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O E R TR BRI EZR K, A RAEMRIE G T PR BLR AL, AR 660 MW R BEAL
AB], ZABRT 500 MW F= 600 MW LU T, R A& FRAET RBLAEE (SCR) Hd k3
(ESP) R FHBLA(FCD) A BB X ok 2 (WESP) Fi%a b a E B4k &R AW, &M X 1z B ok
JRETFHESH A 72.01% ~90.05% .79.14% ~96.36% , 31 T M iX A2 A4 bk I8 2L Rk A& £ -804 HEAR
R, L RAHHR BT, BLAEARF N & HEZ & AR BLAEAE AL ) AR 3 3 5 R 181 BAL R Ao U R 09 4
fFE AL 40% A2 5t B R IR HE R B ESP T A XA B A R, 42 B 5T 8 R & A= AL R 69 BLIR &
BAK, B RBLR R R ZH A 33.73% ;600 MW LU T B & P HSO, & RAA KRN L% FHERK
R3O FGD F= WESP 3¢ 8K 69 R4+ BLIR F3A 91% A £ B A2 ERARIZ 50 4T % R 69 LR &
£ T 59% ,SCR T i i% 365 3 i R An BAC KA W F) BLIR F AR 3 A 6.16% 94.12% , % % SCR
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AR

TEEIR  RMEAULE ; R A AL BLAEAEAL A ik R 22, IR R BLAR
fE 4 ZEES . X501 X HEARARRD: A XEHS:1006-6772(2021)04-0157-07

Research on migration and transformation characteristics

of mercury in 660 MW coal-fired unit
CHEN Chongming' ,DANG Zhiguo® ,CHE Kai' ,HAN Zhongge' ,ZHANG Lijun'
(1.State Grid Hebei Electric Power Research Institute , Shijiazhuang 050021, China
2. Hebei Guohua Cangdong Generation Co. ,Ltd. ,Cangzhou 061003 , China)
Abstract ; Coal-fired power plants is the main source for mercury emission. In order to characterize the removal characteristics of mercury,
a 660 MW coal—fired unit was taken as an example. The migration and transformation characteristics of mercury in selective catalytic re-
duction equipment( SCR) , electrostatic precipitator( ESP) ,flue gas desulfurization (FGD) and wet electrostatic precipitator ( WESP ) was
systematically studied under 500 MW and 600 MW. The results show that the mercury mass balance rate in test locations are 72.01% -
90.05% and 79.14%-96.36% respectively ,which verify the accuracy of test results. Flue gas mercury is the main discharge form,followed
by ash and gypsum. The proportions of mercury emission from FGD waste water and slag account for a small proportion. The conversion
rate elemental mercury to oxidized mercury and particulate mercury by SCR catalysts is beyond 40% ,but the total mercury reduction is in-
significant ,and higher ammonia consumption can reduce the conversion rate. ESP can remove all particulate mercury, but the total mercury
removal efficiency is less than 33.73% because of lower removal of elemental and oxidized mercury. Because reduction effect of HSOJ is
stronger for oxidized mercury to element, the elemental mercury concentration increases more obviously under 600 MW condition. And
the cumulative removal efficiency of oxidized mercury by FGD and WESP reaches over 91%. Total mercury reduction by all the environ-
mental protection facilities is more than 59%. However, collaborative lowest removal efficiency of elemental and oxidized mercury are
6.16% and 94.12% by downstream facilities of SCR, which indicate that mercury oxidation by SCR is the key to reducing mercury emis-
sion. Finally, the total mercury concentration in exhaust gas is less than 3.66 wg/m’,which is below the national emission standard.
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[, 2013 4F, B & [E KR 22 % 4 19 ( The UN-
EP global mercury assessment) {715 , F& E X 2Bk AR
RHEECE R TTEkA ] T 130 Hod R T
Wi EZ R RHEOR Sk 22— IR e ) SR i HE
TR AR 24 SRR B e 8 S SR P AEAE TR
KEFHEAE TR A EARFERR 3 FIE L,
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P28 SR K, USR] UKL S F 48 koK &)
TOREAE T3 JL PR B Xk, 7= A= R s e 1 2547 oK )
S i B A, T KR A Y GB
132232011 JCHL T RT3 G W HE b 1) A
DL/T 997—2006{ K HL |~ 1 JK A1 — 71 8 Wt 12 Mot At 2%
TR B il bR ) Xt G0 SR K ok M AR A P HE
JHBRAE A TR , 435124 30 weg/m* F10.05 mg/L,,

