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Abstract; Gas-phase Hg® removal by a fly ash-supported Fe, 0 catalyst (Fe,03/FA) in simulated flue gas, including the influences of Fe,0; loading,
reaction temperature, space velocity, inlet Hg” concentration and flue gas components on Hg” removal over Fe,0;/FA were investigated. It was found that
Fe, 0/FA had a high Hg" removal capability, which increased with an increase of Fe,05 loading (1% ~10%) and reaction temperature ( 120~200 C ).
Fe,0;/FA showed much higher Hg® removal capability at a lower space velocity and inlet Hg® concentration. HCl and O, promoted Hg® removal over
Fe,05/FA while SO, and H,O inhibited it. Sequential chemical extraction experiments confirmed that the speciation of Hg captured over Fe,05;/FA was
HgO, which was mainly attributed to the oxidation activity of Fe,0;.

Keywords: fly ash; Fe,0;; catalytic oxidation; Hg’ removal

R AR 9 30% (Hsi et al. ,1998) . FE % A He
V5 G (] A2 N S AT R AY B 2530

1 5|5 (Introduction)

PRI SCHE Y He 23 %8 PR 58 F0 N A4 38 1l ™
HOREAMGE, BEi g gl & A8z
(Golding et al. 2007 ; Fitzgerald et al. ,1998) .45 5K
TERE B REARAR, (5 i TR & B R AR He
HERUS R P T G 1) BRI, 29 5 e BRI AR A

TH AL Tl SRS R AR AT A T 3 A 1 BRI A R U e
R HE . 3 [ B R AR AR (EPA) F 2005 4
il T I T AR He HEBOE FUR FR i A s SR
]~ Hg AYHE (U.S.EPA,2005).
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JIT i HEBIAR T, HLAE A J5 AH 24K 1 — A s 1 P e D
MU TR 2015 4E 5 639% ,2050 4K 1 A AT
W15 509% LA B (5 B, 2009 ) . e FE A DL
FERRE (e AN SRy 3 TR IL, AR Hg V5 Y n) 8t
FOmsE A2 FRETE 2012 41 H 1 H &4
THRBAT 0 KT KA TS G W HE RS )
(GB13223—2011) , % K LT SR B HEAC A 1 B
FUE AR AP oR B HEUE FR 2 7E 0.03 mg-m ™.

BRI He MBS EEA 3 A8 He'
(Hg;’) VR Hg ( Hg?) A BT RO F B Hg,
( Galbreath et al.,2000) . HHr | Hg?gj{%"?ﬂ( , AT DLE
5 oy e ot 8 ISR 2R B 4 B L H, BE
BE €K — BB A ke LR He! A BRI < X
%5 Hg 14 20% ~50% ( Senior et al.,2000) , i T H 4%
- R R K B, X LA B BT 5 e 4
) 25 SR R T B BRI AR Hg ¥ e g i o
F4) TR s RO 05, AL A A B B B AT 501 4
HAR.

H TR & B RRHE He HE i il 7 2 32 2L 2 7E 4
TE AT P R A B RAS He fF Hg, 5675 K
Hg, Ji&5 528 B 20 2 B AF I 75 vk 1) Tl g FAT 7
HE— 46 7] R A, T M e X Hg? ey mig e 3 2
SEP BRI, 52 K0 AR EE KRS s AR R AR
SR T P S 9 A B R i AT, AR e T AN A
T M e X Hgg B (Miller et al. ,2000; Feeley
et al.,2005) , fHAHIG PE SR X Hey (W BFRE T34 2%,
SEAENE A B R AR I FE R K 1B AT AR 5
(Jones et al. ,2007) . K I , 2358 BOFRIE Hgg 15 Y%
o Wl AR = A5 T K .

