$49% Hol ke 4h Bk Vol.49 No.6

2024 412 H Sintering and Pelletizing Dec. 2024
fo]
£ LSRN :
: WMERMES CO AT KRBV R ELSHETEARHER
¢
éii H A, e, A, A, B4, FE 5,
S acsed

FE, BEED, IR, R4
(L PR RN 5 A4 AR B TG K70 410083 ;2. rrERbFpe SRYLAUHIIIEE, VLPG SM 341119;
3. Ak K EE TRARTEA R, BIR K75 4102054, IR MM A R 7, W T 411101)

RE: MR EEAAREI, 55 T3 CO AR E W T M, B 06| 2 fl K& K81 & o 2 TRk
R, AR CORMANKENERLAF L EHATER N EEFEEDFOERIH KL CO #
MR R EAAEKRENEAR BTG R EE . BAAXREEECFE P E FEHH
B oERAE KAPE AEBRNAIURIAMERERE, 225 . Rk SFERKUCEN S ERLAKT
FEPREREEEERRNH#AT; KA EGER A FREAARTELE; ABREFEARLAS T4
BB AR, TR ER RN R AN B N A AT R A, WA, RBARKBRBELREREHES
BRI EMBE, SRRt B HREAANES, B4 RALBEI X EEA LB L hER
SERKREE, TUBRKAABRHEE. A4BEATRAREFIREREN T2 HRA, 2ERMAXREL AN
KB, E SRR ER BT R EELE, ANTREEAA N EEAREEE, Bt T EkiT
RB#BSEERMNENARZEFTUEANEZEFR, ¥ERTRNERAUAZNFTELEZ AP, AL R LRHE
FAFRBEELRBANTARERRE RN ER, THGX COBMAA MK R HEF,

KER:REWA; 2RBEMA; —F sk, THERE; FTHERLE

i E 4y %2 : TF046. 4;X701. 7 SCERARIRAD : A ST E 452 11000 — 8764 (2024)06 - 0001 — 10
doi ; 10. 13403/j. sjqt. 2024. 06. 086

Research progress on deactivation mechanism and its improvement
method of CO catalyst in steel gas

GAN Min', MA Shihui', FAN Xiaohui', LIU Kaijie®, LIAO Jiyong’, JI Zhiyun',
SUN Zengging', ZHAO Gaige'*, WANG Zhaocai’, YU Haizhao’

(1. School of Resource Processing and Bioengineering, Central South University , Changsha 410083 ,Hunan, China;
2. Ganjiang Innovation Institute ,Chinese Academy of Sciences, Ganzhou 341119, Jiangxi, China ;3. Zhongye Changtian
International Engineering Co., Ltd. ,Changsha 410205 , Hunan , China ;4. Hunan Valin
Xiangtan Iron & Steel Co.,Ltd.,Xiangtan 411101, Hunan, China)

Abstract: The composition of steel sintering gas is complex, which can easily lead to the decline of CO catalyst activity, so
inhibiting catalyst deactivation and prolonging catalyst life are the key problems that need to be solved urgently. The
deactivation mechanism of CO catalyst and its improvement process are reviewed ,the mechanism of action of various toxic
substances and their influence on CO catalytic reaction are introduced, the deactivation mechanism of the catalyst is

explored and corresponding prevention or recovery measures are proposed. Catalyst deactivation mainly includes chemical
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poisoning, binder barrier, high temperature inactivation, water vapor poisoning, gas-solid reaction failure, and mechanical
wear. The results show that the carbon deposition, coking and hydration reactions are easy to poison on the surface of the
catalyst,and an inert overburden is formed to block the reaction. Long-term high-temperature reaction can easily lead to
consolidation on the surface of the catalyst;in the gas-solid reaction,oxygen or chlorine will react with the metal activity to
form volatile oxides or chlorides into the gas phase, causing material loss. In addition, the use of air flow blowing or catalytic
bed stacking extrusion will reduce the pore structure strength, cause particle fragmentation and dusting, and affect the life of
the catalyst. Precious metal consumption can be reduced by dispersing gold and silver precious metals on the surface of
alumina or other non-precious metal carriers. Precious metals maintain a stable and highly dispersed state in high-
temperature heat treatment, which will form nanoparticles on the surface of the catalyst, and synergistically interact with
transition metals to cause lattice distortion and construct active sites, thereby improving the activity and stability of the
catalyst. Rotation of catalysts involved in the reaction through process design is the main means of active regeneration. The
replaced waste catalyst is sent into the regeneration system to clean the deposited coke that blocks the pore channel and the

