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Research progress on collaborative mercury removal of pollution control

equipment in ultra—low emission coal-fired power plants

CAO Xiaoman' ,LIU Yawen® ,ZHANG Junmei' ,JIANG Luxiang’, GUO Na’, WANG Zuwu’
(1.Shandong Power Engineering Consulting Institute Co. ,Lid. , Jinan 250013, China;2.School of Resources and
Environmental Science , Wuhan University , Wuhan 430000, China )

Abstract : The treatment of mercury in flue gas of coal—fired power plants mainly relies on the collaborative removal of conventional pollu-
tant purification devices. In order to understand the collaborative mercury removal capacity of pollutant purification facilities in ultra—low
emission power plants in China,the field test data of mercury emission from power plants were statistically analyzed. The results reveal that
the same type of pollutant purification facilities also have very different mercury removal capabilities. The mercury oxidation efficiency of
selective catalytic reduction( SCR) is between 13.2% and 91.1% ,and the average mercury oxidation efficiency is 52.7%. Different kinds of
dust collectors show different mercury removal efficiency. Among them, LLT-ESP has the best mercury removal efficiency, followed by
ESP+FF and ESP. The average mercury removal efficiency of wet limestone gypsum desulfurization system ( WFGD ) is 54.3% , which
is mainly derived from the removal of Hg”*. The technical route with LLT-ESP as the core has the highest average mercury removal effi-
ciency in different routes, which is 91.3%. The average mercury removal efficiency of the unit after ultra—low emission transformation is
80.1% ,which is about 10% higher than that before transformation.
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Fig.1 Mercury emission concentration of different units
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Table 1 Compliance of flue gas mercury emission
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concentration under different standards
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Table 2 Mercury removal efficiency of pollution control equipment of ultra—low emission units
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Fig.2 Mercury oxidation efficiency of SCR
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Fig.3 Cooperative mercury removal efficiency by different types of dust removal devices
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Table 3 Synergistic removal efficiency of different ultra—low emission retrofit technologies

EL &Nt JBERZ % TR % HEL SCHR
DIRARIR HL R A2 A% O 79.7~95.5 91.3 5 [5-6,17-21]
DL HLASBR ARG O 38.2~94.7 78.5 8 [4,22,24,26-27]
D3 FE B2 R A O 55.4~97.8 78.6 31 [2,17-20,22-23,25,27-28]
SCR+22+WFGD+( WESP) 38.2~97.8 80.1 44 [2-6,14,17-21,22-29]
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Fig.6 Mercury removal efficiency under different technical routes

5 HFiEERE

H R A HE L SMHEAR S SRve B 35 3k ) ]
FHECE SR {0 FH 25 E MATS BLA SRR AR BB 00 A
WER  IAHR R AT 45.5% , it —F W HLA A fE A
bro ERARHERT 0E 5 SCR X 5K (9 24 E AL 3%y
52.7% YEIMAEAL R B BEFE — R LR SR
FALRCR  TE SCR UV F 40 3G I i oK A 16 71 g a8
F| 80% L) b iy A ALK, A R 2SR Y BR 2 4% B
[ R BE A R 22 57 o DA R R4 38 0 i ok A i 1
KA, AR AR IR L 5 2 25 > F AR B 2 7 > 3 3l L B 2k
o ETUEWM TR RO BURDRL AR X bR 2R 48 oK
PR, WBIE AR R o X oK - X B bR AR
54.3% , 29 50% WAL R G0 UK IR IR 4, T 300
T 2R 8 U R RS8R R AR 5 I 48 v TRt R e
SRELCR T T, o7 A ] A TR 30 D 4 v 41 TR
BRASCRTG J7 10% 5E A [R] A0 A PR T e s A s &
(R HE TR s TR, AR ARG VL F B 2 2% T L AR R 2
AR 2 Tl s H R R BOR B AZ R A A
TR KRR R ], DA H R 2 2 SR A2 0 1) A
AR R TRASCRB 5 H HL BR 2R 28 OGO, Z B R 5¢
MIREIRAR K, FHHEIX 3 FhGE BEA , IR IR F B
RS R A B R AL HE TR B R B ) R M g

