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Effect of support on the performance of Ir-based catalysts for CO-SCR

under excess oxygen atmosphere
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WAN Haigin ™ DONG Lin

(State Key Laboratory of Pollution Control and Resource Reuse, School of Environment, Jiangsu Key Laboratory of Vehicle

Emissions Control, Nanjing University, Nanjing, 210023, China)

Abstract Developing effective catalysts for selective catalytic reduction of NO by CO in the
presence of excess O, (volume fraction>5%) is a significant challenge in the field of environmental
catalysis. Herein, a series of iridium catalysts supported on Al,O3;, CeO,, and WO; were prepared,
and their catalytic performance in NO+CO+O, reaction was evaluated to investigate the role of
various supports. Ir/WO; (mass fraction=0.27% Ir) was found to perform the best among the
prepared catalysts, with 64% conversion of NO to N, at 225 °C. The results of HAADF-STEM, CO-
TPR, XRD, and CO-DRIFTS revealed that the dispersion of Ir and its reducibility towards CO highly
depended on the strength of Ir-support interaction. It was further disclosed by XPS and in situ
DRIFTs experiments that the facile NO adsorption/dissociation on the surface of Ir/WO; with the
highest concentration of Ir° species was the main reason for the excellent activity on Ir/WO;. This

work provided a strategy for designing efficient catalysts with fine-tuned dispersion of active
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components to maximize the utilization of noble metals.
Keywords Ir-based catalysts, excess O,, selective catalytic reduction of NO by CO(CO-SCR),
support effect.
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FHAYHIER, fEd B A AT, PUA AT RS B 410 5% 4 8 SL A AL ) 2 B HE () CO-SCR ik o1,
TEARTRAY B 2% B9 O, 254 F , I/ZSM-5 5 Pt, Pd I Rh #E4L FI A0 o, BA i 1Y NO 4 J5 3% 02,
Haneda %5 IEB] T 7€ CO-SCR K 1 4 J& 4 Ir(1e®) W B J2 K g 1) 37 M 67 A5 Tkeda 5504 D) iF — 254iF
BH, Ir &R TR AEAE NO W B B4 T00 st 407 st 1 e 23 457 850, RUAE st [ e 52 o6 A 25 NO J& Ir SR AL HoA
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AU Doi BN &I Ir PR 0 P AU A0 R A S 5T i ZARH T A, 24 Ir i i A Bk 1% B, AR T4k
& AL,O3. CeO,. ZrO, Fl CeZrO,, It/SiO, FR L H! i /5 AT NO i J5L i 4, /& SiO, Fil Ir ¥ Fh 2 (8] B9 55 1) 4
J& - A B AE F (Strong metal-support interactions, SMSI) f& 5 T i JR A ) Ir® ) FP. 17 Inomata Z¢10 20
KB, 2 Ir (R BN 5% B, /WO, PERERE AL T Tr/Si0,!"Y. J5 82 A o8 e B, BNEAE Ir Y00 20 180%
BE SO, WOs F1 Ir YR [R] Rk 0 & & -840 BAE A B FRE &R A e Y fh, M L2
A EACHERE. PIUL, J8T Ir Py R A 0] 19 4 - 2R AR B A R AR BE L T — Rl = 1 MR Al s P
() 80T B30, T e 7 2R AR TG B 2 e AT B U 9 O 2, R R — SR R M 1Y 2R L, 1 TiO, .
Ce0,. WO; 45, X Tl 43 J& - R MAHH BRI AR AR R0, 1 76— SEMEIR IR 1) 20 AR 140 ALOs FlT SiO,, iX FiAH
HAE MR 55124

TEAR T AR, 85 T 3 Flalik CeO,. WO; Al ALO; Kt & Ir FEAEALF]. CeO, TRE 5 Al i % 45 Jg 7]
TE 5 1 4 - AR A AR, T Ir—O—Ce fb 245, T Al 2 T Te 0 Fh, £ i I vy B 40k 2,
ALOs WK R Xk LB B Ir—O—Al Ak 28 AT 7™ 25 55 59 SMST AN T I #9430 8E, 11 WO5 W4T —
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1 SEEER A ( Experimental )

