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Oxidized mercury reduction inhibition by additives in wet desulfurization system
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Abstract Co-removal oxidized mercury in wet desulfurization system is an important way to control mercury pol—
lution of coal-fired flue gas. However the reduction of absorbed mercury has negative effects on mercury capture
efficiency and consequently limit the usage of this method. Adding additives to capture and stable divalent mer—
cury in wet desulfurization slurry could effectively suppress the reduction of oxidized mercury. The effects of five
additives ( includes calcium polysulfidle TMT sodium ethyl xanthate EDTA and humic acid) on mercury re—
duction were evaluated. Results indicated that calcium polysulfide and TMT can effectively inhibit the reduction
of bivalent mercury. With 0. 004% ( volume fraction) and 0. 002% ( volume fraction) addition amount of calcium
polysulfide and TMT respectively the mercury emission amount only account for 3. 3% and 0. 8% of the base
one. Instead sodium ethyl xanthate EDTA and humic acid could promote the reduction of bivalent mercury in
certain conditions rather than inhibit it. The results suggested that sodium ethyl xanthate EDTA and humic acid
may not suitable as mercury reduction inhibit additives in wet desulfurization slurry.
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Schematic of lab-device for Hg’* reduction inhibition affected by additives addition
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R Table 1 Experimental conditions
10 min pH Na, SO; /( mmol » 1.7!) 10
(N,) Cl= /(mol « L) 0.1
. CaS0, 1% 9.5
CaS0; 1% 0.5
2
N, /(L * min~') 3
2.1 CaS, /mL 800
( CaS,) ( CaS, /IC 45
=29%) o Hg* /(gL 0.1
CaS, N N N Hg?* ( HNO, ) 1% 3
o CaS, Hg?* /(mL<h™") 15
( )
2 o
0.001% ( ) 60 min
20.9%
0.002% ( )
(11.97%) 0. 004 % ( )
3.3% » 45 min
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Fig.2 Effect of CaS, on Hg** reducted inhibition
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CaS, +xHg " +S0; ™ —xHgS + CaSO, (1)
2.2 TMTI5
T™T 2 4 6- ( Na,C;N;S, + 9H,0) 15%
(TMT15) * Hg’* \Cd**\Pb** .Cu®"  Ag” 23

Na;C;N;S, * 9H,0 — 3Na* +(S,C,N;)*~ (2)

2(S;C4N,) ' +3Hg " — Hgy( S,C;N,) , + nH,0

(3)
TMTI15
( 3 )
0.001% ( ) 30 min pH 4.5
60 min
45 ug * m~ 60 min 3 TMTIS

37% 0. 002% ( ) Fig.3 Effect of TMT15 on Hg’* reducted inhibition



2 : 593

60 min 7pgem™ 1.37%
o 0. 004% ( )
0.8%
2.3
( C,H4Na0s,)
o R—O0—C =S(8)—M
1815 * o
(
4) pH 6~5.5
o 4
( C,H,0CS,) ,Hg Fig.4 Effect of sodium ethylxanthate on
o Hg’* reducted inhibition
((C,H50CS;) —Hg2+) ° pH
o pH 5.8 4.5
(5) 30 min o
27 .
2C,H,0CS,Na + Hg** —( C,H;0CS,) ,Hg +2Na* (4)
C,H,0CS,Na + Hg*— ( C,H,0CS,) Hg’* +Na* (5)
( 35 36 )
0. 001% ( ) 60 min 59.27% 0. 004 %
( ) 18.26% 13 pgems
(  (4) .
2.4 EDTA
EDTA
37
EDTA
S(1V)
5 o 5 0. 004 %
( ) EDTA
60 min
124. 15% EDTA
. 0.016% ( ) > EDTA

