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Superfine CeO, Embedded in a Porous ZrO, Matrix for Catalytic HCI Oxidation
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Abstract: Ce-Zr composite oxide catalysts were prepared by different methods for catalytic HCl oxidation. The
nano-sized Ce0, particles embedded in the amorphous ZrO, matrix fabricated by spontaneous deposition strategy.
A significant “size effect” of CeO, nanoparticles leads to considerably high concentration of Ce’* and oxygen
vacancy sites, which makes the catalyst have excellent low-temperature oxidation reduction performance and
oxygen storage capacity. Catalytic performance tests indicate that the CeO,@ZrO, catalyst shows superior activity
(1.90 g, -g ~'-h™) and good durability. The isolation of CeO, nanoparticles by the amorphous ZrO, is a key factor

cat

of durability of the catalyst.
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Fig.1 XRD patterns of the catalysts
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Table 1 Physico-chemical properties of the catalysts
Sample Cell Parameter / Grain® size / Sper” / v, Consumption amount 0sc/
nm nm (m?-g) (em’-g™) of Hy / (em’ gu™) (mgo* g™
7r0, - - 214 0.126 3 0 0
Ce02@Zr0, 0.541 4.9 179 0.170 1 32.39 2.89
Ce0,-Zr0, 0.533 6.7 56 0.082 3 16.79 1.79
Ce0y/Zr0, 0.540 8.2 89 0.121 6 11.36 1.14
CeO, 0.541 10.9 48 0.062 3 14.08 1.09

*Calculation from the peak during 28.4° in the XRD pattern using the Scherrer equation; " Surface area derived from BET method; © Calculation

from the peak below 600 °C in H,-TPR profiles; ‘ Oxygen storage capacities are measured at 400 °C
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Fig4 HR-TEM images of (a,c) Ce0,@Zr0,, (d) CeO-Zr0, and (e) CeO,/Zr0,, SEM images of (b) CeO,@Zr0O,, (g~h) are the element
mapping data of the selected area in (f) of the CeO0,@Zr0O, catalysts
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Table 2 Surface atomic concentration of the catalysts
Cer/ % Or/ %
Sample Cer Zry Or
xe.t / Cer xe." / Cer 0/ 0y 0"/ Oy 0"/ Oy

Ce0,@Zr0, 15.4 5.6 79.0 30.1 69.9 31.2 359 329
Ce0,-Zr0O, 11.3 16.5 72.2 19.7 80.3 41.5 31.7 26.8
Ce0y/Zr0, 21.9 0.8 77.3 11.6 88.4 57.3 25.5 17.2

Cer: total cerium; Ce’*: trivalent cerium; Ce**: tetravalent cerium; Oi: total oxygen; O: lattice oxygen; O': chemical adsorbed oxygen/weekly

bonded oxygen; O”: oxygen in hydroxyl and surface adsorbed water

ATLVE S, AR DIRER IS 655 Ce0,@7Zr0, & A B im
1) Ce® e (30.1%) , W1 5y T 070 3 1 AR v 5 i
il 25 1 Ce0,-Zr0,(19.7%) Fl Ce0,/Zr0,(11.6%) , iX
5 0SC RAEL R —F(E 1), O JTLHEM 1s BOLH T
RETE AN 6(b) T, Horfr O Ay A% S RE 1 04 T vy
SEARERY O R O3 ) hy i Ak 790 35 180 Ak 2 1 B 1 %
FE DA Ko 3% 11 55 W BFF 0 7K v 9 S0 AN [ 4040 Rl ) A
XEmA TR 2, SRR ICERE O 1 & w7
H : Ce0,@7r0,(35.9%)>Ce0,-72r0,(31.7%)>Ce0,/Zr0,
(25.5%),3% 5 L3k Ce* o Hral e —2,
27 EIEEETEM

AR R R AS [6) IR T HCL SR BN 19 1 45 21
WL 7(a) BT 7, B0 AT A A 700 1 8 Ak 3 4 B T 3
R E T M Ce & AN R & 7 ik
Ce0,@7Zr0, . Ce0,-Zr0, Fl Ce0,/Zr0, I Pk 22 B 8 K,
AL 70 7 15 2 0 A Ce0,@7r0,>Ce0,-Zr0,>Ce0y/
Zr0,, X5 85 AR 38 JERE S K Ce ik J3E 14 I
JPRE B, AR P Ce P AEAE 23 5 R H faf A AS
ST AT 2 e AR A T B B AR A A s (4
HEAL T AE HCL Ak SR A A2 v on] DR S 9 32E 47 48
FRIR JF G4, 4 700, WAL TG M B 25 | T4 CeO, 5