toxins that occupy the site by washing and blowing,which can eliminate the obstacle to the CO catalytic oxidation system.
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Fig. 1 Surface poisoning and deactivation of

metal catalyst
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Fig.2 Chemical poisoning of surface sites on

metal catalysts
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Fig. 3 Surface fouling coverage sites on metal catalysts
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Fig. 4 Surface sintering deactivation of metal catalysts
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Fig. 5 Surface doping of precious metals on transition
metal catalysts
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Fig. 6 Surface activity regeneration of waste catalysts

TRATRITHE A7) 2% 3 AL B0 P A T 20 A



2024 4E455 6 0]

H o, e BB CO ARG R G AL MOty i e 7

345 4 JE AT T B0 S AR RS B T MR 1Y
BRI, D AR A A, AR ) — A
FURFHE S AT A0 FT A e T et i
Vel B A I KL BR Rt {5 Ge Wy 2% o, nl fi i
A AR TR 11 905 1 R AR DK A2 0 400 i 7 B B R
PR AT BE A% DR 4 00 A2 2 PR B8 13 W 1, 51l
PUBLIE . POKIE . DU AR

ARFIE P L T4 R AL 5 93 D Y S 2 A
GNHE . R A P A R L 5 N P AR R 4
EHAR R . AR, ERR ez L]
(O BCREIE N, Al B A B A 2 3 i 7 2O R A
A, XA RIKE T Ik H A I T i
TG S o T —BEAE CO HEAL S RLF 1R 2 P
JIT B B AEA R A T2 L RE SR I A o S e 1
(R1I5 85% VIR o MEALRITH PRI (9 SR AE T 2%
BRUCBUE, R DR i A 225 1) A 5] R 1 5
PIRG e R SF o FRAR S PR AR R A [ o o =S
R ARG OBII T A 7R S S HEAT UK
HORE, HASZ BRI I 9 2R AR A T
MEALTR BT/, XS CO ML Y o 3 SRR AR 1T 4
1/357 7T PPl G S A R P I 5 — A R
T e e T TR AL R ) R BE R TG .
FFIE A (9 AR 25 1F R0 58 356 4 <6 i 119 23 BIOR SE
MEAL R 73 fir o A TAT PP 2 Al LG aod v 4 SR 4ok
TRy, o AT R e TR S T e e e
H7RAE—EFEIE_E IR NE AL G &R R AL
RS N BORRR RS ¥ U V&N S LK EN LY 5
PEARBC T AL R P AR D22 0, 5 T B R
AT AR IR DTRG0

3% it

(1) b I8 4 TR A P A o ¥ R 9 Bk Tl b8
S5 CO Ao B i 2 — o A ISR
TZwedt . LRI T BRI SEE r fiEAE
FIFHEBC R, AT LM CO HEALR AR m R4
P e A TE PE RS E P An T AR IR i w55 0
AL TR LB T3 iy J2 B 45 M M A sk i
itk LR FF) SR B TR

(2) ZRhHRB AT FE CO MR KT, A
LS 6 PR 3 w30 4 T A S8 AN g, A E

SRS FHL AT PR A BT AN L 3O A AR R
TEfR UL R 2 SO, S AUARTETE PO S 1R o
FHAEARZE T PeE T 2t — 22 184 Ja R A ik A
PRI o BR T SUHRIRRT LASh, S ma i AL 7R 2% 16 7Y
ERNF SR R AERTUR, B Y
BELFR 2 i e T 202 KORIBLGE SR W, 2 52 i e
1] 5 ) PP R 358 P R S o o S A AL
e, MEACIRIZ XS T JRBURL I e da LRk 2 AL,
I vl S N A 2 T A T R R 25 R
(ERiEE, SRAESEPR A AR R 2O R A (R

