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Influence of Support Calcination Temperature on the Performance of
Pd/Zr,5Aly 50,75 Catalyst Used in Lean-Burn Natural Gas Vehicles

WANG Yun, TANG Shiyun, LONG Enyan, LIN Zhien, GONG Maochu, CHEN Yaoqiang*
Key Laboratory of Green Chemistry and Technology of the Ministry of Education, Sichuan University, Chengdu 610064, Sichuan, China

Abstract: The ZrysAlys0, 75 mixed oxide was prepared by coprecipitation method, and calcined at different temperatures and then used as a
support to prepare a 1.5% Pd/ZrsAlys0, 75 catalyst. The catalyst activity and H»O resisting properties were evaluated in a mixed gas that
simulated the exhaust of lean-burn natural gas fuelled vehicles (lean-burn NGVs). The catalyst was further characterized by N, adsorp-
tion-desorption, X-ray diffraction, H, temperature-programmed reduction, O, temperature-programmed desorption and CO chemisorption. It
was found that the catalyst activity was greatly influenced by the calcination temperature of the ZrysAly 50,75 support. For the catalyst with
the support calcined at 950 °C, the light-off temperature (750) and complete conversion temperature (7o) of methane in the absence of H,O
were 274 and 315 °C, respectively. In the presence of H,O, Tsoand 7o were 325 and 356 °C, respectively. The results indicated that the cata-
lyst had higher catalytic activity at low temperature and higher capability to resist HO poisoning.
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Table 1 Textural properties of ZrysAlysO, ;s mixed oxide calcined at
different temperatures

7/°C Appr/(m¥/g) Vo/(ml/g) dy/nm
700 168 0.28 7.4
800 127 0.24 8.0
900 93 0.20 8.8
950 74 0.16 9.3
1000 52 0.13 9.8
1050 38 0.10 10.9
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Fig. 1. H,-TPR profiles of Pd/ZrysAly50, 75 catalyst with the support
calcined at different temperatures.
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Fig. 2. O,-TPD profiles of Pd/ZrysAl,50, 75 catalyst with the support 3 AEIRE T BRI IR Pd/ZrosAlysO1.7s fE 1L 7R
calcined at different temperatures. XRD i
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Table 2 The Pd dispersion and particle size in Pd/Zr,sAlysO, ;s cata-
lyst with the support calcined at different temperatures

T/°C Pd dispersion (%) Pd particle size (nm)
700 65 1.8
800 52 23
900 39 3.1
950 41 2.9

1000 29 4.1

1050 17 7.1
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Fig. 3. XRD profiles of Pd/ZrsAlysO, s catalyst with the support
calcined at different temperatures.
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Fig. 4. Activity of Pd/ZrysAlys0; s catalyst with the support cal-

cined at different temperatures for CH4 oxidation without H,O. Reac-
tion conditions: 0.063% CH4-0.40% CO-5.0% 0,-12.0% CO,-N, bal-
ance; GHSV = 30000 h™'.
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AR PE. B2 1050 °C Kb 1A i 4 (1 fi 4k
AN, AR AT 35/ T 50 °C. H A4 800
°C il & AL I AT A 37 °C, H 2t b etk
(17 i 2 R AP e 28 A L R DX )0 NS AT (i
/)N, U PR e AR i R S Ik B SE A 4K, ik
IR B R PR BRI

S P A BRI 58 A A AT 1 A e, (R
IRRIR SRS 10%~15% [ H,0, T HyO
FEAE AT SR ZL A Pd A R s e, X T—
T HoO T 8 55 4 W B A 0 70 1) 335 1k 42 20285 55
— J7 THAE— € il FEVE I 4, HyO 15 PO 233 i A= i
I PEARAR BB AT V5 1 () PA(OH),12%L,

SONBERLR AT & HO B fE LR b i

b Bl WL B AR AL 2. T, Too A1 AT = ANFFAER
FEAEW AN T3 3. B mT WL, & FF b (3 2 s Iy
X B AR R BEIR E e 950 °C = 1 000 °C > 900 °C >
800 °C > 1 050 °C > 700 °C. H: 148 950 °C 4% 4 #
TIHE AL 7] b Tso B Too 3901y 325 F1 356 °C; #%
AT AT H,0 430 JHi 7 51 F1 41 °C. 3CHR
[3O]4RIE, I AAAFL 7340 10% 1) H,O J&, Pd/ALO;
R AR b R e AT Ik U R B, Tso TR 24 100
°C; MM A 3L H Tso X T s 21~53 °C. X it W
Zro5Aly 5O 75 S &AM IPt H,O HEERE R T
ALO;. X 6 M I Too 8 KA Y5 dse /M 2 22 H
H 44 °C, #IETC KA R 80 °C fy—2F, R4k 71
PG Ik 28 A8/ Xt T AE— 2l R, PAO 5
H,0 & 4 % PA(OH),, f# i 1k Al PAO 7 &~ B Bt
#. Burch Z:PE I, H,O %t Pd/ALOs 14014 /8 H
25 B A il B R T v i PR ARG, 0L B T2 450 °C A B
I, X A 7 FH 2 38 8T 2k T Mowery 2PN
I, H,O %} PAO/AL 05 BN 7 460 °C LA EAS A7 A A]

100 - o o
90 |
s 80r —=—1050°C
g 70l —e— 1000 °C
5t —2—950°C
g 60 —v—1900°C
2 501 —o—800°C
S —#—1700°C
40 b
30 I n n 1 PR PR I I Y
300 350 400 450 500 550
Temperature (°C)

5 & H,0 Bt Pd/ZrosAlysO1.5s LTI E 1
Fig. 5. Activity of Pd/ZrosAlys0;7s catalyst with the support cal-
cined at different temperatures for CH, oxidation with H,O. Reaction
10.0% H,0-0.063% CHs-0.40% CO-5.0% 0O,-12.0%
CO»-N;, balance; GHSV = 30000 h™".

conditions:

#3 HEUFLERROEKEE Ts0). TEENUEE (To) F1 ATE

Table 3 Light-off temperature (75s), complete conversion temperature (7o), and AT value for CH4 oxidation over Pd/ZrysAl 5O, 75 catalyst with the

support calcined at different temperatures

7°C T50/°C To/°C AT/°C
Without H,O With H,O Without H,O With H,O Without H,O With H,O
700 329 366 375 398 46 32
800 303 352 340 375 37 23
900 287 340 333 369 46 29
950 274 325 315 356 41 31
1000 284 323 329 354 45 31
1050 327 348 395 395 68 47

AT = Tgo—qu.
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