L1 EZH

7-ALO; (bW BT 17 T A AL BE 2 e 63 A BR 2> 71 ) 5 &K (NH3-H,0, R 50 I AL A 25 A BR 2 1) 5
Ce(NO;3) 5-6H,0( 1= ¥ Bl 5. T A= AL B 5 A A BR 2 7)) 3 HyWO, (g 5% 1 i Ak 35 A & A PR 7))
IrCly 3H,0( g Z B A A FRA 7).
1.2 el i &

FARA ] 5 ALO; 1 AL 9-ALOs, {1 FIT 283 550 °C 4% 2 h. CeO, Il 5K 4 K UL 3 2 1 4%,
A Ce(NO3)3-6H,0 A HTBRAA, Il AGE it 25 B Tk 3 PRIR i, 1001240 i il NH;-H,0 = pH = 10, Bfk
WA LB TKE D UEER 3K, BT IR G TR, P48 550 °C ke 2 h #4351 ; WO, i idi &
H,WO, £ 400 °C 73 3 h 1551

Ir SLAE AL 7 (I/ALO;. Ir/CeO, . /WO, ) K FI T 18 i i il 4%, i 50 m2g ! 2R i A B0 h 1% 1)
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Ir. BAR DT ¥E: P IrCly-3H,0 M ETIRAA, B — & & (I/ALO5: 101 mg, Ir/CeO,: 42 mg, I/'WO5: 16 mg) Y Hij
ORAR S AE 20 mL 25 85 7K, Bk 2 2 VR, A 2 g R4k 20 # 20 min, R HIREYWE T
80 °C FyfE IR AV HHE T /K 43, BB LA T 100 °C F T4 12 he JJm, 8% TS 19 I/WO; 7E 400 °C R
FBERE 2 h, Ir/ALO; Fl Ir/CeO, W 7E 450 °C 4BHE 2 h.
1.3 AR P 3

PR BE D 5 26 A A T8 1 1 58 R R R B AT B UGRIRHAA A 1.5 mg M e WIS 5
I (Ir/Al,O3: 56 mg, Ir/CeO,: 122 mg, It/'WO5: 355 mg, 40—60 H ), [Fif4 A SiC $5 il & Fi & & 500 mg.
JIT A5 B & 9 HE 350 °C T AR B 43 KR 8%CO I J i AL BE 1 h. A JULAR G AR AR B4 B0 B oA
0.02%NO. 0.5%CO. 5%O0, FIVERFH R Ar 2. S R FFFE 100 mL-min™', i %5 3 (WHSV, L
T4z )@ Ir 1150 i 4000000 mL-g ' 35 PRI R B2 15 FE D 200—400 °C, BN BE SUPREF 20 min, Sk
LA S °Comin . NO #4463 (Fe55 4k A N, B0 LUK CO RYFEAL 40035 R A (D) fr(2) 15
[NOJ;, = [NOJgu = [NOs Joue

NO#ALZR (%) = INOJin x 100% (D
%% 0/ — [Co]m - [Co]oul 0
COMLR (%) = —on x 100% 2)

Hdr, [NOJiy [NOyJins [COTins INOlows [INOslours [COLow MR MBS A F AL NO, NO,, CO #e JE Hl i
Ak e JiE
1.4 LRI SRIE