(3) HiE T 32 CO AL R i) BN R
AARSCHIL] , S4B iy R A A 50 955 1 453 2 1)
T2 O EBEI IR Y Z BT 4 A 5 A i
PEAT AL B AL, BEARA T U A o 10 e
Q@ il AR A T2, AR SE PR AR 7 1
DL E SN AR B AR o R SRBIE TS 1 M 2 T
Ky R KR BRRAL S WAL R U KR
AR ZHE B Y I A LA 20 CO ik
FANZR G PEAR A ML R L~ R 2

Sk

[1] CUIL,LIUM Y,YUAN X L, et al. Environmental and
economic impact assessment of three sintering flue gas
treatment technologies in the iron and steel industry[ J].
Journal of Cleaner Production,2021,311,127703.

[2] DUCC,LUSY,WANG Q L,et al. A review on catalytic
oxidation of chloroaromatics from flue gas[ J]. Chemical
Engineering Journal ,2018 ,334.519 - 544.

[3] HUANG W X. Oxide nanocrystal model catalysts[J].
Accounts of Chemical Research,2016,49 (3):520 -
527.

[4] DEY S,DHAL G C. Synthesis of Hopcalite catalysts by
various methods for improved catalytic conversion of
carbon monoxide[ J]. Materials Science for Energy
Technologies ,2020,3:377 —389.

[5] DEY S,DHAL G C, MOHAN D, et al. Application of
Hopcalite catalyst for controlling carbon monoxide
emission at cold-start emission conditions[ J]. Journal of
Traffic and Transportation Engineering ( English
Edition) ,2019,6(5) :419 —440.

[6] ARGYLE M, BARTHOLOMEW C. Heterogeneous

catalyst deactivation and regeneration; A review[ J].



8 B 4 B H49E o
Catalysts,2015,5(1) ;145 - 269. monoxide over transition metal oxides[J]. Chem Cat

[7] PUNNIYAMURTHY T,VELUSAMY S,IQBAL J. Recent Chem,2011,3(1) ;24 - 65.
advances in transition metal catalyzed oxidation of [18] SOLIMAN N K. Factors affecting CO oxidation reaction
organic substrates with molecular oxygen[ J]. Chemical over nanosized materials; A review[J]. Journal of
Reviews,2005,105(6) :2329 —2363. Materials Research and Technology,2019,8(2) :2395 -

[8] KIM J, SOVACOOL B K, BAZILIAN M, et al 2407.

Decarbonizing the iron and steel industry: A systematic [19] FAN X H, MA S H, GAN M, et al. Review on CO
review  of  sociotechnical  systems, technological terminal treatment technologies in steel industry[J].
innovations , and policy options| J]. Energy Research & Journal of Cleaner Production,2023,418:138231.

Social Science,2022,89:102565. [20] GAN M, FAN X H,YU Z Y, et al. A laboratory-based

[9] DEY S, DHAL G C, MOHAN D, et al. Cobalt doped investigation into the catalytic reduction of NO, in iron
CuMnO, catalysts for the preferential oxidation of carbon ore sintering with flue gas recirculation[ J ]. Ironmaking
monoxide[ J]. Applied Surface Science,2018,441.303 - & Steelmaking,2016,43(6) ;442 —449.

316. [21] LU J C,WANG J,ZOU Q,et al. Unravelling the nature of

[10] FILIZ B, CIGDEM G. Characterization and CO oxidation the active species as well as the doping effect over Cu/
activity studies of co-based catalysts[ J ]. Turkish Journal Ce-based catalyst for carbon monoxide preferential
of Chemistry,2007,31(5) :465 —471. oxidation[ J]. ACS Catalysis,2019,9(3) :2177 —2195.

[11] DEY S,DHAL G C,MOHAN D, et al. Low-temperature [22] PARK J H,CHO J H,KANG S E,et al. Low-temperature
complete oxidation of CO over various manganese oxide CO oxidation over water tolerant Pt catalyst supported on
catalysts[ J]. Atmospheric Pollution Research, 2018, Al-modified CeO,[J]. Korean Journal of Chemical
9(4):755 -763. Engineering,2013,30(3) :598 — 604.

