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STUDY OF MERCURY KINETICS AND CONTROL
METHODOLOGIES IN SIMULATED COMBUSTION FLUE
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Z43E A4v|we] 0 WEYelMe 28 HEY FFX wEL T $YE Wt} o] 1
o ¥ 1990 Clean Air Act Amendments® &3} 11709 859 (As, Be, Cd, Co, Cr, Hg, Mn,

Ni, Pb, Sh, and Se) ®l&& 7b¢ AU F& 7153 712X 2 wMiEE A= E Holloh 1
—6‘01]’\15: 53 &2 & Fsde 98 52 U4, Ze F84, 28ln Al £40] He &
Aoz A o A9 dde] Ha gloh £ 28 ALFAHAAN dr|Fes wWEA & FF4
o] zte] FHZ wiEHE AR @E FE 424U 72 WEsHEe Aoz d8A ok

o ZtE 2 Gdd Mg W 3 ARy FUHY AHAS ofF vuld Aol vFe & EX
™ (US EPA, 1998), o7 <1913 5oz Ag 229 W&o AU AL dolyz, AF AA
E JFezZe Z|AAdY=E MEEHE 49" A £ wlEFS 93 1,00006,000 tonel] ]2 Re
B35 9t} (Nriagu and Pacyna, 1988). Q14131 &5 23 £29 wEFdNAE ZF d4FHA
Aol wlEo] diREEE XA sted, A JEsts FHLEN 247 £AFAEC] I Aot £
WZae] AFHog sotgd RE d4FX o o wiEFo] v AL AA W& F9 80%E A d
£ RAe2 48 A gld (Biswas, 1999).

Feo] MEo SloM o}AAAE ofF AFTTWF AF, £ o] gl RE AdetmFe FH
L= ALsA US EPAZE 3333 Ad5she A 4ol vty de AAelt 71 H 29 Ontario
Hydro Method X °]7] FZ3¢] tjide] Hu g AAHolth AT 7t5d wdoez A, 4% 474
e AES 988 35 d4aF3AY AS F2 FL A2AHE HEHE AL BoFH Y 944
o) 20 AL HAxFZIF @¥ F2E 2T U7 el wEAdo] olF v} me Ao 33
7] wgel, 21 e Azt EelAQd FHE olFoiUrist e B FHel Fa% of
< @A M BEAHQ 29 izt AA die] F FAAE o] &7 Aoyl W&ol st
B de AIRET 580 B2 Aoz gy 49 Aox WAL &548 2Edd 3‘3}"%"}
BAE Y5 F&o EdF chemical affinity® 7} Aoz ST et 4ste] A¢E dv o
Zele] o] Arsirh Hd (Hgll] -> Hgll), &3 44 € o Sddx HA F7td —’F%’“% ZHA| 5]
7] wjFolth wetA Lo wWES HiddEe dFE Ao dEE 42 28 EFE 31
At A Atstd 22 FUHoE g4 folaA FE 5 7] "HEeh

olul oA AEZH wviel o] b BHEAN o AAWYE FIAAZ ol &3 Rold 2 Fo
ME @A g4do] 78 Beol 2eox Y. 42 F= £ (injection method) & Bo] 23
Qed, F29 MEExr}t 5 287 £AAFAFTANE & E£E Holxvr AL o] of
F g2 o OAE YxAHY Feo WEHE AS | 24 && Roz geix gtk
P ZAEE ol &8 AS, 22 7MEE EFEL, ¥ HL2EHY, =Y EAEE Be AEE
5ol EAHoz ANFHHm gt
weba 2 Ao B gHEE HESY 7EY FAASES dA £ Jde AEE FIAAE 2
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o] Xt B {3t 2F3W Cincinnati ™82] Aerosol and Air Quality Research Laboratorye®l] 4
£ ol £2& A & FEEE AAL & A+ AEL ] Ve AL v QAo 23S
ARl YrevE 379 F3}A YAES in-situB PHAA BEXZ st LPGEAES F347
E Bloln. o] A2 7Ied FHL 1) FHAAY Zv|el BEg d3e dE AN F A el
o (29 1), 2) 4" FFAS0| agglomerate®] & 7Fxv, B¢ &9 YA7F Yxnly Z7E 7}
271 wf &) (10~20 nm) @9 FFF EBH (specific surface area)”’} 7 (sphere)E e8] mm = 7] 9}
71 FFZAEN vd) AdFez e Helth £ fractal dimension?] X 7F %2 open structure
o] FEAAZ UEo W] HEgd EFR e _?_‘E%’é (F2%)9 FFA4 gro=zo FHIZo] Lolsr}
Aol 3) FHAYAY] Aoz A ANA FFEEo AL YAE FAHHE AL FE + UG
ol gloh o el Fad ojf, W U A ]T’.‘%E’_ 78 Az ¢z, e A9 dAES
qog T AA3}E Rez &R A7 A= (ESP, Electrostatic Precipitator), A2 A9 =
o] grtAQl wi& A7) 150~250 nmol M E M & IR 5 &8 24 "o o FAv) YE FF
of AR WFAHE AL TEIHLE ALY F Udv AL ofF ZFFHA dojvh. YoM AFE vt
o} Zo] o] A2 7EE ol&IH FAANE M7 FAVY @ HEHE B AA & 4+ e V=2
(>250nm) TEol ¥ # gk 4EHsE & (Ph)e A, o] 2L 7 & ol 8389 Si0:E in-situZ A
JAA 100%°) 7t AA &S AU
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Fig. 1. Mechanistic Description of Evolution of Fractal Morphology

