§ 4-2]o A8 Zo] 3179 71X sparger :&& F3 FdHAT. W)Y =3
4%+ 0-1000rpme) i, pHe INGOLDAFS] pH meter& ©]-83t S o, vk
7| 2%+ immersion heater& A X311 PID&=XE7|& ©| 83l 55105T = =3
3tk F=¥3 kg9 gEL Pressure transducer & Indicator(Valcom Co.
Model : VPRN-A3-5C, Indicator : HD-1000, range : 0 - 1000mmHg)& ©°}-83}9]
ZA33 AT WErA2EY AYL <E 47 Y.

dtg-7]o A AAE SO:8 NO, 07| M2 J¥-E& $4317] A3t daxez Y%
7)(condenser)o| A & AAY F JFA4BE(CaS0Oy)ol 18 AlF7|oA ¥e F
& AANNAYG. =¥ €89 o) A0 AEE AANS YA
37|17} 020 umQl membrane filter& AX H U9 BEEE AHAE F Ion
chromatography(IC)& o83} ¥43tqt}.

2. BAL7IA Az 9 ALS-A] ¢}

AB8AY FUH= BAMZIEE AX3}7] #4314 mass flow control system<&
o] 83ttt 5-channel flow box(Sierra Instrument)& o] §3ld z /A d=2 AL
mass flow controller(Sierra Instrument, flow range : 0 - 10 L/min)& 3% 7}2
8 FFE Aojgtd P FEY RAVIAE FTEIHUG. £ A8AM AHEE Y
71718 SOz¢t NO EE7tAE BJFAEHYATYA AMEYI3e o] §3gen, &
AL7E2 8 3.1% SOz9 1.2% NO= MathesonAle] 100% 7F2& N; 7h28t Egsi=
o] o)#) FF A3t ALEIF o, <F 4-5>0] AlR7IA9 BEAL AYHA
o 42 4(CaCOz)2 EPF9 Junseirlg] A&, UL FHA(TYAA AT THEE
AH8-3t 3 o
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 Air inlet nozzle

. Gas inlet nozzle

. Thermometer port

. Temp. sensor port

. Heater{(controbd

. Gas outlet port
(condensor)

. Heater(base)

. pH sensor port

Moo P>
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Las sparger

Air sparqger
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PROJECT NO
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SERIES  NO

[Figure 4-2] Detailed drawing of reactor part.
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<Table 4-4> Specification of aquous scrubbing system.

Indicator

Indicator : HD-1000

No Name Specification Range
15cm ID, 17cm OD, 45cm Height

1 |Reaction vessel Pyrex tube
Internal volumn : 7 L

_ 6 Blade, 3 Stage, _

2 |Agitator disc turbin type impeller(50mm) 0 - 1000 rpm
pH Probe | INGOLD CO.

3 |pH Controller ~Type 405-DPRS-KBS/325 pH : 0 - 14
~Combination pH Electrode Controller
‘Type : Immersion heater % - 100T

4 |Temperature Controller | - 200W lea, 100W lea
Thermocouple : ptl00

: : Cole-Parmer Co. Cat. No. : 7553-20 00
o |Circulation pumg Pump head : Cat No. @ 7016-20 6
5 Pressure transducer &{Valcom Co. Model : VPRN-A3-5C 0 - 1000mmH
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<Table 4-5> Specification of gases used in this experiment.

Component Concentration Balance Supplier

Sulphur dioxide 100 % = Matheson Co.
Sulphur dioxide 3. 1% Nitrogen AHA A==

Sulphur dioxide - 1990ppm Nitrogen $U 71 A F A 3] A}
Nitrogen Oxide 100 % = Matheson Co.
Nitrogen Oxide 1. 2% Nitrogen A Al

Nitrogen Oxide 669ppm Nitrogen U2 7FAF A 3] A}
Nitrogen 09.999% - o1l A 7} A -

Air 99.9% - UAH7EA
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3. A9¥H

A(PHAFEL M TA2A §AHo] 441TC, LAfAHo] 45TEA, 7| Fd
AR A8 Asgo] A HART, AA ol A L7 A5sel g
ol WAHEZ AFAE WHEA F7Is Ay E&o] Aol @} ¥Hg]
of YBFS) A& FUs7 AMA [2Y 4-110148} o] water jacketo] Q& £
o) & funnel& °]8-3%Th Water jacketdts] Q= funnelo] €& ¢ THg A&
S 80 T ¢ £8AA A& JUILHE VE TOf QA9 FNE sFo=
Bgvlel FYsm g o Qedd® SAAM] T FAAIWA gas
mixer2 HE FAIAE FY39 A¥L ANFWh  5TM NOY SHEE
0.0035 gNO/I00 miF:0 24 &) A9 $85% Fonz NOZA FUAHE A
AAANZoE BHHT. 231 SO; AANYY Ao 55TES] @ SO S8HE
t 318 gS0/100 miH 024 S0:9 FYUFEX’F 2000ppmojiL FH7}AHFo
5L/min ¢ A%, 20 L) 8o SOt £3¥ w7tx B AZhE of BAgo) 28
Hoz, £ d7dME AYARE v fsd A€zl 31%8 SO
bubbling& 3te] WHg-8i& SO;2 EBAHTH