[12] FAN X H, MA S H, GAN M, et al. A Ce/Hopcalite [23] MARINO F, SCHONBROD B, MORENO M, et al. CO
catalyst for low-temperature oxidation of CO ; Preparation, preferential  oxidation over CuO-CeO, catalysts
performance and mechanism[J]. Chemical Engineering synthesized by the urea thermal decomposition method
Journal 2024 ,484 :149636. [J]. Catalysis Today,2008 ,133:735 —742.

[13] VEPREK S,COCKE D L,KEHL S, et al. Mechanism of [24] BALIKC: DEREKAYA F, KUTAR C, GULDURC.
the deactivation of Hopcalite catalysts studied by XPS, Selective CO oxidation over ceria supported CuO catalysts
ISS, and other techniques[ J ]. Journal of Catalysis, 1986, [J]. Materials Chemistry and Physics,2009,115(2/3)
100(1) ;250 - 263. 496 -501.

[14] NGOROT KEMBO J P, WANG J Y, LUO N, et al. A [25] LESMANA D, WU H S. Modified oxalic acid co-
review of catalytic oxidation of carbon monoxide over precipitation method for preparing  Cu/Zn0/Al, 0,/
different catalysts with an emphasis on Hopcalite Cr,0,/Ce0, catalysts for the OR ( oxidative reforming) of
catalysts[ J]. New Journal of Chemistry,2023,47(44) . M( methanol) to produce H, (hydrogen)gas[ J]. Energy,
20222 -20247. 2014,69:769 - 7717.

[15] LARSSON P O,BERGGREN H, ANDERSSON A, et al. [26] NYATHI T M,FADLALLA M I,CLAEYS M. In situ and
Supported metal oxides for catalytic combustion of CO operando characterisation in the preferential oxidation of
and VOCs emissions; Preparation of titania overlayers carbon monoxide over base metal oxide catalysts: A
on a macroporous support[ J]. Catalysis Today, 1997, review[ J |. ChemCatChem 2024 ,16(14) :e202400285.
35(1/2) :137 - 144. [27] FANG W,WANG C T,LIU Z Q,et al. Physical mixing of

[16] DEY S,DHAL G C,PRASAD R, et al. Effects of doping a catalyst and a hydrophobic polymer promotes CO
on the performance of CuMnO, catalyst for CO oxidation hydrogenation through dehydration[ J]. Science, 2022,
[J]. Bulletin of Chemical Reaction Engineering & 377(6604) :406 —410.

Catalysis,2017,12(3) ;370 - 383. [28] FAN X H, WONG G, GAN M, et al. Establishment of

[17] ROYER S, DUPREZ D. Catalytic oxidation of carbon refined sintering flue gas recirculation patterns for gas



2024 4E455 6 0]

H o, e BB CO ARG R G AL MOty i e 9

[29]

[30]

[31]

(32]

(33]

[34]

[35]

[36]

[37]

(38]

[39]

pollutant reduction and waste heat recycling[ J]. Journal
of Cleaner Production,2019,235.1549 - 1558.
BARTHOLOMEW C  H. Mechanisms of catalyst
deactivation[ J]. Applied Catalysis A: General, 2001,
212(1/2) .17 - 60.

GUISNET M, RIBEIRO F R. Deactivation and
regeneration of zeolite catalysts[ M]. London: Imperial
College Press,2011.

BARTHOLOMEW C, ARGYLE M. Advances in catalyst
deactivation and regeneration[ J ]. Catalysts,2015,5(2) ;
949 —954.

CIMINO S, LISI L. Catalyst deactivation, poisoning and
regeneration[ J ]. Catalysts,2019,9(8) :668.

GAN M,JI Z Y,FAN X H, et al. Insight into the high
proportion application of biomass fuel in iron ore sintering
through CO-containing flue gas recirculation[ J ]. Journal
of Cleaner Production,2019,232.1335 - 1347.

PANG J J,LI W T,CAO Z H, et al. Mesoporous Cu,O-
CeO, composite nanospheres with enhanced catalytic
activity for 4-nitrophenol reduction[ J]. Applied Surface
Science ,2018,439 .420 - 429.

