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Experimental study on flue gas mercury removal with injection of NH,Br

modified rice husk coke in a 0.3 MW CFB coal-fired facility
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(1. Datang Environment Indusiry Group Co. ,Lid. ,Beijing 100097 , China ;2. Key Laboratory of Energy Thermal Conversion and
Control. of Ministry of Education ,School of Energy and Environment , Southeast University ,Nanjing 210096 , China )

Abstract: In order to study the effect of flue gas injection temperature and adsorbent injection amount on mercury removal efficiency in
coal—fired flue gas,1% NH,Br solution was used to impregnate and modify rice husk coke to prepare mercury removal adsorbent NH, Br
modified rice husk coke (Br—RHC). The pore structure of the adsorbent before and after modification was characterized by specific surface
area and porosity analyzer,and the experiment of adsorbent injection removing mercury in the flue was carried out in a 0.3 MW coal—fired
circulating fluidized bed combustor of pilot scale. The results show that the specific surface area, micropore volume and total pore volume of
the adsorbent after modification increase to some extent. The efficiency of injection mercury removal increases with the increase of injection
amount and tends to be stable. The mercury removal efficiency increases from 69.36% to 79.44% when the injection amount increases
from 0.3 kg/h to 0.5 kg/h. The mercury removal efficiency of the injection process increases with the increase of flue gas temperature , it
rose from 57.74% at 142 °C t0 79.48% at 200 °C. It is verified that the chemical modified biomass rice husk char is a suitable alternative
for activated carbon to be applied into the flue gas injection demercuration technology in coal—fired boilers.
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Fig. 1 0.3 MW pipot scale coal—fired circulating fluidized

bed combustion system
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Table 1 Test conditions

— WER WU SRR R0, Gl
E/C  (kg-h') [l WeiE/% (kg h™')
1 142 0.5 3.0 10 33
2 167 0.5 2.6 9 42
3 200 0.5 2.2 9 52
4 203 0.3 2.5 11 39
5 204 0.7 2.5 11 36
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Fig. 2 Flue gas mercury sampling system diagram( OHM)
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Table 2 Pores structure parameters of adsorbent before and after modification

FE BET L RMEAY (m® - ¢7')  MALEBY (em® - g7) BILEFY (em® - gh) WAL/ % FHfL4E/ nm
RHC 642.29 0.245 6 0.357 3 68.7 2.2253
Br—RHC 706. 24 0.268 7 0.399 3 67.3 2.2619
*3 BEEIlL5xESN
Table 3 Industry analysis and elemental analysis of coal sample
Tl 3B/ % LR
M, A, v, FC, Cy/ % H,/% 0,/% N,./% S,/ % ClL,/% Hg/(pg - ke™)
4.27 25.73 27.75 42. 83 56.03 3.63 8. 06 0.83 1.45 0. 05 62. 84
2.3 RREFHE 100
0.7 kg/h
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Fig. 3 Mass balance of mercury
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Fig. 4  Effect of injection amount on the efficiency of
injection mercury removal
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Fig. 5 Effect of injection temperature on the removal efficiency
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ACIHTHAH He' 5 Hg™ (F L& 4, k4
A, BE R T R, ACT RGO R P He™ & B
68.30% Tt % 84.27% , Wi Hg’ 1E4F M S, i L h
31.70% K 15.73% . 3% W] RE S 1 T Bl 0 A 2
The, SCR 2 & rp XK AL 1) X Hg B SR AL R 1
KBRS H™ & Hesg

F4 ACIEIESH He' 5 HS &b
Table 4 Ratio of Hg’ and Hg™" in flue gas before ACI

% 5t 30 BE / °C He 5 /% He™* i /%
142 31.70 68. 30
167 25. 14 74. 86
200 15.73 84.27

Dkt R R A R IR N H , 1 AR SO
WM OR A 3 Fh IR A7 B 25, HL IR B s A <
He™ o P i, He™ e BR Rt i > ok i i k1
MRBIRRR R &, A, B A A M T AR
2y RS A L IRBELR A 1 2 445
2, R BE X Br—RHC 1 5% B 7 1) 5 Wi B0 7 1 3
T RIZR T,

