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Abstract: The flue gas from pyrolysis and coking industry is always in low temperature range and contains high content of water vapor as
well as other other pollutants such as tar and carbon black , making the traditional flue gas purification technology for power plant unsuitable
for the pyrolysis and coking fields. In order to provide new ideas and references for the technology upgrade of end—stage flue gas treatment
in pyrolysis and coking processes, the latest application progress of the promising end—stage flue gas purification technology was summa-
rized. Accordingly,the two relatively mature coking flue gas purification technical routes were dry desulfurization/bag filter dedusting/low
temperature denitrification and integrated desulfurization and denitrification of activated coke. Although the integrated technology of catalyt-
ic ceramic fiber filter has been successfully applied in glass industry abroad,it was still not long for its application in the field of coking
flue, deserving more attention for potential risks. In addition, oxidation coupling wet absorption technology was not widely used in industry
due to its serious secondary pollution. After analyzing the existing problems of the current technologies, solutions were proposed with clear

research directions and upgrading routes for the further development of these technologies. To improve the process of dry desulfurization/
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bag filter dedusting/low temperature denitrification, the further research will mainly focus on treatment of desulfurization ash,recovery of

spent catalysts and in—depth process optimization. Researches on integrated desulfurization and denitrification of activated coke should fo-

cus on the evolution of activated coke characteristics in multiple cycles, control of carbon loss during regeneration and recovery of

waste coke powder. Potential issues of integrated technology of catalytic ceramic fiber filter need be further examined,such as ammonia es-

cape , catalyst deactivation and blocking tube by tar. Finally, combining the characteristics of pyrolysis coking flue gas,it was concluded that

the key to the pyrolysis coking flue gas purification was the coupling of low temperature denitrification technology and other pollutant con-

trol technologies,and the further development trends will be the integrated purification, simple maintenance of equipment and low operat-

ing costs of flue gas purification products and technologies.
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Fig.1 Process flow of coupling process of dry desulfurization—

bag filter dedusting—low temperature denitrification
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Fig.2 Process flow of countercurrent moving bed activated coke

desulfurization and denitration
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Fig.3  Process flow of integrated technology of ceramic

fiber catalytic filter for flue gas purification

AEAR, b 32 DU PE RN R 0 AF AR AT BA R
R CuO SRR B B TE 160~240 C
PR R T T BT PR R B R S 8 Bt 36 > {ELYE 300
CLLT BHA SO, 17 78 i, i 4k 5] e o 5
1%, Saracco I Choi %5 BFGE R B, V, 0, Hfi
b B e e A I AH PERE UL F CuO, 7F 250 ~350 C H A
BRI SCR T P F R A7 AT B 1 . Choi 453 — 25
PEAL T i hs 4 AL 0 20 1, 22 BLAS T Bh 351 wo, = i
Pt ATV, O FE A A P e A 1) JBE i 06 2 I
A B B RS | TR MnO U3 58 1 3% MR X
3 Bl (150 ~ 340 °C) ¥ B i il 7 4 o1, 44k 751
5 W e B A R 5 G i P T P AR S A s T A b B
PN A EE S E ., Choi %57 X 1 T AL A
B eI A LA Y 3 AR L R BOE I -
WEUR T VI - BERE B 0 iR AL, R BV, 04-TiO,
AR S R — R G 5 i 1 1) 5 1) A P O U8
Bt A ) RS Y A . Zuercher 2500
I T e A R 4 2 B I R B K L, PR A R
W) e ek A\ B DB s s %) A R 8 Tk, AR v

] PN AH DG G 5 A0 i, e DA oR B ot
FEBT TN Ry 32, 76 FF AR LA AR B o 1 P A
HEAL PR A I Il AT THRR % sk 25t
TR T — kM4 V-W—Ti/ 5T A7 B0 i it
LB E R , 5 1R A& G P 202 ) A e Ak P e DR A
(K LA TR IR O A EE, T2 3R 35 29 B A F g
FE, HLHIN T AR S BORL AY 43 B, 300 C T iz fk
B B DA HUAR B B AR UE Tk R AT, P R Tl b
FHZER, TRESEY 8T 3 Pl Al B % 8 A L ik
(EALRRLF S AR MR RRER AT 44
XA TR 43 30 B 0 i 3 2 1) 5 i, A 300 B 6 I A 1Y)
FLBRZEHE) BAHE AT ZEFL IR %) 23 B AS a2 52 mm J3E
IS AL PR 5 B, b i T bR £ 45

