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Mercury poIIutlon characteristics

7R e — Tl il 7

WP, BEA@iEE . FEAME. AR SRR AL SRR

DA P2 A2 f % . Mercury is a toxic substance with the characteristics of long-range transport,
persistence, bioaccumulation, genetic toxicity, can cause serious harm to the environment and human.
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Mercury emission of coal-fired power plant in China

B 7E20114E7 H29H o A A i) CRE) RAT5 9HEshs#E) - (GB13223-2011) H,
A R e BRI v el 7k i G TBOhR 1 7930 pg/ms
According to “Emission standard of air pollution for thermal power plants” (GB13223-
2011), the mercury emission standard for coal-fired power plants in China is 30 pug/ms,
implemented since January 1st, 2015

B 20111 H, EIERES) 7 TOKH R B SRS E W RI16 AR
R AR B s Il s A
Since January 2011, China formally launched the atmospheric mercury emissions
monitoring pilot project, in 16 coal-fired power plants
B EREIE AE R 0 o L 3SR LT B i BRI
CERI participated in this project, and is in charge of

emission monitoring in 3 power plants
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Mercury emission monitoring equipment in CERI

RHFBAE LS I R 428, FFEREEPAIVATIEENR, JFRHEH T
Hg-CEMS, in accordance with EPA Method 30A, is designed to be used in car

B R R &2, RO ITXIE, KWNES T, #7563 EEPA Method
30B. 7473%: %K Sorbent traps mercury sampling equipment, mercury analyzer, in
accordance with EPA Method 30B, 7473 and other requirements

OHMZK HF I i M 15 75 15
OHM mercury monitoring equipment
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Mercury speciation transformation in coal-fired process

)

« Nlj

BRI AR, RS TOERR SO [EESRRIR
Mercury emissions in coal-fired power plants include: gaseous elemental Hg(0),
gaseous oxidized mercury Hg(2+), and particle-bound mercury Hg(P)
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The effect of mercury speciation on co-benefit removal

W0 EPER, SREEASR MR R B RCR N ER, Hodr, B &SRR 7R 5 45 2 45
[FI R, RS AR HAR, A B0k s HEAR P [R] 5t o
The effects of mercury speciation on co-benefit removal is huge. Hg(P) is most easily to
be removed, Hg(2+) comes second, while Hg(0) is the most difficult to be removed
RS OR B A s R R, Rl s i S EC R, PR HE
Coal is the main factor influencing mercury speciation, therefore, when conditions
allowed, appropriate blending can help reducing mercury emissions

B OOREmER, BUhCK T S, H e

100% 1~
ANA] BB X R 5 AR R i R RO o ﬁ?
Generally, the higher percentage of carbon in o :? B ST o)
fly ash, the higher that of Hg(P), butthis s e
method can’t be used to improve the Hg ig;
removal o]

il FAEE B
bituminous anthracite Lignite
coal coal coal
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Co-benefit mercury control technique

WRSE A S A B8 SR TS ez, ARG, HoA B i R e
N, A% S . The pollution control equipments existing in power
plant have co-benefit control effect on mercury, if we can maximize the co-benefit
effect, the cost would be low.
> [&2B4s dust collector such as ESP (electro-static precipitator) and FF(fabric filter):
V ABBBRESHAK, ERATHAERS
Can remove most Hg(P), and is suitable for almost every power plant
V BRBREZE WA U IS RE—FEN, HHBRRRERE
FF has better effect, because the ash in FF can adsorb some gaseous mercury
> SCRIHAUAE 24t Selective Catalyst Reduction of flue gas denitration system:
v AU E—ERE LR#EEFURNAN
Can promote the oxidization of mercury, then the Hg(2+) can be easily removed by
WFGD or other equipment
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Co-benefit mercury control technique

> WFEGD¥REMH 7 Wet flue gas desulfurization:

vV HUBRBRASZMK, HERRLTRBER

Can remove most Hg(2+) by water, while no effect on Hg(0)
v SE R [E R FIWFGDHY & TAL4L, B 7 R % 1£35%~65%