6

HT T X AR L T SR HE T BR300 a5 g PR X
SCHRH B ZR HE O S Bs REAS AN O, L2
ARAR I F BR AR AR AR SC GE T 20 A, LK L ) 3t o
FREA R AR . DA I R AR A A R D BOR %
2 A ATLZE B [ B R PRy s s L B A2 4 R P AR R
%, JBiR A GE MR A b R 9 4 25 20 A R B AN A
iR IR ST FE 28 B FIER 2 1T 7
A G BERMEMFEAE WEGD HFs iR

5 2% 30k ( References) :

(1] ERBECRAPEE. Ko ) A5 4 9 HE b #E - GB 13223—2011
[S].dbxt . i E M g i e, 2011,
T ER A, RER, . SR ARHE B Xt 58~ HE i
HIsZ[J]. $BESh ) TR ,2016,31(7) : 110-116,139.

HUA Xiaoyu,ZHANG Liangli, SONG Yucai,et al. Influence of the

(2]

ultra low emission modification of a coal—fired unit on the mercury
emissions [ J]. Journal of Engineering for Thermal Energy and
Power,2016,31(7) :110-116,139.

FARTHE. MAIEALZE AR AR HE O * T R 2 [ D] Akt - A2k
HL K 2%,2018.

Wi, B SE  EAR, 45. 350 MW AR HE OB L T 15 e )
PElRe B R PR RIBERR (1] FABESH ) T4, 2020,35(2) :
187-193,200.

CHEN Lei, DUAN Yufeng, ZHAO Shilin, et al. Mercury co —

[3]

[4]

removal by the air pollutant control devices in a 350 MW ultra~low

103



2021 4E45 5 vE

www.chinacaj.net

%27 %

(7]

[10]

[11]

[13]

104

emission coal —fired power plant [ J]. Journal of Engineering for
Thermal Energy and Power,2020,35(2) :187-193,200.
AL, 5 S 8. 660 MW ATl il A A H it 5 43 A1 45 AR ATF 50
[J]. ¥FBERkE24R,2019,39(3) :853-858.
ZHAO Yi,HAN Lipeng. Distribution characteristics of mercury in
660 MW coal—fired power plant with ultra—low emission [J]. Ac-
ta Scientiae Circumstantiae,2019,39(3) :853-858.
TPl AR, D PR, S R EL TR DB R A R O B ML A
[T]. W4 R 2018,24(2) ; 114-118.
CHE Kai, LI Zhenhai, HAN Zhongge, et al. Removal properties
and migration patterns of mercury in coal—fired power plant [ ]J].
Clean Coal Technology,2018,24(2) :114-118.
SSCUR AT, SR A MR )RR BOR B R 5 P
WIBE R [J]. 1 H HL T2 2% 4R, 2016, 36 (16) ; 4308 -
4318,4513.
SHI Wenzheng, YANG Mengmeng, ZHANG Xuhui, et al. Ultra—
lowemission technical route of coal—fired power plants and the cop-
erative removal [ J]. Proceedings of the CSEE,2016,36(16)
4308-4318,4513.
Jel . AR R e rh R AL BR A i R R MR 5T [ 7] 3R
BT HE,2017(S2) :179-181,150.
ZHOU Shenxue. The research of wesp mercury removal characteris-
tics in ule system [ J ]. Environmental Engineering, 2017 ( S2) ;
179-181,150.
PRI, SR, SRR, 45 AR HR OO 5 BRI S fl i
BRI ST )]. L) ,2018,51(6) :160-165.
CHEN Kunyang, GUO Tingting, WANG Haigang, et al. Analysis on
the potential of synergistic mercury removal with coal—fired flue gas
purification equipment after ultra — low emission retrofit [ J].
Electric Power,2018,51(6) :160—-165.
XSS T MR A (R L R A RIS T R 75
Qs HEFF ERT ST [0 ], 3 ) TR 24, 2018, 38 (8)
650-657.
LIU Hanxiao, YAO Yuping, LI Jianguo, et al. Research onapplica-
bility and pollutant emission characteristics of a LLT-ESP[J].
Journal of Chinese Society of Power Engineering,2018,38(8) :
650-657.
AXE, LG, A AR F ) IR R, Fh B 2 e 3 I I O
WFFELT]. 30 TAE4,2019,39(4) :319-323,330.
ZHAO Yi, HAN Lipeng. Synergisticremoval of mercury by low—
low temperature ESP for ultra —low emission coal —fired power
plants[ J]. Journal of Chinese Society of Power Engineering,
2019,39(4) :319-323,330.
O BRR. BRE ) B RGURIRHE e [ ] oE FH g I8
A ,2020(2) :36-39.
TIAN Tian, QIAN Yun. Ultra—lowemission retrofit of dust removal
system in coal — fired power plant [ J]. Applied Energy
Technology,2020(2) :36-39.
B, BRIRERL TR NO, R HE R BOE Ty X L AT [ T].
Al AT RE S8R, 2015,5(6) :32-37.
HU Yongfeng. Comparative analysis on retrofit schemes for ultra—
low NO, emissions of coal power plant [ J]. Energy Conservation