HATRALBR AT 5] (0 FLBR 254 | SE A ) T AL 511
SRR, EAS ST P A B i S i 1 ),
71 HH B B AL 6 PR R AR A IR B, i TV, 04—
TiO, il & B AEALIEAE 7 = T 300 °C i 22 S8 AL Jin = 1t
RGN TR, SRS IER T LARYE N 5
i o B ER B RS AL UB 4, 75 300~ 450 C f 2R
HEE V=W =Ti I Fe—Ti HeAE A I 5 A o 44 Jd
W, A HAROAS AR e e 25 D0, R 7 i il i 2
MR AASEE 775 e Sl LS W E R ) e

R AR P e U A B AT 3K T R ) 35 T 1
BEIE T A AT ) AR O A i B 22— 1R A
P, I A PRt R B L AR B IR | SR B PR X B
38 AW IR S R AR A R BRI TR 5
S TR, 932 25 52 AL g B 47 4k us A8 AR ™
ERHBRE H EAL, B PR A, SR
355 TREROAA R RIE 2RI e 5 AL S 1) g e £F
AEAEALUE A BB IBUAM PR — R T 20, T 2018 4R5K
BT AV ARV R, 7R T B B0 Al v A AL
RS AR B WA AT, AR R L
CHAN AT IR TAREN

7 Ve 8 £ A A B A8 [ Al i o7 i, e PRl
e 1o A T AT AT A ) 0 AR A R SRR LA Tl 25
AL B T 20, 1B AW ok v K DS AT
WEHEAT T 2 g Tl AR =98 0 R B
HA AP AL PERE . XA A = B R 2T R
R TR AL RN v B IAD O T RS Al AT
VB, SCBL T e PEREMEALUE AL 1 [ A, ol I S T i
BV EIEFEAR 40% L T ¥ b T 200 BiAs 5 56
TREA TR,

U PR AT A B B R B AR W) TR L A
SRSV RRE A A S R v W SN ORE L Py € S (ER 2
f R ALIA R 32 T 200 I TR AR TR BV £
AR MR 75 25 B LT AR B T KUK <

1) EALIRE AL PR 2L S I fE , 5 18 2 27 2
R BEJEAT — i B, X Lt PR = i i A
P B T ) A S e R L o B A PR M LA
SEELB R R BERH AR, 10 R 38 SR v ) I A %R B
PR R T R TR Y

2) HHAHR SO, BIFFTEA R BEAE 2T 448 vh ik AL 57
VERIR P 2 W o, i AR R 3 . A+
TR BB A B 2 - 5 SR AR Il ] REAE P e £ i AL
DB LR OB A AL A FLBR R R I,
B 77 i B

4 FHU-BEEESEUITZ
HH NO, F R T 20 ALk [ A S A
169



2020 4F55 1 14

www.chinacaj.net

E A g B K 5526 %

% 17 >Rk H NH,—SCR Fii il 9 T35 M < ide ik 12040,
WA AP /N A A A I S R A8 b - Ak

IR AR AR (P 4) . B FE AL I b NO, 1Y
FERSME NOE i T NO I i AR, 1 vk ik
A B PERRARFEAL ISP NO, . IR
SRAEAL TR NO AL 2 % 19 NO,BE N, 041,
DMBTE R e A v 52 0 IO B A 2803 . 5 WA
FALTEAR L, SR AR —Fh AR A 5 1, B
FUFI % A o B e A A o FE S A k-
MBI T2 b 38 2 76 A0 S PR SR i 4R
PR (AR AR AR ) s A A R
FARFE AR IS e T K 1 NO Ak L)
TKE) NO, & N,O,, T SE B NO, 1 SO, 71 1 14
PRI (A0 K A R A @K EEAR )
[ s IR A 07 T 7 g 3 T Ok B R R R R R
MR LSS AR Th ATl I S Ak, 48
e AR A ROR

