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Fig.1 NOy conversion (a, b) and N selectivity (c, d) of two kinds of catalysts: (a, c) Ce-Nb modified rare earth tailings, (b, d) Ce-Co

modified rare earth tailings
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Fig.2 XRD patterns of rare earth tailings (a) and modified rare
earth tailings (b)
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Table 1  Specific surface area, pore volume and average pore

size of catalysts

Catalyst  Sger/m? g™ Pore volume/mL g Pore size/nm
Ce modified 27.07 0.1349 19.92
Ce-Nb(2:1)  24.53 0.1070 17.45
Ce-Co(2:1)  42.20 0.1356 12.85
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Fig.4 H,-TPR curves of Ce-Nb modified rare earth tailings (a)

and Ce-Co modified rare earth tailings (b)
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Table 2 Hydrogen consumption of the catalyst

Catalyst H, consumption/mmol g*
Ce modified 6.64
Ce-Nb(1:1) 4.87
Ce-Nb(2:1) 3.02
Ce-Nb(3:1) 5.45
Ce-Co(1:1) 15.08
Ce-Co(2:1) 11.12

Ce-Co(3:1) 14.11
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Fig.5 XPS patterns of the catalysts’ active elements: () Ce 3d, (b) Fe 2p, (c) O Is, and (d) Co 2p and Nb 3d
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Table 3 Valence ratio of each element of the catalyst

Valence ratio/% Ce modified Ce-Nb(2:1) Ce-Co(2:1)

ce®/(Ce**+Ce™) 24.8 25.8 40.6

Fe**/(Fe*"+Fe") 54 78.18 46.78
0,/(0,+0p) 100 88.93 100

2.2.5 AEALFH A @ NHy B4 H A7

6a 1 6b 437 Ce-Nb 14 s + A 1 4k 751 K&
Ce-Co it 4 L A i 46 51 NHa-TPD 2k, % 4 4
TEALTR T NH3 IB & o — A RARIR T 1 NH 3 IR B i
Xt 2 B £E Brensted BT 45 b (1 NH,* 2%, 300 “C LA
Y P T B AR Lewis BRAT A5 _E A NHGPH,

MK 6a FHH, Nb IIAJEHIL 4 MR, 7E
100~200 °C 2z [a] (¥ V& V=1 )& 4 Brensted B Ao 5 1) 55 W Bt
U, 300~510 °C . [a] (UK Lewis R A5 1) 5k W it 0,
Lewis FRA. s W it i 107 B 8¢ Ce etV L R 17) 5
o XU Nb HIIIAAAIE N T BRAL S EE, i3
0T R AL S SR, dET AR T PR . AR
4 FHi, Ce-Nb UMM LA LTI 4% NH3 W & HE
%N Ce-Nb(2:1)>Ce-Nb(1:1)>Ce-Nb(3:1), 5 i i

—— Ce modified
—— Ce-Nb (1:1)
—— Ce-Nb (2:1)
Ce-Nb (3:1)
140

TCD Signal/a.u.

TCD Signal/a.u.
N

-

\\ .

—— Ce-Co (1:1)
—— Ce-Co (2:1)
—— Ce-Co (3:1)
200 250 300 350 400 450 500
Temperature/'C

Kl 6 i fE AL 7 NHs-TPD ik
Fig.6 NHs-TPD curves of Ce-Nb modified rare earth tailings (a)

and Ce-Co modified rare earth tailings (b)
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Table 4 NH; adsorption capacity of the catalyst

Catalyst NH; adsorption/mmol g™
Ce modified 11.5
Ce-Nb(1:1) 13.58
Ce-Nb(2:1) 22.54
Ce-Nb(3:1) 8.60
Ce-Co(1:1) 10.86
Ce-Co(2:1) 11.47
Ce-Co(3:1) 11.1

