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h. 15 2] 1948 L 7 Pi-Pd- (x ) ZrO,/ CeysZry,0,-Al,0,
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Fig.1 Schematic of catalyst activity evaluation device
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3. CO. C;He 5 NOFAL JNO, AL 3 5E SCANTT -
COFEALAR=( [COLi1o=[CO) ) / [COJiy x 100%  (6)
CHAFALHR=(1C3Hg 0= [C3He ] o) /[CH L x
100% (7)
NOFifEH = [NO, ] /! [NOT e x 100% (8)

Horp [CO T [C3Hg g [NO T WA H
Wi ;[ co :lnut]f-i A C3Hg ]nutlm\ [ NO, ]nutlel IR
NO #6545 NO $216h NO, A3
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2.1 COHC\NO

] 2 S 45 AL TR0 9 CO L C3Hg A1 NO 1 4%
b2k, IR CO . CH, IR BR IR (T,
AL R 50% W NI ). NO 1 d5c KR L%

T 1. A[LAER], XF P-Pd/CZA HEALH] , K beil
JE M 550 $EiR 2 700 °C, fEAEFIXT CO| C3Hg A1 NO
By AL PERE S R %, CO Fl CH, B EBRIR B 43
I 194 #1219 CHHEFZE 210 F1243 °C, NO Fek
BRI 28% I 28 23%. R bell B THE 2 800 C,
HEALFIXT CO 1 CH, IEALTE A BT R, T CO)
Ty, (CHg) 435000 195 F1215 °C , 1 NO K
T RN SRR 18%.

5 Pe-Pd/CZA ML, WSIN 3% (Fitk 7348 70,
W) J5 45 B AL 7 P-Pd-3Zr/CZA, 253 &4 1R
KB JE % CO . CyH, Fl NO By A AL PR RE XA 1 i 2
. B R B N 550 FHE R 800 °C , Ak FIXT
CO. CyHg Y 5 b % RE 12 ¥ 2 5, T, (CO) N T,
(C;Hg ) 209N 187 F1 211 CREAKE 168 F1 189 °C.,
TR LS AR E P L IR NO 4 fbbERE
BT R IR &R, SR BIREE R 700 C
B, EAEFIXT NO RS fbHERE IR AE , NO B R EE 4k
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Fig.2 CO, C;H4 and NO oxidation activities of Pt-Pd/CZA and Pt-Pd-3Zr/CZA catalyst
(a) CO conversion; (b) HC conversion; (¢) NO conversion ; (d) CO conversion; (e) HC conversion; (f) NO conversion to NO,
1 Pt-Pd/CZA . Pt-Pd-3Zr/CZA
Table 1 Activities of Pt-Pd/CZA and Pt-Pd-3Zr/CZA prepared at different calcination temperature
Maximum NO conversion
Samples T5,(CO)/°C T5,(C3Hy)/C 10 NOL/%
Pt-Pd /CZA-550 194 219 28
Pt-Pd /CZA-600 204 238 24
Pt-Pd /CZA-700 210 243 23
Pt-Pd /CZA-800 195 215 18
Pt-Pd-3Zx/CZA-550 187 211 32
Pt-Pd-37x/CZA-600 175 203 33
Pt-Pd-37Zx/CZA-700 174 195 36
Pt-Pd-37r/CZA-800 168 189 25
2.2 XRD IHJ& T Pt. Pd 42 J& ( PDF# 04-0802) "', 550 C %%

& 3 Jffk A P-Pd-3Zr/CZA ¥ XRD FE&] . %}
e ALO, BURFEAT ST ( PDF# 10-0425 ), Pt-Pd-3Zx/
CZA 1£29° . 34° _49° F158° LbpyfiTatgIt)E T