FEIFE R
bd
VN

Y RS
X '
1T
AL
B TT T

(Glis Sy LiThez:

—

i 71—

HERRZR

A4 Af-BEEAshIyni
Fig.4 Process flow of oxidation—wet flue gas purification

B SAACEA 5 m 1 R R ACR, o AR D
AP, PR R A B A, AE R B R B NO
A1 SO, 5 T B AR A TR RE ), i ) 5L A A Ak -
MBI T2 8 35 B BOC /A R JF & 1 LoTOx
HORT 7E 6 MR Z RN 24 BE R 3 4 25 MW %
B AT /DA RS, S B T 90% ~ 95% NO it
FRRH>95% SO, MiFRAE, BAAH Tl 28 <l ik
GBI T RN A e BT R 7= R A 2R mas e
W) (3T BT A ) W T AR LR
AR AL IR T2 SEL T 80% LA 1 1) NO, Jit
B, A OR BB R IR0 2 30 P S5 1 Ot o 2k %, (R
FERAR A B8 W SR 2 R AR A T AR 1Y
AR, Sun 257 SR FHAR S O FOHE B 1 SR Wl
F, NO, it Bg R 1] 35 82%, I 15 %] Mn (NO, ), I
MnSO, /¥ 1R & ¥ W, S8 T %8 U5 4L Al . Meng
170

S5 LTS B D SR A SR SR T 159 4R i
B RUWIREE 40 °C . pH=5.5 MR E 40T, 36
3T 100% SO, BEFRACE L F 83.4% (1) NO, JIi bR 2L
FORBIDERENE,

T8 B B 0 3T X3, AR AL — R R
T T AR AR, 8 5 2%, 2
AR A A e AR T BN AR 0, 5
FEAEIEIK RS WA P A B i R
A N0, B3RS k5 Y, T A R ) Az 3
BRI, Al AR T e T A ) R 2% AR B I
AN VR v T R S L A B R 1] R IR
A(>130 °C) , Toie R HIB B M 6 & F 7 A 0 HE
TSR (8] Z A0 R, A bR R
TR AAEE S EE T 2R R HRRE S IR £ 1L
MR B B A | M LA B HURAL B 4 1

5 ZiEERE

P SR AL AR T B B AR A, HOA =<0
JEWIIABEOC R BN AT L YR8 R i AR 1 5
AR SRR e 58 AR S S B A R AL T
TR SR A 00 FH 2 1

1) 25T i SR AU =AY R AR L 5 B v TR A <
FAF ALGE ATV AR AL T2 R Rz R
A I i A i A T BTN o AL Y S SR A T
AR AR £ A 55 HAth 75 H oy 42 il £ AR A DE JiE 5 2%
o [N, i Tk T EMIEZ 8, Pk T2
KR H HHE A BOR B 20

2) W T AR A B A HRT BEAT A HY (] AL
UL 1 Ak AR A A TR P -2 A T R A A
PERERGSR T — IR AL H i AL i 0y [ = A, T 2 —
ATTREBITFE T AT, LA B Al A rh il i ik
TR A R T RERRAE

3) LI A AR Tl b s AR R
2% MR/ R e T Ga 4T SRR R Y
AR A T2 A AR P AR A IR B A SRR 1
(=R

5% 3Lk ( References) :

(1] #30%. BIELEAT IR i g FH B 1], R T S
LRI ,2016(8) :8-13,35.
YANG Wenbiao. Trends of current staus and market supply/de-
mands for coke in China[ J]. Coal Processing & Comprehensive
Utilization ,2016(8) :8-13,35.

