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Preparation and effect of Pt/CeZrO, diesel oxidation catalysts support
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(*College of Environment, Zhejiang University of Technology, Hangzhou 310014, Zhejiang, China; *College of Chemical Engineering,
Zhejiang University of Technology, Hangzhou 310014, Zhejiang, China)

Abstract: CeZrO, solid solutions were prepared by co-precipitation method through adopting different
precipitators (NaOH, H,C,04, Na,CO3), and as the support, a series of Pt/CeZrO, diesel oxidation catalysts was
prepared. The physical and chemical properties were studied using the means of XRD, BET, H,-TPR and catalytic
oxidation reaction. The results showed that the CeZrO, solid solutions using NaOH as precipitant had the largest
surface area(68.8 m? » g ), the most active oxygen[the H, consumption of the surface oxygen is 1143 pmol + (g
cat)™] and the highest Pt dispersion on the surface, so the Pt/CeZrO,-NaOH exhibited excellent catalytic activity.
In particular, catalytic oxidation hydrocarbons (C3Hg), the Toy decreased about 40°C than the Pt/CeZrO, catalyst
prepared with H,C,0, or Na,COs. Besides, the preparation methods also influenced tolerance to sulfur of the
catalysts. So selecting a suitable carrier precipitant could make the DOC catalyst has good activity and
sulfur-resistance.
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Fig.1 Description of process for experiment
1—S0; cylinder; 2—N, cylinder; 3—NO cylinder; 4—CO cylinder;
5—C3Hs cylinder; 6—O; cylinder; 7—mass flowmeter; 8—temperature
controller; 9—reaction device; 10—thermocouple; 11—three-way valve;

12—infrared analyzer; 13—vent gas
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Fig.2 XRD patterns of ceria-zirconia solid solutions used
different precipitants
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Table1 Textural properties of ceria-zirconia solid solutions used different precipitants

Crystallite Average Pore volume SBeT Redox properties
Sample 26(111)/(°) : . - A — = — =}
size/nm radius/nm lem® . g /m®+ g™ H,consumption/umol « (g cat)™ H, consumption~/umol ¢ (g cat)
CZ-Na,CO;  28.523 12.6 212 0.04 9.6 279 382
CZ-H,C,0, 28529 12.4 12.2 0.13 419 294 114
CZ-NaOH 28.543 11.9 9.4 0.16 68.8 1143 82

(D H, consumption of surface ceria reduction; @ H, consumption of bulk ceria reduction.

CZ-Na,CO;

CZ-NaOH

100 300 500 700 900
temperature /°C

P 3 AN R IE 7 i) 46 il ] VA (1) Hp-TPR 3 %]
Fig.3 H,-TPR profiles of ceria-zirconia solid solutions used
different precipitants
a—H, consumption of surface ceria reduction; b—H, consumption of bulk

ceria reduction

F 2 PUCZ EMFIA HrTPR RAELER
Table2 H,-TPR of Pt/ICZ

Redox properties

(O]

Sample  H,consumption” H, consumption® H, consumption®
fumol « (g cat)™ /umol « (g caty™ /umol « (g cat)™
Pt/CZ-Na,CO; 280 95 382
Pt/CZ-H,C,0, 328 203 122
Pt/CZ-NaOH 433 152 212

@® H, consumption of PtO,. @ H, consumption of surface ceria
reduction. 3 H, consumption of bulk ceria reduction.
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T 485 25 S i SR 27, A R T Ak SR A 2 R AT
2.2 PUCZ EELFIRIIR L FHE

4 3 3 Ff PYCZ L7 XRD 5. &
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e

A0 71 1) 38 5P R 5 T i Ak S A R D IR B
BRE. B 5 AH T ST H-TPR R
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Z 7 AN, TJE T HIART ) PO, #Fh ik
JFlg, Wk 1 fin, ZERFERRIZE KT PO, ik i
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RER I EVRENEARRIE, Ho 0 T84
RN H T, IR 8 5 BEVE IR 1) H 5T Be 85 LR AR
AR PG TRl i B3 Rl T A R e S 2B, R
55 CeZrO, Hii LA (i A 771 fr) 25 Th 42000 S e 37 7 35
FIRTR s, T HFER R AWETRIET LA,
Pt/CZ-NaOH _I- PtO, fJik i i i HAREE, 156 BH b A
T 116 PtO, HE AR H B AF FI 58, Pt 4R 75 4
EREEHCRAR, kAT HEN PYCZ-NaOH #g
I B AR A S A AR