AMADINE O, ESSAMLALI Y, FTHRT A, et al. Effect of
calcination temperature on the structure and catalytic
performance of copper-ceria mixed oxide catalysts in
phenol hydroxylation[ J ]. RSC Advances,2017,7(21) :
12586 - 12597.

LI Z Y,LIU J D, GAO B, et al. Cu-Mn-CeO, loaded
ceramic catalyst for non-thermal sterilization and
microwave thermal catalysis of VOCs degradation[J].
Chemical Engineering Journal ,2022,442 .:136288.
BAYON R, SAN VICENTE G, MORALES A. Durability
tests and up-scaling of selective absorbers based on
copper-manganese oxide deposited by dip-coating[ J].
Solar Energy Materials and Solar Cells,2010,94 (6) :
998 —1004.

WANG J Y, GAO F Y, DANG P H, et al. Recent
advances in NO reduction with CO over copper-based
catalysts ; Reaction mechanisms, optimization strategies,
and anti-inactivation measures[ J]. Chemical Engineering
Journal ,2022,450.137374.

OTOR H O, STEINER J B, GARCIA-SANCHO C, et al.
catalyst
ACS Catalysis, 2020,

Encapsulation  methods  for  control  of

review[ J |.

10(14) ;7630 - 7656.

deactivation: A

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

OUDAR J. Sulfur adsorption and poisoning of metallic
catalysts[ J ] . Catalysis Reviews, 1980,22 (2):171 -
195.

NASRI N S, JONES J M, DUPONT V A, et al A
comparative study of sulfur poisoning and regeneration of
precious-metal catalysts[ J]. Energy & Fuels, 1998,
12(6) :1130 - 1134.

MCLAGAN D S, HUANG H Y, LEI Y D, etal
Application of sodium carbonate prevents sulphur
poisoning of catalysts in automated total mercury analysis
[J]. Spectrochimica Acta Part B: Atomic Spectroscopy,
2017,133:60 - 62.

MOON H D,LIM T H,LEE H I Chemical poisoning of
Ni/MgO catalyst by alkali carbonate vapor in the steam
reforming reaction of DIR-MCFC[J]. Bulletin of the
Korean Chemical Society,1999,20(12) ;1413 —1417.
DEY S, DHAL G C, MOHAN D, et al. Characterization
and activity of CuMnO,/y-Al, O, catalyst for oxidation of
carbon monoxide[ J]. Materials Discovery,2017,8:26 —
34.

COSTELLO C K,KUNG M C,OH H S, et al. Nature of
the active site for CO oxidation on highly active
Au/y-AlL,0,[J]. Applied Catalysis A: General, 2002,
232(1/2) :159 - 168.

CHO S H,PARK J S, CHOI S H, et al. Effect of water
vapor on carbon monoxide oxidation over promoted
platinum catalysts[ J ]. Catalysis Letters,2005,103(3) ;
257 -261.

FAN X H,YU Z Y,GAN M, et al. Influence of O, content
in circulating flue gas on iron ore sintering[ J]. Journal of
Tron and Steel Research, International, 2013, 20 (6) .
1-6.

LI SY,LIU G, LIAN H L, et al. Low-temperature CO
oxidation over supported Pt catalysts prepared by colloid-
deposition method[ J ]. Catalysis Communications, 2008,
9(6) :1045 - 1049.

BAUER E, MAN K L, PAVLOVSKA A, et al. Fe,S,
(greigite) formation by vapor-solid reaction[ J]. Journal
of Materials Chemistry A,2014,2(6) :1903 - 1913.
PHAM-HUU C, KELLER N, EHRET G, et al. The first
preparation of silicon carbide nanotubes by shape memory
synthesis and their catalytic potential[ J]. Journal of
Catalysis ,2001,200(2) :400 —410.

ALBERS M O, COVILLE N J. Reagent and catalyst



10 VSR - H49E o
induced substitution reactions of metal carbonyl regeneration by platinum versus noble metal-free
complexes[ J]. Coordination Chemistry Reviews, 1984, catalysts : From principles to real application[ J]. Topics
53,227 -259. in Catalysis,2017,60(1) .2 —12.

