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Abstract: Pd/y-Al,03-IM, Pd/y-Al,03-DP and Pd/y-Al,0;-SA catalysts with 0.03% (mass fraction) Pd
loading for catalytic oxidation of toluene were respectively prepared by the impregnation,
deposition-precipition, and self-assembly methods using PdCl, and Pdy(dba); as precursors. The
temperature for conversion of 98% toluene (7o3) over Pd/y-Al,O3;-SA catalyst was 220 °C under the
conditions of toluene volume fraction at 0.1% and space velocity (SV) at 18000 mL/(g-h), which was 40
and 75 °C lower than those of Pd/y-Al,O3- DP and Pd/y-Al,O3-IM. The catalysts were characterized by N,
adsorption-desorption, XRD, TEM, XPS, H,-TPR. The results indicated that Pd/y-Al,0;-SA catalyst
possessed the largest specific surface area (345 m%/g) and pore volume (0.52 cm’/g), the smallest average
diameter (5.0 nm) of Pd nanopaticles (NPs), and the main active PdO species were well-dispersed on the
surface of the y-Al,O; support. Besides, the strong metal-support interaction (SMSI) between PdO and
y-Al,O5 promoted its performance in catalytic oxidation of toluene.
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Fig. 1 Catalytic oxidation of toluene over Pd/y-Al,05-IM,

Pd/y-Al,03-DP and Pd/y-Al,03-SA catalysts

M1 Ha] RUE H, Pd/y-AlLOs-SA ) Tog [ R
220 °C, t Pd/y-Al,O5-DP A1 Pd/y-Al,05-IM (260 F11
295 °C ) 1 Tog 0 MRAR T 40 F1 75 °C, 45 KW,
Pd/y-ALOs-SA AL E AL H 2R BAT & i 1

R T WA XS Pd/y-ALOs-SA AL IE M )5
M, FEARZS AT, 43T Pd/y-ALOs-SA
AL AL R R TE IR oAb SRS 24
PIREARIPEREIEAT T X EE, 25 L3 1,
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Table 1 Catalytic data in the combustion of toluene over various catalysts
AL il #& rik ST Tos/°C Bt i Ak
FR 2R 25 ¥R
0.03%Pd/y-ALO; EEIE S 0.1% (M550 18000 mL/ (g-h) 220 AL
0.03%Pd/y-Al1,0; EEEES 0.1% (FABU3%0) 36000 mL/ (g-h) 230 AL
0.03%Pd/y-ALO; EEEES 0.1% (MHABU40) 54000 mL/ (g-h) 245 AR
0.01%Pt-0.02%Pd/SS =15t 4~6 mg/L 10000 h™" 210 [6]
0.09%Pd/Ce0,-Y,05 2 5 mg/L 15000 b 270 [7]
0.5%Pd/C 12 0.1% (RF%0) 40000 mL/ (g-h) 400 [8]
0.5%Pd/mesoZrO, 12 0.1% (&%) 60000 mL/ ( g-h) 250 [12]
0.3%Pd/MCM-41 — B 0.1% (MA40) 10000 h™' 220 [24]
0.5%Pd-1%Au/TiO, 12 -UUARYLTE 0.1% (MHABU40) 60000 mL/ (g-h) 230 [25]
0.5%Pd/BMS-15 215t 0.1% (MABU40) 42000 h' 250 [26]

0.5%Pd/Ta,05;Pd/Nb,Os

S0

0.1% (R 510)

60000 mL/ ( g-h) 250 [27]
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MR 1 ATl Y2355 18000, 36000 Fil
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TH R A

h T SRR R e, R R IR
HCH 01% ., Z253h 18000 mL/ (g-h) &M F, &
WIAEIRIE A 220, 260 1 295 °CF 4} Pd/y-Al,05-SA
Pd/y-Al,05-DP Hl Pd/y-ALOs-IM #E4T T 50 h 4%
i, gE SR LA 2,

100 |
N
5 80t
2
2
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= 40| —4— PdAy-ALO,;-DP
= —o— Pd/y-ALO;-IM
20 1 L 1 1 L 1
0 10 20 30 40 50
Time on stream/h

Kl 2 Pd/y-Al,O3-IM, Pd/y-Al,05-DP Fl Pd/y-Al,05-SA 1
A A FR R RS E MR
Fig. 2 Stability tests for toluene oxidation with time-on-
stream over Pd/y-Al,03;-IM, Pd/y-Al,03;-DP and
Pd/y-Al,0;-SA

WME 2 Fis, 253 50 h 5, Pd/y-ALOs-IM
Fl Pd/y-AlLO;-DP L ZE A AL R R AT 98%%
TR 38%A11 82%; 1M Pd/y-Al,O5-SA Xf FiZE Y
ARG LARRRAE 97% V) L, SCE & L, Pd/y-ALLO;-
SA Xt CO, ByIEFAE K 100%, I H RS A # i
F| CO s HAMA NN+ K, Pd/y-ALOs-SA 7£
R 2R Ak AU Ak B g LA AR e A 1k
22 RELER

BRI BREE I S HOLE 2.
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Table 2 Structural parameters of samples

B [ﬁffff/ I o flfz'/)
y-ALO, 357 5.13 0.53
Pd/y-ALOs-IM 322 5.08 0.47
Pd/y-ALL,O5;-DP 325 5.05 0.46
Pd/y-ALOs-SA 345 5.07 0.52

mE 2 pin, 5 9-ALO; HAAM L, Pd/y-ALO;-

IM F Pd/y-Al,05-DP { b R 1 AL AFLIRBUE L, X
A REJE B T A R R A Ay Pd g OKORL T A 2R
y-AlLO5 FLIE T2 . Pd/y-AlL,O5-SA () b2 i AR AFL A
FRIEARGRFEARAS 5 1 H 2 T B A5 58 22 119 3 P
DR BRERARTRE, MR T MALTEE; 51—
1, HARKEmKSN PC HEWAE R/ HGH Ak
EFNE L A Pd g0k R T R E M R T
P-ALO; FRIH , 2 T HCURA, A BRI RIS,
y-ALO; , Pd/y-ALOs-IM , Pd/y-ALOs-DP il
Pd/y-Al,05-SA i) XRD FAFLEH LI 3,

Intensity/a.u.