BRlo] AtA ek wkdA HWE WEIIAF] @ H7|(white fume)7t Bo] X
& 3471y ey AegAE AXNE $SHAY AAHA gon,
£471712 AFH So7HA =H4 71719 45& AAHLE AA7= U] €4
¥ dFdMes  E47)712 Eo7le AlR712E mist separator(Tanhay-SMC
phematic A}, Model AMD 450, 3% : 001 w)o] EFAA o] YA & AASHA
WHE7EEE 437 A3 AlSE ¥47]2 SO Thermo EnvironmentalAl ]

) e
o
2
o
P2 )
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Model 40 Pulsed Fluorescent Analyzer, ANARADA}9] Model AR-450 Ultraviolet
absorption type Analyzerst ¥ HORIBAA}S] Model 10AR NDIR type Analyzer&
A8, oj8}t o] SO& #4317] A3t Agdie] 471§ AL ¥ olf+= &
AZ1AWo uFe oy EFF ¥ FAHgho]l 4A JFY& don, FA
AHEAlS] A5 o] AR Q8 3 E47]& B 201 FAlo ALE3
o AEAH(X 9 UIEF U

% NOx: Thermo Environmentald}] Model 10AR Chemiluminescent
NO/NOx Analyzer, Oz AltamontAl9] Model IR-2200 O; Analyzer@& AM$3I1e
o, o] §9 AYL <E 4-6> JEHRIUT.

£99) ol X & ¥A3}7] H3t9 Al4d ICE DIONEXALS] Model DX-3002.
24 conductivity detector$} AS4A columng o]-§3}e] 8o&¢] phosphite(POs®),
phosphate (PO{"), sulfate(SOS), sulfite(SOs*), nitrate(NOs), nitrite(NO; )52} &©
=g BASINLH, <E 47>+ olE9 ¥F4HxAU&, a¥i [2d 4-3ld= o€
o] & ¥4 ¥ chromatogram& R{H. o] Fof sulfitec] L F7] & §9F9
At HEg3te 47 sulfateo] 22 AgtHER olF A3}y Hito 0.05M XS
=g Ao Ag59 FEZ EYPINA AT ICEHA] Alsd
cluent2 = 1.8 mM NaCO;$t 1.7mM NaHCOs;&, regeneranti= 25mN HoSO& A}
B3R, AFENE 37 H3d [2€ 4-4)dMst Zo] 4 EFAER RAHTM
(standard curve)& ZA3U o Z; o]2o] o relative response factor(RRF)gt&
7394,

Al 44 2 % 2¥

1. 2H¥Fo] dE NOY AARE
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<Table 4-6> Specification of gas analyzer used in this experiment.

Gas flow rate : 0.5 - 1.4 L/min

No. Analyzer Specification Maker
Pulsed -Fluorescent type Th
Model : 40 Environmental
SOz : 0 - 5000ppm( 5 Range) Inst
Gas flow rate : 0.95 L/min
Ultraviolet absorption type
1 SOz 0 - 500ppm ﬁ
0 - 2000ppm(Dual range) '
Gas flow rate : 100 - 1000 ml/min
Non-Dispersive Infrared type
Model : PIR-2000
SO; 0 - 5%( 3 Range) HORIBA
Gas flow rate : 0.5 - 1.5 1/min
' CI:.I/IZIS:I : mfiie“t e 1Ihermo
2 NO-NOz-NOx Analyzer NO : 0 - 10000oom( 5 Range) im:ronmental
Gas flow rate : 0.95 L/min >
Electrochemical oxyzen analyzer
Model : [R-2200
3 |02 Analyzer O, : 0 - 100% Altamont
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<Table 4-7>

Ion chromathography specification and conditions for sample analysis

Cation analysis
- Column
- Eluent

- Eluenat Flow Rate
- Regenerant
- Regenerant Flow Rate

Analyzer . DIONEX Model : DX-300
Mechanism . Ion exchange
Detector . Conductivity
Anion analysis
- Column : IonPac AS9(4 x 250mm)
~ Eluent : 1.8mM NazCOs
1.7mM NaHCOg