(2] E55, 5608, SR, 55, AR 4 A <M A B AR 3 e 5 2 I
[J]. ikHREIAR ,2017,23(6) :1-6.
WANG Yan, ZHANG Yang, GUO Shanshan, et al. Progress and



iz WA AR R A AR AR SR S A S BB R 5 10 P i

www.chinacaj.net

2020 4F55 1

(7]

[9]

[11]

[12]

suggestion on desulfurization and denitrification technology for coke
oven flue gas[ J]. Clean Coal Technology,2017,23(6) :1-6.
XTI, LI VP, S5 SRS IKIR S SO, NO, T3 Jeda i 5
RO RJREH[)]. 5T E,2019,37(2) :95-98,129.

ZHAO Chunlin, CAO Hongbin, XU Wei, et al. Analysis and
prospect of SO, and NO, pollution control technology in flue gas
of coke oven chimneys[ J]. Environmental Engineering, 2019, 37
(2):95-98,129.

BT . BRI BB — R AL BRI TR [T ], I
A ,2014,20(6) :115-118.

KANG Xinyuan. Research progress of coal—fired flue gas simulta-
neous desulfurization and denitrification[ J |. Clean Coal Technolo-
2y,2014,20(6) :115-118.

INNIER, T'ﬂ—,l SO, A5 AP A SRR R A I i B AR A
—AL T L] SR T,2015,46(6) :40-41.

SUN Gangsen,YIN Hua,LYU Wenbin, et al. Integrated process for
desulfurization dedusting denitration and thermal decompositioin
of coke oven flue gas[ J]. Fuel & Chemical Processes,2015,46
(6) :40-41.

TR, WS HOR Y IR B R ].
12-19.

AR, 2017,23(2)

MIAO Qiang. Progress and prospect of denitration technology[ J].
Clean Coal Technology,2017,23(2) :12-19.

T GE e RTINS, AR AN =R I HE S Bl
PR []. P EG4,2019,29(7) :79-84.

China Metal Society. Investigation report on ultra—low emission of
flue gas from sintering and coking in iron and steel enterprises[ ] ].
China Metallurgy,2019,29(7) .79-84.

TP, HIRER XIFT, 4. SDS Tl & SCR HH IRl B il 45
ARLEFN AR AR T ]. AL TR AR ,2019,40(4)
14-18.

ZHANG Qingwen, CHANG Zhitie, LIU Li, et al. Application
of SDS dry desulfurization and SCR medium and low temperature
denitration technology in coke oven flue gas treatment [ ] ].
Chemical Equipment Technology,2019,40(4) :14-18.

R VP, SR, S AR AR P B A5 1 4 5 v
IRIUERTSELT]. WhAEROR ,2017,23(4) :63-70,76.

LI Changming, XU Qicheng, GUO Feng, et al. Production and
pilot—scale test of honeycomb DeNO, catalyst for low temperature
flue gas from coking plant[ J]. Clean Coal Technology,2017,23
(4):63-70,76.

XUSR, AR AR A8 S8, Tl VMOTi TG AR i A0 2 7 f Ak B
AR SEL )] B SRR ,2016,32(1) :6-9.
LIU Xin, LI Junhua, LI Xiang, et al. Study on industrial VMoTi
denitrification catalysts recipe optimization and redox ability[ J].
Electric Power Technology and Environmental Protection, 2016,
32(1):6-9.

Zea. UK RUGIE SCR BUAS AR PTFE[ D], Jbat b
HTAL R ,2018.

LIANG Quanming. Research on low temperature SCR de —
NO, catalyst with sulfur and water — resistange [ D ]. Beijing:
Beijing University of Technology,2018.