3 4 g

1) FIH 0. 3 MW BEBEAE FR A0 PR i e B 9%
NH, Br iP5 7% 48 ( Br—RHC ) i 55 W5 [R50 76 A [+] 155
SF R 8 55 W AR AR A S SR 35k B L
F,RIAE CFB BRI S & F R, ACT BT oK
I FEEIES N He™ , ACT AT He 5 Hg™ #
J TR W B35 Br—RHC 5 8500 B -5 Ak ol JokE 25 117 5R
(Hg") ; bifi 5 Wi S 448 ) B R 0 22 e T v s P A
AR RS | o 3R A0 e e A I S 58 S W BT 7). Br— RHC

124

FEI MR R P S SR AR, L 28 B e AU Al R L
16 000, 5 22 X6F 1 Ao 5t JI SRR 303 AT 3K 79. 44%

2) ACT X 0 HH B0 53 18 08 53 2050 3 B 0 A S5 1k
FE TR TGN, 200 CHFAE] 79. 48% , W5 B
FF R He™ FILESR 9 R A 4 2E 1 fEX H”
FADEINEF 25 FEE R B 8 X A 30 b2 W A
AR A RS 53 A L5 i AL A e A
A Ja iR it — 2R

2% 3Lk ( References) :

[1] WANG S,ZHANG L,ZHAO B, et al. Mitigation potential of mercu-
ry emissions from coal—fired power plants in China[ J]. Energy &
Fuels,2012,26(8) :4635-4642.

[2] ZHE BUERS, B, 55, CaO YR AR BN I & SO, B
RFPEL ] AL T 254 ,2017,68(9) :3565-3572.

LI Chunfeng, DUAN Yufeng, TANG Hongjian, et al. Mercury selec-
tive adsorption characteristics and SO, poison performance on CaO
[J]. CIESC Jorunal ,2017,68(9) :3565-3572.

[3] FRBEORIER, 50 B A R B R, KT RT3
HERCPRME . GB 13223—2011[ S . dbnt . it E SR 45 B2 iR A
2011.

(4] bR R, LR BT R W R, B R e
HEBARHE : DB 11/139—2015[ S ]. bt . P EIRETRL 7 it
2015.

[5] SJOSTROM S,DURHAM M,BUSTARD C J,et al. Activated car-
bon injection for mercury control; Overview [ J ]. Fuel, 2010, 89
(6):1320-1322.

[6] GRANITE E J,PENNLINE H W, HARGIS R A. Novel sorbents
for mercury removal from flue gas[ J]. Industrial & Engineering
Chemistry Research,2000,39(4) :1020-1029.

(7] s, Bk, - BRI R T WG R 50 M55 S5 5 o 2 AR \oy 9T 5

JE[)]. AL THERE 2018,37 (11) :4460-4467.
ZHOU Qiang, DUAN Yufeng, LU Ping. Research progress on in—
duct mercury removal by sorbent injection in power plant [ J].
Chemical Industry and Engineering Progress, 2018, 37 (11 ):
4460-4467.

[8] i, BOERaEe Wi 45, mIRRAE BRI BRI A ST e[ T ] Ak
T3 ,2017 ,36(S1 ) :442-448.

XU Jing, DUAN Yufeng, YAO Ting, et al. Research progress on re-
generable mercury sorbents[ J]. Chemical Industry and Engineer-
ing Progress,2017,36(S1) :442-448.

(91 k&l Brikfe, Fra s A5 pa fbBicEh B A ) B RS 58 £ Y R I

BPRFPEL . AR R R 4l ( A AR BEAA ) ,2013,43 (1) : 99 -
104.
ZHU Chun,DUAN Yufeng, YIN Jianjun,et al. Mercury adsorption
by rice husk char sorbents modified by ammonium halide[ J]. Jour-
nal of Southeast University ( Natural Science Edition ), 2013, 43
(1):99-104.

[10] ZENG H,JIN F, GUO J. Removal of elemental mercury from

coal combustion flue gas by chloride—impregnated activated car-

bon[ J]. Fuel,2004 ,83(1) :143—146.



/MR 0.3 MW CFB SRS BN NH, Br SR 52 AR AR X g 72

www.chinacaj.net

2019 455 2 #

[11]

[13]

[14]

[15]

Rl BRI OREK, S5, MR AL S0 0 S B P I T e R
W R RO 20 [ 1] T AR P B2 41,2013 ,34(10) 1982 -
1985.