CeZrO, ( PDF# 54-0017) "'°).39.8°  (111). 46.5° fie 2 i T Zr0,

(200 ). 67.4°

(220) #1 81.3°

(311) &b AT i g

PR | fEALFIAE 39.8° 4 Pe AT Pd (111) AHIY
TR BPIGAR N | B R RRIRLEE | A7 S0 o i e 14
R R4 B PR, (HE KRR /N, A]

7 O 0 ) 2

(v At T 5 ot B AN S i A 7R 1 At AR 25 1
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Fig.3 XRD patterns of Pt-Pd-3Zr/CZA calcined at different
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PEAR T (1) b 2% T AR FL 25 #8388 o N, IR B - e
RRF 3 0 A5 B, 45 SR8 T3 2. Ry -ALO, Al

2

CegsZry,0, 1 BET Fb 32 10 F(Spep ) 3 5 A 154.0
1 100.5 m*/g. fEALFIFE 518 F- Y FLA% 13.9~14.9
nm A FLEER . 4t 550 CRiBe ) L AL Pr-
Pd/CZA il Pt-Pd-3Zr/CZA 1 bt 3¢ T B 3T, 43
R 153.8 Fl 151.7 m¥/g. 3 RTRETRIE |, AL AYFL
RASCE N, B R T A ALAR R i AT T
[ . 700 CREG 3 0 E R AR E AL, 251
4 140.5 1 132.7 m*/g, AL Pr-Pd-3Zr/CZA 42 Pi-
PA/CZA (LR IR R /N | FTREZ thF Ze0, B3
SEEAF LB —ERRE LIESE | RS mi bR
HREZE 800 °C, HRMFFAELE 140 m’/g 7247 , B
Tk BB REE e . 40d 800 CRiRAb B
J&i , JERL CegsZry,0, B ELFE 1H B 2 85.6 m/g, 1M
y -ALO; 1Y FL R M BVR AR/ | i b Jo e 1
RAF . DRI SR o et o i e A7) 1) 3R T
W FEJE CegsZn,,0, (AR d7 1 10% (Fidt 4y
) AR B, AT R Ay
WFEEE Ry -ALO, (Zhdkrf 5 1 90% (i

Table 2 Sy, pore volume, pore diameter, metal dispersion and average particle size of catalysts

Samples Sger Total pore volume/  Pore diameter ~ Metal dispersion ~ Average particle size

[(m*+g™") (em’+g™) /nm 1% /nm

CeyZry,0,-fresh 100.5 0.459 177 - -

Ce3Zr,;0,-800 85.6 0.446 21.3 - -

v -ALOs-fresh 154.0 0.762 19.2 - -

v -AL0,-800 148.5 0.784 203 - -
Pt-Pd/CZA-550 153.8 0.728 14.8 39.9 2.7
Pi-Pd/CZA-600 147.0 0.633 14.8 25.4 2.3
Pt-Pd/CZA-700 140.5 0.600 13.9 23.6 24
Pt-Pd/CZA-800 143.8 0.685 14.9 384 2.5
Pt-Pd-3Zr/CZA-550 151.7 0.676 14.1 394 2.1
Pt-Pd-3Zx/CZA-600 146.3 0.658 13.9 353 2.0
Pt-Pd-37Zx/CZA-700 132.7 0.635 14.5 29.5 2.2
Pt-Pd-3Zr/CZA-800 138.4 0.655 14.8 52.2 1.9

S0 ) BRI R fE AR R 1 e R AR
AR BB/ NI TRRE.