We measured some units applied WFGD and ESP in China, the national mercury

removal rate is about 35%~65%

> kL S TVE A B Dry or semi-dry flue gas desulfurization :
vV HEFRRMREZMNRKEE - EWERBRER

Can remove both Hg(0) and Hg(2+) by adsorbent
VoW ERKAHFTERmIE, BRKE

25 4180% We measured a units

applied CFB-FGD in China, the national mercury removal rate is about 80%
W U5, ML, FIRE A R R R HE I IS Besides, the higher

unit efficiency, the lower mercury emission for the same power generating
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Promote co-benefit effect - mercury oxidation

AL DICRH LR 4t (R R B A, Lg s AR 2 . There are some methods we
can use to promote mercury oxidation, in order to increase co-benefit effect.
> JES 057 Coal additive:
vV REERKFASEFRWEAN, EE MR AEUR KB A
Promote the oxidation of Hg(0) in flue gas to convert to Hg(2+) and Hg(P) effectively
> L TWFGDITI s N7 The additives based on WFGD:
v B mARER, HIEAAKLER, RIER KRR
Adding stabilizer to prevent the reduction of Hg(2+), ensure removal efficiency
v B mAEMAR, RFWFGDF EFRHNAMN, RERIE
Adding oxidizing agent to oxidize Hg(0) in WFGD, improve removal efficiency
> T SCRIFMELL I AL Catalyst optimization based on SCR:
v R ESCRE T A 8 FUR M AR

Improve the oxidation effect of SCR catalyst on the elemental mercury
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Mercury adsorption technology

m W R R B PR Principle of adsorption
> RANETER . BOVERE PR S, SR S ZK AR B Adsorb the gaseous
mercury using adsorbent such as activated carbon, modified activated carbon
> PPN . A 2EI T Including physical adsorption and chemical adsorption
B AR A The advantages
> IR, R ACE E Wide adaptability, high removal efficiency
> AnlE s TR, CAHRZRANE HE Don't cause secondary
pollution: the captured mercury is stable, the leachate mercury is quite minima
B fRAER A The disadvantages
> AT & HEIETE R ER, SN TR A

» The cost is high: would use lots of ordinary activated carbon, using modifie

activated carbon can decrease the total amount while the unit-price is high
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Mercury adsorption technology
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Sketch map of Activated Carbon Injection (ACI)
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Mercury control technology for coal-fired power plant

fle k7K i AL B R B 74

Promote Hg oxidization Mercury adsorption

/ / \% xEoon™ 0

— . . ) \/l‘_:l: TM
: AIRRRUBEBRIURIA  p i ses 5 (TOXECON™) th\
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Promote Hg oxidization removal of WEGD Remove Hg(2+) effectively
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Mercury control for a power plant in Beijing

bR H) B3 SCR+ESP+WFGDHY ML AL L R 58, FE T E Bk EOR, JF
J& 1 okiG G R N BT AT, IR I ARSI RS E A, A R E R R ROR
FE B O DS T A A B Uk S B . For a power plant in Beijing with
typical system of SCR+ESP+WFGD, we studied the mercury emission characteristic,
then researched on the most suitable mercury control scheme. Finally, by adding coal
additive and stabilizer to promote the co-benefit mercury removal effect, we achieved
total flue gas flow mercury control for the first time in China.

B UG ARE M REESINAIA G, A RUERE TR R RS TR R B S
Yok, Wi AT A 7R W EL I35 1 26%05Y 288%, SR o o Mk s lies I Ho T LA
B [ A URE R B T 1, ASE AR P20 oR I EE g i 1760%, AT $i2 i BB A4 B I R 255
The results showed that: coal additives effectively promoted the oxidation of Hg(0) to
Hg(‘ +), the average ratio of Hg(2+) before WFGD increased from 26% to 88%, and then

p_ed by WFGD; also promoted the formation of Hg(P), the mercury concentrations

ased by 60%, thereby improved the whole mercury removal efficiency.
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Mercury control for a power plant in Beijing

W UORHET: BB ET O o B LU 3809 26.2%, Wit e P 35 R SR HEIBGR N
2.13 png/m3, KPR E N59.5 nglg, HLALRI 3 E K% N41.9%, K
Aok B A HER . Before mercury control: the average ratio of Hg(2+) before
WFGD was 26.2%, the average atmospheric mercury emission concentration was
2.13 ng/m3, the average mercury concentration of ash was 59.5 ng/g (ppb), the
natural mercury removal rate was 41.9%, most mercury was emitted with stack gas.

