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Sulfur-tolerance of Al,O3- and TiO,-supported Bimetallic Pt-Pd
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Naphthalene hydrogenation was carried out over TiO,- and Al,Osz-supported bimetallic Pt-Pd catalysts at 0.95-
2.45 MPa and 473 K with and without addition of dimethyldisulfide. The bimetallic catalysts were characterized
by infrared spectroscopy of the adsorbed CO. Compared with the Pt-supported catalysts, the Pd-supported cata-
lysts had higher catalytic activity in the presence of sulfur. Pd catalysts had a higher sulfur-tolerance, because
the catalytic activity of the Pt catalysts was higher than that of the Pd catalysts in the absence of sulfur.
Coexistence of Pd with Pt induced significant synergy in the catalytic properties in the presence of sulfur.
However, such synergy was not observed in the absence of sulfur. The optimum Pd/(Pt + Pd) molar ratio for the
AlOs- and TiO»-supported catalysts was 0.8 and 0.5, respectively. The difference was an effect of metal parti-
cle size. Infrared spectroscopy of the adsorbed CO on the bimetallic catalysts showed the formation of Pt-Pd
bimetallic particles. However, no electronic interaction between Pt and Pd was observed. Therefore, the syner-
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gy was due to the geometric effect.
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Reaction conditions:
Reaction temp. 473 K, initial H, pressure 0.95 MPa, feed
(naphthalene)/solvent(tridecane) 0.195 mol//, reaction time 2
h, catalysts weight 0.1 g.

Fig. 1 Naphthalene Hydrogenation over Bimetallic Pt-Pd/

Al,O; Catalysts without Addition of DMDS
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Fig. 2 Amount of Surface Metals of Bimetallic Pt-Pd/Al,O3
Catalysts Determined by CO Chemisorption
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Reaction conditions:
Reaction temp. 473 K, initial H> pressure 0.95 MPa, feed
(naphthalene)/solvent(tridecane) 0.195 mol//, reaction time 2
h, catalysts weight 0.1 g.

Fig. 3 Turn over Frequency (7OF) of Naphthalene Hydro-
genation over Pt-Pd/Al,O3 Catalysts without Addition
of DMDS
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Reaction conditions:
Reaction temp. 473 K, initial H, pressure 2.45 MPa, feed
(naphthalene)/solvent(tridecane) 0.195 mol/l.

Fig. 4 Effect of Pd Content on Catalytic Activity of Pt-Pd/
Al,O3 Catalysts for Naphthalene Hydrogenation
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Reaction conditions:
Reaction temp. 473 K, initial H, pressure 0.95 MPa, feed
(naphthalene)/solvent(tridecane) 0.195 mol/l, reaction time 2
h, catalysts weight 0.1 g.

Fig. 5 Naphthalene Hydrogenation over Bimetallic Pt-Pd/
TiO, Catalysts without Addition of DMDS
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Fig. 6 Amount of Surface Metals of Bimetallic Pt-Pd/TiO,
Catalysts Determined by CO Chemisorption
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Reaction conditions:
Reaction temp. 473 K, initial H, pressure 0.95 MPa, feed
(naphthalene)/solvent(tridecane) 0.195 mol//, reaction time 2
h, catalysts weight 0.1 g.

Fig. 7 Turn over Frequency (TOF) of Naphthalene Hydro-
genation over Pt-Pd/TiO, Catalysts without Addition of
DMDS
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Reaction conditions:
Reaction temp. 473 K, initial H, pressure 2.45 MPa, feed
(naphthalene)/solvent(tridecane) 0.195 mol/Il.

Fig. 8 Effect of Pd Content on Catalytic Activity of Pt-Pd/
TiO, Catalysts for Naphthalene Hydrogenation
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(A) Physical mixture of Pt/Al,O3 and Pd/Al,Os.