[52] FAGNOU K, LAUTENS M. Halide effects in transition [63] MENG M,ZHA Y Q,LUO J Y, et al. A study on the
metal catalysis[ J]. Angewandte Chemie ( International catalytic synergy effect between noble metals and cobalt
Ed) ,2002,41(1) .27 —47. phases in Ce-Al-O supported catalysts[ J]. Applied

[53] GOSSELINK J W, VAN VEEN J A R. Coping with Catalysis A :General ,2006,301(2) :145 - 151.
catalyst deactivation in hydrocarbon processing [ M ]// [64] WU S M,YANG X Y,JANIAK C. Confinement effects in
Studies in Surface Science and Catalysis. Amsterdam zeolite-confined noble metals[ J]. Angewandte Chemie
Elsevier,1999.3 - 16. (International Ed) ,2019,58(36) :12340 - 12354.

[54] XU J, BARTHOLOMEW C H, SUDWEEKS ], et al. [65] SUI X L, ZHANG L, LI J J, et al. Advanced support
Design, synthesis, and catalytic properties of silica- materials and interactions for atomically dispersed noble-
supported, Pt-promoted iron Fischer-Tropsch catalysts metal catalysts: From support effects to design strategies
[J]. Topics in Catalysis,2003,26(1) ;55 -71. [J]. Advanced Energy Materials,2022,12(1) ;2102556.

[55] KALAKKAD D S, SHROFF M D, KOHLER S, et al. [66] KIM K J,LEE Y L, HONG G R, et al. A study on the
Attrition of precipitated iron Fischer-Tropsch catalysts[ ] ]. activity recovery behavior of noble metal catalysts against
Applied Catalysis A :General ,1995,133(2) :335 —350. sulfur poisoning[ J]. Catalysis Today,2024,425.114361.

[56] DEY S, DHAL G C. Catalytic conversion of carbon [67] JONES J M,DUPONT V A,BRYDSON R, et al. Sulphur
monoxide into carbon dioxide over spinel catalysts: An poisoning and regeneration of precious metal catalysed
overview[ J]. Materials Science for Energy Technologies, methane combustion[ J]. Catalysis Today,2003,81(4) :
2019,2(3) ;575 - 588. 589 - 601.

[57] LAMBERT S, CELLIER C, GRANGE P, et al. Synthesis [68] KOTOBUKI M, LEPPELT R, HANSGEN D A, et al.
of Pd/Si0,, Ag/Si0,, and Cu/SiO, cogelled xerogel Reactive oxygen on a Au/TiO, supported catalyst[]J].
catalysts ; Study of metal dispersion and catalytic activity Journal of Catalysis,2009,264(1) :67 —76.

[J]. Journal of Catalysis,2004,221(2) ;335 - 346. [69] DEY S, CHANDRA DHAL G, MOHAN D, et al.

[58] ZHOU Y, LIU X Y, WANG K, et al. Porous Cu-Mn-O Synthesis of silver promoted CuMnO, catalyst for ambient
catalysts fabricated by spray pyrolysis method for efficient temperature oxidation of carbon monoxide[ J]. Journal of
CO oxidation[ J]. Results in Physics,2019,12; 1893 — Science ; Advanced Materials and Devices,2019,4 (1)
1900. 47 - 56.

[59]7 KONDRAT S A,DAVIES T E,ZU Z L, et al. The effect [70] TRIMM D L. The regeneration or disposal of deactivated
of heat treatment on phase formation of copper manganese heterogeneous  catalysts[ J].  Applied =~ Catalysis = A:
oxide: Influence on catalytic activity for ambient General ,2001,212(1/2) :153 - 160.
temperature carbon monoxide oxidation[ J]. Journal of [71] DING L,ZHAO H X,NI L, et al. Inhibition mechanism of
Catalysis,2011,281(2) :279 —289. H,0 on CO oxidation over CeMnO, catalyst in iron ore

[60] MO S P,HE H,REN Q M, et al. Macroporous Ni foam- sintering flue gas[ J]. Catalysis Letters,2024,154(11) :
supported Co; 0, nanobrush and nanomace hybrid arrays 5838 —5848.
for high-efficiency CO oxidation[ J]. Journal of [72] SHIMIZU K I, SAWABE K, SATSUMA A. Self-
Environmental Sciences,2019,75.136 — 144, regenerative silver nanocluster catalyst for CO oxidation

[61] MARAFI M, FURIMSKY E. Hydroprocessing catalysts [J]. ChemCatChem,2011,3(8) :1290 - 1293.
containing mnoble metals: Deactivation, regeneration, [73] BIRGERSSON H,ERIKSSON L,BOUTONNET M, et al.