ZHU Chun, DUAN Yufeng, MAO Yongqiu, et al. Effect of
flue gas components on mercury adsorption by ammonium chlo-
ride modified activated carbon[ J]. Journal of Engineering Ther-
mophysics,2013,34(10) :1982-1985.

Wk, Bk, AR, 4. R BE RN BEXS NH, Br UM 7o i
SRAMEMHRFE R [ )], /LT 2%4,2016,67 (4) : 1467 -
1474.

YAO Ting, DUAN Yufeng,ZHU Chun, et al. Effect of temperature
and oxygen content on Hg’ oxidation and adsorption by rice
husk char impregnated with NH,Br[ J]. CIESC Jorunal ,2016,67
(4) :1467-1474.

A, BeR B R4l % CO,/H, PO, 1 ALS NH, Br it PEFS 5%
FEMBURMERESZ IR AT ST [ T]. AR R 24l ( HARBL ) |
2014,44(2) :321-327.

SHE Min, DUAN Yufeng, ZHU Chun, et al. Experimental study
on mercury adsorption performances of rice husk chars activated
by CO,/H; PO, and modified by NH,Br[ J]. Journal of Southeast
University ( Natural Science Edition) ,2014,44(2) .321-327.
Jelnit B BRAK , BOER B, 4. TR A TR I A o I R AR R AT 5T
(7], TR 4R 2014 ,35(12) :2531-2534.

ZHOU Qiang, MAO Yongqiu, DUAN Yufeng, et al. Studies
on mercury adsorption on bromine modified activated carbon[ J].
Journal of Engineering Thermophysics, 2014, 35 (12) : 2531 -
2534.

BUER TG, A S [, S R BRI A0 PR 53 7 SRl R 08
FHRFE[I]. B LT R4, 2008 ,28 (32) :1-5.

DUAN Yufeng, JJIANG Yiman, YANG Liguo, et al. Experimental
study on mercury emission and adsorption in circulating fluidized

bed boiler[ J]. Proceedings of the CSEE,2008,28(32) :1-5.

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

TANG N,PAN S W. Study on mercury emission and migration
from large—scale pulverized coal fired boilers[ J]. Journal of Fuel
Chemistry & Technology,2013,41(4) :484-490.

BELKIN H E,FINKELMAN R B,ZHENG B. Mercury in Peoples
Republic of China coal [ J]. The Geological Society of America
Abstract 2005 ,37(7) :48.

L, TR AR AT S IO AREL T ] BT A, 1998
(5):7-8.

1o i 2%, X B, CHOU Chenlin, 5. v [ B v B30 1) 3R k.27
WRFEL ). 5 b ER AL 238 42,2005 ,24 (1) :79-87.

GAO Lianfen, LIU Guijian, CHOU Chenlin, et al. The study of
sulfur geochemistry in Chinese coals[ J]. Bulletin of Mineralogy,
Petrology and Geochemistry,2005,24 (1) :79-87.

ZHAO S,DUAN Y,YAO T,et al. Study on the mercury emission
and transformation in an ultra—low emission coal —fired power
plant[ J]. Fuel ,2017,199:653-661.

LI H,WU C,LI Y,et al. CeO,-TiO, catalysts for catalytic oxida-
tion of elemental mercury in low—rank coal combustion flue gas
[ J]. Environmental Science & Technology ,2011,45(17) ;7394 -
7400.

LOPEZ-ANTON M A ,DIAZ-SOMOANO M, MARTINEZ-TAR-
AZONA M R. Retention of elemental mercury in fly ashes in dif-
ferent atmospheres[ J]. Energy & Fuels,2007,21(1) ;:99-103.
TR BRI DK, A5 BROR LU RRMEAE Sk Hig IR
MR IFFE [ J]. SR T2 ,2012,30(1) :58-61.

DING Jiandong, CHEN Bo,DIAO Yongfa,et al. The experimental
study on the influence of C/Hg ratio on removal of elemental mer-
cury in simulated flue gas[ J]. Environmental Engineering,2012,
30(1) :58-61.

YAN N,LIU S,CHANG 8, et al. Method for the study of gaseous
oxidants for the oxidation of mercury gas[ J]. Industrial & Engi-

neering Chemistry Research,2005,44(15) :5567-5574.

125





