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Effect of Ni content on catalytic oxidation of CO over NiOQ/CeQO, catalyst
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Abstract: The NiO/CeO, catalytic materials were prepared with ball milling method using CeO, as carrier and Ni
as active component with good CO oxidation performance at low temperature. The catalysts were characterized by
XRD, BET, H,-TPR, XRF and XPS. The effects of nickel content on the structure and low temperature oxidation
performance of CO were investigated. The results show that the Ni-Ce ratio mainly affects the number of lattice
oxygen vacancies and the interaction between the active ingredient and the carrier. Among them, When the Ni/Ce
mole ratios is 1:9, there are more oxygen vacancies on the surface of the catalyst, so it shows excellent catalytic
performance. When the reaction temperature is 200 °C, oxygen excess coefficient is 5 and the total space velocity is
60000 mL/(g.h), the CO conversion reaches 99.2%. In addition, compared with the traditional liquid phase catalyst
preparation technology, ball milling has the advantages of low pollution, low cost and easy operation, which is
beneficial to save energy.
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Figure 1 XRD patterns of the NiO/CeO, catalysts and
reference sample

a: CeO,; b: NC-0.5; ¢: NC-1; d: NC-2
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Table 1 XRD data of NiO/CeO, catalysts

Sample  Cell parameter/nm  Crystallite size of CeO,/nm
CeO, 0.5410 22.0

NC-0.5 0.5408 21.9
NC-1 0.5399 20.9
NC-2 0.5409 20.8

NiO/CeO, AL FI 75 26 = 28.6°, 33.1°, 47.5°,

56.4°, 59.1°, 69.4°, 76.8°, 79.1°Kff it 3 BLAT 4 0,

A HIXF R CeO, B (111), (200), (220). (311). (222).
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(14 B 2 T AR 458 F R 48 3 BRBES 1) Ce04(29.5 m7/g)
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Table 2 BET analysis of NiO/CeO, catalyst
Sample Sper/(m’ g ) Pore size/nm
CeO, 24.3 9.49
CeO, 34.6 9.46
NC-0.5 36.1 12.85
NC-1 345 11.90
NC-2 323 9.18
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Figure 2 N, adsorption desorption and desorption isotherms of
NiO/CeO, catalysts
a: CeO,; b: NC-0.5; ¢c: NC-1; d: NC-2
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Table 3 Ni element content of NiO/CeO, catalyst

Sample Target content of Ni/% Ni content/%"
CeO, - -

NC-0.5 2.20 2.08
NC-1 4.06 3.76
NC-2 9.80 9.85

* determined by XRF experiment
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Figure 3 H,-TPR spectra of NiO/CeO, catalysts
a: CeO,; b: NC-0.5; ¢: NC-1; d: NC-2
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Table 4 Location of reduction peak of NiO/CeO, catalyst

Location of reduction peak /C

Sample
o s y &le’ kik
CeO, - - - 500 833
NC-0.5 182 246 294 453 831
NC-1 180 223 294 455 824
NC-2 187 249 327 456 830

2.5 fELTIAY XPS KA

Kl 4 1 NiO/CeO, AL I 1Y Ce 3d X Tkt
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J& N Ce 3ds, REF ML T 45 G RE . w1 vl DL &
K Ce M RERAF I, wy w", ™, v V! VI AT DL
o Ce IREFIE Sl THRAR AR Ce™/(Ce™+
Ce" )Y LUAH, 4310 CeO, 1 16.8% ., NC-0.5 4 17.4% .
NC-1 4 19.0%., NC-2 Jy 18.8%., H:, Ce™ iy Lt 1)
Fh i Al BE S R R N8 A SR Sl di A B, & A F iy
R, SRS (AR S T A% 3 8 Ce IR A Ce™'s
] Bif, Ce™ A7 76 th 2 B T NiO/CeO, fiié Ak 71 3 1
WL T RS L, RS 0T DU R B CO AL Ak
(14 J52 7 3 R
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Figure 4 Ce 3d XPS spectra of the NiO/CeO, catalysts
a: CeOy; b: NC-0.5; ¢: NC-1; d: NC-2
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A U@ S Ni™, 853.9-855.1 eV Ab F 4R AIF I AT I
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Table 5 Lattice oxygen content in NiO/CeO; catalyst oL /-———!"f/.'/..

Catalyst Olal/ (Olal+oads)/ %
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Binding energy /eV

K6 NiO/CeO, AT Ni 2p XPS 4]
Figure 6 Ni 2p XPS spectra of the NiO/CeO, catalysts
a: 0.5-NiO/CeO,; b: 1-NiO/CeO,; c: 2-NiO/CeO,
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i & 7 W] AT, AE 60-200 °C, 4l Al CeO, i CO
AR TG, ULRH Y CeO, ZiAR R A &
HAWME, AR 2. WA M4 N5l
A AR TR T PR A ORI 4R T, =P NiO/CeO,
AL AR 2 7E 100-160 °C A — 8K MR B ) 1k
FPETE, XA B E CO %A Ak Sy S — s A R
INFEMREEE S, H BB FI T CO DIRE Ry
R, NC-1 ) 4 1k M R J i, kO NC-
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AR TR AR . NC-1 AL 7E 200 CHY Y CO ¥
KL Ny 99.2%, B CO MR 40 $ A h
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Reaction temperature /°C
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Figure 7 CO conversion diagram of NiO/CeO; catalyst

a: CeOy; b: NC-0.5; ¢: NC-1; d: NC-2; e: complete conversion

3 6 4 1-NiO/CeO, ik 71 5 SCHk b W] 25 4 1k
FIEALPERE (0 XF o ASBIF 5% i) 4 19 NC-1 i 4k 571
T2 SR 5025 3R 60000 mL/A(geh). 2 IR B K
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U, NC-1 AL AR i R BRI TT, A 4
AL PR BE

26 NC-1 4L SR CHk B LTt

Table 6 Comparison of conversion rate between NC-1 catalyst

180 200

and similar literatures

Sample t/C GHSV(/mL'gca;l'hil) 4 Conversion/%
NC-1 200 60000 5 99.2
Meso-Nio,Ce' ' 200 120000 21 80.0
Ni-CeO, NRs' "' 509 28800 10 100
ceNi' 200 30000 28 100.0
3 4% w

AW 58 R FHBR BS54 A [\ Ni 7 5 19 Nio/
CeO, HEALT, F-IT T £k 70 45 440 T % 4 1
REMISEM . SCEG B, NC-1 R 740 BRI
AL BB, 7E RN R BE R 200 °C L At i R
5. MR 23 N 60000 mL/(geh) B ST, CO #%
1% 99.2%, B LLEAR ) 16 7 2 1 CO(0.6%) kb
FEH AL (0.005%) B 7K o A ARG M 9 32 250
M) PR 25 A Ak 3R 1) 30 SRR R L TR MR AL Ay S ak iR 2
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