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BAEET M EEFK, TEARWHHER &0
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1 JEOL A w] f) JEM-100 1375 5 v, 7 53 (85 Fe 4iE .
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Fig. 1 XRD patterns of ceria-based mixed oxide catalysts
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Table 1 Textural properties of ceria-based mixed oxide catalysts

Cell Parameter St S7¢” Sur’ v Nog/Ay! e

Sample 260/(°) /A /nm /(m® - g™") /(em® - g o radius
fresh  used”  fresh  used®  fresh  used" /nm
CeO, 28.436 5.4172 16.0 17.7  53.7  45.8 0.1417 0.1341  1.02  Ce*.0.092
Cegola,,0,  28.420 5.4304 159  17.5 342 33.0 0.1039 0.0898  9.48  La*.0.106
CeyoTiy, 0,  28.896 5.3827 14.7  18.2 357 22,0 0.1345 0.1107  9.96 Ti** 0. 068
CegoZr,, 0,  28.444 5.4140 13.7  14.4  59.2 52,0 0.1419 0.1367  3.92  7:*.0.079
CeyoCry, 0,  28.471 5.4158 1.1 12.7  72.2  66.5 0.1736 0.1702  1.36  Cr’*.0.069
CepoCug, 0,  28.585 5.4071 8.6 10.4 8.8 71.9 0.2256 0.1897  1.04  Cu*.0.072

a. Calculation from the peak at 28.4° in the XRD pattern using the Scherrer equation;

b. Surface area derived from BET method

c. Crystal Size and Sy;; data of used catalysts measured after Long-term stability test;

d. Age/Ay, calculated from Raman results.
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w ji; CeyoTiy,0,, CeyoZr, 0, e Zs; I
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Fig. 2 ESEM morphology of (a) Ce0,; (b) CeyoLay 0,5 (c) CeyoTiy,0,; (d) CeyyZr,,0,; (e) CeyoCry, 0,3

(f) Cey4Cuy,0,; TEM morphology of (g) CeO,; (h) Ce,,Cu,,0,
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Fig. 3 Raman spectroscopy of ceria-based mixed oxide catalysts
(a) CeO,; (b) Ceyola, 0,5 (c) CeyoTiy, 0,3
(d) CepoZr, 0,5 () CeyoCry,0,; (f) CeyoCuy, 0,
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Fig. 4 H,-TPR profiles of ceria-based mixed oxide catalysts
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BERIFETE. Ceg o Cro O, FEERARIRBE M I ARFFACIRIAY £ 430 “CTF HCl Fefb 5 mi o 86% , V- ik

WEE, 76350 °C R HCL 34030 32% , i F e
B A LA , (BB FE 7RG ST P
18, M Ceg o Cuy , O, 1 PERETE R 19T m 1E I ik,

K. A A AL LRI 430 C F LR b
NG A 2 Cey 9Cuy 0, > Cey 4Cry , 0, > Ce oZr, , 0, >
Ceg 4 Tiy O, > CeO, > Ce, 4la, ,0,.
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Table 2 Temperature of TPR peaks and H, consumption of ceria-based mixed oxide catalysts
Reduction temperature of peaks/°C Consumption amount of H,/( cm® - g})
Catalysts
Qy 5] B, B, Y1 Y2 Q Q By B, Y1 Y2
CeO, - - 362 479 - 721 - - 2.83 4.74 - 12.30
Ceg 9Ly, 0, - - - 509 - 694 - - - 12.46 - 16.68
Ceo. Ty, 0, - - - - 597 709 - - - - 78.58 13.11
Cey 921y, 0, - - 335 489 - 712 - - 433 579 - 11.82
Cey oCry , 0, 312 384 - - - 702 41.8 13.17 - - - 8.17
Cey o Cuy, 0, 118 151 - - - 720 26.0 16.89 - - - 11.52
100 —&—CeyCu,y, 0, Ce() 9T10 10 B’J(ﬁ I\if 20 h H:Il I)LJ A= B/J‘FIE& L
| Igew(zjro’lgz Al fE & A N Cey 4 Tiy 10, i e A5 1E M. BR
80 €09 470102 L
—4CesTip.1 0, Ce() 9cr() lO ;Fﬂ CeO 9T10 IO &l\’ >N E%m%gﬁ/ﬁ/ﬁt
~v-Ce0, PIEALTITE 50 h J5 PR HE RAF IR E
S0l —>—CeyLa,,0,
100
®
= .
> 40 - -
80 - -
r b
20
60 -
C
1 1 1 1 1 A
* * S 9
350 370 390 410 430 2 sl 9
Temperature /°C ><‘=) G <
(65 R RIS FHESL 4 A A Qisscescescssttocesssszos)
Fig. 5 Catalytic activities of ceria-based mixed oxide catalysts 0r
at different reaction temperature
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Fig. 6 Long-term stability test over ceria-based mixed oxide catalysts
(a) CeyoCuy,0,; (b) CeyoCry 0,5 (c) CeyoZr,,0,;
(d) CeyoTiy 0,35 (e) CeO,; (f) Ceyola, 0,
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Tho = kP‘SZP‘f,a - k,PZ‘IZP(ITIZO (Eq.1)