Pt/CZ-Na,CO{| ¢

Pt/CZ—HzCZOAA A

Pt /CZ-NaOH|

10 20 30 40 50 60 70 80
20/(°)
K4 PUCZ AL XRD i

Fig.4 XRD patterns of Pt/CZ

@ Pt/CZ-Na,CO; D

Pt/CZ-H,C, 0y

Pt/CZ-NaOH

100 300 500 700 900
temperature /°C

KI5 PUCZ AL Hy-TPR 5[5
Fig.5 H,-TPR profiles of Pt/CZ
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RS 200, <
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S 60f g 60
3 =
g S
2 40 £ 401
5 Z
g 8
S 20t 20k
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150 180 210 240 270 300 330 150 180 210 240 270 300 330
temperature / °C temperature/ °C
(a) C3Hg (b) CO
K6 RENTIETH & i B AR PtICZ AL A Ak CaHg AT CO (R
Fig.6 Effect of Pt/CZ catalytic CsHg and CO by cerium-irconium carrier used different precipitants
2.3 PUCZ HEALIEILIE M R A FR M N T EEAFMENIRFURTE, £ 0.02% SO, 17

6 (a) 4yth T ANF PUCZ AL ML SEALEE  FERAF T 00T 1 3 PUCZ MMM AL S AL
Whoeh = B A CoHe W B4k il 2, BL S AR CsHe A1 CO Sk, Heiuani&l 8
Pt/CZ-NaOH 1 fi b B B fe i, H Too b PU Fiom. HEWHI, 3 FELFIXT CsHe R CO 1 Too
CZ-H,C,04 F1 PY/CZ-Na,COs K IL 40°C . 3 Mtk TFIAF] 300°C AL L, 5T SO, 7RI 2% FHH
FURE P 5 BUA I e JF R R IEAH G OC W AR SR T 85, XU SO, X PUCZ
2, VLR T CoHe ML A 12 SRS AR WA R KHFIER . N T E B L& H
BHARE T BRI R . FiESENA AR EMIE R, X 3 FMEAIER TG SO, fE1E KA R iEfh
JREE IR, B PR, MRS CaHe I EBR %84k CsHe 1 CO ) Tsov Too HEAT 1 ELEL, WK 9.
REJJBRGF. T 6 (b) LA EASEM R 3 Fum. M RTBUK L, SO, Xf PHY/CZ AL 1
ERA CO Wt Zdh 4, fEX CO ML El T HEMRESZEAREN . 255 70T Tso M Too HIELHE
R IFEARE S CHe —BIE R, WEEE CO WA, fE 3 Fh PUCZ MEALFIF, BEAE KNI
TE PUCZ AT AR N S8R Z AR R IF Jhisr, PUCZ-NaOH AL I E (AL A A CsHe A1 CO
AN CHe ISHEE Y - i BER I BE 47 P SO, HEERE ST Alth, 4%

Xf CaHe M1 CO AL S BNEHEAT T It By B I& iUV A & Bk il LU DOC A 713k 45
7> CaHe 15 CO S I N F- 7 %5 11 4R %4 (In K R4 B B i .

FREHRAIE 7 Fon. BADHETR, CHe g 5 rmsmmmmis toshsssisss pticz €87 0.02%

LB A WAOC, HSSHER) ) X SO, S TRALE L CoHo T CO B Too b
SR AR ARG B M B i, A AT CaHg AL Table 3 Tgo comparison of Pt/CZ catalytic C3Hg and CO
HIHEAT - by cerium-irconium carrier used different precipitants in
200 presence of 0.02% SO, or not
160 | Gas T/ C
'\.\QH; Pt/CZ-Na,CO;  Pt/CZ-H,C,0,  Pt/CZ-NaOH
_120f CsHs  no SO, >300 299.5 264.6
™ with SO, >330 >330 296.0
80 - CO  noSO; 261.9 267.0 261.9
ol - — O o with SO, 305.4 300.2 290.0
L Kl 10 ¥ SO AFAESRAT T 3 M A7 S B I HY
emperature FERRATAMG . BRI LA 1, 7E 1200 om™ i
B 7 KRR T CO 5 CoHe ML N P 2 % B W R, & T B iR ER Y g o H kAT 4,