- Eluenat Flow Rate . 1.5ml/min

~ Regenerant : 2omM HoSOq4

- Regenerant Flow Rate  : 1.0ml/min

: JonPac CS10(4 x 250mm)
. 40mM HCl
4mM DAP - HCI
. 1.0ml/min
: 0.1mM TBAOH
: 2.0ml/min
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[Figure 4-3] Ion chromathogram of standard solutions using 1.8mM NaxCOg
and 1.7mM NaHCOj; eluant, 2omN HsSO,; regenerant.
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[Figure 4—4] |IC colibration curve for anion species.
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BUL 60 TAA v]Fo] 17302 Eo E§g=Ho W§7] 4o Uiy = &
5o} glew, AW7|2 ugHie] wel fAdAA o] v EHE YAE FAHO ¥HE
of FdsiA €vh. [2¥ 4-5lc AP4E E NOY AAXEEE Y ALz,
o] A% NO9 ¥ X+ 550 ppm, 449 FEE 40%2 A od, j7l2e 4
F< 65 L/min ot WS E7F 700rpmo] 3tQ) B-¢ole 888 UdeTH7t 89
ANo] EAHR Ram R Reiglel FYt2s A¥Y AR & X R{A
o] NO9] AARE] FopFE Bt 1000rpme] ¥ A= AAREL 100%
ol 7}2A HAD Q9 AnFo] AHoZ AA Q¢ oS EE ol A fAr}. o
A 9o wrggd9 pHESE 8D, [2F 4-6]3 o) x7] pHE 25 - 358X A
A AstA g whgo) Aol wE pHE FASA Faso IAEAA WolxA Hu,
2 AEE IVEE7} okl @ /TS BB )AL #IAREIFN} B
7H3te] et Q19 A3} WS EE F7HEo] NO9 A3hitg& F7HA7]13L, €504
A9l Akshitgo] 93 AR HsPOs+ HiPO;, = NO7ZF AHstso] A48 HNO;,
HNOs7t 8ol f3)=o] 44 k(acidity)7} 5713817 =& eolH.

[28 4-712 fY7t29] f 38 & NOY AARES AP Ao, 97
A NO9 HFAFAAEEL ARM} el AAE NO9 ¥& HESY AL v @
oltt. R Wl wel HUYAARLEL ARSI /YooY FAAAREL FFY
7 o] wE A FAEE BAFI AW o] AL g7 e MFAILY Fio o
o At BARES Aol s1A8 RoZ BRTh B AFAE Ash e A
¥2#2 H¥ aPEEE 700mpmold, F3FL 65L/mine 2 fAHLen, o9
< 21X A4YA FYUE UL AYFEA €43 AZFHALEE $A¥ + UM
o}.

[28 4-812 #9 O ¥E¥So] & NOAMAREE vede ALz Q39 ¢
&0 ¥ NOAMAA O& FE3A ¥ FHole Ashitgo] A AYPHA Y&
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~ v 300 rpm
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[Figure 4—5] NO removal efficiency of P, emulsion as a function of mixing
degree. Reaction conditions were as follows: T = 55 C; F’No

= 550ppm; p,, = 4.0%; 0.17% w/w P,.
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O 500 rpm
v 600 rpm
o 700 rpm
A 1000 rpm
" e
6 2.0 x Voo
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*--..v___
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[Figure 4—6] pH — time profile using P, emulsion. Reaction conditions were

as follows; T = 55°C; P, = 550ppm; P, = 4.0%; 0.17% w/w P,
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[Figure 4—7] Maximum and average ¥ NO removal of P, emulsion as a function

of flow rate. Reaction conditions were as follows. T = 5500; PNO =
= 550ppm; P,, = 4.0%; 0.17% w/w P,.
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[Figure 4—8] NO removal efficiency of F‘4 as a function of O2 concentraction

in flue gas. Reaction conditions were as follows: T = 85 OC; PNO
= 550ppm; 0.17 w/w P, .
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REE Yol 09 EAT Q9 A3hikge] AdAHYE BAFa . E¥ O; ¥k
7t 8.0%% A= 40%0°] vis] HI AAZREL T FOIAA HAT, Ao
A7e] & FAHPoZ U A9 2280 BA =, 1.0%U Bfols ¥Hgx7]
o< 2L 9 O} AFe] 3o &3] NOE AA3NAE Alzto] AFo] w2} A
ZfFo] ZAHE AR HHEAL] FA2HoE ) NOAMALEL §33 A4 H
& RAEH.

2 dFdAEs PANO, & 9 o]§=(utilization)& wliL3}l7] $8td thd3} o)
A 93 A ot

NOA A A28 FH P, B

AA" NO B= (24)

P/NO =

& Agte] wet dAFEe NOZtA7 A3te) whgo] o3 AAH, o] AH|H
of wl NOSl AAZEe RotxAA =Hnj, YA NeFIgAsre] w&IEAQ
350ppmo] ol EW7tX AAY & NO°| E58 AN, = 2ug A9 ¢
o] NAoNA Wg7iule] Holsle vlutgd AL 2ol FAE A FYY P
A ASA HAT AA2E BE oo or E AYRANH AYFEA A
SA AREE HAYe] o8] 2HE A9 F& YD A9 Foz AL

(29 4-91= Q9 A/MEEWse] a8 PNOY ¥H2A 020 w/w Py A 0A
Hagko] EARIL Y7HEES} o] oldst HW wgo] Hejst 2l o] Fo} FgI
S NO% 28 w8& 3% 23n, £ 020 w/w P, o]4¢] 59 U&= NO
of B8] wrgo] Fejst Qo) HYyoz EANs AR Ao AmFPo] JHo=
BA g€ veus, Q9 AFAEA EAYE HaET

