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Oxidation capability of modified fly ash based adsorbent for

mercury in coal-fired flue gas
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Abstract: Fly ash based adsorbent is dipping modified by NaCl or NaBr solution and the purpose is to

improve their oxidation capability. Adsorption experiments of vapor-phase elemental mercury are performed

in a laboratory-scale fixed-bed reactor. Physical properties of the adsorbent before and after modification

are measured and the influences of the solution concentration and flue gas temperature on mercury oxidation

rate are studied. The results show that when NaBr solution concentration is 5%, the mercury oxidation

rate can reach 79. 43%. The saturation adsorption quantity of absorbent 5%-NaBr is 1 700 ng/g and the

service life is about 480 hours. Flue gas temperature played an important role in mercury oxidation and the

best temperature ranged from 100 to 200 C.

Key words: mercury; fly ash; adsorbent; oxidation capability

KR e HE T oK S R R TS g i T 2Ok
P AR R AN R 5 v R R
P-4 5 1 0. 22 mg/kg,» 2010 4F 4x [ it o A AL i
29 14 o B ) IR B ik 300 o R
oK T I G O GE ECE ) BE RN O e N IR
FEST o SR Y I R 28 i 4t SR O 1 £ L A
Pl M ESPERTINEE S U RZ R ALE I o 8 S NGR t)

¥ F& B H9.2012-07-10
ESWAE . HERFHE L # IR H (2007BAC24B03)

52 2 WA RE MR b R i TR 25 LA R O 3 [ N
A1 9 B 5 2 5 A v A I R MR B R A BF AR
Zhao 55 NP £ B R 5T RIS B R A K ke
] 95 7 28 W R AR T Zeng A N U AT ZnCly 2k B
PRI P ¢ W B 2SR 2 A T S 4 i o 7 B O R O
B0 53 2 1) 3o e w6 R 114 W B BE A5 A AR R
PesE VRN o A LK R R R A 2R A (L LA B

TEF BN A EM Q970 . B R KA LR A FENFEARE TERMUIR.
XIEA RN B E R KT LA S, (TeD023-65111649 ; (E-mail) liuge@ cqu. edu. cn,



http://gks.cqu.edu.cn

82 TR K FFER

%35 %

A A% DL A o O I B R BR AT AR R R AT LAY
BE TS

EE I R JRE G ) 8 0 o IR RS 5910 S T 4
0 R W% R R0 R Hg B BR BE .
NaCl,NaBr #0847 35 50 2o vk D o R0 ok
£ J5E 3% 2 3L — Tl B e 20 1) S 2R R o 591

1 LRHHRTTIE

L1 BT 0 i U o 5 B ) &
EH PR RO R AR OR RO R
e R A R TSR T R AR A K ROk R B
HERAN ) m ek 24l £ K Ca iy
it 53 B 89. 3600, My ME K 19 Ak 2 Ay Ik 1
IR
x1 BMBEREZERS

WAy Si0,  ALO,  CaO MgO  Fe, O,
AR/ % 46.74  25.01  5.58 1.28 8.46

WAy SO, K,O  Na,O kst
BiEE/ % 0.53 1.80 0.67  10.37

W F 710 ) ) 5 Ao TR G Sy g R A W I 7] 5 A i
BB EF A B, AR R 12%0 i +.2%
R 3NRAT 15 VoA K R IR A ko e BRUJURL
Fic Eb 43 590 R BB — 2 Joi ek 14 S ) SR A 3 7K 9
Y57 R 1R 45 o BROPL 6 R 42 8 10 mm BRI
ki, 48 b3 KA SR BT SRS 7E 1 100 °C il B R %
AhBibeE BB EFIR, BT THRE D&M,
S A Y5 S 0 7R A TR R ) B A v 35 50 4y AL ] S 2o
S AR 5 P B ) ke ST B

SR J5 DABRR By 10 R S A4 Sy A4, R FH R W5l 1
W B 300 E AT MR AR B L AR B 226,50, 9%
15 % f) NaCl,NaBr ¥ - 5 5 0 M ]y 3 b, gk
TR A R VR T B 0 T PR R S A T
P S S KB AR T SRS A A A
24 h BET S B F TR I R AE &

1.2 LWEBRFE

S OG PR SRR DL R B A R AR R A R
SR W B )y RE N I R G A A 1 R . EEH T
T A3 2L < RO A A R 0 L BB A S R
TRIR RGE W B SRR A R AL B . RN
KB EE (FR T B &R 175 ng/min, 3 E VICI
Metronics 23 H]) 7= A 7R Bl £ K v HE 38 1) i 3
w0 A N, /R RS SO..0, #il CO, ,