and Emission Reduction in Petroleum and Petrochemical

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

Industry,2015,5(6) ;32-37.
HOCQUEL M. The behaviour and fate of mercury in coal —fired
power plants with downstream air pollution control devices[ EB/
OL]. [ 2020 - 08 — 05 ]. https://www. researchgate. net/
publication/35215949_The_behaviour_and _fate _of _mercury_in
_coal — fired _ power _ plants _ with _ downstream _ airt _ pollution _
control_devices.

ok A VA BH L BEEEIA. 630 MW MRS HEBCHLAL SCR Xt
SREGH PR AT (1], 30 ) TR %7 4iE, 2018, 38 (11)
914-918.

LI Yongsheng, XU Yueyang, XUE Jianming. Study onmercury
synergistic effect by SCR catalyst of a 630 MW coal—fired ultra—
low emission power unit [ J]. Journal of Chinese Society of Power
Engineering,2018,38( 11) :914-918.

ZENLAE AR, BRI K B AILAL SO, M IR HE s 7 R 5T
[J]. P EH J7,2015,48(10) : 148-151,160.

LI Xinghua,HE Yudong. Study onmodification of ultra—low SO,
emission in coal—fired power plants [ J]. Electric Power,2015,48
(10) :148-151,160.

FERFR R BUKE, 58, B TR T EEHE " R
AP HE R R R[], FREERE 5T, 2018,31(6)
975-984.

WANG Shumin, YU Xuehai, GU Yongzheng, et al. Discussion
ofemission limits of air pollutants for ‘near—zero emission’ coal -
fired power plants [ J]. Research of Environmental Sciences,
2018,31(6) :975-984.

e FRARHE ARG K LA R HEBORA ST [T ] PRI FR R
77ll,2019(5) :41-44.

MENG Lei. Study onmercury emission characteristic of ultra—low
[ J]. China
Environmental Protection Industry,2019(5) .41-44.

R x5 W, . BARHECR T PM, SO, , NO, KR 15 H
HEBCRAE [ 7], AR Ty K22 ( B AR 2R , 2017, 44
(6):93-99.

SONG Chang, LIU Zhao, WANG Tao, et al.

emission coal — fired power generator set

Emission
characteristics of PM,S0,,NO, and Hg of ultra—low emission coal—
fired power plant [ J]. Journal of North China Electric Power Uni-
versity ,2017,44(6) :93-99.