LI C M,YU J,HE Y,et al. The industrial feasibility of low tem-

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

perature DeNO, in the presence of SO, : A project case in a medi-
um coking plant [ J]. Rsc. Advances, 2018, 8 (33) . 18260—
18265.
YU J,LI C M,GUO F,et al. The pilot demonstration of a honey-
comb catalyst for the DeNO, of low—temperature flue gas from an
industrial coking plant[ J]. Fuel ,2018,219:37-49.
A0 AR A AT I S MR ASUBE R AR B L R S A
A[T]. AL TR, 2015,34(12) :4129-4138.
LI Xiang, LI Junhua,HE Xu,et al. Poisoning mechanism and re-
generation process of the denitration catalyst[ J]. Chemical Indus-
try and Engineering Progress,2015,34(12) :4129-4138.
OLSON D G, TSUJI K,SHIRAISHI 1. The reduction of gas phase
air toxics from combustion and incineration sources using
the MET-Mitsui-BF activated coke process[ J]. Fuel Processing
Technology ,2000,65/66 :393-405.
MG, X A =], A TS PR RN T BOR K H AR
B AT (T, A T 3R, 2006,26(3) :204-208.
ZHAI Shangpeng, LIU Jing, YANG Sanke, et al. Flue gas purifi-
cation technology using activated coke and its application
prospects in China[ J]. Environmental Protection of chemical In-
dustry,2006,26(3) :204-208.

MG, G ERER S5, — IR TR R e B I FE AR
WLBEAN Z ST 1% : CN108380041A[ P . 2018-08~10.
PRAKNE. #% 3l RIEIE AR L BRI ST e[ T ], 4
,2015(6) .48-51.

CHEN Jihui. Progress of the activated coke flue gas purification
technology [ J ]. Energy for Metallurgical Industry, 2015 (6) .
48-51.

LIU Q Y,LIU Z Y. Carbon supported vanadia for multi—pollutants
removal from flue gas[ J]. Fuel ,2013,108;149—-158.

ZHU Z P,LIU Z Y,LIU S J, et al. NO reduction with NH; over
an activated carbon—supported copper oxide catalysts at low tem-
peratures[ J]. Applied Catalysis B:Environmental ,2000,26(1) .
25-35.

LIU X L,GUO J X,CHU Y H, et al. Desulfurization performance
of iron supported on activated carbon [ J]. Fuel, 2014, 123
93-100.

SAMOJEDEN B,GRZYBEK T. The influence of the promotion of
N — modified activated carbon with iron on NO removal by
NH;-SCR ( Selective catalytic reduction) [ J]. Energy, 2016,
116.1484-1491.

TANG X L,HAO J M,YI H H,et al. Low—temperature SCR of
NO with NH; over AC/C supported manganese—based monolith-
ic catalysts[ J ]. Catalysis Today,2007,126(3) :406—-411.

QU Y F,GUO J X,CHU Y H,et al. The influence of Mn species
on the SO, removal of Mn—based activated carbon catalysts[ J].
Applied Surface Science,2013,282:425-431.

ZHU Z P,LIU Z Y,NIU H X, et al. Promoting Effect of SO, on
activated carbon—supported vanadia catalyst for NO reduction by
NH; at low temperatures[ J]. Journal of Catalysis, 1999,187(1) .
245-248.

WANG J C,LIU Q Y,LIU Z Y, et al. Heterogeneity of V, 05 sup-

ported cylindrical activated coke used for SO, removal from

171



2020 4F55 1 14

www.chinacaj.net

ik 4 4 H# K

%26 &

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[40]
172

flue gas[ J]. Chemical Engineering & Technology,2010,31(7) ;
1056-1061.

YANG L,JIANG X,JIANG W J,et al. Cyclic Regeneration of py-
rolusite—modified activated coke by blending method for flue gas
desulfurization[ J |. Energy & Fuels,2017,31(4) :4556-4564.
YAO L, YANG L, JIANG W ], et al. Removal of SO, from
flue gas on a copper—modified activated coke prepared by a novel
one — step carbonization activation blending method [ J J.
Industrial & Engineering Chemistry Research, 2019, 58 (34) .
15693-15700.

SAMOJEDEN B, MOTAK M, GRZYBEK T. The influence of
the modification of carbonaceous materials on their catalytic
properties in SCR—NH;. A short review[ J]. Comptes Rendus
Chimie,2015,18(10) :1049-1073.

GUO Q Q,JING W,HOU Y Q, et al. On the nature of oxy-
gen groups for NH;—SCR of NO over carbon at low temperatures
[J]. Chemical Engineering Journal ,2015,270.:41-49.
ZRUGHE BT, NG S SRR I M TR R
NH;—SCR JBLAS W oE [ 1], BRRHE 4, 2014,42(4) .
487-493.