W], Fe,0,%F Hg) HA — & 1 AL T
AR He) A NS BRI He | X 2R B Tk
HAZME, BTAZE%, Wit HA RS
FALIEYE (Kamata er al. ,2009; Wu et al.,2008) . ¥}
SRR SRR S AT T SR 20, 2 R AR )
Heh i FEZE AR, DF 58 K B, HOHR A b i He!
HLA — 2 B RE T, RS2 B K BT 5 1 Fe, O,
X R He) HATEHEAE T, HL52 2Ry DKL A2 K
HEFA2A M SR Z I (Donatello ef al. ,2012;
Li ef al. ,2012 ; Kostova et al. ,2011; Abad-Valle et al. ,
2011 ;Dunham et al.,2003). Ktk A BF 5% 38 i 7 %%
Fe, O, FKy K H1 45 Fe, 0,/FA HEAL ) FH T W 4 <
A He' 5T Fe, 0, a8k & MR 25 He ¥R A
S5 %X Fe, O,/FA it 5 Hg® #9 52 mi, Jf %t

Fe,0,/FA FW I He BTEASHEAT 40 BT RAE.
2 57 (Materials and methods)

2.1 A F &

W IRIE T rh AL 2 Py A vl I T %
62 1853 9 48.29% Si0, . 21.64% Al, 0. 3.05%
Fe,0,.20.33% Ca0 .4.37% C, 556 it HIR42 4250 ~
350 wm. BB K SR BLR B E — 2 W E R
Fe(NO,) W, ZE = R FHE 2 h, SR FHKIRTE 50
CTHES5 h, 110 CTHES h, G 7E—ERIE Ar X
SAHBEE 5 h, B4 T Fe,0, AN 1% ~ 10% 1Y
Fe,0,/FA AL, Ff M 45 Fe, 0, T AR IC N Fex/
FA, Ul Fe,0, 11 2k & 10% ) Fe,0,/FA #5ic
FelO/FA.

2.2 Hg"#hy it by 5L 30

He 9 JB0 5% S 30 7 [ 78 PR A7 9% 487 B g 2 h A 7
(B 1) AR 2R R 0.2 g, KOV TR E N 120 ~
200 °C. LIS HN N, +6.3% O, A H — & WA
ST N, He W Ry 420 pg-m ™ M ETR RN
105 mL-min™", 25 3 224 15000 h™'. Hg’ 265 i K B
B (RE VICI 28] 774 i AR K i K
B, AT DL AN [RR B Y He® 28 AR R 7
S g R T 2 T T B S, T AR A He?
1 N, +0, 805 A — 8 W BE A AR 1) N, A7 HE R
W B, IR B 1] Sk 4 b S B 2 o AR o — AR
TS PR R R 2 S5 HEAS

0,/S0,/

N,

1 Heg"BiRRSLIRIEE (1P ;2 B i it 3K,
ASRIRAE 5. NG 6. R BIBE ;7. N5 8. L™ ;9.
YR 1045 5 LIRS A ; 12,96 P )

Fig.1 Schematic diagram of Hg’ removal apparatus

2.3 o HTRAE

FEALTRI Y He W BN £ R B He R/ S AL L
Hg & 2 (19 2218, AR 45 v B B bR 1 GB/T 16659—
1996,k H H,SO,+HNO X FE St A7 5, I 1
PIEIEAL (AFS) M5 R THHE M, A5 A
RBRACR B MRESE:, 2 R — 2 B o] YRR 7
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FRHAY He® e 55 3 A RN #5 1 He 2 1 E 4 L, B

E=[ Hgg(lsorbe(l/ Hg?nlet ]%100%

R FH 75 0 Ak 27 B OS2 360 52 W B H® )5 FA I
Fe,0,/FA # 4 I Hg B9IEZ (Bloom et al.,2003).
W B He® J5 R dh AR I 20 5 N IR R A T 1k 4 4R
B R R B TR SR BOK S R & 501
mol-L”" CH,COOH+0.01 mol-L™" HCI "J42H Al % T
“HBR W ARAEY ;1 mol- L™ KOH 7] 42 A
HLK ;12 mol - L™" HNO, AT $2HUIC K 7K ; T /K ] $ Bt
SRR RN Ak P [ B R 10071, B 5 7E % iR
TARMERPERZ I 18 ~ 22 hobf SR IR 28 5 — R 42 B
VTR 2 WK, R BUR Y He 7 & 8 H R 7260
JETEASCIN 7 . A% SCrp 9 52 9 508 1 oy 3 kN == 1
PIE AR AR DR 22/ N T 5%.