ARG — B, WP & K DI B A R o X U5 A
Ce JLE 7 Lk K 2 i) Nb,Os & 7 3 i1 2% 1 R = 11
YEF, & 4 o0 2 Ee gl R T Ce-Nb 2 [8) &% A5 #H HAE
Fl, fi Ce-O (WFCA S8 BERG N, M 36 7% 11 12 14 3%
KA, T E NHg 75 (A 77 2 T ARV R 354K o

H I 6b B, Co [lm A IR B Ve (14 62 4 i 2 B
% Ce-Co LUl fy BR AT AR B W #s . Co® 8 Jin 1 o
W% 57 f5URN 023 55 B2 A7 04, Brensted 1% 37 78 Ce-Co 4
PERR R AL R G EEE Ok, I BT SOk C A SE
TR R A 6 NH3-SCR S A B Jik (i 42 2k 4 i 280,
ZEAE A MTLLRIL, Co HIBINMES NH; W & W%
Hhn, M Ce-Co(2:1)eMafs L B W b & &k, [F
I 5L A v O R O X T B R A A Ko AR A 7R
PERE B4R 1R H 2
2.3 BRUIINTRERS S

16 EURE A4 1 BE B AR £ Ce-Co Bl Itk A = R ™ i 4k 771
HAT T NH3/NO+O, P 5255 . NHa/NO+O0, Fa s SE i
F NH3/NO+O, il Wl Bt 52 38 , PR 4 751 2 1 W B <Ak
(R BRSO B A o A B v D = W B T R e AL, HE
T 188 1 5751 5 7 8 42 AR e ML o
2.3.1 fEALA R @ NH; 69 R

7 N Ce-Co tttEAR + B AL TE 350 CH I
Bt NH Ji Bifi s 5] 22 £ (1 21 0 B o NH 3@\ 5 min J=,
7E 1569 11170 cm™ H 30 Lewis 2t 0 BE 457 W Bt 1) NH5
W BIg, 1647 A1 1481 cm™ 4biE)H & T Brensted Fg 1t
PER B B NH, 08 2 2R (4R 30 P42, 1371 em™ b
FRIAT AR T J T+ Brensted BRVEAL s b NH, i
A7 N-H B IR0, B NH; I 8] )
W, 1647 11569 cm™ ALY K, 7E 1695, 1610
A 1251 cm™ AR HUBL 3 ASETROMRET S, BT P EON
Brensted FRYENL 55 1 NH, Wb, J5 ¥ % Lewis g FF
O TCASE IR B ) NIH P, Fo b NIH, ™90 o B8 106 i o ) 7
TR B AP AE T AL R SR T, HEBT Co (¥R INAE Brensted
g P AL BB Co®T I NHg MR A7 o5, B2k

1695 16101 1481! 13711284 N, 30 min
1 T

Intensity/a.u.
] -
. D2
=
) 3 )
=1

1 T
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K7 Ce-Co Sttt L B AL AIFE 350 "C T NHs Wi B JR i 41
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Fig.7 Insitu FTIR spectra of NH3 adsorption on Ce-Co modified
rare earth tailings catalyst at 350 C

Co*"~NH,, RN JER T % Co BT Lewis f2 M,
FE NHz @ A 30 min J& 1251 cm™ &b i W g iés g £% %
1284 cm™. N, W49 30 min J5, NH,"#f# (1481 cm™)
A ALZAS ) NH3 ¥ (1284. 1170 om™) fy I B 5 59
B2, {HAA 3 /> Brensted BR1E AL 558 I 14 77 7E T
AL T, 1X 18 B 7E Ce-Co et VE RS - R i Ak 70 o,
Brensted 1 P41 s W B A7 P 5 R [1] 4% 44 76 i 44 750 R 1D
P VR BFF 58 P55 7 T Lewis R PR A

