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Abstract: Se is released to gas phase and combines with fine particles in flue gas after coal combustion which can be captured by the wet
desulfurization( WFGD) system and wet electrostatic precipitator( WESP) in flue gas,and it is important to determine the partitioning and
species of Se in these systems. Based on hydride generation—atomic fluorescence spectrometry ( HG—AFS) , the partitioning and species of
Se in the key locations of WFGD and WESP were studied. It is found that Se can be removed by WEFGD system in flue gas. The concentra-
tion of Se in the solid fraction and liquid fraction of desulfurization tower slurry are 1.07 pg/g and 0. 123 mg/L, respectively. Over 80%
Se in the desulfurization tower is oxidized to Se( VI) under forced oxidation condition. After separated by a hydrocyclone , most Se is trans-
ported to effluent treatment process. The predominant Se species in the effluent treatment process is Se( VI) , with the proportion exceeds
77% ,which accounts for low efficiency in Se removal by traditional three—linked tank technique. Se exhibits a significant enrichment in

solid fraction of the flush water from WESP whose concentration is 13.9 wg/g, while 0. 001 6 mg/L Se is determined in the liquid fraction
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where proportions of Se(IV) and Se(VI) are 34.35% and 65.65% ,respectively. WESP equipment achieves Se deep removal from flue

gas, and transports this part of Se to the solid fraction of ash. It is calculated that with the help of WESP 2.9 kg/yr particle-=bound Se is re-

moved.
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Fig. 2 Se concentration in solid and liquid of gypsum

production and effluent treatment
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Fig. 3  Se concentration in the liquid of gypsum

production and effluent treatment

2.3 BXEBRLED S FEREESHH

WESP ) FIRB A 8] Fr) e e L 37 ol 3 2o 1) 75 22 A
SCHLB AT H | R AR i BROK S B AR AR E 4
b A= O AT & R & R T/ IS R U Y G RN
A= i Se & & 04T 408, EAH =20 v Se
ARS8 13,9 ne/e, 2B T WFGD RE8 N 1Y [
PSR (<2.5 ng/g), VAWM 13 APCD k3% (1% 2
WoRiAh , Se ELAARGR 10 & £ 1D L AR Y Se
FHRAUH 0.0016 mg/L, 5 WFGD 2 4[5 W AH =4
FHLL, Se 7€ WESP 47 7 [ AH ] Y& AH H (9 5% 547
K, WESP K WA I & i Se 1345 T WESP &
S NI TR E PR BE . WESP KK H Se (V1) i 3 S
B, 29 5l B 65.65% , Se (IV) /il & & 1
34.35% ., WESP WAHH Se (IV) i HLAHE T WFGD
P =, — 5 T 5 WESP N A Bl P 3R 55 %, A i
FAEREW] , Se MABY 5345 Lo v] BEAR KRR FE AR
T pH (65 % 4h i T WESP 1 0, & %38
HWALT 10% , FIEHE R E S, S B3R & Se A
A0S B [0 B T L P RAARE R T RO Se (1IV)
M Se (VI) FA7, Horp KR# 434 Se (TV) P 3 AT 8

=55 WESP JK/KH Se(1V) He il iy JE A

WESP X SRR A 0 250 28 17 47 3R i B
TEH BRI ) 20U N ESP J2 WFGD #Ei%k B
RIS, Se 7E WESP IR i 40 0k I & 4 B
b, ATEAL R HE S JF WESP X Se 9 PR AL
ML WS Al B BC £ WESP 5, 7E W ORI T
APCDs F:fill EXHABEE S ) Se SEI i — D TR BE
BRI DIRR . WESP R]XHREIH S Y Se SEBLTE
JE BG83 Ao X L BE B3 1) A T Se A% 21 AR K
Jn%s WESP J&5 Se B bR 5% R vl 4% = 98.22%
AN AR R S A X E Y 10 AL WESP
HER R UEA T B PEAR B 45 5, WESP H 1A k7
Yk BETE 0. 43 ~7.20 mg/m’ , IRZDRCRLE 72. 4% ~
93.8% , B WESP 4 1 BRI MMk K 5 mg/m’ | K&
DR 80% I A 120 J7 m’/h, HLIE AL 5
G4 WESP BRI P iR 845 548 Se [l A,
H2.9 kg(K (1)),