3 ZHR51Fi8 (Results and discussion)

3.1 Fe,0,/FA xf Hg"th It &

K2 0 N, +0, A, AN Fe,0, 171 35 1Y
Fe,0,/FA TEIRJE N 150 °C Hg" WA 420 ug-m™
ZRAFTI X He BBR 4 h BYZ5 IR AT LA 200K FA X
He’ BIMEBRRE J1 AR, 4 h BB BRACRALR 17% , 3%
T FA XF Hg® i W BF 3= 2 2 9y 3 W BRF 19 45 2R
(Abad — Valle et al., 2011; Dunham et al., 2003 ).
Fe,0,/FA X} He' (BB BE 71 B = F FA, iX 4%
RHH M #ENFe,0,4 XK, 7] fig L L T Fe,0, %}
He i EAL E A VE A ( Kamata et al. ,2009; Wu et al. ,
2008) ,3X 5 SCHR 1 B 1 Fe, 0, % He B A A ALAE
FHAY 45 2R — 2 e Ab, BE A Fe, 0, 7 05 19 34 T,
Fe,0,/FA X} He" (I BRBE J1 3558 Fe, O, 1 £ 28 ih

50%

=
40% |-
1
i
= 30% | ]
& (E
Efg
2 20% -
10% |-
0 |
0 1% 2% 5% 10%
Fe,05 fidk i

2 Fe,0;/FA 5 FA 3t Hg' MR 6E S1 %3 bk

Fig.2 Comparison of Hg” removal capability by Fe,0;/FA and FA

1% 34 M 3] 10% , Fe,0,/FA XF Hg® i I B3 2% th
26%38 = ) 45%. H UL, LR 5250 L Fe, O, £ 4
10% 1 Fe,0,/FA |, % %¢ T Fe,0,/FA 1EA [F] Y
JVE R B | 25 o H v B R E AR 43 R X He 1Y
JIR 5.
3.2 B AFe,0./FA JiiF He' th %

K3 K FelO/FA 78 A [R] 52 7 i B (120,150,
180 1200 °C ) 4% T X Hg"BikR 4 h iy 45 2R W] LU
Fili,Fe,0,/FA Xt He" (1 IR 68 77 B R B2 1) T e i
B R 120 CTHEE] 150 °C, Fe,0,/FA X He'
IR SR IS IR R K, f 31% T 5] 45% . Ak E2 Tt =
JELEE 2 180 °C 1200 °C , He" it R84 T &=
48% 1 49% ,$E WAL/ R AR 0 T £ 2o 72 00 M e 1
JE(300 C) ik T (120~200 C) , K
TR FL R 45 M 7E Fe, 0,/ FA XF Hg® 14 it s 1 # b oA
22 B4R TR, Fe,O,/FA X Hg® B B 355
R R B AR AL AR H T fEZ% T Fe,0,/FA XF He" Y
BRI Fe, O, B AL AE FH AT FA A IR B4 FH A 3 )
SEIL BT TR, Fe, O, B9 A AL TE P2 3858, 1T FA
(MBI 220k 55 (f 46 FA LW BFF H AR
W AEAS R T B R e 2 B0 A PR R 3 AS [l i 4 g 1
Fe,0,/FA %I He’ MR 45 5. B 3 v He i iR 24
PR A AR A R F SR W e HEE R (120 ~ 200
C) JEEN,Fe,0, 8 LAEHTERe,0,/FA X Hg" )
BRI AR T EEAEM X5 Wang % (2012)
(I 5T 25 SR 2 — B