LI Qiaoyan, HOU Yaqin, HAN Xiaojin, et al. Selective catalytic
reduction of NO with NH; over activated carbon impregnated
with melamine at low temperature[ J]. Journal of Fuel Chemistry
and Technology,2014,42(4) .487-493.
TSUJI K, SHIRAISHI I. Combined desulfurization, denitrification
and reduction of air toxics using activated coke: 1. Activity of acti-
vated coke[ J]. Fuel,1997,76(6) :549-553.

LI Q Y,HOU Y Q,HAN X J,et al. Promotional effect of cyclic
desulfurization and regeneration for selective catalytic reduction of
NO by NH; over activated carbon[ J]. Journal of Cleaner Produc-
tion, DOI:10.1016/j.jclepro.2019.119392.

TSUJI K, SHIRAISHI 1. Combined desulfurization, denitrification
and reduction of air toxics using activated coke:2. Process appli-
cations and performance of activated coke[ J]. Fuel, 1997, 76
(6) :555-560.

JASTRZ B K. Changes of activated coke properties in cyclic ad-
sorption treatment of flue gases[ J]. Fuel Processing Technology,
2012,104:371-377.

MOCHIDA I, OGAKI M, FUJITSU H, et al. Catalytic activity
of coke activated with sulphuric acid for the reduction of nitric
oxide[ J]. Fuel,1983,62(7) :867-868.

FUJITSU H, MOCHIDA I, VERHEYEN T, et al. The influence
of modifications to the surface groups of brown coal chars on their
flue gas cleaning ability[ J]. Fuel ,1993,72(1) :109-113.

LIY R,LIN Y T,WANG B, et al. Carbon consumption of activa-
ted coke in the thermal regeneration process for flue gas desulfu-
rization and denitrification [ J ]. Journal of Cleaner Production,
2019,228:1391-1400.

DING S,LI Y R,ZHU T Y, et al. Regeneration performance
and carbon consumption of semi—coke and activated coke for SO,
and NO removal[ J]. Journal of Environmental Sciences, 2015,
34.37-43.

GUO Y X,LIUZ Y,LI Y M, et al. NH; regeneration of SO, —cap-

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

tured V,05/AC catalyst —sorbent for simultaneous SO, and NO
removal[ J]. Journal of Fuel Chemistry and Technology,2007,35
(3) :344-348.

GUO Y X,LIU Z Y,LIU Q Y,et al. Regeneration of a vanadium
pentoxide supported activated coke catalyst—sorbent used in sim-
ultaneous sulfur dioxide and nitric oxide removal from flue gas:
Effect of ammonia[ J]. Catalysis Today,2008,131( 1) :322-329.
MOCHIDA I,KORAI Y,SHIRAHAMA M, et al. Removal of SO,
and NO, over activated carbon fibers[ J]. Carbon,2000,38(2) :
227-239.

OGRISECK S,VANEGAS G P G. Experimental investigations of
ammonia adsorption and nitric oxide reduction on activated coke
[J]. Chemical Engineering Journal ,2010,160(2) :641-650.
ik, S, NS, AF. B R T4 T NH, G 4k
PRESPEALBITTEL ] IR AR ,2018,46(08) :209-213.
XIE Wei, QU Sijian, WANG Peng, et al. Study on optimizing
denitrification of activated coke loading NH; under moving bed
process[ J]. Coal Science Technology,2018,46(8) :209-213.
TRUT, 28 X S R, A #% 8l PRI T £ S b IR fR 8
BASRAAE AT AT [T]. 5 B2 TR 22 4L, DOL: 10. 12034/j. issn.
1009-606X.219268.

YU Fengqin, LI Yunjia, LIU Zhouen et al. Formation and charac-
teristics of used active coke from flue gas purification process
in moving bed[ J]. The Chinese Journal of Process Engineering,
DOI:10.12034/].issn.1009-606X.219268.