Fig.7 K® of CO and C;H, oxidation in different temperature SO, X AT #3351 F £ 2R RS 19 SO, #41
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conversion of C; Hg /%
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temperature / °C

(a) C3Hg

conversion of CO/%

100

a Pt/CZ-Na,CO,
801~ o Pt/CZ-H,C,0,
cL 4 Pt/CZ-NaOH

(with SO,)
40
20
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150 180 210 240 270 300 330
temperature /°C
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B8 A [FUTIET % R ik B fAxs PtICZ AL FITE 0.02% SO, FA1E 55 T AL %k CoHg £ CO [R5
Fig.8 Effect of Pt/CZ catalytic CsHg and CO by cerium-irconium carrier used different precipitants in presence of
0.02% SO,
280
270+
£ 260 with SO2
> o 255F
(.()ﬁ. S~
5 240 [ withso, | 8
2 5 2401
[5
220 1 i ./-\.
200 ' — : ! ! L
Pi/CZ-Na,CO Pt/CZ-H,C,0, PU/CZ-NaOH Pt/CZ-Na,CO;  Pt/CZ-H,C,0, PUCZ-NaOH
catalyst catalyst
(a) C3Hg (b) CO

K9

AN TR 77 1l 2% ) Bl B A0S PE/CZ fEARTRIAE AT TE 0.02% SO, F77E 21 T AL AL CoHe A CO Y T LLER

Fig.9 Ts, comparison of Pt/CZ catalytic CsHg and CO by cerium-irconium carrier used different precipitants in presence of 0.02%
SO, or not
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Fig.10 FT-IR spectra of catalyst after reaction in
presence of 0.02% SO,

W ARG SR R IR s, B 1A s PR
B AR REDT . R I TAVE, RBLJE
£ 3 AT B A EA T ERIR L, EHIUR

R RE I E BRI ZE 5, IX U0 AN [F T 751 1) 4% 1)
B BN BRI AR N A SR IR R ShAE A, (H
BT A A 22 v, A RER I AN R 4T
BRPE. BT LLIE R 38 M R ] A AL FRIR I R
USRINETR e sk A
2.4 CeZrO, BliAatiE R RIS

z 4G T ARVEDN Ko £t Cev Zr 1y
B IR £ AN B IR 2R S T URTTVE I 2 ce®, 24 ce® it
e aE ZM TR A S L, A A IE S A
o K A SEACEATE RUTTET, Ce(OH)3 F Zr(OH),
FH T3 R /0N L 222 Bt AR DG 58 /N B 25 5 e TR
H35), RS A SEIER, "L
BRI RRA AN . Bl fET Ce. zr A&
AW 3 1 SR P AT LA 3 — R A 8,
XRD FAEH AT LB 5 R I CZ-NaOH A & 45 fi 5 T~
B, JFH (111 SR 20 Mok, XIESE T A



