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Anti-Shedding and Carbon Monoxide Catalytic Removal of Flue Gas of Structural Catalyst

ZHANG Xuan', LIU Yingshu', HOU Huanyu®, BIAN Wenbo', JIANG Lijun', ZHANG Chuanzhao,
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(1. School of Energy and Environmental Engineering, University of Science and Technology Beijing, Beijing 100083, China;
2. Strategic Research Institute of HBIS Group, Shijiazhuang 050023, China;
3. College of Health and Environment, Beijing Union University, Beijing 100023, China)

Abstract: High activity and durable structural catalysts are increasingly needed for carbon monoxide (CO) catalytic removal of
industrial flue gas. A series of structural catalysts were prepared by coating polymetallic oxide catalyst on cordierite honeycomb
supports. The results showed that silica sol and hot air drying could promote the powder catalyst to evenly and compactly spread on
the surface of the support, and improve the anti-shedding performance and catalytic performance of the structural catalyst. The
coating shedding rate of the optimized catalyst after 60 min of ultrasonic vibration was 0.97%. The catalytic efficiency of 99% CO
can be achieved at 7 500 h™' space speed, 1% CO, 8% water vapour content and 110 “C, and remains stable within 72 h. The CO
catalytic efficiency can be stabilized above 86% after 720 h in actual sintering flue gas condition.
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JF 535 50%), Cu(NOs), ¥ £ (AR), Fe(NOs); ¥ £
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MERLL 10 C/min HRFHRZE 250 'C, f5kE4h,
15 2k AR MEAL T o
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Fig. 1 CO catalytic performance evaluation test system
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2B, FESINFAZ] 250 CHIE S 8 he FEMMILLFE
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Fig. 2 XRD patterns of catalysts
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2 1E R A IS PR (1 25 A B AL M3 3R T
L TR AR, A RUORLAK T S0 HERAAE
AR b, AR Z, BIRRS(E 30). Kl 4a,
Bl 4b 40508 M3 FERSE IS AL AT S 1 EDS &
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Table 1 Surface area and pore characterization of catalysts and cordierite

Sample No. Specific surface area/(m*-g™") Pore volume/(cm® g ™) Micropore volume/(cm’-g ™) Mesoporous volume/(cm® g ™)
Ml 24.0 0.041 0.041
M2 38.0 0.058 0.007 0.051
M3 44.0 0.073 0.001 0.072
M4 43.0 0.062 0.001 0.061
M5 23.0 0.040 0.003 0.037
Powder catalyst 181.0 0.203 0.063 0.140
Cordierite 0.7 0.001

214 JTTERAMLMNE K5 N Ml~M4
M3-U ] Mn 2p, Cu2p 10 1s ) XPS i, i@id 5 04
AR T 3 FOCERMM ST & REE 2).
WKl 5a fizx, Mn 2p 1 XPS 3 Mn 2py, fl
Mn 2ps; 8%, Mn 2031 A 2 NME, SRR
Mn* A Mn* 12U, M1~M4 ) Mn* &8 & 2K HE
oA M2, M1, M3. M4, 577 B0 T 45
PR ) Mn TR A, 1M BBE KT

JRTH R OB, Mn* & BB R AR . St (AL e
Ja, M3-U i Mn* & B AT &, s
oy Mn IR T 55 CO LR, HHBE
AT B R N,

Cu 2p ) XPS i 3 EHH Cu 2py, F1 Cu 2p3n PA K
2 MRS TR I B (1] 5b). Cu™ 9 T F 45 A6 T A
W5 Cu EALII E B S, TR
AR A B R 5 A BT Cu BN
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Fig. 3 SEM images of structural catalysts
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Fig. 4 EDS images of structural catalyst M3 before and after catalysis
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Fig. 5 XPS spectra of structural catalysts
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Table 2 Surface chemical composition parameters of structural catalysts