LadHe & 22 AL SoA ofn Bg vel o] 3 FRPoz A UHHHA FAAR
= AA 3717 FEC g3 B dFoE dEHZ A FJYBE olLste F& AAY stEA
& zZASYEd, 27L& Si, Ca-, 2832 Ti- ot Agd 7i¢g o4& A, ZtZ in-situZ
agglomerate J &9 Si0,;, Ca0, 222 TiO:E AA3A #Hoh SiOe Pb ()] AA oA e
8-S BE7] Wi, CaO& olu] &l AAE Y3l dal ALEE7] vEe] YNz ERE 8 I
M A=A, 20 TiO F$ #EMIZ A 7|52 o|&8 & FHoz Mol

AAM AFE M 71ES o] &3t T|O'za in—situ A3 YadeHY F2& AMAE P
Agol 13 29 Uy, 714 FHE FYHE TiY precursorts HIE W20 A TiOE AHsisl1
S5 ol AA ZANA mA 9 vuwug Ao YAES BA4s7] AZAF (nucleation). © T
9 AAEL 1 Fd condensation, coagulation, sinterings 2 processE® AH 2¥ 33 Z&

agglomerateE & A4 §c}h,
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Fig. 2. Mechanistic Description of Hg Uptake by In-Situ Generated TiO2+uv

Fig. 3. In-situ2 MM & agglomerateHEel 2| &2l X}

o] Wl 7149 Y445 TIOUAEH FaHY, fdgder s & gado. a8y, TiOY
Az ZAAA (E HFA =HYE TiO; 79 FtsAd oz 8 Ede OH uigs FdAsa o
Aol Yages Az P oz TiO9 HgOrtolol 728 33t2dE BAsd, Wirtrs2Re 45
& AAZNA Hr} o] TiO,-HgO B2 1 2% =79 e 2482 58 713 & g2 A
A7t HAE engineeringg & F Ut 219 4= B Ao A1 &d AdFR o}

E 1ol B F %ol TiOz+uvel A$7F 100%9 7H7he AA £8&L Holw 714 Avzoes Y94
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Fig. 4. Schematic Diagram of the Experimental Setup

Table 1. Hg Capture Efficiency of Various Sorbent Materials Tested

without SO2 with SOz
#TiO2 only: <2% <2%
TiOz with UV: 98.6% 55 ~ 64%
*CaO with and without UV: 33.2% 18 ~ 24%
#S5i0z with and without UV: ~0% ~0%

¥29] A= Ag AaAle] BAsE AAlY wistzel 7HA 51mulat10n sl71 918 7+ & vFE
A G G425 FYUT FFolth 39 S, active siteE 523 Fo] Yol 7FHI] Wi
2t AA FE&L 2F Yoldoy FYHE TiCd g obF Eﬁ%"" e R AR i%% ThA]

B £ Ak d49 HeE ALY £2& AN E AHE Ao EN 233 YieL
o AA A& FT7E AL Ao Algdu (X 2).

2 AT A AT ol &3 ANdE FASIAT AA HHdLe AeE A7FAAANA
"“g-‘il* 2ol (corona) FEE Al71e 2ol WEHY Wi FEE ¥&5HA
ol 7leg HE&E 7 dg Zolg Jddd. =& WAV FRAIZAE ol =
A4 150~200% Atojolnt, I SEAA o= HE ASS AEAS dotry] A HHL FY
7t 2 59 kel
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Table 2. Hg Transformation in the Presence of Chlorine Species

System Elemental Hg removal efficiency [%]

Air + Hg + HCI 1261

Air + Hg + HCl + UV’ 17.39

Air + Hg + HCI + Ti" ey

Air + Hg + HCI + Ti + UV" 94.78

Air + Hg + HCl + Ti + UV
Initial HC! inlet concentration [ppm] 0 27.8 834 139
Elemental Hg removal efficiency [%] 85.81 929 9433 |%81

Air flow rate through the Hg washing bottle: 20 cc/min
Water bath temperature of the Hg washing bottle: 24 T(Cugo = ~ 6.5 :g/m”)
Ar flow rate through the Ti precursor bubbler: 250 cc/min
Water bath temperature of the Ti precursor bubbler: 85 T

" HCI concentration: 55.6 ppm
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Fig. 5. Hg Removal Efficiency at the Elevated Reaction Temperature
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Table 3. Kinetic Study of Hg Uptake by TiO2+uv

- Degusa P25 Aerosol Route
Type of TIOZ In Situ Generated (0.001g) (0.001g)
a 1.08 1.41~1.42
] 0.390 0.380 ~ 0.384
Temperature . - - -
Range [C] 24~ 80 110~ 130 24~70 24~70
Controlling surface
Process reaction v y
E * 10.77 -25.98 -32.87 -40.38
A* 1.84" 109 1.24° 109 9.57" 10-2 9.63 102
. 101 - 102 1.34° 102
kln(24 «<) 2.32° 10 1.94° 107
B - . 108 .
k“(70 <) 4.22" 101 3.217 10 1.21° 108
* [kd/mol]
* [mllay (pg/m?) ( Wicn?)y (sec)!
auEes

U.S. Environmental Protection Agency, Mercury Study Report to Congress, EPA Report;
EPA-452/R-97-003, Office of Air Quality Planning and Standards and Office of Research
and Development, Washington, DC (1998).

Nriagu, J. O. and J. M. Pacyna, A Quantitative Assessment of Worldwide Contamination of Water
and Soils by Trace Metals, Nature, 333, 134 (1988).

Biswas, P. J. Air Waste Mgmnt. Assocn. 1999, 49, 1469-1473.

Proceeding of 32nd Meeting of KOSAE (2001) - 108 -