c,.C
Aem :M out S(‘Q agT (1)
1 - °F

R, A, NHLHAEE L WESP %R 25 Se 4 i 5
i u A WESP BRBR80R €, i WESP Bk
W 5 C, S WESP JK T Se VR FE 5 Q.. FHLA /N

MW,
3 #® it

1) WFGD RSt KIWH Se JLT-2#8 h 81
IRy Se(1V) , 75 WFGD 38 I L 1E T T, Hdy
BLE R Se (VI |, i lUlE 77%

2) KA HE FE Y Se (VI) H )4 = S BUL 48
SIRAR T2 TR K Se I ALBLRSR .

3)Se(1V) A AL SN ASFE 50 Fl WESP A B 4 21
B, WESP /1 Se (VI) F1 Se (IV) H 4 43 %1 g
65. 65% H134.35% ,WESP X} Se IR ZCREE

£ 2% L #K ( References) :

[1] ZHONG L,CAO Y,LI W, et al. Selenium speciation in flue desul-
furization residues[ J]. Journal of Environmental Sciences,2011,
23.171-176.

[2] CORDOBA P. Partitioning and speciation of selenium in wet lime-
stone flue gas desulphurisation systems: A review|[ J ]. Fuel 2017,
202.184-195.

[3] ZHENG C,WANG L,ZHANG Y, et al. Partitioning of hazardous
trace elements among air pollution control devices in ultra~low—e-
mission coal —fired power plants[ J]. Energy & Fuels,2017,31;
6334-6344.

[4] SENIOR C L,TYREE C A,MEEKS N D. Cushing, selenium parti-
tioning and removal across a wet FGD scrubber at a coal —fired

103



2019 455 3 #A

www.chinacaj.net

-’/o %}%&*

$25 %

(5]

[11]

[12]

[13]

[14]

104

power plant[ J ]. Environmental Science & Technology,2015,49 .
14376-14382.
PETROV P K,CHARTERS J W, WALLSCHLAGER D. Identifica-
tion and determination of selenosulfate and selenocyanate in
flue gas desulfurization waters[ J]. Environmental Science & Tech-
nology,2012,46:1716-1723.
WANG L,ZHENG C H,ZHANG Y X, et al. Speciation characteris-
tics and mobility of trace elements across ultralow emission air pol-
lution control devices [ J]. Energy & Fuels, 2017, 31; 13963 -
13971.
RARI, B A, 220 S, A5 Wi B R 48 PR i TR 1Y 4 A
[J]. WAk ( ARBIAAR) ,2013,53(3) :330-335.
ZHU Zhenwu,ZHUO Yuqun, AN Zhongyi, et al. Trace element dis-
tribution during wet flue gas desulphurization system[ J ]. Journal of
Tsinghua University ( Science and Technology ) , 2013, 53 (3 ) :
330-335.
LR TR BRI GE ST MR B A AT R Y
BRG] S5 5T ,1999,19(1) :75-77.
JIANG Jiansheng, HUANG Jinquan, QIAN Shahua, et al. The ap-
plication of crosslinked chitosan in speciation analysis of Selenium
[J]. Spectroscopy and Spectral Analysis,1999,19(1) .75-77.
BIE AEEE, BOXEE. RBORRE (1 - HLUEH & 55 B TR B
R BRI E FoE R 7 A2 S ea 9 (1], T E R 2018
(17) .81-85.
HUANG Juan,REN Yuqin, RAO Fengqin. Determination of seven
arsenic compounds in feed by high performance liquid chromatog-
raphy — inductively coupled with plasma mass spectrometry [ J].
China Food,2018(17) :81-85.
VIROLAINEN S,HEINONEN J,PAATERO E. Selective recovery
of germanium with N—methylglucamine functional resin from sul-
fate solutions[ J]. Separation and Purification Technology,2013,
104:193-199.
B, TR, S -0 CRUS T  D 5E K R K
HRCID) V) BECI) BV W CIV) Fs (VD) [T].
Al 1985 ,4(2) :52-57.
HAN Hengbin, WANG Weidong. Determination of As ( Il ), As
(V),Sb(Il),Sh( V),Se(IV),and Se( VI) in the river and
effluent by Hydride—free dispersion atomic fluorescence spectrom-
etry[ J]. Environmental Chemistry,1985,4(2) :52-57.
HE Y Z,MOREDA -PINEIRO J,CERVERA M L, et al. Direct
determination of dissolved selenium (IV) and selenium ( VI) in
sea—water by continuous flow hydride generation atomic fluores-
cence spectrometry[ J ]. J. Anal. Atom Spectrom, 1998 ,13.:289 -
293.
DOMENICO P A, SCHWARTZ F W. Physical and chemical