ORTEHL) ARt T R S e e A — e i
Ji&, Deepak %57 HFGE KB, B 25 BT HL T OR R4
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THCRN 7% ~T4% ; XIHE WE9E 1w B2 28 5
ARHEB A, 45 R R R ER R 9 30% ~40% , H.
JERAICR G ORLR 3 0 R T8 5 Tno 4510 918 1R 7%
H Bk Xk oK L BR AR W I EOR HERCRATS 2R 5 T
FAIRE TR . BRI X ORI BRI E A A
A5 AERTR AL T ) B E LART, H 3 2R
T T E S IMRBE R R, i = B R R A Y
ARGt JIER)RR TS R B 2k 2 R HE
TR MR A P it 47 ) -5 561 47 0 5 i A
HOAF AR R 225, PRI , AR SCRABE AL 9], %ok
TE RS = AR P A I R MU EAT BIE ST, 2 4R ok BT
FEBEER R AN HE R AL, LU g MR RERIL 4 o 5 e
OB E R IBEER T 28 LA KA B 45 ™ i 22
RS,

1 B RERER

T 2 SHLARILE BN 660 MW, & T
2017 458 BUBARHER A . ZER b R AR, MR <
T M5 7 8 14) P R TR it 5 R A T T i 2
B (SCR) | HLBR A2 4% (ESP) | 32 0 UM 4 3
(WFGD) DA s i BR 22 2% (WESP) . HLZH #ABE
PR KM A 356 7E 500,660 MW i far N #EFT,
R Tk A B FIOC 2 A BT 25 R L3R 1, JEAE
HIR B R N 0.081 me/ kg, BEAK T [ YR R
SR 0.220 mg/kg!" HRP LA R B
201,255 t/h,

F1 HEABEILSHMTESN

Table 1 Proximate and ultimate analyses of coal fired in unit

TALAMT/ % T4
a7/ MW
A, v, FC,, C,/% H, /% 0,./% N,/ % S,/ % Hg,, /107
500 15.21 10.84 27.97 45.98 57.99 3.69 11.01 0.80 0.41 0.080
600 16.08 15.17 26.67 42.09 54.04 3.22 10.25 0.96 0.39 0.081
=k = — . )
2 MK EREAE /S 3R

HAAR BURE 2 A6 8 43 A Q& 1 B, 43 50
DSCR Hi, @ SCR J&, @ ESP J5., @ WFGD J5 .
GWESP J& . MR R FH 26 [ [ R AR 4 sy 4
Y Ontario Hydro Method (OHM) /5%, B3 °%
FERGENE 2 7R, A TS Yl DL A HORAR A R
R LU SR Fh AV BBURE AR I S 14 47 95 3 35 48 N
(LT 2 B8 T AR, SR 05 42 IO i B0 R R E 2%
SR YRR AR B 3 AN KCL R
WSS 4 B R 1 N3 5% HNO, +10%
H,0, 1 3 N34 40 o/L KMnO,+10% H,SO, 1
W ORRIAC A AR R TR B X 8 07 IS 5 L ESP K
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Fig.1 Sampling locations for mercury concentrations

measurement in flue gas
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Fig.2 Sampling system for mercury concentrations measurement in flue gas
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Fig.3 Mass balance of mercury in pollutants control units
3.2 REGHEM O R4
KRUSHAS AE K JEAKSEIE X HEC R 4
R LR 2, RGeS K LT R, i A
PR 4 5 AR 0.12% ~0.26% , 3% 332 TR B
JE LA B B A (1 AR T 400 °C TP it 58 10 1)
Jp i PR UL BE 3K 900~ 1 150 C , KA R Ik& 9
KA, FECL IR RS P REAFTE
PR R R Z RS IE A Tl RS, IFiE
b FRORRE Tt A O B AV 3 A3 e B8 31 RO A E R
SR, ML HEROR I I 28 X, ISR A L
Tk, 3k 48.72% ~50.08% , KK FIA B IR Z , ki %
KD, WT R E 2 FpE AR 8,500 MW
R 7E 35 v ) v B2 43 0 R 0. 108 ,0.922 mg/kg;;
600 MW I 43 511 47 0.155.0.544 mg/kg, BF58 20,
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HgS Fll HgO A& KRN R BIRAFTE A ; A B R
F DL HeS B X A7 7E, I 1A > & HgCl,  HgO A
HgSO,™"7' HFrH ) AR RE =) 20 T4 7K
Je BEMRRLE | AR ORI R h 2 e i A

