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Effect of cobalt source on N,O decomposition performance of Co/RPSA catalysts

DONG Hao', ZHAO Mingxin*, CHE Jia', WANG Jie', LIN Shijing',
ZHANG Lifang', CHI Yaoling”, WANG Hong"
(1. College of New Materials and Chemical Engineering, Beijing Institude of Petrochemical Technology/Beijing Key
Laboratoy of Fuels Cleaning and Advanced Catalytic Emission Reduction Technology, Beijing 102617, China;
2. Beijing Baode Instrument Co., Ltd, Beijing 100006, China)

Abstract: Co/RPSA catalysts were prepared by the impregnation method using RPSA molecular sieve as the carrier and
nitric cobalt, chloride cobalt, and acetic cobalt as cobalt sources. The catalysts were characterized by XRD, BET, Pyridine-
FTIR, NH;-TPD, H,-TPR and XPS. The catalytic performance for N,O decomposition was investigated using a fixed-bed
microreactor. The results indicated that cobalt species existed in the form of Co;O, in the catalysts. The cobalt source
influenced the physicochemical properties of the catalysts. Specifically, the Co/RPSA(C) catalyst, using cobalt chloride as the
cobalt source, exhibited a higher quantity of surface Co;0, species, more Co’ active sites, a greater amount of Lewis acid,
more adsorbed oxygen, and stronger redox properties, leading to better catalytic activity with a lower N,O decomposition
temperature. The temperatures at which 10%, 50% and 90% of N,O were decomposed (Z., s and #,) were 371, 428 and 485 C,
respectively. In contrast, the Co/RPSA(A) catalyst, using cobalt acetate as the cobalt source, showed poorer catalytic activity
and higher N,O decomposition temperatures, with ¢y, s, and #, recorded at 454, 531 and 581 °C, respectively.
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Figure 1 XRD patterns of Co/RPSA catalysts
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Table 1 The N, physical adsorption results of

Co/RPSA catalysts
Catalyst Aper/(m’ gil )
RPSA 371.01
Co/RPSA(A) 346.14
Co/RPSA(N) 333.83
Co/RPSA(C) 305.20

2.3 Pyridine-FTIR #1 NH,-TPD & 1F

Kl 2 Co/RPSA i {1k 71 9 Pyridine-FTIR ji
K, HE 2 aJ%, 50 °C 1}, Co/RPSA HEALFITE 1440,
1580, 1610 cm ' kb ) R A W& 1] JT (A F Lewis R {17



45 53 455 6 1 W G Co/RPSA ML ML S N.O HERE I BT 91

S FEAE, 1487 em ' b (9 454 W% 7T U R T Lewis
¥ A1l Bronsted 12 (i 4 [l A #7276 ™, 78 1541 em ' &b
A K I 2] )5 A F Brensted g v &5 19 A7 1E, & W
Co/RPSA HE{L 3 E B Wy Lewis M. 6% RLIE S,

5 J& T Lewis Mg U4 58 & #5450 55, 150 C B,
)& T Lewis B2 {37 15 W RFAE 6 1 2 , 26 IH 454 AL 771
PLSS R A AR R A 3

Wavenumber/cm™!

Co/RPSA(A) Co/RPSA(N) Co/RPSA(C)
200 °C
3 3 ST Visey
i w3 W 2 50°C
P [
1650 ]6.00 15.50 15.()0 14‘50 1400 1650 16‘00 15.50 15.00 14‘50 1400 1650 16.00 15‘50 15.00 14.50 1400

Wavenumber/cm™!

Wavenumber/cm™

2 Co/RPSA fi#fL57# Pyridine-FTIR 4]
Figure 2 Pyridine-FTIR patterns of Co/RPSA catalysts

[l 3 > RPSA F1 Co/RPSA i 1k 7 i) NH,-TPD
Wi & . X} NH.-TPD # 17 43 1§, RPSA 4 ¥ fifi I
Co/RPSA AL 7135 H B T 43 5l U5 I - 55 W 1 1k o
(250 °C AT, s R R P 037 (250400 °C) 15 iR
FRVERL (400 °C LA ) i = A NH, B B g ™", 431
ZER I 2,

18] 3 #1198 2 ] 401, RPSA 4311 7 284 ) Fb
J&i, — J7 1, Co/RPSA i 1k 71 (1) B2 5% JF 3% o, RI
NH, i BRI B 1] 5 W 5 ) % 2y, 3% W 4 ) Fil 5
RPSA 4F i & A A BLAE T, 0028 T R A6 A 5 Rl
L F = 2 B, B B o B R AR AR AR S — T
I, Co/RPSA fifb 7] iz 12 0 /b, ] 5 J5L A 2 66 4
B 1 RPSA J3 -1 2 148 43 B M o7 R/l 1 98

T RPSA 4r T & s> FLiE , 580 NH, #4841 k4%
fih 380 R A o7 2

L Co/RPSA(A)
gl S Co/RPSA(N)
=

S RPSA
100 200 300 400 500 600 700 800

Temperature/C

3 Co/RPSA fiE{LFIHY) NH,-TPD 4[4
Figure 3 NH,-TPD patterns of Co/RPSA catalysts
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Table 2 NH;-TPD results of Co/RPSA catalysts

Weak acid Medium acid Strong acid
Catalyst Total area O
#C area 1t area #C area
RPSA 1.43 209 1.25 303 3.32 490 3.15
Co/RPSA(A) 0.93 226 0.39 311 0.51 490 0.03
Co/RPSA(N) 1.33 216 0.43 302 0.48 502 0.42
Co/RPSA(C) 4.76 225 1.41 309 2.51 496 0.84
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Figure 4 H,-TPR patterns of Co/RPSA catalysts
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Table 3 H,-TPR results of Co/RPSA catalysts

Temperature #/°C Peak area e 34
Catalyst Co” /Co
peak a peak b peak ¢ peak a peak b peak ¢
Co/RPSA(A) 485 550 730 0.81 1.99 0.57 3.16
Co/RPSA(N) 482 550 730 0.79 1.79 0.78 3.25
Co/RPSA(C) 428 503 709 0.47 0.85 1.31 4.60
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Figure 5 XPS spectra of Co 2p state of Co/RPSA catalysts
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Table 4 XPS results of Co 2p state of Co/RPSA catalysts

Binding energy of Co 2p/eV

Binding energy of Co 2p,,/eV

+ +
Catalyst Co 2, Co 2pnn C02+ C03+ Co2 /Co3
Co/RPSA(A) 781.7 797.3 782.8 781.0 0.53
Co/RPSA(N) 781.6 797.6 783.4 781.2 0.55
Co/RPSA(C) 782.2 798.1 783.7 781.7 0.58
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