¢ NO7t29) ¥E& 130ppmolA 1700ppm A XS] TEEE AFA YA AN
7tol oj% NOS AARES) WHE 24 A& [29 4-1019] Q. o)A
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[Figure 4-—9] P/NO ratio as @ function of F-"4 added. Reaction conditions were as
follows: T = 55 °C; P, = 550ppm; P,, = 4.0%; 700rpm.
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[Figure 4—10] NO removal efficiency of P, emulsion as a function of NO

concentr;otion in flue gas. Reaction conditions were as follows;
T =585 C; P, = 550ppm; 0.17% w/w P,
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ARG AFEY Aol 100%c)43E 1700ppme] H$olE TBHRAE o) 2w,
BEAALGE 8% - %AES] ERTE Bo] E0) o2 e AF2 ¥E 4o}
FHLHL, EE AAFAHT NO9 &7l dydE FAHAAE A/ @
NOA A9 7I5d4& & & Uth

(29 4-111¢ %23} NOgte) @A Y& AYES &40 48 PNO ¥9 @
SE JEd Aoz NHAE Y ASE $8-899 pHA 7 oAH AFHR
o BEAAREE AHHE ¥A A9o] v]#) T2 ERAT PNOWE o83 =
JdL2 8 As) o)FEE WoiF& HAZETh E¥ SOIAT EA® ASE pH
oA 2 AHdA ARHANT FZAA L&Y A9 o] $E BTt Bol&
BoZEh o)A FAo] ¢ NOY Wg& pHol 9% S)EHRTE FAH A
Aol 9% Wgo] FANAYE BAZY

2. oj&Fx X iaY

21 °2%¥E ¥

BUo) SAYor LtAst HEIHY YEIY AL FUV|E Roje L3Rl
(POs) 5717 LA o] A o] £EE {78 AAAXE YA €. 7]
o) tFEe W§7) 96 F-EHA ¥ AFR {HEHT oA WEHT THA
o] HEZ olF AMAFIL EF FAEER T35 HitH §HE7] i Fe &
& A& 1000ml 7}~ M AH @(washing column)& A E=2 QHA7)IL fritted discE
bubblingA| 7 FFHA|7| VA Algte] w2} 4§ IC2 E£43HAH.

BAATI ¥ NOAMAHAEE 5837 Ao, U APEo] o ¢ A&
o ol2%E EX& MUy Hsld, 7] BHgr U] B 017w/w %& A7HE
I YA AAa(4%)8) ER7IAE KUY ) & AFLH, F7tE U
SH3}A FUH.
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[Figure 4—11] P/NO ratio and average % NO removal variation depend on additive
presence. Reaction conditions were as follows: T = 55°C; Po, = 4.0%,

0.17% w/w P,; 0.25% w/w CaCO, ; P_ ., = 1900ppm.
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[2¥ 4-12]= Al @& WHg7] S e ol&Fx WIE Yed Aoy,
29 4-13]% [39 4-14l= 47 A AR, FHA MABY &) EAje=
O EE EXE AT Aojtk. IgolAH Be ulg Zo] PO, PO, PO 9 ¥
T ANzl @ F718ist 543 A Fole whgr] U9 Qo] EF AH|H o
2 FEE A4S Egdigen, =% g7 udEs PO 9 FEIF 95% o3&
QA3 e, PO & 5%n|gto)n], PO 9 5 n @] AUx L& & &
Ak A(15),(16),17)A AMAE w§e SxAo] BY LE/} Yol A4LEEE
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[Figure 4—12] Concentration of P4—degived anions in the reactor as a
function of time. T=55 C; P,,=4.0%; P,=0.17w/wX.
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[Figure 4—13] Concentrations of P,—derived anions in the 1st washing column
as a function of time. T=35 C; P,,=4.0%; P,=0.17%.
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[Figure 4—14] Concentrations of P,—derived anions in the 2nd washing column
as a function of time. 7=55 C; P02=4.0%; P4=0.17%.
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[Figure 4—15]

Time(hour)

lon concentration ratio in the scrubber as a function of time
Reaction conditions were as follows: T = 55°C; F’Q2 = 4,0%;

P, = 4.0%.
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[Figure 4—16] Concentration of NO- and P,—derived anions in the reactor as a
function of time. Reaction conditions were as follows: T = 55°C;

PNO = 530ppm; P,‘,}2 = 4.0%.
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[Figure 4—17] Concentration of NO— and P,—derived anions in the 1st washing

column as a function of time. Reaction conditions were as follows:
O
T =233 C Py = 9550ppm; P,, = 4.0%.
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[Figure 4—18] Concentration of NO— and P,—derived anions in the 2nd washing

column gs a function of time. Reaction conditions were as follows
T =055 C Pyy = 350ppm; Py, = 4.0%.
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[Figure 4—19] lon concentration ratio in the scrubber as a function of time.
Reaction conditions were as follows: T = 55°C; Py = 290ppm;