(B) Bimetallic Pt-Pd/A1,O3 prepared by co-impregnation method.
— Pd/ALO;, — - Pt-Pd(Pd: 0.2)/Al,0s, Pt-Pd(Pd:
0.5)/AL,03, = Pt-Pd(Pd: 0.8)/A1,03, = Pt/AL,Os.

Fig. 9 Infrared Spectra of Adsorbed CO on Bimetallic Pt-Pd/
Al,O3 Catalyst
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(A) PUALO3, (B) Pd/ALOs.

Fig. 10 Infrared Spectra of CO Linearly Adsorbed on Pt/Al,O;
and Pd/A1,O5 in the Range of 2000 to 2200 cm™
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Fig. 11 Infrared Spectra of CO Linearly Adsorbed on Pt-Pd
(Pd: 0.8)/A1,05 in the Range of 2000 to 2200 cm™

Table 1 Infrared Spectroscopic Characteristics of Linearly
Adsorbed CO Species on Al,Osz-supported Catalysts
(2000 to 2200 cm™)

Catalyst Peak [cm™]

Pt/Al,03 2127
2079
2052
Pd/ALLO3 2162
2135
2095
1983
Pt-Pd(Pd: 0.8)/A1,03 2162
2126
2101
2081
2051

BEEE, TOF & b 1@ h»>720 L L7%A55, Table 2 (27
912, BEF 75V VICERT AN YFF 7 2 v & ik
FEIZ XV BRET S (<2wtppm) &, PtfiltfiEAs Pd il & 1) &
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Table 2 Effect of Feed Refining on Catalytic Activity for Naphthalene Hydrogenation

Feed (naphthalene)
Catalyst Desulfidation Sulfur concentration Reaction temp. Reaction time Naph. conv. TOF
[wt-ppm] (K] (h] [%] [107/sec]
Pd/ALO3 No 10% 473 2 8.9 0.91
Yes <2? 323 1 13.0 2.90
Pt/ALO; No 10% 473 2 42 0.62
Yes <2? 323 1 27.1 8.3

Reaction conditions; initial H, pressure = 0.95 MPa reactant, (naphthalene)/solvent (tridecane) = 1g/40 m/ (0.195 mol/l).

1) TOF = turn over frequency.
2) Sulfur as benzothiophene determined by FID-GC.
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SIS LERETHPEREIN T2 b b s s,

4.2. Pt & Pd DEELICEK 3 EMR ERF

flE & OFHARE (ALOs, Si0-ALO;, B,03;-ALO;, USY ¥ 7+
74 M) TOPt & Pd DBEAALIE, B RS T T Ofjlift
HHEZKEICH LSS5 2 205N TW»AHV919, Matsu-
bayashi 5'7 13 Pt-Pd/USY filifi® EXAFS (extended X-ray absorp-
tion fine structure) IE # 47\, Pt & Pd DEFIMHE/ERHIZ X
D ETRIEREED PeflAVER (PedxPd®) L, Hifb5fT T
SEMERET 2720 LTWb, WG ETNWHEENEH %
Navarro b9 d#ELTBY, HHlEZ0 L) BT HEEOMK
WEHERRETZHE (771275 —) Thrit L OEED
FgWZ SRR T S EEE L TWwb, —J, Lousset 5'¥ 13,
PePd BT Y POL —W—ZEFELIC I YPR L7234 25 1)
v 7 PePd il it CldZF D & ) 2B THMIEMIIEH L 2w E
HELTWwWb, & 512, Fujikawa'” 51, Pt-Pd/SiO-ALO; fill
O EXAFS WEIC LY, Z2OMEAERA % Pt~ R L7z
PAFEICIRIB L CT\wb, DLED X912, Pt & Pd DEARNFIZD
W, WEZEFRIIRIE % O 0 AT IR E 7 D 22 S A
23TV,