20 30 40 50 60 70 80
200(°)

a—y-Al,O; ; b— Pd/y-AL,O3-IM ; ¢ — Pd/y-Al,0;-DP ; d—
Pd/y-ALOs-SA
K3 KM XRD 5
Fig. 3 XRD patterns of samples

M 3 RILIEH, 16 20=37.7°, 45.9°H1 66.9°
( PDF 79-1558 ) H3H y-ALOs WIAT S04, 75 3 R
1k F, PdO ) 260=33.5°, 33.8°Kil 54.7° ( PDF 41-
1107 ), Pd 14 260=40.2° . 46.8°F1 68.3°( PDF 87-0639 )
PIRT TR B, R Pd 99KKTF7E 9-ALO;
AT, T RE S Pd ) B 38 R A T A AR
ok,

Pd/y-Al,05-IM Pd/y-ALLO5-DP Fl Pd/y-Al,05-SA
fY) TEM R Pd 9K AR A 437 1 LI 4.

& 4 B[ IE 1, Pd/y-ALOs-SA 1, Pd 4hK i
TR — i, R AiA, SFRRARN 5.0 nm;
Pd/y-ALO5-DP H1, Pd GKK+H 50 K AE W, Rite
IAREETE, PR K 6.0 nm; Pd/y-ALOs-IM 1,
Pd HKELF IR K, N 10.6 nm. HTF
Pd/y-ALO5-SA 1Y Pd KK B HkRiA2 /N . JrHL
JEwr, IS R IE T S X5k 2 45
A —8 R RM, TSR,
PC ARG Pd g0 KK F & B o BOTE 2K
y-ALO; FMIFHNH T Pd GKK TR, B—IF
I, /N 3 B P KR T S R 0 T AL
T, 2 Pd/y-AlLOs-SA AL S Ak F 2R J2 235 #4) AR
JLVE, 3% 5 SRR 0O i 4 SR A — B
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a. d—Pd/y-ALO;-IM; b, e—Pd/y-ALO;-DP; c. f—Pd/y-Al,05-SA
Kl 4 Pd/y-AlL,Os-IM, Pd/y-Al,05-DP Fl Pd/y-Al,05-SA () TEM &l B Pd K ki TR 545 1K
Fig. 4 TEM images, and Pd NPs size distribution of Pd/y-Al,05-IM, Pd/y-Al,05-DP and Pd/y-Al,O5-SA

Pd/y-AL,O5-IM .Pd/y-Al,05-DP Fl Pd/y-Al,05-SA
1 Pd 3d XPS EignE 5.

Intensity/a.u.

344 342 340 338 336 334 332
Binding energy/eV

a—Pd/y-ALO;-IM; b—Pd/y-ALO;-DP; c—Pd/y-Al,05-SA
[g_] 5 Pd/y-Ale3-IM, Pd/)}-A1203-DP 5Fl] Pd/y-A1203-SA E(J
XPS [&]ii%

Fig. 5 XPS spectra of Pd/y-Al,05-IM, Pd/y-Al,0;-DP and
Pd/y-A1203-SA

A S AT L, ARAE SCERD ', Pd 3ds), BB 7RSS
A HE N 335.4 f1336.2 eV Ab, 4N, 45
I9J&F Pd° F1 PAO; [RIEE, Pd 3ds, HUETESS A HEN
340.7 Fl 341.5 eV &b, Al MmN, R8T
Pd° f1 PO, 43U&J5, 3 Fiifesld, Pd°fil PAO fY

J A, LR 3.

F£ 3 FEME XPS RALLEHR

Table 3 XPS results of various samples

R pd ey TR
Pd 3ds), Pd 3ds 1%

Pd/y-AL05-IM Pd° 335.4 340.7 61.3
PdO 336.2 341.5 38.7
Pd/y-Al,05-DP pd° 335.4 340.7 51.5
PdO 336.2 341.5 48.5
Pd/y-ALL,O5-SA pd’ 335.4 340.7 34.2
PdO 336.2 341.5 65.8

f 3 3 AT LAE ), PAO /& Pd/y-ALOs-SA F I )
FEYF, & Pd SESEN 65.8%, WRET
Pd/y-AlL,O5-IM Fl1 Pd/y-Al,05-DP 1 PO H it 43 %k

(138.7%F1 48.5% ). iX 1] figS& T Hy AR ML JFAE
JHBEIRE T Pd/y-ALOs-IM Hr Pd° (15 8405k,
NaBH, M i JifE W — & B E LR &S T
Pd/y-Al,05-DP 1 Pd° (4 i 404 1 Pd/y-ALO5-SA
., PAO MR AMECE &, X T RESE Hh FAES A
JBE NG AL T B, R T BT M Rl PAO TTRE
Pd/y-ALO;-SA b &AL R B A = s P o) — 4

Pd/y-Al,05-IM .Pd/y-AL,05-DP Fl Pd/y-Al,0;-SA
i) H,-TPR 35 & WL E 6,
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