+ 1396 - o T % R EE
F=4 Ce. Zr JUEYIHY Ksp soot oxidation: high utilization of NO,, and oxidation of surface
Table 4 Kep of Ce, Zr precipitate oxygenated complexes[J]. Applied Catalysis B: Environmental, 2013,
Samole " 5138/139(28): 199-211.
s - [2] HR, EFE, A, 4. 460 DOC ML PLPAICeO;
Ce(OH)s L0 VEHERIGUBIE]. MRRHL22224], 2013, 41(11): 1401-1408,
Zr(OH)a 2.0x10 . HUANG H F, WANG L Y, QI Z H, et al. Activity and sulfur
Cea(C204)s 3.2x10° resistance of Pt-Pd/CeO, catalysts for the oxidation of diesel
Zr(Cz04)2 1.1x10°° exhaust[J]. Journal of Fuel Chemistry and Technology, 2013, 41(11):
Cey(COs)s 5.2x107%° 1401-1408.
Zr(CO3), 1.8x107™ [81 ARITF, ZEPH, BIRE, 5. SO X =AU A F AR FAL 15 H BF
FE[). Ak (fAbin L), 2006, 22(4): 1-5.
NN N . DAL Z Y, LI 'Y, HE Z F, et al. Study on the poisoning effects of SO,
e NERYER, \ N p N=PLN
ﬂf{gmﬂ;jﬂ{n{mﬁum‘L/MEUH/—‘E%JEP E/] Ce. Zr i3 on the support of three way catalyst[J]. Acta Petrolei Sinica
Ej‘jﬂj/}j ’ J.Hiﬂq ’%&’fﬂ%’éﬂ1’ﬁ7’ﬂ/ﬂ{%?fﬂﬂ u%ﬁk‘[‘i (Petroleum Processing Section), 2006, 22(4): 1-5.
ﬁEf&ZI}E‘J DOC 1%1{3?“%{2{;0 [4] KROCHER O, WIDMER M, ELSENER M, et al. Adsorption and
desorption of SOy on diesel oxidation catalysts[J]. Industrial &
3 élﬂ:t: ‘Mﬁ\ Engineering Chemistry Research, 2009, 48(22): 9847-9857.
[5] ZR4EM, MR, KN, 55 SHIRERASAUENFIMBTRD]. T
— SR BRI (A ARRHERR), 2001, 22(2): 199-200.
7 Gl B Vg 35
Y ﬂ()ﬂ 3 AN FI HITTE ) NaOH., H2C204. LI W B, LIN Y, ZHANG Y, et al. Catalytic emission removal on the
Nazcoa ﬁk IjJ %IJ % T /E< 75 Z: EJ f% piiil ’T’b ?ﬁ' fléf ]ﬁ Eﬁ Pt only three-way catalysts[J]. Journal of Ningxia University (Natural
CezZrO, [H¥EER, @it XRD. BET X il £ no ik Science Edition), 2001, 22(2): 199-200.
(%17«'&1&??7@:%@ E@%?ﬁ; ﬂ%ﬂ NaOH f/lfjﬂﬂ{ﬁﬁu [6] FLC.)UTY R ABI-AAD .E, S.IFF.ERT S, et al. R.ole of molybde-num
" o o e against ceria sulphur poisoning in the combustion of soot particles
B, CezrO, AR (111) SHT 20 R Shfi and the oxidation of propene[J]. Applied Catalysis B: Environmental,
FoT e/ EERIAER KR, JF Hidid H-TPR X [#H 2003, 46(1): 145-153.
e g . . N e ey ;
IR RIERLIEATRE, (AL CZNOH fiosife 11 Ik Wi i W Skt el
IRAZ Tl 22 [, WL LM R 555791, , 1 6-9.
2 AN =) | Az =] 4 YA .
EE r% Hmﬁiﬁ,jr, E;H‘:é/\*@%{ﬁﬁcﬁ E/J%W‘;FH ﬁﬁo JWR, ZENG Y L, TAN Y B, et al. Effect of acid-base properties of
ﬁﬂ Pt/CZ 1’%“3%“ E/‘J Hz'TPR %?E%%ﬂ%ﬂy Ux supports on catalytic performance of nickel catalysts for glycerol
NaOH ﬁ;j\j{ﬂ{%}sfuﬁguﬁﬁq CleO2 {gﬁgiﬁ/‘] Pt "% steam reforming[J]. Journal of Zhejiang University of Technology,
S e Ly 2013, 41(1): 6-9.
AN ¥ El ’ A Z: /\‘ i o s N
i Hﬁf{;’?j i%tﬁ @’?ﬂ} N [B] UL,y FEH, % BIERIE SRR AL
(2) AN ARG BT HE % PUCZ il 5 J LR T2 U A2 PE BTS2 0]. L T
BEALFASE ER 52, ZERE CaHe (RIHE AL Th Hoi v ALK, 2013, 41(0): 48-52
%ﬂ%‘—ﬁ%@ﬁg E@’f&ﬂﬂﬁ)ﬁﬁﬁ%*ﬁgﬁ’ fﬂﬁ' co E@}i LI.U Y X, FANG Y'Y, .LI X Y et al. Preparation ?f carbon-based solid
. Ll S T . acid supported Pt bifunctional catalyst and its performance for
E'-ﬁ?ﬁjﬁﬁiﬁﬁ%fﬁ{{%fﬁ Tééaéﬂaé @Z:@E ’ ?ﬁjﬁi'ﬂ?ﬂéﬂ"] nitrobenzene hydrogenation to p-aminophenol[J]. Journal of Zhejiang
A K. HA, NaOH 1ERNUCTERH % FEAL 5 University of Technology, 2013, 41(1): 48-52.
FRAFIOAEAETE. (BRI T, ARy B R O SRR AU,
f1 30 > p 2 e =i Ay R ' - oo-fs.
%U%Eﬁ%ﬁﬁgﬁﬁfwﬁkﬁ/] P/CZ 1&4’&%Uﬁﬁ)lb¢%ﬁbﬁ‘|ﬁ WANG J Q, WANG Y, LIU S X, et al. Progress in diesel oxidation
Z:):"*H ﬁ ° Ehﬁtﬂ%u ’ /ﬁ(ﬁﬁ”ﬁﬁ %ﬂ U\/%Z D[nj %wﬁﬂ catalysts[J]. Science & Technology Review, 2012, 30(25): 68-73.
E{J {%Aﬁﬂéﬂjﬁ }]L'ﬁ , ;@f%%ﬁﬁ(] a}j(‘{z’gm:{iﬁUﬂ [;uiﬁglj [10] LIU. LC, U-RBA.\NO D,.I?AUL A et al. Gener.:ation of subnanéme-tric
FELI x| EL ey M platinum with high stability during transformation of a 2D zeolite into
F315 DOC HEALTF 6 LA I TE S bt 3D[J]. Nature Materials, 2017, 16(1): 132-138.
f_'f "I:'? 15{.' EH [11] NAKATANI T, WAKITAT, OTAR, et al. Preparation of mixed oxide
powders in the system CeO,-ZrO,-MOy (M=transition and rare earth
Cin — W TR, mg ¢ m metals) by coprecipitation method for the purification catalysts of
Cout R SR TR mg * m3 automotive emission[J]. Journal of the Society of Japan, 2003, 111(2):
. 3137-3141.
- 2K 50%FHs \\Eltl‘, °C
Tso %1{%‘73 0o ) E’qu;fi ) [12] FORNASIERO P, KASPAR J, GRAZIANI M. On the rate
Too oAty Q0% i, C determining step in the reduction of CeO,-ZrO, mixed oxides[J].
References Applied Catalysis B: Environmental, 1999, 22(1): L11-L14.
[13] VLAIC G MONTE R D, FORNASIERO P, et al. Redox