hydrogeology[ M]. New York :John Wiley & Sons Inc. ,1998.
B ZR T DY, SF. RO (il - A A R A - IR

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

TG (HPLC-HG - AFS ) I FH 2 A I 7K 7= 5 vf 4 B
WRAFIEA[T]. B % 4 A 22 47,2013 ,4 (6) : 1847 -

1852.

SHANG Derong, QIN Deyuan, ZHAO Yanfang, et al. Selenium
speciation analysis in aquatic products by high performance liq-
uid chromatography — hydride generation — atomic fluorescence
spectrometry [ J |. Journal of Food Safety and Quality, 2013, 4
(6):1847-1852.

Ministry of the Environment Government of Japan. National Efflu-
ent Standards; Items Related to the Protection of Human Health
[EB/OL]. (2015-01-20). https ://www. env. go. jp/en/water/
wq/nes. html.

TRMETE IR, BRI 5. BRI R ) AR B K F R 0 2R I B
ARWFFEHEEL)]. AL THER,2017,36 (4) :1460-1468.
ZHANG Shenghan,SUN Chenhao, CHEN Yugiang. Research pro-
gress on selenium removal of FGD wastewater from coal — fired
power plants[ J ]. Chemical Industry and Engineering Progress,
2017,36(4) :1460-1468.

GELLT, DT , 2R (R VT, 2. (Rl A ) o 50 7
TR )] A5 T,2016,39(6) :34-43.
LIANG Xiaohong, MA Zhiyuan, LI Junjiang, et al. Research Pro-

FREE 52 R K 3%

gress of affecting factors of biological reduction of selenite, Coal
and Chemical Industry,2016,39(6) :34-43.

KASHIWAGI Y,KOKUFUTA E. Selective determination of sele-
nite and selenate in wastewater by graphite furnace AAS after iron
(III) hydroxide coprecipitation and reductive coprecipitation on
palladium collector using hydrazinium sulfate[ J]. Analytical Sci-
ences,2000,16:1215-1219.

THOMPSON A, PARKER D R, AMRHEIN C. Selenate partitio-
ning in field —situated constructed wetland mesocosms[ J]. Eco-
logical Engineering,2003,20:17-30.

TORRES J,PINTOS V,GONZATTO L, et al. Selenium chemical
speciation in natural waters: Protonation and complexation behav-
ior of selenite and selenate in the presence of environmentally rel-
evant cations[ J]. Chemical Geology,2011,288.32-38.

SHAH P,STREZOV V,PRINCE K, et al. Speciation of As,Cr,Se
and Hg under coal fired power station conditions[ J]. Fuel 2008,
87.1859-1869.

CHANG L,YANG J P,ZHAO Y C,et al. Behavior and fate of
As,Se,and Cd in an ultra—low emission coal —fired power plant
[J]. Journal of Cleaner Production,2019,209 :722-730.
MBS T R [, A AT WESP TR 4 5 5 AL
il RHERRE AT T (1] R y,2017,50(12) :178-184.
LIU Hanxiao, YAO Yuping, LI Jianguo, et al. Reaerch of PM re-
moval mechanism and emission characteristics for WESP in
a coal —fired power plant, Electric Power,2017,50(12):178 -
184.