SRZE SR, ST HT, 4. 5 1 000 MW SABEHLATE R HER
T AT G RO B B R e [ 7] P AL RS
#%,2016,36(5) :1310-1314.

ZHANG Jun,ZHENG Chenghang,ZHANG Yongxin,et al. Exper-
imental investigation of ultra — low pollutants emission
characteristics from a 1 000 MW coal-fired power plant [ J]. Pro-
ceedings of the CSEE,2016,36(5) :1310-1314.

HESL I BRSSO A A T R ARG HE TR AR B e v I [
SR SHIFELI]. hELI,2017,50(10) :136-139,143.
CUI Liming, HUANG Zhijie, MO Hua, et al. Test and study on
synergic mercury removal performance of environmental protection
facilities at ultra=low pollutants emission [ J]. Electric Power,
2017,50(10) :136-139,143.

XA, B URBE, 5. BRI R T Bedms il e & R RIOR
FORAEBCSAERER[ ], hE i J7,2017,50(4) 162~ 166.



IR A A AR HE ORI L Y5 e i 5 6 DI R Jd A B 5

www.chinacaj.net

2021 455 5

[25]

[27]

[28]

[29]

[30]

[31]

LIU Fasheng, XIA Yongjun, XU Rui, et al. Experimental study
on mercury removal effect and mercury emission characteristics of
pollution control equipment in coal — fired power plants [ J].
Electric Power,2017,50(4) :162-166.

Ry, oRFE G, A5 SRR AL R AR R B 1 RS e
FCERAE[J]. FRBERIAIIFST,2017,30(5) :672-677.

SONG Chang, ZHANG Yi, HAO Jian, et al. Mercuryemis-
sion characteristics from coal —fired power plant before and after
ultra—low emission retrofitting [ J ]. Research of Environmen-
tal Science,2017,30(5) :672-677.
Tuwhr, 22, R, 5. BT I A A L) ORI R e
AR T T (1], FRBERL A 540K ,2014,37(S2) 463 -
466,470.

YU Lixin, QU Yingjun, JIA Junxin, et al. Study andanalysis
of mercury migration and transformation from coal —fired power
plants based on field tests[ J]. Environmental Science & Technol-
ogy,2014,37(S2) :463-466,470.

WRBEAE , ol , B IR0. SAMEFL T 2R A HE R A B SR FE AR 2
HELT]. REVRAIIT 545 R, 2016( 1) :25-27,44

CHEN Yaoji, MENG Wei, HU Daqing. Mercury emission charac-
teristic and removal technical analysis in coal —fired power plant
[J]. Energy Research and Management,2016( 1) ;25-27,44.
RANEE Ea R ER)ORIE R AR T [(T]. )
AAET,2018,45(14) :85-87

WU Xiaoqin, WANG Jinxing. Analysis on themigration and trans-
formation characteristics of mercury in a coal — fired power plant
[J].Guangdong Chemical Industry,2018,45(14) .85-87.
SREFIE  XURAVE RO, 2. TR A )R AR 4 o 23 A
FEPERTEL )] I FR I, 2020,36(1) :55-59

GUO Jingjuan, LIU Songtao ,ZHANG You, et al. Impacts of ultra—
low emission in coal—fired power plants on the distribution char-
acteristics of mercury [ J]. Environmental Monitoring in China,
2020,36(1) :55-59.

XK B RIRR, 0, A, IR A AL R X v ) R HE AR
PERIABRAITE ], RS RS T AR, 2016,32(5) :7-10.

LIU Fasheng,ZHONG Yonglu, WANG Qian, et al. Test and re-
search of mercury removal catalyst on mercury emission
from coal —fired power plants [ J]. Power System Engineering,
2016,32(5) :7-10.

WRERAIE. PRI R ) AR HE IR 8 v 0 i 1) S B LR T 5
(1] IR 53R ,2017,33(1) :9-11.