K| 8 2 Ce-Co i VEM + A i {477 7E 50~400 C
P NH3 W B A 2T 4h i . 7F 50~200 CiRFEBLIN,
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i P A7 B () NHG 0%, 1606, 1525 A1 1292 cm™ &b
N Lewis FRMEREFLAIIR BT K] NH, #7057, 1076 cm™
JUJ U1 J A -NH, (1 N-H PR30 06280, T2 Bl ity 38 B A
KW Co [ N A A3 4E AL E AL RE J1 38580, 55 Hp-TPR
SINTARTE o BERSRE, NHa W P ol i 25 1L B () T 80 5
KA REARFE, Co IAFLE 5 A i CoO-H IR A1,
PRIL7E 1664 1342 Fl 1323 cm™ 4b H BLHT 19 NH, W
W B s, 1577, 1544, 1269 A1 1051 cm™ 4b1H & )y Lewis
TR AT BC AL B () NHg P Fh . X {15 250~400 C N
Brensted & 14 A7 W B RE 7188 Lewis R A7 58, NH3 WL
Bt = DRI AE AU B T P A 8 B R
2.3.2 ALK F @ NO+O, 9 & I

K 9 N Ce-Co MtthfstEW 1L 350 C T
NO+O, M it it isf 8] AR A I 2T AL . NO+O, 3@ A 5 min
J& IR MR B, 1610 em™ A TR B NO, FIARF G
(231, 1703 A1 1313 cm™ 19 )& i e £5°, 1517, 1386,
1211.,1081, 1134 cm™ 43 50 B AT RS R £6 I A 3E(M-NOy)
B M s I ek AIEE — VORI 26 (cis-N,0,%) 12031,
BE& I ) (8 b, 1517 em™ A2 & 1510 cm™ 5 2k
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Fig.8 Insitu FTIR spectra of NH3 adsorption on Ce-Co modified

rare earth tailings catalyst at different temperatures
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W, 1687~1718 e 2 [ i % (11 S UK Tl R 6 40
1047 cm™ 4k (05 V& Ay cis-N,O, B4, it i 14 134 i ifi
SR, 1361 et A B RS R SRR, LA N Bk
R ¥ Ah (1554, 1492, 1471. 1405. 1301 cm™).
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Fig.9 In situ FTIR spectra of NO+O, adsorption on Ce-Co
modified rare earth tailings catalyst at 350 ‘C
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FE N H AT A AN B R R SR 1 A IR S 4 Al
(1326, 1274. 1405 cm™), 7£ 1294 cm™ HHLHT I W ik
TR 2R K104, 400 CHFW R, JRAE 1135 cm™ 4b R I
5 cis-NoO > Wl H R AE 0 o 435 45 JiE A 23R 40 #r
350 C A 4w A 280 % VA DR T e W B 1 NO, R Ak 22
PUTREER B AL RIVE A, 6 IR R T RS dR . X
Bl Co BSTF15 NOs A7 3 LA # 1 Bt Az (Co®* -ONO,)
NFE, A Ce-Co ootk Hi - m i 4b 7] b i 3 B kA
F S B8 B4
2.3.3  NH;3 TR M5 1AL ] & & BE A B 5 #7

K 11 A Ce-Co ei M Ff - B H (L FI7E 350 CF
NO+0, 15 T 5 W Bt (5 NH3 P 52 J5% 1) JiR o7 21 41 P %
NHziE A 60 min 5, 7£ 1674 1 1479 cm™ i FL NH,"
POFP R U, 1247 A 1141 om™ U5 & A IE A W B £
NHs, i 1371 A1 1029 cm™ 43 5V J&  NH, H1 NH; it
SRR JG Y N-H 8RS, <M NHs, A
NO+0, Ji, HHL T 5 ik i B £5 (1342 Al 1510 cm™) IS
AWK NOL (1647 ecm™), 1247 cm® ZbBC A7 A ) NH4
55 Brensted B2 A7 I W R A0l A 30 2%, 10 I AL
FH NH " B FLBC AT A 18] 7= P 8 e A7 45 1 NH3 36 P 5
REME 45 NO 8, 3T E-R HLIE, -NH, 5 NO
KR A2 NHRNOP®!, NH,/NHy 5 NO & i 7= 4
NH3HNO/NH3NO, it — 73 fif 9 NHNO,  # 453 fif