283 MR A5 2 (3 2 U A S B R
JRE U T+ AR 20 2 2B A I O R ) 4 [T S 0% RS IR
[# SN R & AR 150 mm, K4 300 mm 1A 55
R AN AR DRI Z o S e B R L A
P 25 W S 248 B D HE AR e B X RS AR TG

i

BE1 MERERSERBEHFAEENLRZERER
IS 2 AR 3 b m 4 A5 WUE IR
6— Tl 7 R 8RB B 9 KB HH

T0—HBIUE IR AR E SRR E 11— R NR
12— =5 T 5 13— ZE & 8L R AT TN s 14— R AL B

SEE B SEIE A N, . FEE T SO, .0, F1 CO, K
i AR B B HITEL 20 L/min, AHF
FEH AR B B H o 0. 22 SO, 1% O, Ml
12% CO, ol N, AR B S Sy 150 °C LS
TR MR BE Dy 25 ng/ L, G 3k [ g L IR I a0 oK e
JE FH 2 2 RN 43 BT A IR 0 RP-915 +) il 4, AR
Pt R AT S5 R e BE R T B W B R xR 1 R 1R
EN|

7= C°C7C><1oo%,
g AR AR, %05 Co N ik F I SOR W
ng/L;C 2y HARAGREEE s ng/ L,

2 #FR5iHR

2.1 5 HR 7R R B 5 490 B 1 A

AR S 30 3 R W B I A T W B — > 2 oa ik
(Ao R A W R B2 TR A B A A R A L T
FR 1 B 2 v R L B RE ) i e R R L A Pk
TSR W B R A 1 R R LA G Ry Ak 3 ZE LR,
BET 3 b e i A AR B GB/T 204512006 H1 4y
SR T 5 D S e R . R B R A T 2R i e 2
T EA 5 0 B R B Oy 90 %05 [l B B 3
By H T AL A F 2532 m® « g, [} NaBr,NaCl i
VOISR S Y B BRI R 2 R A2 2 iR, W]




http://gks.cqu.edu.cn

% 114

AN S BOMOR B R R AR R ) B AR 5 T 83

DA H 28 5 35 3ot e8P e R R 790 £ B 2 T AR ik /)
- L B 2 OO 9 TR0 8 A 8 T 3% 3 ks o A [ e
JEF M NaCl, NaBr # #0511 2l P e W B 7510 1 L 2
T LA 22 /0, W NaCl, NaBr #9612 5 4 22
RN

]2 MR TR B R B AR 0 2R E S AR

B kt%ﬁ?ﬂ/ B i tl:%%ﬁijtl/
(m?.g ") (m* « g ")
NaBr-2% 239. 8 NaCl-2 % 236. 4
NaBr-5% 219. 2 NaCl-5 % 222.8
NaBr-9 % 189. 2 NaCl-9 % 192.3
NaBr-15% 166. 5 NaCl-15% 163. 8

A1 P J U U 58 W R ) o T S 2R 1E TR
B 2 FiR. 2 BRI W R 57 3 44 SEM
W AL B 2(b) kg NaBr-5 Y0 85 B W [ 571 SEM B -,
XF L6 A] DA o rE I B R B R0 AL EL A S =
FEFLRE 1B 25 92 15T A 3 R o, o R R AL R
FETRB R ALY . 1YY TR B, 5 T
A 751 FLBE 11 305 M o5 057 AT T R 15 H: ARk B g Kk
i 4 R
2.2 WR B gh &k

3 W P A DT 5 453 B 4w 5 O NaBr-5%
W BF 700 ) O W B 2 37 it 2 E 2 o il 4R R A5 B R
R W B i £, SE IR 45 SR AN P 3 TR . BB il £k S A
UL A B A B ] L R R 7 W B R 9 1) 43
Ay LA B W B R AURE R /NS TR R A 06 . Fl T IR IR Y
W I 700 B2 JRE AR /0N o AR A3 Ao S5 7 i 1 O o B [ AR 4
H 3~5 s, B ABLKE WD LG B0 SO 5 [
SRR 2400 A SR e B R (25, 0£0. 2)ng/L J5
POl A U A0 3 o [ SN AR AR 12 bl — R
PSR . I 3 i LA . a SR PRk
JE IR BRAIG . R 2 3 il £ 2 B L BV R W & A 1Y
WU B B VAR R W B IR N E A 1~
2 ng/L BY7R . WL B T 2k 3% W 400 F0 I B 5 na, 290
1700 ng/g. Wt {71 7 i 29 4 480 h,