50%- . =2
r

40% |-
@ 30%F [T
&
E
0%

10% |-

0
120 150 180 200
W /C

E 3 BEXFe,0,/FA ik He' B0

Fig.3 Effect of temperature on Hg removal by Fe,0,/FA

3.3 Zi#EAFe,0,/FA i He' B %l
K14 4 Fe,0,/FA TEIRE N 150 C =5 #5351 K
5000.,8000 12000 1 15000 h™' &4 F % Hg’ i k5 4
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h 45 3. 0] LU Y B 2 45 BEREAIC, Fe,0,/FA Xt
He” (49 15 bR 8 R 42 . 25 3 15000 h™' AR 2 5000
h™',Fe,0,/FA Xt Hg" iy B bR 850K i 45% Tt &5 &
54%. 1% FE L i T 25 AR, 30 T Fe,0,/FA 55
Hg" 4 1 fol iF 18], 42 75 1 Fe,0,/FA it k57 & 18 b
Fe, O, 1 %, BT $2 % T Fe,0,/FA X Hg" iy it
BRALE X 5 SCHk H R T Y 45 3 X Fe, 0,/ AC Ji B
SO, 1 CuO/AC it B He” il 52 i — 35 ( o 7 25 45
2001; Wang et al., 2013). & 4 By 45 5 55 9,

Fe, O,/ FATER LA Tl M0 iz 1725 3 4440 T,
HA RIFH MR He FRCR.
60%
r A
. 2
50% T
- 1
40% -
B
§ L
EE"E 30%
T 20% |
10% [
0%
5000 8000 12000 15000
2235 /h!

E 4 ZH#EXIFe,0,/FA ik Hg’ HIS00

Fig.4 Effect of space velocity on Hg removal by Fe,0,/FA

3.4 Hg"W & 4 Fe,0,/FA itk Hg th % v

N T #E— P Fe, 0,/ FA 75 52 bRk B 40 B
T He W BEVERIN (1~35 pg-m™) (Serre et al.,
2000) X Hg’ FIMERRAE ), #E4T T Fe,05/FA TERE
150 °C . A TE] He ¥R FE (21,195,250 Fil 420
peg-m”) SRR He (i sLh , 5 R T 5.7 L
F BRI He Ve B 2 1F T, Fe,0,/FA 315 T 5
= B RR He® M35 He W B FR 420 pg - m ™ B I H)
21 pg-m™,Fe,0,/FA X He B9 WL BR A th 45% FF
EF 62%. 3 M Fe,0,/FA TE5 581 He" ik Ji 3 il
PR B i B BB He® A RE 7, 78 S BRBR I T
T He W B o LN AT AR BERR He RICR.
3.5 WA K4 HFe,0,/FA it Hg th % v

PRI S A 2453 0, .80, \HCL H,0 7] g
SN Fe,0,/FA BEBE He' = A 52 m. R, 16 6 XFH T
N, N, +6.3% 0, N, +1500 ppm SO, N, +50 ppm
HCI\N, +5% H, 0 U4, Fe,0,/FA 7£ it JE N
150 °C &M T XF He BBk 4 h Y25 3. T LA 1 HCl

70%

6% [F]

50% — == T
M + e
§ 40% -
g .
}o 30% -

20% |-

10%

0
21 195 250 420

He' & /(ug-m™)
5 Hg'iREXtFe,0,/FA Bif He' H5500

Fig.5 FEffect of Hg® concentration on Hg’ removal by Fe,0,/FA

Fl 0, %1 Fe,0,/FA BB He BA MR HEER 1T SO,
H, O 1 #l T Fe,0,/FA %I Hg’ B i K. HCl X}
Fe,0,/FANLER He® AR SV F AT g 2% T L mT W b 7
Fe, O, TE AL |, 751 5 <A 8 0 Fff 7E Fe, 0,/ FA
g He J g, AT T He A AL (Wu et al.
2008) .0, ({2 SEAE FH -5 SCHR i 38 10 0 4 s A Ak
YAk He® (0 1R F R — B0y, 2k ) 45
b He® J5 2 2 ARG 1 1) 4 S Ak W 8 A A fif G
2 A AL WG PE ( Wang et al., 2010; Presto et al.,
2006) .SO, P I/E F 32 2252 th F H ] 0 B 2] Fe, O,
TPEDE F IS5 2Z SN, Fey (SO,) 5, THAE T 7T W fhf
Ak He' BIFe, O, TG AL ( ThEE4% 55,2001 ;Ma et al.
2003). H, O B4 il /5 F 2 22 2 ol T nT i 3]
Fe,0,/FA |-, 5 Hg'7EFe, O, i PEA FAEAE T4+ [T,
F2MR T He® B BRI R 0 T He' AL (Ma e
al. ,2003).