WAL R AT Y 53 42 )@ Ar U E 1 CO b2 fft
e AT gE L g 2 W LB, Pr-PA/CZA I

Pt-Pd-3Zr/CZA W54 & o HURH23E , 7350 R 39.9%
1 39.4%. 24R5BEIREE M 550 $215 2 700 °C , fiEL 5
Pt-Pd/CZA Fl Pt-Pd-3Zr/CZA ) 5% 43 J@ 43 10 1
FEAK , 700 CRERE IS 5% 4 8 o 0 eIk, 43 ke =



sl

BERRAT . Rl BEXT ST A b AEAL ] PE-Pd- (x ) Z104/Ceq 52y ,0,-ALO, PERERISZ IR 433

23.6% F1 29.5%. 35 1 v 4 @ 1) 53 10 RE B A% b il
JFE AR b a4 5t T AR A AR Tk A —B, 4
OB RE S LR A P A 5 R4 &
XRD FARLER | $ERERRRE |, S4B kA rk
K, SEOTHUEREAL . 48110, 800 CHBE)S , Pi-Pd/
CZA 113 H % 47 75 & 38.4%, Tfij Pt-Pd-3Zr/CZA (1)
IR 52.2%. MRESCHR [ 19-20 |, Zad i
(800 °C ) AbHJ | AEAL T A 43 Bt 4 s JUkL R T
ZiE STTR SN 1 i e S e T YA Y el B
ORI CRUEE” [ ARG DL, BB AR K Y 4 JE
7 SRR TN R A . XSRS 1 | RAR B )N
1) Pt. Pd UKL, T HATE KA LR, AF T
TR AR 90 2 1B AL )51 A A 5 4 B ok 1 ( P
P ), M5 FHGA I 2 S mim v &R &

FITEPED AN, S AT . Beah , SRR R
J& Pt-Pd-3Zx/CZA 1) 5% 42 J& 43 B 38 Pr-Pd/CZA
Free s, TRERH T ZeO, BRI T 5t 4 & Al
FALET P FD Z 5] A AH EAE R ( PM-0-Ce ), AT
T 4B P, Pd IE AL, P& T /0H0E . XA
2| 5t 4 UL AGSE- YRAR R RS T35 2, 4L 5] Pr-
Pd/CZA Fil Pt-Pd-3Zr/CZA 5% 42 & JURL Y- 2k 42
YR | 43R 2.3~2.7 Fil 1.9~2.2 nm, J&5 F k12
HN
2.4 XPS

XPS 4341 T AL FI Pr, Pd. O JTCZE W94k
ARG E . BN P-Pd-3Zr/CZA 1) P 4f 35 E &
4 (a) s . AR SCHER [ 21-24 J43E | Pt 4f BB g
ZUAR Ny AL, F Afy,. Hod | 71.2~743 72.4~75.3 F

Ptaf & Al 2p Al2p (a) P& AL Zp Pidry, | Prar,,  PRPA-3ZHCZAS30
7 PtO, PtO (b)
ALO, [ W\ PtPd-3Zr/CZA-550 . 10; i
' t-Pd-3Zr/CZA-600
=3 =:, — Vs,
5 <
z z -Pd-3Zr/CZA-700
2 i
2 g
E E — s Nmsnr
PLar, _Pd-3Zr/CZA-800
PtO
A/
1 1 1 1 1 1 1 1 1 1 1 1
82 80 78 76 74 72 70 68 82 80 78 76 74 72 70 68
Binding energy/eV Binding energy/eV
Pd 3d & Zr 3p ~ 3(0> Ols 0 op (d)
Zr
Zr3p,, Pd3dy,  pd 3ds, NP Oa Pt-Pd-37r/CZA-550
~ PdO PdO i
N —_
_ Pt-Pd-3Zr/CZA-550
g 3 Pt-Pd-3Zr/CZA-600
N Pt-Pd-3Zr/CZA-600 i
- N
= =y
2 %
£ g Pt-Pd-3Zr/CZA-700
E MSZﬂCZAJOQ E
gale g
— \ Pt-Pd-3Zr/CZA-800
S \@ZﬂCZA-soo
W"I N ; - N | | | | | |
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Pl 4 RIFIRE BE RE ] 45 1) Pr-Pd-3Z1/CZA 1 XPS 5 14]
Fig.4 XPS spectra of Pt-Pd-3Zr/CZA calcined at different temperature