RO ZHE W Ak, A — DR 4R K A T s R
& : CN109433156A[ P]. 2019-03-08.

Rk, RS, BN, A 2R AR B R
0 Te) s RO 58 A Y 2R 4t % )7 ¥ : CN105727708A [ P ]. 2016
07-06.

HEIDENREICH S, NACKEN M, HACKEL M, et al. Catalytic
filter elements for combined particle separation and nitrogen
oxides removal from gas streams[ J]. Powder Technology, 2008,
180( 1) :86-90.

SARACCO G,SPECCHIA V. Simultaneous removal of nitrogen
oxides and fly—ash from coal-based power—plant flue gases[ J].
Applied Thermal Engineering,1998,18(11) :1025-1035.
ZUERCHER S,PABST K,SCHAUB G. Ceramic foams as struc-
tured catalyst inserts in gas — particle filters for gas reactions:
Effect of backmixing[ J]. Applied Catalysis A : General ,2009,357
(1):85-92.

NACKEN M, HEIDENREICH S,HACKEL M, et al. Catalytic ac-
tivation of ceramic filter elements for combined particle
separation, NO, removal and VOC total oxidation [ J]. Applied
Catalysis B:Environmental ,2007,70( 1) :370-376.

FINO D,RUSSO N,SARACCO G,et al. A multifunctional filter
for the simultaneous removal of fly—ash and NO, from incinerator
flue gases[ J]. Chemical Engineering Science, 2004, 59 (22):
5329-5336.

SARACCO G,SPECCHIA S,SPECCHIA V. Catalytically modified
fly—ash filters for NO, reduction with NH;[J]. Chemical Engineer-
ing Science,1996,51(24) :5289-5297.

PARK Y-O,LEE K W,RHEE Y W. Removal characteristics of



i WA AR R A R AR SR Ui A S SRR R 5 1o FH 2

www.chinacaj.net

2020 4F55 1

[55]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

nitrogen oxide of high temperature catalytic filters for simultaneous
removal of fine particulate and NO, [J]. Journal of Industrial and
Engineering Chemistry,2009,15(1) :36-39.

KIM Y G,CHOIL J H, YU L, et al. Modification of V,05-WO;/
TiO, catalysts supported on sic filter for no reduction at low tem-
perature [ J ]. Solid State Phenomena, 2007, 124/126; 1713—
1716.

CHOI J H,KIM J H,BAK Y C, et al. Pt-V,05-WO0;/TiO, cata-
lysts supported on SiC filter for NO reduction at low temperature
[J]. Korean Journal of Chemical Engineering, 2005,22(6) :
844-851.

CHOI ] H,KIM S K,HA S J, et al. The preparation of V, 05/
TiO, catalyst supported on the ceramic filter candle for selective
reduction of NO[ J]. Korean Journal of Chemical Engineering,
2001,18(4) :456-462.

CHOI J H,KIM S K,BAK Y C. The reactivity of V,05-WO; -
TiO, catalyst supported on a ceramic filter candle for selective re-
duction of NO[J].
2001,18(5) :719-724.

Zhang Y S,Li C M, Yu C, et al. Synthesis, characterization and

Korean Journal of Chemical Engineering,

activity evaluation of Cu—based catalysts derived from layered
double hydroxides( LDHs) for DeNO, reaction[ J]. Chemical En-
gineering Journal ,2017,330,1082-1090.
HUANGFU L, ABUBAKAR A, Li C M, et al. Development of
red mud coated catalytic filter for NO, removal in the high tem-
perature range of 300-450 °C [ J]. Catalysis Letters, DOI; 10.
1007/510562-019-02953 —x.
TR AL SRy TE S TR P A X AR A
I3 B Bl A I PE Y SE A (7). 4k T 4R, 2018, 69 (2)
682-689.
YU Chao, LI Changming,ZHANG Yusheng, et al. Effect of ceram-
ic matrices on dispersion of loaded catalyst and DeNO, activity
of catalytic filters[ J]. CIESC Journal ,2018,69(2) :682-689.
SRM T A CE R 41, 45 U Bk T A JE I DR A AL P
BEUESIBTRI[ 1], SR TR, 2017,17(6) :1249-1256.
ZHANG Yusheng, LI Changming, ZENG Hong, et al. Preparation
of V,05-WO;-TiO,/cordierite based catalytic filter for removal
of NO, from flue gas[ J]. The Chinese Journal of Process Engi-
neering,2017,17(6) :1249-1256.
FUL, A, i, A — R A AR B — R AL HE O
fE4EE . CN108854529A P]. 2018-11-23.
ZHANG J,ZHANG R,CHEN X, et al. Simultaneous Removal of
NO and SO, from flue gas by ozone oxidation and NaOH
absorption [ J]. Industrial & Engineering Chemistry Research,
2014,53(15) :6450-6456.