CHEN Yaoji. Migration law of flue gas mercury from coal—fired
plant ULE system [ J]. Electric Power Technology and Environ-
mental Protection,2017,33(1) :9-11.

United States Environmental Protection Agency (US EPA). Mer-
cury and air toxics standards. science and technology. cleaner
power plants [ EB/OL]. (2011 -12-16) [ 2020 -08 - 05 ].
https://www. epa. gov/ mats/ cleaner power plants controls.
GAO Wei,LIU Qingcai, YU Chang, et al. Kinetics of mercury oxi-
dation in the presence of hydrochloric acid and oxygen over

a commercial SCR catalyst[ J]. Chemical Engineering Journal,

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

2013,220:53-60.
LIU R,XU W,TONG L, et al. Mechanism of Hg—0 oxidation in
the presence of HCl over a commercial V,05 — WO;/TiO,
SCR catalyst[ J]. Journal of Environmental Sciences,2015,36;
76-83.
Moz, ZE RS M. 7 FH SCR A AL A5 7R (Hg?) MR
EVERIBESE (1], i 17,2019,52(4) : 151155, 160.
QU Litao, LI Caiting, TAO Li. Oxidation of elemental mercury
(Hg") by commercial SCR catalysts [ J]. Electric Power, 2019,
52(4) :151-155,160.
ZHENG Chenghang, WANG Li, ZHANG Yongxin, et al. Co—
benefit of hazardous trace elements capture in dust removal de-
vices of ultra—low emission coal—fired power plants[ J]. Journal
of Zhejiang University—Science A( Applied Physics & Engineer-
ing) ,2018,19(1) :68-79.
RE, BRI, VE B R, 45 3B U WRGD R R BT 52
[J]. #REE T 244 ,2008,2(1) :64-69.
ZHAO Yi,CHEN Zhouyan, WANG Lidong, et al. Study on simul-
taneous removal of SO, and Hg in wet flue gas desulfurization
[J]. Chinese Journal of Environmental Engineering, 2008, 2
(1):64-69.
JIANG Y Z,CHEN C M,JIANG L X, et al. Study of mercury re—
emission from simulated wet flue gas desulfurization liquors[ J].
Advanced Materials Research,2013,610-613.:2033-2037.
CHUANMIN C, SONGTAO L, YANG G, et al. Investigation
on mercury reemission from limestone—gypsum wet flue gas des-
ulfurization slurry [ J/OL]. The Scientific World Journal ; 1 -6.
[2014-03-04].http ://dx.doi.org/10.1155/2014/581724.
KUNKUN H,GUOZHEN C,JIANJUN N . Simulation study on the
demercuration performance of wet flue gas desulfurization system
[ M ]//Clean Coal Technology and Sustainable Development.
Germany : Springer Singapore ,2016.
AL FEERE IR ST, A5, o A T R HEOR LT ]
hE H L T R4 ,2013,33(29) < 1-10.
YIN Libao, ZHUO Yuqun, XU Qisheng, et al. Mercuryemission
from coal —fired power plants in China [ J]. Proceedings of the
CSEE,2013,33(29) :1-10.
MR ok, T, A, P WA RR ] ISR HE R P ] 42
TR PPl K AR AT )], PR 24, 2017,37 (1) -
11-22.
HUI Mulin,ZHANG Lei, WANG Shuxiao, et al. Evaluation of co—
benefits on atmospheric mercury emission control for coal combus-
tion in China and future projection [ J]. Acta Scientiae Circum-
stantiae ,2017,37(1) ; 11-22.
VR B BRI, 858, 45 SRR R MY G AL Bt
[P R B AT 5T [ ], v AL T A 24 40, 2014, 34 (23)
3924-3931.
XU Yueyang, XUE Jianming, WANG Hongliang et al. Research
on mercury collaborative control by conventional pollutants purifi-
cation facilities of coal—fired power plants [ J] Proceedings of the

CSEE,2014,34(23) :3924-3931.

105