74.9~77.8 eV 43 G 7 J& F PO, PCRIPE; Al 2p 31
T W 25 4 B 74.3~75.5 eV. AT UL, Al 2p il
Pt AFLTE AN B S . W g A, RIS
it 74.4 eV [ 1 15 J& T ALO,, 74.9 F177.8 eV 4k 1Y
PG I & 1 P, FBH R TH P L)L PO, Y RE

KAETE . 3 I ALA 5 B [ RS B 1 4 19 Pr-Pd-
3Zr/CZA 1) Pr 4 25 18 40 & 4(b) BT 7R . B 4(c) A
BB AR B B S0 Pd 3d Ml Ze 3p i & . U5, 45
£ B8 336.8~342.1 eV 11 1 18 0 43 B A J&E F Pd™ 1)
3dls, Fl1 3dl,., 22 WAL 0T Y Pd Py 32220 PdO.
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Bl 4(d) 2 O 1s B TE 0 3% 1] . AR 3 SCRk [ 25-26 1,
531.0~531.6 eV F1532.8~533.0 eV 43 5] 17 )& T 2 ifi
A2 B A (Bl R R, 12/ O,,) R B K 46
AWRGEIEO, . ), 529.5~530.0 eV )& T4k
() s B R GOAE 04). RiafbAW M A THA
AT R, I EA B s, AR T4
AU AT

PG E B RS TTREAFMEN &5, 4555
TR 3. 588 L, L P-Pd/CZA F
Pt-Pd-3Zx/CZA FTH ) Pr, Pd ) Fh ) 5 5 R FE 5 B
SERRAR S BE e e . SRR be iR EE I 550 T =
800 °C., Pt 1 Pd #1854 A 0.10% Fi1 0.12%
TREZE 0.06% F10.07%, 2 J5 283N %E 0.08%
0.14%. 1ICP-OES FRAF 15 21 14 Fp 48 £k 751 5t 4w A
RO N iy W) TN [Py Y | LR e

L) BT e A a1 I I R WO = K S Ry ey A
T SAREG B LELZ 3. iTLIES] , [7 P, Pd
YyFh R v BE AR AR S, K BeiiE I 550 F
FE 700 C, &EA TR R SRS R
EIZHFEAR , 800 CRybefa XA rf i . miZkmifk
2 B AR B R ISR NS BN . X P
PA/CZA, R5HETEE M 550 THE 2 600 °C , F k2
W i 4807 18 DN 51.7% 38N 25 84.8%, 2 )i Bifi i e il
FETHE G HAR R 52.4% (800 °C ). ¥tF Pt-Pd-3Zr/
CZA, KBl N 550 FHE 2 700 °C, K mfb ek
B4R B i N 53.0% BTN 78.1%, 2 e dkSe Tt &=
800 CHIFEALE 73.5%. R4 LR34 , =il 800 C
b PR SRR & R A A ORI S, AR
Z 4 @A Pr. Pd, [R] A4 J@ Fn A Az A 2 ) ()
AHEAEFURES | S BRI M o A T RAIL .

3 XPS H,TPR
Table 3 XPS and H,-TPR results

Surface atomic concentrations/ % Total Pt&Pd Concentration ratio of surface Total H tion /
Samples N . PL&Pd 0 /(O .+ concentrationsin  Pi&Pd atoms to total Pt&Pd o :r;‘én. nsuription
Pt Pd species ()"ﬂ + 63) samples/ % atoms/% 0 B
Pi-Pd /CZA-550  0.05 0.05 0.10 51.7 0.50 20.0 32.6
Pt-Pd /CZA-600  0.03 0.03  0.06 84.8 0.55 10.9 29.4
Pt-Pd /CZA-700  0.05 0.02  0.07 77.0 0.61 11.5 27.6
Pi-Pd /CZA-800  0.05 0.03  0.08 52.4 0.65 12.3 22.6
Pt-Pd-3Zr/CZA-550 0.05 0.08  0.12 53.0 0.56 214 20.3
Pt-Pd-3Zr/CZA-600 0.04 0.03  0.07 75.9 0.60 11.7 21.1
Pi-Pd-3Zr/CZA-700 0.04 0.04  0.08 78.1 0.64 12.5 22.0
Pt-Pd-3Zr/CZA-800 0.05 0.09  0.14 73.5 0.63 222 19.6