FE Y b 32 1 AR 2 ] Micromeritics ASAP 2020 43 #74%, % [ Brunauer-Emmett-Teller ( BET) I
Barret-Joyner-Halenda ( BJH) 3 #F 47 &, M3 /1, £ 1 #E 300 °C H.%5 %4 T i< 4 h. i | TALOS
F2000 {3 SCHE R 5l 19 155 #A B2 A TR 6 37 49 41532 59 Fa 7 B 1 5% (HAADF-STEM) K] #il EDS-Mapping 5] LA
WEEEHRE S F 1T Ir P FIRLAR 53 A0 FIOT R 7340 . X M R AT 5 (XRD) /& i Philips X'pert Pro 17 5 {3
1%, LA Cu Ko 54} (1=0.15408 nm) A& SR, 2 0 FHHEE 10°—80°, A H A 4 10 (°) min". HH
HRBERE R 0.02°. X GG HL FHETE (XPS) S H0 7 Escalab 250x (X #%_L#EAT, B A G A Al Ko 5 4t
(1486.6 eV) FA{O LT £, A5 2] 145 G REXI R C 15(284.6 eV ME I bn #7458 1E. NO/NH; F2 /5 I %
FHE B (NO-TPD/NH;-TPD ) 56 5 7 [ 2 R A1 9 37 8h B N 7 WP tE AT, 12 R 07 2 LAAEL ST AR 421 A1k 3%
A M 1A 5, i SR 8 I 8] 6] B 85 K 30 s, FE R YR SETe 4 100 mg HEAL IR A A7 3545, Of:
76 250 °C F ) Ar % ( 100 mL-min™) i 4b 3 30 min. ¥ & £ E 5, 76 F iR T NO+0,( 0.02%
NO+5%0,) /NH3(50 mL-min™") fiff f# £k 57 W B 40 A1 SR J5 78 0 F FRUCK Ar(100 mL-min™") 5] A £ 45
SN 7%, LA BRAAS NO/NH; M55 W% B /Y NO/NH;. B, 763 31 89 Ar(100 mL-min™") #1124 10 °C-min
1) 1 10 S A AL TR AR 2R 620 °C. [ 437 18 S B {8 57 i A8 4 5615 4 Nicole t 5700 {8 37 i AR H 21 Sk
Fe AL 1 F mercury-cadmium-tellurid A 50 28 FE 47 . Y1 R A2 V5 Bl A 400 cm™ £ 4000 em™!, Y6 i 47
HER A 4 em™!, FFHE 32 Yk BRRINEHT, 78 400 °C T FHZS S8 N, (50 mL-min™") FiAb BEAE & 30 min LU
23k 7R 2 1T T BB B % 2% B (40 HL,0 1 COy), SR JEFAE R 2 2 HARIR S, DAL Y6l E i &
Ttk FEJRAL CO MR S50 rh, AR AE 23 S P A T BAL B, YR 2 30°C Je TS 50oti%, SRJA 7E 350 °C
T HARFR I ECR 8% CO Ab¥E 1 h, ¥ H1 % 30 °C, SAJ5 F N, W49 30 min. 1] NO+O, 20 [ LA & NO+CO+
O, W, Fikb BRIE J5 S AORE S 7E 400 °C R No(50 mL-min ") X4 30 min, B H1 E 30 °C, SR )5 51 AN
) 0.02%NO. 5%0, Fl 0.5%CO(fifi FI i) A9 A48, LA Ny 4E R F 5 <, B0 = 758 il 76 50 mL-min™",
NO+CO+0, S HNFAE B X [6] 2 200—400 °C(FHE N 5 °C-min™), &8 B S AR EF 20 min.

2 %5 59718 (Results and discussion)

2.1 AT P Bk 2 o
Xt RE S EAT HAADF-STME Fl1 EDS RAE, PAARIE A [R] Tr Feqi AL 7 B8 5 i) 2R 10 D0 K 4045 LA Ir ki
F 434 . N 1 A EDS Mapping W Ir JGZR 43046 UL Ie RE 1 A kA4S 43 A0 B ] 0, e A 4 Ak 7 78
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CO W JEJS I PRk Bk AR EBAEH /N, A 0.5 nm 2 3.2 nm A%, HARAR /AL T8, Ir/CeO, Y Ir My Fh i F
Ykt fe /N, 297 0.7 nm, H Ir i+ B 8 & FE 43 HUAE CeO, L5 1M1 I/ALO; Fil I/WO; Ht Ir AR A2 AH I,
432520 1.6 nm A1 1.3 nm, H Ir/AL,O; F A BLE 1 I 7 H R, #E— R B RS AR, 728
JRAUGR T, T4 8 - A BRI (SMST) 1Y 3 AN [R), 25 5350 [R]—F & J@ A6 R A 4 ik 3R Btk R
b b 22 S SR Y SMIST 23 5 304 R W R A R R AR T 1 R E A RV BN RS R, il A
W R 1Y) CeO, 2R ARSI SMST 2 g8 KRR T, antEtEm ALO; 2R 4A.
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B 1 Ir/ALO;. Ir/CeO, Hl It/WO; ) HAADF-STEM [&l (a-c), EDS JGLZE 4M A (d-i) FUkL 42 40 AR 1 (5-1)
Fig.1 HAADF-STME(a-c), EDS elemental mapping(d-i) and particle size distribution diagram(j-1) of I/Al,Os, Ir/CeO,,
and Ir/WO;