BB, Po, B Py 535 & bR O, A1 HCI
o3 He, Pey, FP 0 2000 OB CL, F1 H,O B
S e o f B A LGSR X O, A1 HCL #Y S
BEEREL. i T AEMEAL TR Bl g 2 03 o R ) 5 A 3 A
5% ~20% , & kPy, P >> k Py Py, PRI 22
W3 S O )R, SRT AT R ANR

Tha = kP‘SZP’éa (Eq.2)

FWE o, BRI LIS AESh )2
W, BAN, 9P, HCL Y3 A (P ) ,
A Py, T 1y 8, VA InP,, Xt Inry, FEEITG—E
2, BRI o FRERINAT B, i E &8 LY
HEAL TR X O, FIHCLEY B i 2R 25 1 81 T 353 CeO,

R3IMEEESENLWELT O, F1 HCl Bk M HE
Table 3 Reaction orders of O, and HCI over

ceria-based mixed oxide catalysts

Catalysts a(0,) B(HCI)
CeO, 0.425 0.384
Ceg o Zry 1 0, 0.445 0.489
Ce, oCuy , 0, 0.456 0.430
Cey ,Cr, , 0, 0.480 0.410
Cey 4 Tig , 0, 0.575 0.311
Ce, oLa, 0, 0.671 0.236

XF 0, (R GELN 0. 425, % HCL () )51 80
0.384. 7£ HCl L L AR, AR Rl CL, Boo
2 RS A AL TR0 ) i, O, A HCL A5 S B4 5 A=
JR CLy FEAEA TR T 257 A 5 2 I T, PR T B
(15 0, 73 HAl HCL o3 B X2 Tk CL, AYJBERE, A vt
45 CL, 4w, nlRILHEWT7E s R b CL, 19
It B2 B R PR R T A R il AT 5 SR A ) HE AR RS
0, Al HCL iy S WG BATHER , ik CL, BB RR AT 2 S
PRI E AR, (B2, FiiE 5 e xt O, Fi HCL
A8 S AR W W 22 5. X T HCL B B o, 88Uy
H: CeyoZry ,0,> Cey oCuy,0,> Ce, yCr,,0,> CeO, >
Cey o Tiy 1 0,> Ceyylay | 0,. CeyoZry ,0,, CeyoCry 0,
il Cey Cuy 0, Xf HC {4 S B AL L CeO, K, X1
W] Cey.9Zry 0, , CeyyCry 0, FlI CeyyCuy,0, A F]F
HCL TEAEA R 2 18 B I B A AL Bl 52 5 S AL
HEALTAIXE T O, BB R - Ceg oLy, 0, >