2.3 HUYARRES Hg' KLENZMN

NaCl.NaBr ¥ ¥ #¢ i %t Hg" 48 4k 2 19 5% mi 4n
Bl A B, IWE 4 ATLLE B % NaCl,NaBr % #)
W EE B3 L TR AL R e B 2 T S AR A —
AT R AR . PRS2 5 V5 U MR BE K B Ak 1 3
K 22 D\ 5 S50 B 790 L B 42 2 BEL A 17 B 5T 5K ] L

.
He (O
O SF Do

1
Digitsl Wheratcoy bmagng

(b) kG

2 MERERMAEPBHERERR

0 100 200 300 400 500

3 RFBHES WM ML

P B DT R AR 0 0 R 50 6 365 P02 . 7 A ) 2% 1
T K NaBr 0 B 57 1) 5k S8 AL 3R 3K T 71 8 NaCl
W BE5R) . ok B A NaBr S 5R (0 1k 27 W 24 %
. PRI BEFEREE Dy 506 (9 NaBr #RAE 2
S E ERCa R



http://gks.cqu.edu.cn

84 TARKXFFHR

%35 %

0r —— NaCIF R
80 +NaBrﬁ$?ﬁmg
R
# 70 |
X
¥ 60 'f
=
50
40 1 1 1
0 5 10 15 20
I 4K T B 1%

B4 piWBERREN He SUERMFIM

2.4 REGREX Hg' |UEM M

T o BT AR B He oA AL A 2 L 3
B AR BE 4> Bk 25,100,150, 200,300,400 °C,
T 555 AN [ 3 B8 T B o O A 5 W o 0 g R A Ak %
iR S s . MK 5 AT LLE . Bl & R G T
s AREAL R T R R T . IR as R AR ORIk
AR SIHARE R BT . 100~200 CEHE N
RAMRRE BB . MRS T 200 CLORA
RIFG TRE . R REAY B P — 2 20 0ok el Ak 174 oy
IRV B KT Hg 1 W B 558 A 4 380 W B o Ak =
B o TR B T v R B R0 6F Hg” B 9 35 W B B 7 23 U
. ZRMKE T He' a5 O, f8 & & &M A K
HgO, i = it & HgO X 2353 fif . 52 Br M1 < 4 5 B
RRGE I BEAE 100~400 C2Z [A] , B 0 il B2 3 [
W B HE I R IR S 100~200 °C
2.5 Hg' KUMNELH

B W R R B AR HL AR B R i B 3R AR R
Hg' 4 Y # W i E . (2 He® 5 # %, L spag
R RE IR 53 114y W o 285 SR AN S AR B T e X
PRIEATUOE » 3 T 76 Ry B K 3 181 5 ) BE 0% P 6, K PR
2 (14 ) L B 0 A ) B L A2 P ) R B, 4R R
REIRRE SR (W B RE T o TR R U5 Bt T 1 K B
MR IEAT FR AL F TR K A R 2 R R
SRR o 76 L T A2 SR it 1 Br-C-Br HREH], &
X Hg' A AR 5 19 1k 2% W B 7 . A2 i [ HeBr ',

85

80

RN ARG
3 3

25 125 225 325 425
T/C

B s WSBEEX H SUERHIME

[HgBr " f[HgBr, J*" ", Wt ZiE 1Y C-O Kk
Al Al LI He" 4k, 2B HgOo SO HLEA T -
2Br +C—[BR—C—Br]*,

Hg+ Br- —— [ HgBr |7+ 2e,
Hg+ 2Br —— HgBr, + 2e,
HgBr, + 2Br- — [ HgBr, ],
Hg+C—0O0—>C— HgO,

3 & it

SR HL T M B B A A W R AB0RL L 5
NaBr H1 NaCl i W 43 51 17 3= 15 2507k b A 21 i 7R
W oRF 790 1) T [0 R A AR A T SR 1 4R A A P L 15 3 LA
A

1) WP T o 9 b 2R T AR A KL O 253, 2 m?/ g
it 5 AT i T R P 8 b TR R U )

2) M Bl 596 1 NaBr ¥ ¥ ok 14 75 21 14 1% B
A6 F0 R B2 1 700 ng/g. W B 5 A 20k
480 h,

3) ] NaBr gk 4 b I NaCl g 4 4 0% Bt 70 % 5%
14 48 Ak F6 34 0 5, NaBr 3 W0 B2 Sk 5 00 15 5K 1) 41k
3K 79.43%,

) IR A A 2 5 IR SR B D) R BEAR T
200 °C A Ak 2 B TR EE 1Y T v T s YR T
200 C, 4 Ak 8 Bl 2 B AR d5c A 0L B2 X [H] Oy 100 ~
200 C,

Y

[1] Yuan C G, Wang T F, Song Y F, et al. Total mercury
and sequentially extracted mercury fractions in soil near
a coal-fired power plant[]J]. Fredenius Environmental
Bulletin, 2010, 12(19):2857-2863.