P,, = 4.0%.
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[Figure 4—20] Total P/NO ratio as a function of time in the scrubber solution

Reaction conditions were as follows; T = 55 OC; Pyo = 9950ppm;

P02 = 4.0%.
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[Figure 4-21] [PO," ] ilon concentration in the scrubber as a function of time

Reaction conditions were as follows: T = 55°C; P02 = 4 0%:

P, = 0.17w/w%.
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[Figure 4—22] [PO,” ] lon concentration in the scrubber as a function of time

Reaction conditions were as follows: T = 55°C; F-"02 = 4.0%;.

P, = 0.17w/w¥%.
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[Figure 4—23] [NOS—} lon concentration in the scrubber as a function of time

Reaction conditions were as follows: T = 55°C; P, = 550ppm;

Py, = 4.0%.
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[Figure 4—24] [PO, ] lon concentration in the scrubber as a function of time

Reaction conditions were as follows: T = 55°C; PNO = 550ppm;

Py, = 4.0%.
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[Figure 4~25] [POB*] ion concentration in the scrubber as a function of time

Reaction conditions were as follows: T = 55°C; Py = 550ppm;

Po, = 4.0%.
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Aq7]H 44 k, m, ne& 48 39 7¥ ¢ U

2 dFd A EZXE ¥ (Ka)e aitSx, vl e {fY$E W gas sparger
Zt 799 Z7] o FULE FHY ZolTH UWHE #AI ULH, oA g
FY¥E ARUY. [2d 4-26]2 awEEe e A ME FYW Y P
72 Jed A2 700rpmol s ME 7)o AlZte] H|HEte FAEHXT <
1008 olFole Bl HIFHEN FEx AMo] IF EAHA X3} Asjut-go]
A== X3 USE& BAF0, 1000rpmo A ¥H§o] Ao we} ASHoz o
oy UL HAFH Quvh  olgt L WHeE dfjriLe {KAUSE R gas
sparger 2z} THe A7) 8 F£ULE FEHY FHolFY Y¥E AHIHH ¥ A A
T B3AEY g% A& ALY § 4 US 99E& AL, ol& Z[EHY
A(25)0 4 EAAE ¥ vjAdAH. A H(2B)e B&F# Zo] el § Y.

oo = k (Pg)" (26)

<¥ 4-8>& H(26)NH T kS n& F37) A3 x7] P H7HEFEHR A
& WHg7]o) dolUE U ¥ (Post Ao @ (P9 dan|Est R X7§E
#5 < JERAY. FoA (P9 dAuE#H V&SR A9 &7 Pk
of thet Al WE ARfAFEE T3S EAJXIISE wEHYHA o8] 734U
o [29 4-27]8 27] Pysxd ©E x7|$E3& Uehd 228, o] O¥iM =
Q) uhgo] o) ngtd kgko zHz 0729 0003& Yon 4(2W)L gt T
o] Yeld 4 .

Fee = 30%X107% (Py)*® (26)
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[Figure 4—26] Concentration of P, as a function of mixing degree. Reaction

conditions were as foliows; T = 55 “C; 560ppm NO; Q= 6.0
I/min; Py, = 4.0%; P, = 3.49/2l.
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[Figure 4—27] Plot for rate constant and reaction order.
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AYATst N(@26)e] ¢ o|&g%E WY A& [29 4-28]°] YRS,
¥ agolMst go] o]Egst WAL A YNVE ¥ 5 YTk EW [29 4-29]
= BAACAAE WAL AYIYNA +9¢ 24 AP IBE ATo) © ehd
Roz N@6)el 9% ANE g} WAT Rolth TPANA HE vt Fo| $YY
BUGGNN AXFH AUGE T YNEE 2AFE T 4 Aok

<Table 4-8> Initial and differential rate data for obtaining rate constant.

Initial Py T (Ps) dP,/dT I'ng
(w/w9%) (min) (Ww/w%) ( X107 ( X107
10 0.0370 0.30
20 0.0341 0.26
0.04 30 0.0314 0.27
60 . :
90
15 . .
30 . 0.48
0.09 45 . 0.4533
60 0.0621 0.42
139 0.0375 0.3166 0.92
15 0.1549 1.0066
30 0.1403 0.9733
45 0.1268 0.90
0.17 60 0.1141 0.8466
0.1024 0.39
0.0862 0.405
0.0718 0.18 1.05
0.23 1.03
0.2205 0.945
0.2023 0.91
0.1689 0.835
0.1324 0.73
0.0906 0.5971 1.10
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[Figure 4—28] Oxidation rate of P, as a function of initial P, concentration
Reaction conditions were as follows; T= 55°C: Pyo = 960ppm;