1718 1600 1436 1405 1135,
400 C | L1204 '
T
350 C 687, ' 12741
S . I | !
‘\6. 300 ? ! : :1535 1326: '
2 « ' 13611 !
5 250 0¢ L 147yt ;
5 PO T687 \ygoy" ! a7
= hs0C ! 1405 ! |
100 C ! 1492 | 13010 !
50 C - [ !

1800 1650 1500 1350 1200 1050
Wavenumber/cm™*

K 10 Ce-Co Mfith:Ai + R HEAFEA L ZFM T NO+O,
W i S ASE 20 b el

Fig.10 In situ FTIR spectra of NO+O;, adsorption on Ce-Co
modified rare earth tailings catalyst at different
temperatures
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Fig.11 Insitu FTIR spectra of NO+O; and pre-adsorbed NH; on
Ce-Co modified rare earth tailings catalyst at 350 ‘C
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Fig.12 In situ FTIR spectra of NH3 and pre-adsorbed NO+O, on

Ce-Co modified rare earth tailings catalyst at 350 ‘C
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Fig.13 The mechanism diagram of NH3-SCR on Ce-Co modified

rare earth tailings
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Study on Denitration Performance and Mechanism of NH3;-SCR Catalyst for
Modification of Rare Earth Tailings by Ce Combined with Nb/Co

Hou Limin*?, Wang Tiantian', Xu Jie!, Gao Hongmin', Wu Wenfei 2
(1. Key laboratory of Efficient and Clean Combustion, School of Energy and Environment, Inner Mongolia University of Science and
Technology, Baotou 014010, China)
(2. Key Laboratory of Integrated Exploitation of Bayan Obo Multi-Metal Resources, Inner Mongolia University of Science and Technology,
Baotou 014010, China)

Abstract: Bayan Obo rare earth tailing contains Fe, Ce and other active elements conducive to catalytic denitration. As a natural mineral, it
is environment-friendly and low-cost. It is a natural raw material for denitration catalyst, but the temperature window of rare earth tailings
catalyst is narrow (350-450 °C). In order to broaden the temperature window, a series of Ce-M (Nb, Co) modified rare earth tailings
catalysts were prepared by hydrothermal method, the effect of element ratio and element types on denitrification performance is
investigated. The modified rare earth tailings were characterized and analyzed by BET, XRD, XPS, H,-TPR and NHs-TPD. Finally, the
NH3-SCR mechanism of Ce-Co modified rare earth tailings was explored by in situ DRIFTS technology. The steady-state reaction was
carried out at 350 ‘C and the transient reaction was carried out at 50-400 °C, which can analyze the existing forms of adsorbed NH3 and
NOy species in the catalytic process and their changes with temperature. The results show that the maximum denitration efficiency of
Ce-Nb (2:1) modified rare earth tailings is 85% at 300-400 °C, and the denitration efficiency of Ce-Co (2:1) modified rare earth tailings
can reach 90% at 250-400 “C. The addition of Nb and Co improves the dispersion of CeCOsF on the catalyst surface and leads more active
adsorption sites exposed. At the same time, the interaction between elements promotes the transfer of electrons. The existence of Nb>*
hinders the reduction of Ce*’, regulates the redox performance, and makes the Ce-Nb modified rare earth tailings have excellent N
selectivity. The addition of Co improves the redox capacity of the catalyst and increases Co*". Further, the adsorption intensity of Brensted
acid sites is improved. NH* and Co®-NH, can react with NO first, forming intermediate products such as NHsHNO and NH,NO.
NHs-SCR on the catalyst surface follows both E-R mechanism and L-H mechanism, and E-R mechanism is dominant.
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