P PR 22 St T R S ORI B (Rl T H
TR AR KRN ok & i, PR s X T
B — YRR AR AT 55, #E— 25 23 B SCR U ESP |
FGD 2Rt X 7 He e K MR RIS R

x2 ARAEAFRHEBES T
Table 2 Distribution of mercury emissions in different forms
Hfir/ MW TiH M= Pk RIR Yar=1 JBEBR B 7K
HEj/ (g - h™h) 6.17 0.03 2.12 3.85 0.17
0 /% 50.08 0.24 17.21 31.25 1.38
Hemlci/ (g - b7 7.97 0.02 5.39 2.86 0.12
o0 /% 48.72 0.12 32.94 17.48 0.73

3.3 SCR MESFRIEBHIZ M
JRA R AR 2% B TR ASOR B840 A A
K4 iR, AlEIZad SCR A, M R BB 50 A
KA AR, 500 F 600 MW T4 T, B3 oK vk
JEW E TR, 5 Al 77.14% . 79.93% & &=
46.80% 40.59% ; S AR M BE R MR, Br o b3 e
14.64% .10.78% T} % 41.84% 43.42% ; Woki oK He FF
WA I, S i 8.21%.9.30% 1 & 11.37% .
15.99% , WA FIF ] SCR AL 70 % B R HA
—E M EACVER, e ALRR 51 310 40.28% .53.29%
WA T HiAh 2% % 60% ~ 80% ) B AL SR 4k
FIXF IS RIE 54405 HCL W R 2B /R L
T AR B iz e ) A5 500 BRgE W, C1 Al A
BRFFEAEAL R OB PR b TR et C1* 4R 5 i i
Cl™ 55 HMIKR By S0 SE B R i Ak & 5 HCl &
FEAHEAR I P57 58 4 W52 B0, JHC 0% P46 3 50K HL vk
JE v, BT HCL o BT, DA T I3 A1 50 5 ok 1) 48 Ak
53z i [) P9 52 ) = 2R PR A AL R) L R T BB AR T
B, 2R TATE 14 rpoc sk 2D, DT S ) 1 B 5T 5Kk i HCL
FETE PR L A= W B B N TGRS A A 70 2R 1T 5K 1Y

AR AH A R 0 7 A Ny
Hg"+2HCl+1/20,——HgCl,+H,0,
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Fig.4 Inlet and outlet gas mercury concentration
distribution of SCR system
My, v R B AR A 0.79,0.68 5 {HHE S
HHCL R BEAIXT AR, 7350 4 17.49,16.33 mg/m”,
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(] B A0 551 21+ 45 i 1sF 18] B T8 3k 20 000 h, B3R
AR H 45.33 [ % 33.84 m%/g., 5 HABWIFEA I,
HC ¥ B2 R b 2% T RRAR R /N2 16 SR AR AN 15
B EZEIRA, HA6, HXT 600 MW, 500 MW T3
TR FOR A AR ARAR , 3% 3R i ARG AT s, 8
SIS IS HCL W, 58 &, 500,600 MW
WBLAS R EEA H NO K IE (P52 6% 0,) VX {E 5>
14 166,133 mg/Nm®, 1 NO YR B (754 % 6%
0,) F¥IHE5T 518 39 45 mg/Nm® | W5 % & 1153 73
Wk 84 67 kg/h,

SCR At H SRR B AR AR R W] SCR
BB ARG ICANRENR , (5 REHE H AL AR 0 FHX 25 5 it
R A SR R AL Ab SR, DA T3 N I 282 B DR B ith X 5K
PR
3.4 ESPXESKITEZAM