Q = 6.0L/min; Py, = 4.0%.
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[Figure 4—29] Concentration decay of P . With time. Reaction conditions

were as follows; T = 55°C; P, = 0.17% w/w; 1000rpm.
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A7) HEte, BAF NOste] jhg8/go] @3ta 0|83 &4 R AHE 93
Aot F4 NO&t B9 €833 B4 & dogsin U8 NOS #§7|+& 13
Y. A9dF A9 EEFH BHoz UM uyi&x ujrl2 e {FFol ¥ &
AAGAIAS 8o 8 P& 50, 029 EAE U9 Mshgo] AAHYE B
z23 At AYAAZEL NO9 #Y5E7} B& A$o)= 100%0] 43¢ 1700ppm
A BYolE BRAE o223, FEAAZEE 8% - 0%PEA £, ol &
EY= NO9 Hlgsrrl U TAHAAE A7t ¥ NOAA 7154& BA
Z2.

g7 S ol2FE WHE BY e UdE POL Y FE7t 95% o4
& AAHn Jeon, PO & 5%viwteln, PO 9 BE& vl A ¥ttt
AAER(E719 MAB)L ol2FEA Z o]29 ¥&9 ¥IHE BY PO =
7710%, PO & 129%, PO & 101%2A4, PO ol d# POS 9 =& NO& ¥X
B ZFo ui3 %o HIFEHE 76Hld AYA XL B F AL

FAHEQ 43919 3 4-& 93 fritted disc2 @ 1x MAZP] 93 w72
e uiEdE 8 2719 BO0%7T AFTHA Aol Ao g AFEY UNE 4
g 7 Uee & 7 AU

HEg- 71 A NOAA wWH§A] Pl ARSEANE UESFH o] SR
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Al 5 A H3A/RAARTT & SO/NOFAIAALH

F37 W] 42T FAL FA) A w2 F9 SO% NOE FAI
A&8Hoz AMATZ HE 489S AAFIAR {AY. 1Adxd = ¥4 (batch-
type) o] g3 APx7|o] dAFY A3y4FH A& ¥HErld] Wi o|F H7IA
9]¢ SOz9 NO9 AMAXEE AT I o3 F PP H/tAls vjrt2s
9] Whgo] AFFe ] TEEHA ¥ AefolA wkgo] PP wE PsAI}L 4]
o2 QA3 ¥Nige] FuH Ao, €L HHAALY Y7t olf k9 AMAREF
< 2A3A R @3o] gtk E AYoME oz ¥ dAE WA}y Hatd @
$719 9 pHE 71€3ld 4342 efddz dSFd3ider, fUdx WidEH
A W o FUL F UG

oj¢} L FAAAARE 37 Mo $4H AAME 0|83 wi7tE Fe SO
& A&3Ho2 AAINI MY oS & Fol7] HE A4¥U&E AAISAH. o] 49
NM 71 T4 ATEE FY7IA9 Fxo ¥g7ide £ pH, 283 €JAE
Aol Y& UAE INEEFelg ¢ 4 Ak B AFME WA SO, HYE
o] A& Hotstal, FGD Al2foA SCAAXZEH A4 o8& 2ol AY
Z220& 1E8 3, full scale §8o U 2PXAE A7) AT AEE +P3A
o},

Al A SO; 3iES EA

1. SOz9) &4
FRATFA(SONE HHAR(EE A3t A4)9 A2A ARFS) PR 43
Ho] ga MAEZ wEHed ANHNo2 WESE S0 70% o4l olE R4
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2 24 WEEY. oY SO AAHA ¥ FAY A=A 30ppm o4
FENME deg Heds 2 A3AA WAZ Us 03-lppm ol E R& FA
¢ 4 AT EW EF 47)18WolE B Hom, gr)edudA #HaE ugo
Zujigo] o3 & U710 UETH o] SOs HSO, 718 FAYSY 2% 29
S 4% & 9= 548 RET S0, EdF, B8 4L <E 5-1>% @)

<Table 5-1> Physicochemical properties of sulphur dioxide®

Property Values

Melting point -72.7 °C

Boiling point -10 °C

Heat of evaporation 82 kcal/kg

Critical temp. 157 °C

Critical pressure 71.7 atm

Density 2.264 kg/dm®

Relative dielectric constant 17.3

Dipole moment 1.18 D

Solubility 39.4 1 SO2/1 HO (at 20 °C)
79.8 1 SOz/1 HzO (at 0 °C)

Temp. at which solubility=0 80 °C

Liquefaction pressure at 20 °C 2.5 atm

Molecular volume(liquid) 44 ml

Viscosity 0.0039 dyne-sec/cm?’