Binding energy/eV

Mole fraction/%

Sample No. Mn** Mn** cu® Ota

Oads

Total H,-uptake/

M 3+ M 4+ Oa Oa s 1- 1
2p3n 2p3n 2p3p Ls Ls i i o ‘ (mmol-g")
Ml 642.2 643.8 934.3 529.9 532.8 69.2 30.8 7.1 92.9 1.55
M2 642.0 643.8 934.4 529.9 532.9 64.3 35.7 1.9 98.1 1.01
M3 641.9 643.8 933.8 529.7 532.7 73.8 26.2 59 94.1 1.36
M4 642.0 643.8 933.8 529.7 532.8 77.4 22.6 5.0 95.0 1.28
M3-U 642.3 643.8 934.9 530.7 533.4 51.1 48.9 9.8 90.2 0.43
Kl 5c N O 1s [ XPS %, mIfLE&N 2 i, 22 EEBEAFIRIRE T
532.7~533.4 eV IUEARER TR, 188 O 221 SSHBUELLFIE A S BB ERE Bl 7

529.7~530.7 eV FIEAEER T & J8 E I kg 4,
TON Opd™™e THET 2R AL FE R MR T &5 b R fi
WHVAMGFETER . 4 DERTUEAT] O ST EM
KEVNHEFE Y ML, M3, M4, M2. {465 ) M3-U
() Opan P EEECHEALATIE AN, 31X 15 Liu N8 4
R—E.

2.1.5 K& JEYERE Kl 6 M1~M4 } M3-U
ff) H,-TPR i, M1~M4 ¥ 2 DN JRIEA R, 7>
BIFRICAN o 1§(188~206 C)AI B K (223~243 C).
R 2 ANIE JF A BEED MnO, 2638 J7 # Mn,Os,
Mn,0; F 8 J5 5] MnOP®!, 454 H,-TPR % A 41
S JE T o A B IR, Mn,Cu,O, K Cu™
RSN IHET B g, M1~M4 538 57 5
BT N: M3, M4, M2, Ml. M3 [iEJR
B A%, BAIEHEA S 5 o REE R, B
T AL S S HEAT . M1~M4 [ B FEA &
HEMCHET N 2): M1, M3, M4, M2, X5
& XPS S HT Oy & BEHET — 3. Sidkes A
AL SN I M3-U HAE 224°CH 1 ANIBJRIE, HFE
AERNARBEAR, MEH ML, HEEE G
779 & AR P,

243
206
238
A Ml
205
23 M2
) N
= A
7] A
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5} /|
= \
S 230 M3
nv
201 [ |
J |
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224\
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Fig. 6 H,-TPR spectra of structural catalysts
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Fig. 7 Shedding rate of structural catalysts
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2 RIFKBEVGE (B 8b). T, HTE4l
WIIER, AL R B B R LA, K7
R T B 9 A R 25 S 4 4T () 8 ] 8,
K e ARG A TEAL 2 (B 8e)o TR
AEAT R BUAETEVEAL 73 2 BRI 2] o0 A #R AT REAE A

LS e PR S VA NI TRE P Tace L34 O S N ]
PRI LS, #EimSBOE TR R, X5
B TR R T AR R R A A,
TRRIERE T AL T MUK 7 2R R 5 7
253 i A A I L,

®3 SHEEETNAREMREE
Table 3 Load and shedding rate of structural catalysts

Average shedding rate

Average shedding rate Average shedding rate

Sample  Binder type Drying method Average load/(kg'm™) n 20 min/% n 40 min/% n 60 min/%
M1 Silica sol Calcination 181.60 4.46 5.12 5.57
M2 Silica sol Microwave 179.08 10.24 13.87 14.24
M3 Silica sol Hot air blows 182.56 0.92 0.95 0.97
M4 Silica sol Room temperature 181.92 2.61 2.81 2.85
M5 Alumina sol Hot air blows 150.58 21.39 26.67 31.65

(a) (®) © (d ©

K8 Tl P E AR IR i S TS R 2 K
Fig. 8 Schematic diagram of slurry distribution and morphology change on support surface during drying process
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