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ABSTRACT Metallurgical solid wastes, such as metallurgical dust and mud containing iron, are formed during metallurgical sintering.
They are composed of complex components and are harmful to the environment. Alongwith the current metallurgical sintering process,
NO, emission control is the top priority of pollution control in the steel industry. This paper proposes a new idea of preparing doped low-
temperature catalysts using metallurgical dust and mud containing iron. Herein, the metallurgical iron-containing mud was modified by
acid leaching, and the products were doped with Ce and Mn by the precipitation method to prepare a new type of catalyst. The prepared
Mn—Ce-doped mud-based catalyst (Mng osCey ;/ADM, the ADM represents the dust and mud from acidolysis) was characterized via X-
ray diffraction, nitrogen adsorption/desorption isotherm method, scanning electron microscopy, X-ray photoelectron spectroscopy,
temperature-programmed desorption of ammonia, and temperature-programmed reduction of hydrogen. The results showed that
Mn, osCe( ;/ADM achieveda NO, removal rate of >90% within a wide temperature range from 170 °C to 430 °C. Moreover, itshowed

excellent SO, and H,O resistance. A microstructural analysis revealed that the strong interaction between Fe—Ce—Mn could improve the
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surface acidity of the catalyst, thus increasing Lewis acid sites. Further, the active components of Mn osCe, ;/ADM prepared by Ce and

Mn exhibited good dispersion and an excellent mesoporous structure. In particular, Mn doping could inhibit the crystallization degree on

the catalyst surface, improve the dispersed state of the active components in Mny (sCe, ;/ADM, and help improve the catalyst SCR

(Selective Catalytic Reduction) activity. Combined with theanalysis of the factors influencing the catalyst, the results showed that the

Ce—Mn doped catalyst increased the Fe** concentration while sacrificing a certain amount of Ce®* and high-valent Mn', achieving the

most balanced denitration activity. Mng osCe, ;/ADM formed more NO active centers by increasing the Lewis acid content to promote

the generation of nitrate species and NO,. Moreover, Mn doping enhanced the Fe—Ce synergy, which makes active species (Mn—Ce—Fe)

easier reduction. In particular, the increase in surface oxygen mobility could significantly improve the low-temperature activity of the

catalyst. The water and sulfur resistance tests of the three catalysts (Cey;/ADM. Mnj,s/ADM. Mn,(sCeq;/ADM) showed that

Mny ¢sCe, ;/ADM benefited from the excellent water and sulfur resistance of Fe and Ce. The results showed that doping Ce into ADM

inhibited the adsorption of H,O molecules on the active component 3-MnO, and also the reaction of SO, molecules with the component.

The results reported herein can provide theoretical references for the high-value-added utilization of metallurgical solid wastes.

KEY WORDS metallurgical solid waste; metallurgical dust and mud containing iron; doping; iron-based; catalyst
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Table 1 Chemical composition of iron-bearing dust and mud %
TFe Si Ca Al Mg P Mn S K Ti
55.64 4.11 3.26 1.48 1.36 0.24 0.26 0.29 0.15 0.10
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Fig.2 XRD patternof the original sample of iron-bearing dust and mud

A, AR SR ILE 2, FEIUETHE R 1 XRF
S3 AT KRB
22 ELFISFES
22.1 AR B YRR o3BT

X} Ceq ;/ADM, Mny os/ADM 5 Mn osCe, /ADM
HEALFIFETT XRD 335 K 5047, WAl 4 FoR, #id4lE PDF
(PDF#89-0596) & F X i, = Ffr 4 £k 751 3= 2 9y A
A8 T 2R g B AlA, SO B9 58 WA Sy £ 3
SE R WA (PDF#85-1053), 1% A & B8 H Ay 4= i ) #H
FEAE. AE R R B Ce. Mn AH GBI AR, U8 HA 350 3
A A 1Y 45 2 O R AR R H Ce Min T E [RIAE DA

B3 Ekaienifon

A S ARSI Y T RS 3 A [RIE AT LU Y, AR
F Ce, ,/ADM, Mn, ,s/ADM k5], Mn, osCe, /ADM
A TR A3 S e i B RIS AR A I 1)
WA, RUEEZ AWM, B 2251 AR Ce, Mn
[F] Fe [ IR i B 8L IR &, MR B 28] 1
A3 HUVE FH T R I &5 o B2 AR 40 5] 4(b), Ce—Mn 3
% 24 1k 1) Mnyg o5Ce | /ADM 7 5 U 1] 32 /)N 20 £
FEAmES, DI 7™ Az fi A% i B, S0 B 2 ol o 1A 25 o7 184
Z, AR TR L, 48 AR s
222 AL A SO IE 5543 A

KT X Ce#4% . Mn#B 2% . Ce-Mn $£15 4%
A AL R A RO A, X = A R AT R B
(SEM) iz, 4l 5 fF 7R, Mng o5/ ADM {4157 JC 4R
FETEA, FER R POR AL, 2R 1Hor Ai DBORNA —
A ERIE R, FLEC 2705 T Mg o5Ce, ;/ADM 1 fk
FTF] Ceo /ADM i AL TE 5 25 4L, SEM K& Tt
PRAE LG = A, F AR B R /N B A0 B BROE 80 2R 4
2R, UKL 31 A R I B, I LSO [ R K
FLBRZE M, H&E R R R mA, Xl gEfs s T
Fe—Ce—Mn [H] (1) 58 AR B.VE T, DA A2 4 35 PR 20 43 2
AT 0 o HchE.
223 AL A LS by

it —2L 40 BT Mn $8 284050 R 15 MnO, 475

L5, (2) R4 (b) it

Fig.3 Microstructureof iron-bearing dust and mud: (a) low magnification; (b) high magnification
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Table 2 EDS data ofiron-bearing dust and mud (selected area in Fig.3)

Element Mass fraction/% Atom content/%
Fe 5491 28.27
(6] 34.76 62.47
Si 2.65 2.72
Ca 4.39 3.15
Al 1.16 1.24
Mg 1.26 1.49
Mn 0.03 0.02
K 0.44 0.33
Ti 0.25 0.15
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Fig.4 XRD patternsof Ce, ;/ADM, Mn, os/ADM, and Mn, 4sCe, ;/ADM
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Fig.5 SEM imagesof Ce,;/ADM, Mn,(s/ADM,andMn, sCe, ;/ADM

catalysts: (a) Cey;/ADM; (b) Mn,,s/ADM; (c) Mng¢5Cego/ADM(low
magnification); (d) Mng ysCeq o;/ADM(high magnification)
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Fig.6 Raman spectra of Cey;/ADM, Mn(s/ADM,and Mn,sCe /
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Table 3 Specific surface area, pore volume, and pore size parameters of
the catalysts

Catalysts BET suzr fa,cf Pore s ., Pore size/nm
area/(m*g ) volume/(cm’g )
ADM 20.08 0.0326 5.76
Ce, /ADM 29.12 0.0466 7.01
Mny ys/ADM 9.79 0.0191 8.41
Mny osCe, ;/ADM 34.77 0.0638 7.38
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Fig.7 N, adsorption/desorption isotherms (a) and pore size distribution (b) of the catalysts
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Table 4 Surface atomic concentration ratios of the catalysts
Catalysts (Oo/Orota)/% (Fe*'/Feroa)/% (Mn*+ M0’ /Mrpoq)/% (Ce™'/Cerqa)/%
Cey ;/ADM 65.28 62.53 33.33
Mn,, os/ADM 65.53 69.62 61.47
Mng osCey | /ADM 61.20 69.10 47.67 28.60
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