B Bk E: BB Er A R I LT 304 31188.1%, Witk fm KR ARIA{E J90.32
ng/ms, KA ORI E N95.4 nglg, T iRk R ME 987.0%, KER Tk i
N CIKATHE . After mercury control: the average ratio of Hg(2+) before WFGD
is 88.1%, the average atmospheric mercury emission concentration is 0.32 pg/m?,
the average mercury concentration of ash was 95.4 ng/g, the average mercury
removal rate is 87.0%, most mercury is captured in ash and gypsum.
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Mercury control for a power plant in Beijing

A X mercury in coal
SEI5¥ 8 18.38 ng/g
(RSD=19.9%)

B AKash
¥R BES9.48 nglg

(RSD=43.2%)
4 W 4121.07%
(RSD=51.2%)

Fit %t A B gypsum
34 9% & 84.38 nglg
(RSD=40.7%)
34 LE45118.46%
(RSD=25.5%)

B K 7k wastewater
39K £ 36.7 nglg
(RSD=20.1%)

P E412.04%
(RSD=23.9%)

A ¥ HEmercury in coal |
PR 15.02 nglg
(RSD=23.7%)

¥ Kash
¥R EE95.4 nglg
(RSD=28.5%)
3 B 4144.0%
(RSD=21.7%)

YE | He#kemission
SEHIUWE2.18 pg/m®
(RSD=40.3%)
L H158.42%
(RSD=14.1%)

Fit 5t & B gypsum
P39 B 133.3 nglg
(RSD=27.5%)

T 3 L 5140.29%
(RSD=23.2%)

Jiit 5% & A wastewater
34 % B 36.5 nglg
(RSD=40.0%)
iy L512.8%
(RSD=30.8%)

Y A HE emission
IR E0.32 pg/m?
(RSD=18.8%)
P3G £513.04%
(RSD=28.5%)
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Mercury control for a power plant in Beijing

B ORIGEEEEN . KARANIME H12.13 pg/m3f% £0.32 pg/m3,  HLZH iR 2R I E
H141.9%7%¢ 5 21187.0%. The results showed that: the mean atmospheric mercury
emissions decreased from 2.13 pug/m? to 0.32 ug/m3, and the average unit mercury
removal efficiency increased from 41.9%(national) to 87%.

W 25 ORIT USRI R G R FIBIT AL 6077, F1E0.05 70 /kWh, BRI .
Economically: the annual operation cost for mercury control is about 600,000 yuan,
equivalent to 0.05 yuan/kWh, so the cost is low.

B ARG : AN R EE96.23 kg/F, SRS B Ja B R AR
2181.39 kg/HF, BT 4.84 kg HER,  9RAEETT.6% , HT A REREZD L kg RS
KA YA N12.4 75 6. Environmentally: the original mercury emission of one unit
IS 6.23 kg/year, and decreased to about 1.39 kg/year after mercury control. So the

mert ury emission reduces 77.6%, or 4.84 kg per year. Which means, to reduce every kg
ercury emission, the cost is 124,000 yuan.
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Research on mercury adsorption technology

W E R AR AR, ORI P ok T 2 T4k Through theoretical
research and numerical simulation to optimize mercury control process.

WSRO S RO PRI A SR B IR &, R A R IO A i 1 R SR
B 9T L AF . Research on cheap and efficient adsorbent: we established a

adsorption test bench, to develop adsorbent such as activated carbon produced by
lignite upgrading.
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