XRD # FRIRTORE i 1 A AR S5 49, iR & 2(a) B, il JEAR B S, rA AL 7] XRD B354
1 28.03°, 34.7°, 40.01°, 54.02°, 57.94°, 58.47°, 65.57°, 66.07°, 69.33°, 73.24° i M A7 5t s, X HJm T &
J& Tr Py ) R AR e, A HH 3T A I 28 A R ARRAIE 0, 3 AT B R BB T T AR 9 £ 8 i AR B o0 O Ay
T A . CO W B AN, 21 A1 BT AR 58 AN [F) AR 2 10 Ir PR ) 20 IR S, ZE 1 2(0) H, BIr AT FF 5 19
CO W% Bk 21 FR e 3% 35 78 2070—2090 em™ B 3T H 30 T A X FR 19 20 A0 e ol e, 36 B 48 & TR AR IR
CO FE DL Ir® o7 13 2P W B Sy S8 300, i Ah F2 e ot 3t B 1 2000—2030 om™ &b A9 8 g, X 10 T — %k
FW BT (Ir(CO) ), AR SCHRB I ) & 2 CO /NS 1Y Tr AT FE L AW B Y. 4545 HAADF-STEM &
AT LLE tH Tr/ALO; Fil I/WO; 2 11 22 LLR RS0 Te B R 3, 1 In/CeO, 3211 3222 DA B A i i /h R
F Ir A% F. BET 25 R 4136 1 iR, T3R5 Ak 00 9 b R 22 A5 K. ICP 25 3R I, AN [ml 4
AT Ir SEPR T2k S S 1 2R AR

B EUA T 1) CO-SCR B 4 ot J2& e, PRLMAS ] Ir A Ak 500 3R 1T 0% 42 )@ Ir RS SR K i
H CO-SCR M. K 3 4510 T RRMEALH L I DR AL G0 2, P 60.9 eV Fil 64.9 eV 455 fig 53 5 %
I Tr° ) 4F 5, 1 4F ) B3, T 62.8 eV Fl 66.1 eV 454 fE 2 BIRE B 119 4f 5, F 4F 5, BLIE . CO 5
AR RS, I/WO; FR I Ir Y Fh 22 DL I I NAFTE (69.5%) , 1 1r/CeO, 3R 1] 32 %2 /2 1Ir*'(85.3%) . Ui
W, CeO, 5 Ir Wy Z (8] 38 1) SMST T2 Ir H Bl =5 B2 4315, ME LA J5 o8 428 25, T WOs R 1 W 7 7%
BRI WA Ak, WO, 4 B S Ir 454 BE K45 4 RE IR %, X £ It Y Fh 5 WO, Z A1 7E 75 /L +
5;;%[34735].
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Fig.2 XRD patterns of the samples (a) and in situ DRIFTS of CO adsorption (b) of Ir-based catalysts
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Table 1 Data summary on BET and ICP Analysis

e IR (mg ) L/ (emg ) FLe/nm b AL %

Sample Surface area Total pore volume Average pore diameter Ir content

Ir/AL, O, 1342 0.52 15.65 2.44

y- ALO; 138.1 1.00 28.87 —

Ir/CeO, 48.1 0.12 9.72 1.02
CeO, 56.9 0.13 9.3 —

/WO, 17.3 0.07 17.20 0.27
WO, 21.7 0.08 14.84 —

[Tr0/(1r0+1r5+)=38.18% i
BN 4 i Ir/ALO,

[ro* ! I
el

Intensity/a.u.