82.02% . EDTA Fig.5 Effect of EDTA on Hg’* reducted inhibition



594 12

EDTA S( 1V) - BLYTHE
* EDTA EDTA
o EDTA o
EDTA o
2.5
Hg2+
39 .
6 o
6 25 min
(
91.15%) , pH
pH 6
0. 005% ( ) 60 min Fig. 6 Effect of humate acid on Hg®* reducted inhibition
131.2% -
RAVICHANDRAN %
25 min o 40
o 6 25 min
3
1) JTMTI15
o 0. 004% ( ) 60 min 3.3% .
TMT15 0.002% ( ) 0.8% » TMT15
2) EDTA
. 0. 004 % ( )  EDTA
60 min 124.15% 0.016% ( )
(82.02%) .
3) pH
0. 005% ( ) 60 min
131.2% -

1 CHANG L W. Neurotoxic effects of mercury: A review J . Environmental Research 1977 14( 3) : 329373

2 PAVLISH JH SONDREALE A MANNM D et al. Status review of mercury control options for coal-fired power plants J .
Fuel Processing Technology 2003 82(2) : 894165

3 HSUXKIM H KUCHARZYK K H ZHANG T et al. Mechanisms regulating mercury bioavailability for methylating microor—

ganisms in the aquatic environment: A critical review J . Environmental Science & Technology 2013 47( 6) : 24412456



2 : 595

10

11

12

14

16

17

18

20

21

22

23
24

25

ZHANG L WANG S WANG L et al. Updated emission inventories for speciated atmospheric mercury from anthropogenic
sources in China J . Environmental Science & Technology 2015 49( 5) : 31853194
United Nations Environment Programme ( UNEP) . Global mercury assessment 2013: Sources emissions releases and envi—
ronmental transport R . UNEP Chemicals Branch: Geneva Switzerland 2013
GALBREATH K C ZYGARLICKE C J. Mercury transformations in coal combustion flue gas J . Fuel Processing Technology
2000 65(99) :289-310
CHEN W PEI'Y HUANG W et al. Novel effective catalyst for elemental mercury removal from coal-fired flue gas and the
mechanism investigation J . Environmental Science & Technology 2016 50( 5) : 25642572
LIH ZHU L WANG ] et al. Development of nano-sulfide sorbent for efficient removal of elemental mercury from coal com—
bustion fuel gas J . Environmental Science & Technology 2016 50( 17) : 95519557
WANG Z ZHOUJ ZHU Y et al. Simultaneous removal of NO, SO, and Hg in nitrogen flow in a narrow reactor by ozone
injection: Experimental results J . Fuel Processing Technology 2007 88( 8) : 817-823
ZHAOY HAOR YUAN B et al. Simultaneous removal of SO, NO and Hg’ through an integrative process utilizing a cost—
effective complex oxidant J . Journal of Hazardous Materials 2016 301:74-83
LIUY WANG Q MEI R et al. Mercury re-emission in flue gas multipollutants simultaneous absorption system J . Envi—
ronmental Science & Technology 2014 48( 23) : 1402544530
WANG Q LIUY WANG H et al. Mercury re-emission behaviors in magnesium-based wet flue gas desulfurization process:
The effects of oxidation inhibitors J . Energy & Fuels 2015 29(4) :26102615
CHANG J C GHORISHI S B. Simulation and evaluation of elemental mercury concentration increase in flue gas across a wet
scrubber J . Environmental Science & Technology 2003 37(24) : 57635766
WU CL CAOY DONGZB etal. Impacting factors of elemental mercury re-emission across a lab-scale simulated scrub—
ber J . Chinese Journal of Chemical Engineering 2010 18( 3) : 523-528
CHENG CM CAOY KAIZ etal. Co-effects of sulfur dioxide load and oxidation air on mercury re-emission in forced-oxi—
dation limestone flue gas desulfurization wet scrubber J . Fuel 2013 106( 4) : 505-511
WO J ZHANG M CHENG X et al. Hg** reduction and re-emission from simulated wet flue gas desulfurization liquors J .
Journal of Hazardous Materials 2009 172(2/3) : 11061110
OCHOA-GONZALEZ R DIAZ-SOMOANO M MARTINEZ-TARAZONA M R. Control of Hg” re-emission from gypsum slur—
ries by means of additives in typical wet scrubber conditions J . Fuel 2013 105(1) : 112118
OMINE N ROMERO C E KIKKAWA H et al. Study of elemental mercury re-emission in a simulated wet scrubber J .
Fuel 2012 91( 1) : 93401
LUR HOUJ JIANG X et al. Effect of additives on Hg** reduction and precipitation inhibited by sodium dithiocarbamate
in simulated flue gas desulfurization solutions J . Journal of Hazardous Materials 2011 196( 1) : 160465
BLYTHE G M. Field testing of a wet FGD additive for enhanced mercury control pilot scale test results R . URS Corpora—
tion: Austin Texas 2006
HOUJ LUR SUNM et al. Effect of heavy metals on the stabilization of mercury( II) by DTCR in desulfurization solu—
tions J . Journal of Hazardous Materials 2012 217218( 6) : 224230
LIUY XIES LIY etal. Novel mercury control technology for solid waste incineration: sodium tetrasulfide ( STS) as mer—
cury capturing agent J . Environmental Science & Technology 2007 41(5) : 17354739
AMRHEIN G T. Mercury removal in utility wet scrubber using a chelating agent: US6328939 P . 20014241
JEON C PARK K H. Adsorption and desorption characteristics of mercury( II) ions using aminated chitosan bead J . Wa-
ter Research 2005 39( 16) : 39383944
RAVICHANDRAN M. Interactions between mercury and dissolved organic matter: A review J . Chemosphere 2004 55