WANG H, YUAN B, HAO R, et al. A critical review on

the method of simultaneous removal of multi—air— pollutant in

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

flue gas[ J]. Chemical Engineering Journal ,2019,378:122155.
MOK Y S,LEE H J. Removal of sulfur dioxide and nitrogen
oxides by using ozone injection and absorption — reduction tech-
nique[ J]. Fuel Processing Technology,2006,87(7) :591-597.
HULTEN A H,NILSSON P,SAMUELSSON M, et al. First evalu-
ation of a multicomponent flue gas cleaning concept using chlorine
dioxide gas. Experiments on chemistry and process performance
[J]. Fuel,2017,210.885-891.

CHANG J S,URASHIMA K,TONG Y X, et al. Simultaneous re-
moval of NO, and SO, from coal boiler flue gases by DC corona
discharge ammonia radical shower systems; Pilot plant tests[ J].
Journal of Electrostatics,2003,57(3) ;313-323.
TREAER o PRRRE, . RS G TR UM O B A
PR R I BB A SRR W [ U], BRORHME AR 24, 2015, 43
(1):88-93.

ZHANG Minghui, MA Qiang, XU Chaoqun, et al. Simultaneous
removal of NO,_ and SO, from glass furnace flue gas by ozone oxi-
dation and spray tower[ J]. Journal of Fuel Chemistry and Tech-
nology,2015,43(1) :88-93.

BARA: AR, TR, % RS S 02 WO R] 5
BRBLASRYWETEL ], 300 TAE2A4,2006,26(4) :563-567.
WEI Linsheng,ZHOU Junhu, WANG Zhihua, et al. Simultaneous
desulfurization and denitrification by combined ozone oxidation
and chemical scrubbing[ J]. Journal of Power Engineering,2006 ,
26(4) :563-567.

ABYERE A, . A LIS G AT e A A B AR 3t s
FE[J]. EEREROR ,2017,23(4) :84-88.

XIONG Yingying, YANG Yang, BAI Tao. Catalytic oxidative des-
ulfurization and denitration of organic sulfoxide catalysts [ J].
Clean Coal Technology,2017,23(4) .84-88.

EATRIS IR MR AR A, RS & 2K OB i <
IR AT 1] . BRHEAL2,2011,30(3) :708-712.

HU Dafen,HU Zhaoji, WEI Linsheng, et al. Study on fume desul-
furization and denitrification by NH; - H, O absorption combined
with ozone oxidation[ J]. Enviromental Chemistry,2011,30(3) .
708-712.

SUN W Y,DING S L,ZENG S S, et al. Simultaneous absorption
of NO, and SO, from flue gas with pyrolusite slurry combined
with gas—phase oxidation of NO using ozone[ J]. Journal of Haz-
ardous Materials,2011,192( 1) :124-130.

MENG Z H, WANG C Y, WANG X R, et al. Simultaneous

removal of SO, and NO, from coal—fired flue gas using steel slag

slurry[ J]. Energy & Fuels,2018,32(2) :2028-2036.

MENG 7Z H, WANG C Y, WANG X R, et al. Simultaneous

removal of SO, and NO, from flue gas using(NH, ),S, 05/ steel

slag slurry combined with ozone oxidation [ J]. Fuel, 2019,

255:115760.

173