70 68 66 64 62 60 58
Binding energy/eV

3 Ir EAEFIA Tr 4F XPS 3% &
Fig.3 Ir 4f XPS spectar of Ir-based catalysts

2.2 4L CO-SCR AL fiE
22,1 fRfeFIME M e

WEl 4(a) 7R I/WO5 7E 200—250 °C 33 Bl P m tH fied 19 NO I8 JETE %, 7 225 °C Wb A5
T 64%, HU R I/ALO; Fil Ir/CeO,, T 225 °C B % Ak 5 53 5l 1k £] 37% 1 0.5%. 45 4 i 1 () HAADF-
STEM ] A1, Ir ki 119 R~ R /NE /AL O;>Tr/ WO5>Ir/CeO,, 1 Ho il P iUF 2 : I/WO,3>1Ir/Al,O5>Ir/CeO,.
AL, G PR AN R R e b 1 RS D 1Y, B8 22 5 HAR 28 0. AR XPS 25 AT 1, —AHE il
oI Py iR IYWO3>Tr/ALO3>1r/CeO,, W5 L TH MR 7 — 2. 7T W, &)@ BRI AHEAER, A~
I T Te )l B 3 BOEE R 5200 1 I AP AN 2, B L [EVE T2 me 1 H X & S50 CO-SCR 11
AL PEREES . 78 & AR H CO B i NO i — PN EZEIA 15 & CO+O*—CO,, Hor O* ik # &
BB 2O AT Oy MRS, B2k AT NO MR ES, Bt L NO i 5 i i 48 55 140 28 I Sk CO I FETE,
BT LA 22 1 CO 3 P FIF NO RIS JE. W&l 4(b) fiw, #£ 200—250 °C i Fl 4, Ir/CeO, Y CO i P
#, Tr/ALO5 1 CO JiE P B f. R4 NO b JF G PE R 45 vl LA Y, R4S Ir/CeO, R MR ME A = CO H ik
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N, (AR ME & AE NO 38 i, 3% Al BB 51K & & 191G bl I A 56, [}, 5 I/ALO; A Eb, T/WOs5 11
CO SAALTH M3 2, XA I/WO; 1Y NO i I3 PR i 1 I Rl 22— fE NO b JRL i 72 v e 2 i sl = 4
72 NO,, &l 4(c) Fror, BT NO 78 & A S M TIRE 2 9 Ak, I AE 200—250 °C YuEl A, IVWO; &
T IR NO, e B i 5, X BRI T NO i J5 6 M i itk — 2D 4 .

goF @ 100 F ®)

8 8o

ZN 60 §

Q =}

2 5

z 0 z

z 3 40

8 o]

© 20 Q

“ 20
0 I I 1 1 1 L] 0 L L L 1 1 1 1 N |
200 225 250 275 300 325 350 375 400 200 225 250 275 300 325 350 375 400

Temperature/C Temperature/C
200F ©

A

X 150

g —A—11/A1,0,
=

% 100 —l—1r/CeO,
e —Q—I/WO,
8

o)

Z

W
(=3

0 1 1 L

200 225 250 275 300 325 350 375 400
Temperature/"C

4 Ir/ALO;, Ir/CeO, il I/WO; (a)NO 54463 (LL N, 7 #)), (b) CO ¥ 4L Fl(c)NO, R £
SR Z4: [NOT=0.02%, [CO1=0.5%, [0,]=5%, F Ar -4, Ei7 #=100 mL-min"', WHSV=4000000 mL-g "-h"'
Fig.4 The (a) NO conversion to N,, (b) CO conversion and (¢) NO, concentration of Ir/Al,05, Ir/CeO, and I/'WO;
Reaction conditions: [NO]=0.02%, [CO]=0.5%, [0,]=5%(1%/3%, when used), balanced with Ar, total flow rate=100 mL-min ',
WHSV=4000000 mL-g "-h™'
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AL BEWEER O, S THAE KR CO I ML NO, Wi FEAIE NO Ay JEE M. PRk, T LA 0 i 4 Ak 51
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CO AR Y. thAh SO, WA Ir Wb, Wi/ ALK 7 A2, 7] T NO k.
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Fig.5 (d) NO conversion to N,, (e¢) CO conversion ,(f) NO, concentration of Ir/WOj at different concentration O,

Reaction conditions: [NO]=0.02%, [CO]=0.5%, [0,]=5%(1%/3%, when used), balanced with Ar, total flow rate=100 mL-min™",
WHSV=4000000 mL-g "h"!
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