596 12

(3):319331

26 HAITZER M AIKEN G R RYAN J N. Binding of mercury( II') to dissolved organic matter: The role of the mercury-to—
DOM concentration ratio J . Environmental Science & Technology 2002 36( 16) : 35643570

27 SWANSON C L WING R E DOANE W M et al. Mercury removal from waste water with starch xanthate-cationic polymer
complex J . Journal Water Pollution Control Federation 1973 7( 8) :20432047

28 HOLAH D G MURPHY C N. Reactions of sodium N N-diethyldithiocarbamate and potassium ethyl xanthate with some 3D
transition metal halides in the presence of 2 2”-bipyridyl and 1 10-phenanthroline J . Canadian Journal of Chemistry 1971
49( 16) : 27262732

29 YAHIKOZAWA K ARATANIT ITO R et al. Kinetic studies on the lime sulfurated solution ( calcium polysulfide) process
for removal of heavy metals from wastewater J . Bulletin of the Chemical Society of Japan 2006 51(2) :613-617

30 KIMBR ASCEM GAINES W A et al. Removal of heavy metals from automotive wastewater by sulfide precipitation J .
Journal of Environmental Engineering 2002 128(7) : 612-623

31 HENKE K R. Structure and powder diffraction pattern of 2 4 6-4rimercapto-s-iriazine trisodium salt ( Na,S;C,N; « 9H,0)

J . Powder Diffraction 1997 12( 1) :742

32 LIAOD LUOY YUP etal. Chemistry of copper trimercaptotriazine ( TMT) compounds and removal of copper from cop—
per-ammine species by TMT J . Applied Organometallic Chemistry 2006 20( 4) : 246253

33 MATLOCK MM HENKE KR ATWOOD D A et al. Aqueous leaching properties and environmental implications of cadmi—
um lead and zinc trimercaptotriazine ( TMT) compounds J . Water Research 2001 35( 15) : 3649-3655

34 . D . : 2013

35 HARRIS P J FINKELSTEIN N P. Interactions between sulphide minerals and xanthates. 1. The formation of monothiocar—
bonate at galena and pyrite surfaces J . International Journal of Mineral Processing 1975 2( 1) : 77400

36 JONESM H WOODCOCK J T. Formation and recognition of alkyl xanthyl thiosulphates in sulphide ore flotation liquors J .
International Journal of Mineral Processing 1981 8(2) : 125445

37 . EDTA J. 2003 23(6):
597-601

38 BLYTHE G CURRIE ] DEBERRY D. Bench-scale kinetics study of mercury reactions in FGD liquors R/OL . 2017-07-
01 . https: //www. osti. gov/scitech/servlets/purl /950472 /

39 . NN J. 1982 1(2):152459

40 ZHENG W LIANG L GU B. Mercury reduction and oxidation by reduced natural organic matter in anoxic environments

J . Environmental Science & Technology 2012 46( 1) : 292299

)