1.6

(@) .
. —=—Ce0,@Z10, / .
= 121 ——ce0,710, . /
uo§ —v—Ce0,/Zr0, / ) y
o —o—CeO, - /
@)
3 087 ——zr0,
>
=~
7]

0.0

410
Temperature / 'C

K7

CeOy/ZrO, MIMEALTE PR 230 | 3 16 B R 50 1l 4 17
A0 T M Ay R B A B, L T M R
Ce0,@Zr0, 7€ HC1 2524 0.015 62 g+min-mL™,V,,/
V=1, TR 430 CHIFMET ,CL 28 I 7= 50 L
iK#E] 1.90 g, vg. ohs 1M Moser 551 £ (1) £ 4844
CeO0,/Zr0,-1 HEALFIAE IR AN 2518 T, Cl, 25 1 7 %
A 1.23 ga,vg.,*h7s

T 430 CXHEAL R AT TARGEESE 5, 458
Bl 7(b) T 78, Ce0,@ZrO, Ak 71 1) 3 1 F1 RS P 4
WAL T HA 1) CeO,, Ce0,@7Zr0, ¥ UH ¥ 1L % K
1.48 o +g ~-h'Ze A AERT 60 h BT A LS
PEA BN R B A B S s ) B s
HARA WL T RE JERFAE 1.3 g -g -hEAT,
BYIGWEE TR T 12%, X2 K6 41455 CeO,
JE AR A Zro, AT LA RS /INBURL CeO, 1 1 i 141
R 1 Ce0,@7Zr0, BABUF M EIREEME . CeO,
BRI AR TG TE N 1.05 g - ' -h ' Zedr, T Ba L 2R
—E RN R R FE 40 h S5 TE TR FEE B 100
h J& RBLRPEAL R 0.48 g -g -h7 ity BRI RIS

16-(b)
. CeO,@ZrO,
_ °°°°°°ngo°,,' "00:2‘,@“:
= 12}
5 LY
z‘i "oo....
%)00.8 ..
- * *e, CeO
> * oo
% 04
0.0~ . . . . .
0 20 40 60 80 100

Time / h

A S TR BE R 0 HCL 480 35 1 (o) RO 2 )

Fig.7 HCI oxidation over the catalysts at various temperatures(a) and Catalyst durability tests(b). Conditions:

Vo V=2, WolFya=0.031 3 gmin-ml"
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oA NE 3 LLEE], 5 Ce0,-Z10, F
Ce0,/Zr0, Mt , Ce0,@Zr0, ¥t HC1 A S Bon
BRI BN G, X e B R RE 1 4840 JE A HCL 43
£, Ce0,@Zr0, fE B Ay 7= 2E Cl,, A A] #EWr Cl, 76
FREAR R L 4 I8 R 92 5 N 1 ke A5 B

® 3 EUFIEL B RN E

Table 3 Reaction orders and activation energies (E,) for the catalysts

Catalysts E.,/ (kJ-mol™)

Reaction order

a(0,) B(HCI)
Ce0,@7r0, 63.02 0.46 0.43
Ce0,-Zr0, 66.21 0.44 0.39
Ce0,/Zr0, 70.38 0.34 0.42
3 ZE': -L/I,_\' [3] Deacon H. Manufacture of chlorine. US Patent, 85370.

KA KUK S T 7r0,.Ce0, X
Ce0,@ZrO, AT, TR B 2R FH 0T 3 v A2 5 il
% T Ce0,-Zr0, il CeOL/Zr0, fEALFIME JXT E , FRAE
SR WoR T B & UTBUR B 45 1) Ce0,@Zr0, B
N B A A L B /N CeO, R R
b TR Ce RN ARUAS R BE | LA R i I A S
PEREFNfif B AR 1, AR PEBE D 25 SRR B | CeO,
@ZrO, B/ H S5 0 S 0 4 Ak 0 M RN 3 e 1 e R e
P, fE HCl 2/ 280.031 3 g-min-mL™,V,/V =2,
TR 430 CHIZETR | Cl, 28 B =3 n] DLk 21 1.48
go v, oh A CeO, K B MY AR fR A 710,
SR B S T A R M RN B e
MR K | Ce0,@7Zr0, B H H = 19 0, A HCL &
KA E ALY HCL F kTG fene, R, 0, f HCL 7E
T P AN B 5 4 W B IR 2E G, 18 58 B 292 B 0 1 2R
B PR
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