[1] LIU S, WU X, DUAN W, et al. Sulfation of Pt/Al,Os, catalyst for

property-local structure relationships in the Rh-loaded CeO,-ZrO,



B 4 1]

SIS ST 4 DOC HEAL 7T PUCeZrO, 84 (1 & K

+ 1397

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

mixed oxides[J]. Journal of Catalysis, 1999, 182(2): 378-389.
MUROYAMA H, ASAJIMA H, HANO S, et al. Effect of an additive
in a CeOy-based oxide on catalytic soot combustion[J]. Applied
Catalysis A: General, 2014, 489: 235-240.

e, SR, B R M A AR R RN]. T EA
45 8 531, 2013, 23(6): 1575-1585.

ZHENG T T, LU J, ZHAO Y K. Review on cerium-based composite
oxides as oxygen storage materials[J]. Chinese Journal of Nonferrous
Metals, 2013, 23(6): 1575-1585.

KASPAR J, FORNASIERO P. Structural properties and thermal
stability of ceria-zirconia and related materials[J]. Catalysis by Ceria
and Related Materials, 2002: 217-241.

SERTE, BIRAS, THIUNN, S e A R 0 A O S e AL
FIE CO FAMEREN]. KRR I(C, tha5T), 2013, 38(3):
6-11.