2. SO:A4 W7} & (mechanism)
SO d8Fd X8E o 79 BAE &, 9448, 77|18 2281 BAEFY
AAHAAF Ao SO SO:2 LA™ fuel NOx8 AT /KA S22 A4
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€. Yitaeo s I W Yed Po] yEd 4 U

S + Oz = S0 (1)
SOz + 7% Oz & S0s (2)

et o8 WA HAE AR AWo] RES SOxHAY LEASE
A ethn BF & $O0, ¢ SOx¥4 mechanisme W22, BYEY Y,
Axyse] o8 waa 4+ A B AYHOET P& UHE HHAE T
ALg3te] SOx84 mechanismd W8 W@ wl$ ola¢ Uoly] Wgo] AFAAE
22 gasAHe) BAUEY S, COS, CH5& ol 83te] AT o] Yon, Hao
o2y HEAY BHFL ABF] BHUEE A/sd AVY =N BHE
o ARE FH}E AR/} o]RA UG,

<E 5ol 4@ HgA FIIE Kp& 29 $42 aHNT. o
M Foid K9 @ A¥uw 2Est wow SOyt ol 47: Wiz xs}
%0® SOyt Bol MY% ¢ 4 Ut I HIYLAAY ko HEFINE @
Aol Uehtn® glon old@ SO Wee WEHHNA SO/t FAY I
BHECDT AU & YNHHOT ARFe) FHYEL dAA Azl 1%z
SO 4% ¥ SO7 Assle] SO,& AAHE Aoz 2394

SO + O = 50, + O (3)
S0 + OH — S0, + H (4)
3. 93t N3

7158 £33 e FF3iAY BAAZHOZN FHAAZEE FAAIUY. EAIX
Qo FREZY 5-20%7F 4 == J4EY YdAolBE FRAJNEE /A X
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of ¥Y& A, EF F7171 SO& UFH3IT F-A g0 vj-¢ A3A =Ho dir|Fd
A B3 g3t JFigo] Y4HO YRHEY FH& FAANL £ QU

SO7F A &°] mA= FP2 29 EVEY AR/ H3f& YA Hol ol Al
i gaEo BRdaE HA 9. EE FEo|Y Algo] SOz kx&HT AFHol
AAgol7] o 7]8A F£FHA dolvd ZIE7A & U A, SO7F #F3e}
Nhgol Q) +F 7|8 W83t Filo] HW o]Zo] vl fEFo] v FAY
2ol . Agvle O ANY W pH W sFEFY 4EFH €317 59
T8 54& 9o Bdolys 4F FxEY ARE FAAoEHN AW
B & of7) A .

<Table 5-2> Equilibrium constant of SOz-SOs

SOs + 1/2 O, 2 SOs T( °K) K,
K,= F'so, 298 26 % 1012
500 26 % 10°
1,000 1.8
1,500 3.8 X 107
2.000 56 X 107

Al 28 AIAHTI T SOAALE

7t 59 SO& AA}Z] HE APFAE A7 ¢ NOMAA AHg¢
AYFA g A3, vist2E $RANA ¥ Scm dHolo @sl9 glass tube(lD.
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6mm)E ¥ IFIAAG oA CT-12INA¥olA%k o] bubbling zones
reaction zoned YA A4 BAYHS ol YHEEE F7MATI7] HEolH.
Y Fo-XxUel pHE UA3NA #AA717] H¥ A5 HE(Cole-Parmer Co. Cat.
No. : 7553-20, Pump head : Cat No. : 7016-20)& ©]-83ta] 434 &ejal& Q&0
2 THIL EY A4 E T E FFNMH dASEE REAZC o8 A4
T3 Y& =3 olF T pHASIAE 2 A3A9 ol4xF5& F3E
T AAR

g7l fE= SO7tA8 FX+ ZhZF 1000 - 3000 ppm, 028 &=+ 0 - 10
vol% ZA AAEAZIZ 3o EBALZLA(simulated gas)& ¥A}ALH, TF7129)

£ F 3 - 10 L/min °)it}.

1. Aguhy

F4xUe) pHE LA fA%7] A8 F4Io) Y4¢&ea 9402 F
Faa ANEY TACHYE HFolN dALEZ F2A0 g8 SO & A&Ho
2 AAHAG. Bo] ¥ SO0 SHEE H5THA 3.18 gS0/100 mH02A SO,
o] F¢J%¥ =7} 2000ppmel L FF7/tAFFe] 5 L/min) B, 20 liters) &o) SOz7}
X3 w7tx] A AL o BAde] ARHER £ AFoAE AQR7)o A
H AYPolA AHgEE oM &Y LAE AAEHRT. FAHA AgPEe o
&3 gt

1) 434 A42(10 liter)o] FFu]7F 3 - 10% A A& & A3 YAPLE
Stofl A k),

2) A AYoA ALSE g gA(eEE] §F 1 3 - 10%)& &7 M F =
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[Figure 5—1] Effect of inlet S0, concentration and pH on c‘the slurry density.
Reaction conditions were as follows; T = 55 °C; Q = 6.0L/min;

P02 = 4.0%; 200rpm.
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[Figure 5—-2] Effect of inlet SO, concentration and pH on the SO, removal
efficiency. Reaction conditions were as follows; T = 55°C;

Q = 6.0L/min; P,, = 4.0%; 200rpm.
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[Figure 5—3] Effect of inlet SO, concentration and pH on the limestone
utilization. Reaction conditions were as follows; T = 55°C;

Q = 6.0L/min; P,, = 4.0%.
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[Figure 5—4] Effect of pH on thSO, removal and limestone utilization.