50% - e
40%

30%

He' B A

20% |-

10%

0 |
N, N0, N,+SO, N,H,0 N,tHCI

W i
6 IS XFe,0,/FA Bik He' HIg400

Fig.6  Effect of flue gas components on Hg? removal by Fe,0,/FA
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3.6 Fe,0,/FA FW [t Heg B9 &

9T H B Fe,0, X He" B & 1k 1E H, o &
Fe,0,/FA LWt He MBS I A TEAS He 1Y & &, 4
Jii%: He' J5 19 FA ( FA-Hg) FlFe,0,/FA ( Fe,0,/FA-
He) HEA AT T8 P AL F PR B 45 R T & 7.
ATPLAEH FA-Hg [ Hg £ 227 HNO, 7 4 $2 L
ok, K253 FA-Hg EHREUE AR He 111 85%,
MMiFe,0,/FA-Hg I/ Hg F %2 7F CH,COOH+HCI
PRI SR | 2415 B Fe,0,/FA-Hg B 1l 5
Hg 1 1Y 63% , [Al i — R 2 85 oK 4 U 1749 8%
i) Hg ARE SCHR ( Bloom et al.,2003) , HNO, F 2 X
HAY Hg 3202 He', i CH,COOH+HCI 5 IR &
TR Heg 22 He™ ML &9, % FA
R He B2 R LIRS He' BIE A7 7 1m0
Fe,0,/FA-Hg WY He FE 2L Heg™ 4L &9
WAXAETE, 290 T1% AT Bk SR HA
N,+0,, A, Fe,0,/FA RS He™ b &4 R
AT REE HgO. oM, % T-Fe,0,/FA-Hg £ 5 , 75 HNO,
R R ECH EB 4> He (29 24%) , i Fe,0,/FA
B Hg o405 354 He'. fh e al LI, Fe, O, 76
Fe,0,/FA ik He' it # e T SCHEAE FH, Fe, 0,45
He Ak Ak He™ 194k & 9 HeO I W% Fff /£ FA
b, AT B4R 1 T Fe,0,/FA XF Hg® B i 4 fiE

100%
V7772 FA-Hg
r EEE Fe,0,/FA-Hg
80% [~

60%

Letsil

40%

20%

‘, ':g"& Q\C\
"f}w\‘%‘ COO‘X
o R

B 7 BBk Hg' /5 FA #1Fe,0,/FA & REIZE R FIEE
Fig.7 Sequential chemical extraction of Hg’-captured FA and
Fe,05/FA samples

4 #5i2 (Conclusions)

1) 11#Fe,0, BB K B3 $2 = T H X He' 1
WRERAE JT, 2 B4 T Fe, 0, I RALTE T, K He' E AL
1 HgO FM I 7EFe, 0,/ FA L.

2) TEHERR IR FE FR AR ST 5 i He v B Y
N, Fe,0,/FA BAT R BERR He' I 6E J1, H B
Fe, O, 1 25 5 I 34 I S I BE %) T o 1 14 5 A 55 B Y
TS A IB T2 M T, Fe,0/FA JRIL T R
IR He' B AE

3) HCl F1 O, % Fe,0,/FA JliiFR He® HA fE HEAE
FH 1M SO, A1 H,O0 #1131 Fe,0,/FA X Hg® B /BB

BEMEEEN . EH(1983—) &, T¥ L, HF. B = E
N E A B 4B R R L7 T B AT %
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