NIE X T, GE Q J, MA X G, et al. Preparation of ceria-zirconia solid
solution and CO oxidation performance Au/CecZr,<O, catalyst[J].
Natural Gas Chemical Industry, 2013, 38(3): 6-11.

KIRICHENKO O A, GRAHAM G W, CHUN W, et al. Effect of
coprecipitation conditions on the surface area, phase composition, and
reducibility of CeO,-ZrO,-Y,03, materials for automotive three-way
catalysts[J]. Studies in Surface Science & Catalysis, 1998, 118(98):
411-420.

ROSSIGNOL S, MADIER Y, DUPREZ D. Preparation of
zirconia-ceria materials by soft chemistry[J]. Catalysis Today, 1999,
50(2): 261-270.

B0, B, MRS, S REVIERN CeoesZrosO, Ha A
YIYERE RIS [I]. H2ETT LS R, 2007, 19(6): 657-659.

MIU W H, ZHAO M, CH Y Q, et al. Capability of Ceqg5Zr350,
complex oxides influenced by different precipitator[J]. Chemical
Research and Application, 2007, 19(6): 657-659.

EHCF, BEHBL UUEAIN SO; /1ZrO-NiO AL HEAE R, i
Witk T, 1996, 25(1): 20-27.

WANG X P, TANG X S. Effects of precipitants on the performance of
SOf/ZrOz-NiO catalysts[J]. Petrochemical Technology, 1996, 25(1):
20-27.

ESHE, RN, SCWIZE, S RRVTE R i =S M LA
PERE M [I]. JERTAL TR %544k, 2005, 32(3): 9-12.

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

YAN Z J, WANG J G, WENG M F, et al. The capability of
CeO,-ZrO, rare earth complex oxides influenced by different
precipitators[J]. Journal of Beijing University of Technology, 2005,
32(3): 9-12.

g, HER, FBE S JUEMX Cu-Mn-Ce EaA MM
FGE R A RERIREI[I]. fb 243K, 2015, 66(6): 2105-2111.

LU H F, HUAGN J X, ZHOU Y, et al. Effect of precipitants on
structure and performance of Cu-Mn-Ce mixed oxide catalysts[J].
CIESC Journal, 2015, 66(6): 2105-2111.

FORNASIERO P, DIMONTE R, RAO G R, et al. Rh-loaded
Ce0,-ZrO, solid-solutions as highly efficient oxygen exchangers:
dependence of the reduction behavior and the oxygen storage capacity
on the structural-properties[J]. Journal of Catalysis, 1995, 151(1):
168-177.

KOZLOV A |, KIM D H, YEZERETS A, et al. Effect of preparation
method and redox treatment on the reducibility and structure of
supported ceria-zirconia mixed oxide[J]. Journal of Catalysis, 2002,
209(2): 417-426.

TENG M, LUO L, YANG X. Synthesis of mesoporous
Ce1«Zr02(x=0.2 —0.5) and catalytic properties of CuO based
catalysts[J]. Microporous and Mesoporous Materials, 2009, 119(1):
158-164.

TG, ¥FF, 048, 5. BAIEUTUE I 5 4K S bl [ 7 1
[3]. R 424, 2003, 21(s2): 64-66.

ZHANG S H, JIANG P P, GUO Y, et al. Nanocrystal ceria-zirconia
solid solution prepared by oxidation-coprecipitation method[J].
Journal of Chinese Society of Rare Earths, 2003, 21(s2): 64-66.

FAN J, WU X D, LIANG Q, et al. Thermal ageing of Pt on low
surface-area Ce0,-ZrO,-La,0O3 mixed oxides: effect on the OSC
performance[J]. Applied Catalysis B: Environmental, 2008, 81(1):
38-48.

TANG X L, ZHANG B C, SHEN W J. Structural features and
catalytic properties of Pt/CeO, catalysts prepared by modified
reduction-deposition techniques[J]. Catalysis Letters, 2004, 97(3):
163-169.

YU J, YIN F, WANG S, et al. Sulfur removal property of
activated-char-supported Fe-Mo sorbents for integrated cleaning of
hot coal gases[J]. Fuel, 2013, 108: 91-98.