2.5 H,-TPR

PR A9 38 IR M T ok H,-TPR R AEAS 2], 4n
K 5 FF 7~ . A AL 7] Pr-Pd/CZA F1 Pt-Pd-37r/CZA 4
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TE 378 CHLTEINIA IR F A~/ N | AT RE R T
PdO ., P10, 5 CeO, BYAHE /E 5% S 8T8 Tk

IR IG5 . kS S R beR 2 800 °C, A A
T FIE N4 B AN Pd, PtiF , 1859 T PM-0-Ce
FHEAEF , P AT SR 3 A i

S A9 B A AL A FE SR R RE L3R 3. FER
LT X | ORGSRy =7 ]
FI TR R AL R A A PERE . BrbeiBEE M 550 T
FIZE 800 °C, Pr-Pd/CZA BIFEE I 32.6 BN
% 22.6 em'/g,,. Pt-Pd-3Zx/CZA BFES G FRs e
FIARAEAR /N | B IR A A a3, 700 CRF
P FEE R K . 79 22.0 em'/g,,. S5 B AT IR
FETE PPN 25 5 | RES AR E 5 NO Ik
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Influence of Calcination Temperature on Performance of Diesel
Oxidation Catalyst Pt-Pd- (x ) ZrO,/Ce,;Zr,,0,-Al,0,

FAN Rong-rong'”, LI Zhao-giang'?, WANG Yu'?, DING Zhi-yong'’, WANG Yan'?, ZHANG Cheng'”,
KANG Na, GUO Xin"?, WANG Rong'’
( 1.State Key Laboratory of Baiyunobo Rare Earth Resource Researches and Comprehensive Utilization, Baotou
Research Institute of Rare Earths, Baotou 014030, China; 2. National Engineering Research of Rare Earth
Metallurgy and Functional Materials, Baotou 014030, China )

Abstract: Bimetallic Pi-Pd catalysts supported on Al,0; and Ce5Zr,;0, with total Pt & Pd loading of only 0.68%
(Mass fraction) were prepared and used as diesel oxidation catalysts. 3% Zr0, was then added into the system as
a promoter to enhance activities. Meanwhile, effects of calcination temperature on performance were investigated.
Catalytic performance towards CO, C;Hy and NO oxidation over Pt-Pd-(3%) Zr0,/Ce,;Z1,,0,-AL,0; catalysts
calcined at different temperatures were compared with catalyst without ZrO, added. Catalytic activities evaluation
results indicated that ZrO, doping significantly enhanced the low-temperature oxidation activities. Furthermore,
calcination temperature has great effectson the catalytic performance. The lowest light-off temperature of CO and
C;H¢ were obtained over ZrO, modified catalyst calcined at 800 °C and were 168 and 189 “C, respectively. The
optimal conversion of NO to NO, was acquired when the calcination temperatureis 700 °C with the maximum conver-
sion of 36%. The catalysts exhibited good thermal stability. XRD, N, adsorption-desorption, CO chemisorption,
XPS and H,-TPR were used to characterize the physical and chemical properties of catalysts calcined at different
temperatures. It was found that noble metal dispersion, surface-chemisorbed oxygen species, and reducibility of
catalysts, which were affected by calcination temperature, influenced the catalytic performance synergistically.
Therefore, the catalytic oxidation activities could be improved by adjusting calcination temperature. The results are
significant for improving purification efficiency of diesel catalytic system.

Key words: diesel oxidation catalyst; Platinum; Palladium; zirconium oxide; calcination temperature; catalysis