ESP XJ 7R ()R8 5% ) 32 2L WG 5 1T . — 2 KK
X B ISR AR AR IR W BEE T, — 2 BR 2R # A AR XoF
CORAHEAMER . ESP FiIJE AR IE S Kok B2 Ak I
33, WRIIES /G, Zid ESP 5,3 MIEEN
SRR FEYS N e, R R T2 R 2 A IR BR LR, ESP
XL JBT oK | AR SR R R TR Y I BR R 43 R
13.31% ~16.23% .19.08% ~29.15% F1 100% , S 7K1
WRER AN 29.16% ~33.73% , M TR ok H
FEMWBRAASR, BRI AR M B B, 2
TF-EB WA A2 R B B Sk R 5K, 3 2 i F B 2 X
Bk =K, AT ESP B A DUt L, R FH
HH AR R, S A o A B B B B R AR T B
PIEFRIK 99.89% ~99.92% , T L TE T A FAA M E1 8
2R R B 1A ) s S B AR A R BOREOK

500 F1 600 MW T3¢ 251, XF Lb 5 5t o 1 i
TR AU JEE A Ak, BT R R A AT, X R
PERBE, BRI, ORI R A W M RE ) 5 H
sk S ARG, ARGk B T ALAR = B RN LR TR
KRS IRAE K 1 W A e 4 T Bk 25 S A
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X AEAIRERT , W B RE 71 500k B e B AR B IE B, TR SR I XoF 7R B IR B R DR G A 22, DRI RO oK B e e
RF e I 5 i 25 8 1 T 25 D %, Bk TR 10% /8 9 0.155 mg/ke, I FIHABAFFELE R, SR, €K A
FrakBE(E ™ I B R PR R 4y, KK TR SRR LALE I TIRAE , FRAIR K 5T, I
Hfilk & i AL T AR AU 0.44% ~0.57% , KK AT HAth Ty 2 A3 B BOR [a] OB SR I AL

®x3 ESPRHIGRKESTH

Table 3 Concentration distribution of gas mercury at the inlet and outlet of ESP pg/m’
ESP A FI SR EE ESP 4 D 5R e
HA/ MW - - : - - - - -
AR AR WURLoR SR HAUR AR WUk oK Bk
500 3.45 3.19 0.63 7.27 2.89 2.26 0 5.15
600 3.38 3.25 1.76 8.39 2.93 2.63 0 5.56
3.5 FGD & WESP 3ESRIEBAIZM HIERE A i 4P oA A M I 23 A SR AR AR, K

TSR 28 FGD #1 WESP R %05, S 5K SEHTEE R A AR &K, i8N (3)
WeE AR nE 5 fras, FGD B3P, MR FH L (4 EREFEH, AFFAAKRNLEE, HIRREK

RN F, H Ik 91.71% ~94.65% , H- 5 A CARLE, T RS LA BEAIG AN TS AR A
PAFRHER N T 0.47 ~0.83 pg/m’, WK KN Zeat WESP &, BRI R A48 Ak 7R 1) 4 X v i AY
16.26% ~ 28.33% , iX f& T I W 17 Fe’*  Mn*" | WA FFE, 4358 0.12~0.33 .0.03~0.11 pg/m’*, —
HSO; %5 85 Tl A A oR B A= T 38 I s 1 A% 1 B R F LR A K 3.57% ~ 8.78% . 18.75% ~
HA TR B TR s 2 32.35% ., o, AL R 19 B0 bR 0RO i T
~ 6 S 1500 MW WESP A Nk EEE 258/N0.16~0.34 pg/m’) , B
c oS =R 2—600 MW H SR PR W TS DA, o 0 B i
i PE K P AR 1 P, 7 e v B 70
z ! R, ZEA LR T, B a8 B & 6 S LR A
g | I RBRACR , BB A A F) 91.25% ~94.25%,
£ XoF BB R A A R B A 4 28 35OH vk i s
FGD1 FGD2 FGD1 FGD2 WESP1 WESP2 N
NSNS T R TS R TA S R T Hyam,
E5 FGD H 0fn WESP ¥ 0 5 Kk & oA 3.6 IMRIZTEWMEIRKBESS
Fig.5 Concentration distribution of gas mercury ST SCR A 5 S HE R e 5 , Jil=RiTE R 5N ‘H;E
at the outlet of FGD and WESP B AR S Bt o A8 A 1 A B gk i R UL 2
IR B MY (% BB 5 He™ IR 4, it TR ARG, SBUR EAOR BURR R
Hg® +2M* ——Hg"+2M* (2) SR A IR 8% 223 901 50.00% ~ 56.17% . 78.20% ~
WHRLER k5 He™ R zh 89.43% .100% 11 59.88% ~62.61% , H.AH & A 11 B
H,0+S0,——H,S0,——H*+HSO,”,  (3) RIHAIIR 93% L |, Hov S0k ok 56 42 i bk %2