Reaction conditions were as follows; T = 55°C; I-‘-'502 = 1880
ppm; Q = 6.0L/min; P, = 4.0%.
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[Figure 5—5] Effect of pH on the SO, removal and Iimes;tone utilization.
Reaction conditions were as follows; T = 55 C; Psoz = 5200

ppm; Q = 6.0L/min; P, = 4.0%.
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<Table 5-3 > Experimental results of removal efficiency of SO2; and limestone
utilization in the contiuous condition. Reaction conditions were as
follows;, T = 55 T, Po = 4.0%.

Run | ¢ o5 =(ppm)| 24 pH |AARE) | 808 H) 31
1 40 - -
2 45 67.2 -
3 670 5.0 85.1 706
4 55 91.0 63.7
5 6.0 896 -
6 40 44T -
7 45 739 83,0
8 1880 5.0 85.1 81.1
9 55 91.0 78.1
10 6.0 044 77.1
11 40 55.8 -
12 45 748 99.9
13 3200 5.0 86.9 97.8
14 55 022 048
15 6.0 93.4 00.9
16 40 56.3 -
17 45 729 037
18 4800 5.0 833 049
19 55 896 87.2
20 6.0 0238 765
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[Figure 5—6] Removal efficiency of SO, and NO as a function of time in the

continuous experimental condition. Reaction conditions were as follows;

T =55C; pH = 3.5; SO, = 1940ppm; NO = 590ppm; O, = 4.0%.
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[Figure 5—7] NO removal and pH as a function of time in the continuous
. .t 0
experimental condition. T = 35 C; P ., = 640ppm; P, = 4.0%.
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[Figure 5—8] NO removal efficiency and O_ concentration as a function of time

in the continuous exoeriomen%al condition. Reaction conditions
were as follows; T = 55 C; pH = 4.0; F’02 = 4.0%; NO = 620ppm;
SO2 = 1900ppm.

- 110 -

pH & O, (%)



100 _—___
R e INo T >
_ 80 i e R A ———— e =
2 I e e
>
N I N N N
e I I
Q7
_ . I """' e -W-
o I R
0 50 100 150 200 250

Time(min)

[Figure 5—9] NO removal efficiency and 0, concentration as a function of time
in the continuous exoeri’gnental condition. Reaction conditions
were as follows; T = 55 C; pH = 3.2; P, = 4.0%; NO = 600ppm;
S0, = 1940ppm.
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[Figure 5—10] P/NO ratio and % NO removal variations thh a case.
Reaction conditions were as follows; T = 55 C; Poz = 4.,0%.

- 113 -



4.0 100
P/NO
3.5 % NO Removal

P 2 T
st 7 ?§ % N oS
TN N
LN NN |

[Figure 5—-11] P/NO ratio and average % NO removal variations depend on additive
presence. Reaction conditions were as follows: T = 55 C; Poo = 4.0%;

0.17% w/w P,; 0.25% w/w CaCO, ; Pg,, = 1900ppm.
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<Table 5-4> Experimental results of P/NO and removal efficiency of SO and
NO in the contiuous condition. Reaction conditions were as follows;
T = 585 C; Pz = 4.0%; 800rpm.

fun| 2 | FOEE@Em | AAZE%) COC0s
N - PANO | €83 H] 3L
0. p
S0z NO SOq NO 5 x0%)]
1 3.5 - 606 - 84.7 1.15 3.0
2 3.9 1860 620 > 08 83.6 1.71 30.0
3 4.0 1900 > 08 81.0 2.77 30.0
4 3.2 1900 o3 > 98 80.8 1.60 15.0
A44dd 3 &

N3 FAg FAel AsHA wx 39 SO, NO& EAd zeHos
AR Ao, SO0 BBy B4E setsm AYAYse] e SO, AAA
¥e AN A¥AT pHAl Z71e Ga SO8 AAXEL FAEHAT A
Aoz MM o]$EE A YAUE HAFT slon, Bt SO9 AALES
Eoli AA/dE B3ty AFAo|fEr L XA xHdax ¥ A pH
Jojo] EAYE N BTY. ¥ APxHAANH SO; #YUSEZ 1880ppmth 3200ppm
Q) z7io) YA AALE YN, o] A4 A pHAYANA SO:8) BEAALE
< 80.6%, 43X o]f == 959%°1% .

T8 N4 FAAT] o SO NO| FAAANYE d&Hoz L4
7 f1stel AP o8t Vg WANYT. A FYFAE o8 Fyol=
N2 FE ARoZ FeeA Hon, YA SOE= A9 100%9) AA&&
ngey, NOg| ASole Azt el 7] NOAAGE A&t RotxA ol 7
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