L2] EWRNE, M0, £330, BRBEE A A AR RO JH 12 36 5
)], A Y¥AE, 2011, 30(5): 928-932.
WANG Xiaohao, WANG Juan, WANG Wenhua.
Effects of flue gas mercury emission from two coal-fired
power plants in Shanghai on peripheral environment[ ] ].
Chinese Journal of Ecology, 2011, 30(5): 928-932.

[3] e, hsci ., A, o ERBE SR HE il AG 5 LT .
W E SRS R, 1999,19(4) :318-321.
WANG Qichao, SHEN Wenguo, MA Zhuangwei. The
estimation of mercury emission from coal combustion in
China[ J]. China Environmental Science, 1999, 19(4).
318-321.

L4 JATARA, FBIR, B fpe, 5. PR b R HE R 1 T8
MiRERL)]. B TR, 2005, 25C 4); 587-592.



http://gks.cqu.edu.cn

% 11

AN, 5 BB R IR B R R A B AR 5 AT 85

REN Jianli, ZHOU Jinsong, LUO Zhongyang, et al.
Forecasting model for mercury emission by coal-fired
power plants[J]. Power Engineering, 2005, 25( 4);
587-592.

[5]8lig, EA, BacHE. 5. BT WBUR R B

Kot H5EALT] R =5 H A, 2008,31(5):
66-70.
KUANG Min, YANG Guohua, HU Wenjia, et al.
Analysis and prospect of technology for removing
mercury from flue gas[J]. Environmental Science &.
Technology, 2008, 31(5):66-70.

[ 6 ] Shah P S, Strezov V, Prince K. Speciation of As, Cr,
Se and Hg under coal fired power station conditions[ J].
Fuel, 2008, 87(10/11):1859-1869.

L7 1 ER08 W, 005, 4. S5 5 s 48 =< o

Ry A R ). I B8 3 gy TR, 2004, 19 (3):
249-251.
WANG Quanhai, QIU Jianrong, YANG Jianfeng, et
al. The impact of CaO additive on mercury distribution
in flue gases[ J]. Journal of Engineering for Thermal
Energy and Power, 2004,19(3):249-251.

[ 8 3kak, v, ik, 55, I Mo fb S A0 BB B
RBFFELT ] BORME A2 4, 2011,39(5):373-377.
ZHANG He, ZHAO Jiantao, FANG Yitian, et al.
Stabilized oxidation and adsorption of elemental
mercury by activated carbon [ J]. Journal of Fuel
Chemistry and Technology, 2011,39(5) :373-377.

LT R, Smd, BEL. 5. RERI R ERWBER
PRI, AL T 3R, 2011,30(7):1607-1612,1636.
CUI Xia. MA Liping. DENG Chunling. et al.
Research progress of removing mercury from coal-fired
flue gas [J]. Chemical Industry and Engineering
Progress, 2011, 30(7):1607-1612,1636.

[10] Bf, FutE ., HNI, S5 SR T RS AT 5 B

AROT]. RERSFREE, 2011(3) . 2-5.
HUANG Jun, WANG Hongchang, TIAN Gang, et al.
Research on mercury emission reduction technology of
coal-fired power plants[J]. Energy and Environment,
2011(3) :2-5.

[11] Zhao P F, Guo X, Zheng C G. Removal of elemental
mercury by iodine-modified rice husk ash sorbents[ J].
Journal of Environmental Sciences, 2010, 22 (10):
1629-1636.

[12] Zeng H C, Jin F, Guo J. Removal of elemental mercury
from coal combustion flue gas by chloride-impregnated
activated carbon[]]. Fuel, 2004, 83(1):143-146.

[13] Wang S B, Wu H W. Environmental-benign utilisation
of fly ash as low-cost absorbents [ J]. Journal of
Hazardous Materials, 2006,136(3):482-501.

[14] Zaefi, AR, S, & WA S RN RIE

SEEAEmLT ] e AR R =¥ R, 2011,33(6):
771-776.
LUO Jinjing, ZHANG Longdong, HUANG Huawei,
et al. Effects of flue gas components and fly ash on
mercury oxidation[ J]. Journal of University of Science
and Technology Beijing,2011,33(6):771-776.

L15] #m & sk, RCE . 5. 5l CuO/CLIE 5 1<
SRR R LT ] R A 28 R R 24 2 4, 2009,
41(6) :814-818.

YANG Hongmin, ZHANG Bin, HOU Wenhui, et al.
Removal characteristics of vapor-phase elemental
mercury through active carbon-supported CuO/CI[]].

Journal of Nanjing University of Aeronautics &

Astronautics, 2009,41(6):814-818.

(e E%kH)