HSO, +Hg* +H,0 ——S0,> +Hg"+3H*, (4) JE H TR AR A% 0 R AR 2 AR B L AR 2 HE
I, AR A T K, WIS (A ek VR TR R AR A7 A R R AR A R S
JE A IERE B R I W 2 R A VR A 1M, ANSR LA SCR S 33 B0 5K 14 JBE R 200% T B
e B R T R, I BR A4 87.07% ~92.92% , H 2 6.16% ~ 16.28% , %A Ak oK 1 JIk B3 250 2% T 3 o %
2 R[N, AR RIBE A I K 1 SR HE L 43 00 R 94.12% ~96.24% , Wi X LLF 1, S Ak TR FUBUR K
2.86~3.85.0.12~0.17 g/h, & WA K5 W Wi 4 481k B Wb , BRI OR 1 2Bk R BAKEE SCR % & 1 A4k
RV AT X HE R RS, X2 TR P A7ER VEFHHG AR S Aok o IR HILEH HE I Y B ok ot
it SO5, AR — 2 5 H R WP MU R R DT TE T BE R 3.37 ~ 3.66 pwg/m®, AR T H K b5 e
PATE AW B T B, R R K Y R vk B Dy 30 pe/m’ FHEBRRAE 2R, JO 75 Bl i 2 A1 =01 oK
0.011~0.016 mg/L,{&F DL/T 997—2006 %} R ik SEPRVE RS, SR, A3 I I 5 A SR Y £ R B ™ B AR
0.05 mg/L MBRMEZEER, o ik — B Ab 3, 5540, 5 HERCFRTEE , R A FE S BRI A6 O 2%, 5800 A
500 MW A ,600 MW T4 R BOat H 185 R iy 44 A IRt — 2D R MR B
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Table 4 Collaborative mercury removal efficiency by environmental protection facility
JRARL (L SCR AFTiT) /% JRAAL A (Lh SCR Hi 1) /%
Fifas/ MW - -
iR =Nl WUk SR TR AR URLR R
500 50.00 89.43 100 59.88 16.28 96.24 100 59.25
600 56.17 78.20 100 62.61 6.16 94.12 100 59.36
A removal technology for coal—fired boiler[ J]. Thermal Power Gen-
4 Z5 TE

1)500 MW #1600 MW L#% F,SCR.ESP .FGD
WESP 48 R it b T i 0 R - i % 72.01% ~
90.05% .79.14% ~96.36% , ¥J{E W] B ZJEH Y, A
R 5 AR 0.12% ~0.24% , K& RS BB,
AR I B 2 K AE T, AR
= FEHEOE L, 5 ik 3] 48.72% ~50.08%

2) SCR X HHAE R A W b JI R A5 T, (B4 1k
FAT AR 5T R ) Uk SR AR SR I AL, T ik
SR IT 40% , 500 MW T80 T PRI 4 4 4 i 10 ol
T HCI W B M B AR T 44k R, ESP P R i BR 2k
KR 0] DL R A WORE A TR, {H R 45 AR AR,
AR B A BIR , XoF B0 J5T 5 R 480 A6 5 118 56 5% 258 A Xof
B, 2t FGD #l WESP J5,600 MW T4 F BT
T R R A0 I S A TR A FH B 5 B TR VA B B A
Hahn, 1 AR SR PR b I ORI B s JEAE BB
9%k I,

3)SCR+ESP+FGD+WESP X B 7k 48 Ak 7R Fl
ALK 1 B[R] B 2% 43 1 i 50. 00% ~ 56.17% .
78.20% ~89.43% K1 100% , ELJH 141 A 1T B oK 1Y He
B35 93% L I, SCR T i U i X 50 5 5K 1) P[]
WBRRALA 6.16% , X 54k KR 1) Up [R) B Bk 2 &5 18
96.24% ,SCR XI5 7R 11 48 Ak 2 R AT oK HE ik
K, ML fe 28 HE B B OR MR BE IR = ol 3. 66
pe/m’ KT E R HERIEZEK
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