Fig. 9 T, BRI AR OWIPURIE OEWIZ X D, P&
PADINARXZ )y IR FDREDBHL N TH o7z, EHIC
Fig. 11 T, Pt & Pd D GR)R % /R L 72 Pt-Pd(Pd: 0.8)/AL03
fillfit 1120 L7z CO DAL A~ Z M ViZ kD), Pt & Pd
MCTOBTFHIMEETIIRI S 2w EfEmLiz. SNS5DMHME
[ZHD < &, Ptk Pd DBERNAUTBAT AR I X 5 L HELE
ENB, $hbb, Pl Pd il 2 RSO BLE A S
Wy 5E, PABBEDS L VAR TH o720 S 512, il Pd/(Pt+
Pd) ENVILDEVIZ, SERTEOENIFE SN, KETO
Pd DIRHTHREZ 2 2 & X DFHA SN, DFD, Pt & Pd O
BRI, HRETEOBEV Pd EEORME LR LB L 2 L
RRT S EEZZ LA,

5. #

TiO,, ALO; H¥F Pt-Pd /N4 A & 1) v 2 filtfi 1= X 2 B 1 45

il
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FHETFTTOF 75 Ly KRENEEIT 272, ENENOHEAE L
TO P& Pd DAL &0 KIE % SiEE o™ L H &
720 HiE Pd/(Pt+Pd) EIVILIE, Tio, HEMEETIX 0.5, ALO;
THFFIEETIE 0.8 ThH o 720 HHRDE T X 5 i PA/(Pt + Pd)
TIVHDENE, SRR TEOENICRRKNT S PPd /N1 X ¥
oy 7R T-FRIE O Pd B OEVGICRIE Sz, S 512, fil
BEFICEE L7z CO DRI ANRY PVIZX Y, PePd /N4 A %
Uy 7 RO Sz, Pe & Pd I COET-AY %A
HEEHIR SN o720 Lo T, Pt & Pd DEAR)EILEAT
FERRHRIC L B L HEE L 12,

=+ &

ARWFFEIL, RS [REmE A RERr S k| %
b o T ) EESHMZSR Y v & — A5 (L) Al S L7
REEL L TITON2HDTH 5,
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FTT7 2L KRIERIGICHE T B TiO: B LU ALO; 3BIF/NA X 2 1) v 7 Pt-Pd B OMIRE M

OrERREE, feikdik, EReUTE, =A%, RIBIEW, BIFEE, Blifik, =M 5

W E RSP LEEERID LR, 338-8570 & W7z F ik X T ARALR 255

TiO, B & UF ALO; /N1 A & 1) v 7 PePd il iz X %+ 7
¥ L URFAIGE, TAFVT AT 4 F (DMDS) %R
L72BEB LML Z2WEEIZB W T, 0.95~2.45MPa,
413K TlTo 720 512, W5 L7z CO DARFMIINA RS b v
(2 &) SR L 72 O W PERRA 2 4T o 720 $HEE Pl & R
T 5 &, HHFEPd IR AL S ORI B SR T T il
G AR L7z BEALE WAL L 2 W A121d, P filf
X Pl L O B EEMTH B 2 25, Pd LI X 0 R
MEEEHFLTWE I EERL TV,

Pt & Pd ZIfF S22 &, BEEALAWAFAE T C O Mg 4 A3

J. Jpn. Petrol. Inst.,

Kz bEL, HEDPRBEEMRER LI, LALEDS, it
FALEWPHFAE L 2 WG, MELEGREEH L 220
720 512, PA/(Pt+Pd) EIVILIE, NI ALO; THEFfAR A
0.8, TiO HIFMMET 0.5 TH o700 NS OFRGEM D HE VI,
SRR THEOBBIIRBEINTZ, N4 AT » Z IS L
72 CO DAFRHMLINA R 7 FVIE PEPAd /N A 2 5 1) v 7R F- DI
BAER L. L2 L%DS, Pt & Pd B CTOEFMH2HEIEH
BRONGED>70 £ T, Pt & Pd DOMARIFIZHMTFIR)
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