[62]

metals reclamation, and environment and safety[J].
Energy & Fuels,2017,31(6) ;5711 —5750.

GIMENEZ-MANOGIL J, QUILES-DfAZ S, GUILLEN-
HURTADO N, et

al. Catalyzed particulate filter

Thermal gas treatment to regenerate spent automotive
three-way exhaust gas catalysts (TWC)[J]. Applied
Catalysis B:Environmental ,2004,54(3) :193 -200.

(T#%34 1)



34 Pe 4 B H49H 6
[65] Z=4, TR, KRR, 5% . AR ESH RIS RM research of carbon dioxide in EAF bottom blowing[ J].
REATEL)]. %45,2015,40(2) .5 -9. Industrial Heating,2014,43(2) ;12 - 14;17.
LI Quan, WANG Huan, ZHU Rong, et al. Experimental [67] 252 250k 80T, %6 . 115 ¢ BTl CO, Wik T
research on using CO, as shielding gas in continuous LRI )]. H54K,2023,39(6) 1 -7;22.
casting[ J]. Continuous Casting,2015,40(2) :5 9. LI Ceng, LI Xin, WEI Guangsheng, et al. Study on the
[66] FEW, AR5, X H:, % . A ALTRAE H TP ISR influence of CO, injection process of 115 t quantum
MFWFGELT]. Tolm#k 2014 ,43(2) ;12 - 14;17. electric arc furnace[ J]. Steelmaking,2023,39(6) ;1 —
WANG Huan,ZHU Rong, LIU Runzao, et al. Application 7;22.
(&% 10 ) transition metal oxide based functional materials for
[74] RASMUSSEN S B, KUSTOV A, SKOTTE J, et al. multi-phase ~ catalytic  applications[ D].  Connecticut :
Characterization and  regeneration of Pt-catalysts University of Connecticut,2015.
deactivated in municipal waste flue gas[J]. Applied [78] BINDER A J. Synthesis and characterization of support
Catalysis B;Environmental ,2006,69(1/2) ;10 - 16. modified nanoparticle-based catalysts and mixed oxide
[75] FAN X H,YU Z Y,GAN M, et al. Elimination behaviors catalysts for low temperature CO oxidation[ D].
of NO, in the sintering process with flue gas recirculation Knoxville : University of Tennessee,2015.
[]]. ISIJ International ,2015,55(10) ;2074 —2081. [79] VEDRINE J. Heterogeneous catalysis on metal oxides
[76] CHEN Y G,GUO Z C,WANG Z. Application of modified [J]. Catalysts,2017,7(11) :341.
coke to NO, reduction with recycling flue gas during iron [80] ZHANG L L,ZHOU M X, WANG A Q, et al. Selective
ore sintering process[ J]. ISIJ International, 2008, hydrogenation over supported metal catalysts: From
48(11) ;1517 - 1523. nanoparticles to single atoms[J]. Chemical Reviews,
[77] KUO C H. Design, synthesis, and characterization of 2020,120(2) :683 -733.
(EEF2071) Ca- and Mg-bearing minerals of steel slag in acidic
[74] MEI X H,ZHAO Q,MIN Y, et al. Phase transition and solution for CO, sequestration[ J]. Journal of Sustainable
dissolution behavior of Ca/Mg-bearing silicates of steel Metallurgy,2021,7(2) :391 - 405.
slag in acidic solutions for integration with carbon [76] ZHAO Q,LIJ Y,YOU K W, et al. Recovery of calcium

[75]

sequestration[ J ]. Process Safety and Environmental

Protection 2022 ,159.221 - 231.
MEI X H,ZHAO Q,ZHOU ] Y ,et al. Phase transition of

and magnesium bearing phases from iron and steelmaking

slag for CO, sequestration[J]. Process Safety and

Environmental Protection,2020,135:81 —90.