Cey o Tiy ; 0,>Ce, 4 Cr, , 0, >Ce 4Cu, , 0, >Ce; yZr, ,0,>
Ce0,. fHAFTEE R Z, Ceyola,, 0, Fl Cey,yTi, 0,
XF 0, RN REE KT CeO,, XL Cey la, 0,
1 Cey o Tig , O, HAFFHA D TR AEL. 454
A A RS R b, A BRI b J5 )
P Cey 9Zry 0, , CegoCry 0, Fl CegyCuy, O, fELL
7R, ST HCL A A AT 2 1 A R BTG . T 4R
LW JE LR E) Cegolag 0, Fl Ceg o Tiy, 0, fiEfL
A, S5 TR RS AL 1, NIRRT O,
3 s T G S R )it R AR AR T 1 PR B R
ik JEAE 2R

3 &g

3.1 RABPLUIE LS 5 142 A A it
) Ceg oMy 0, Horp Cr Cu, Zr B BHWNE G
SAAL RIS, S R A A R HE R 1w BRI AL
7, IR AR AT 5. T La A Ti fY
B2 T ABRAG A 2 00 48023 (50 7 JBE 2R A v
IRy E=R7/ LUk JaER

3.2 SEAMM A B T I HCL i
e ARIEYE, 75 430 C R iR S 5 S ALY AL 503
PEFF g2 Ceg 9Cup 0, > Cey 4 Cry 0, > Cey oZry ,0,>
Ce 5 Tig 1 0,> CeO,> CeyyLa,, 0,, il 1] it A Y
FECH B S AR PEA 5. BR Cey yCry, O, F
Ceq.o i, 0, A1, Fli B & ALY HEAL I TE 50 h )5
PRy R AP RIRRETE.

3.3 wigh fprEihid s, ClL fEfli B2 59
PEALR) B B BERE Ay ke A R A 50 AR AR T 3
EYFFA T HCL AR5 3 1w g IR B RS A, i
PR 2 10 Y 48023 067 7T DL 48023 1 1) W R
hfe.
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Structure of Ceria-based Mixed Oxides and Its Influence on
HCI Catalytic Oxidation Performance

XIE Xing-xing'** , FEI Zhao-yang'”* , DAI Yong'”, XU Xi-hua'*>, CHEN Xian®,
TANG Ji-hai*, CUI Mi-fen®, QIAO Xu'"*"*
(1. State Key Laboratory of Materials-Oriented Chemical Engineering, Nanjing Tech University,
Nanjing 210009, China;
2. College of Chemistry and Chemical Engineering, Nanjing Tech University, Nanjing 210009, China)

Abstract: The physiochemical properties of ceria-based mixed oxides( Ce, oM, ,0,, M= Cu, Cr, Zr, Ti and La)
prepared by ammonia co-precipitation method were characterized by XRD, Raman, N, adsorption-desorption, ES-
EM and H,-TPR. The performances of catalysts for gas-phase HCI catalytic oxidation to Cl, were also investigated.
The results showed that the incorporation of Cu, Cr and Zr could greatly reduce the grain size of ceria-based mixed
oxides, leading to a higher surface area and pore volume, and enhance the reduction of oxygen species at low tem-
perature. While more surface oxygen vacancies and improved reduction of oxygen species at high temperature could
be obtained in Ce, ,Ti, , 0, and Ce, 4La, ;0,. The changed structure and surface property of mixed oxides showed a
significant influence on its HCI catalytic oxidation performance, the order of the activities of various ceria-based
mixed oxide catalysts at 430 °C was as follows: Ce, oCu, ,0,> Ce, ,Cr, ,0,> Ce, yZr, ,0,> Ce, ,Ti, ;0,> CeO,>
Ce, 4La, ;O,. The number of oxygen species reduced at low temperature was directly related to its catalytic activity.
kinetic studies showed that the catalysts with more reduction of oxygen species at low temperature provided more ac-
tive sites for HCI adsorption and activation, while the oxygen vacancies were conducive to the adsorption and activa-
tion of gas-phase oxygen.

Key words: ceria-based mixed oxide; HCIl; catalytic oxidation; recycle; chlorine



