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Hydrogen spillover phenomena on supported Pt catalysts were studied by means of selective

chemisorption and vapor phase hydrogenation of cyclohexene, To illustrate the relation between the reversi-
ble hydrogen uptake and the amount hydrogen spillovered, reaction mechanism and diagram of hydrogen
spillover were used. Reaction activity was influenced by the supports and diluents, but activation energy
and reaction mechanism did not change even if hydrogen spillover occurred.
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Fig. 1. Typical hydrogen adsorption isotherm at
room temperature on 2 wt %Pt/ 7- Al,O,.
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Fig. 2. Adsorption isotherms of H,,0O;.,and CO
on Pt/y-Al,0,.
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Table 1. Effect of diluent ratio on the catalytic
activity of Pt/y-Al,0, diluted with

y-ALO, .

Reactior Rate
7-Al, O, Cat Conversion (mole C;H,,, ifjrllirted
puy-ALe, | (%) hr - gr - Cat. )
10 0.04 | 62.4 0. 817
20 0.02 | 48.6 1. 263
40 0.01 | 29.8 1. 550
100 0.004] 12.0 1. 560

H,/C,H,, (mole ratio) =4.52; Fc',,”

{flow rate) =5, 2% 10 *mole/hr
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Table 2. Effect of diluent species on the catalytic 617\1‘:} oleidt AgAAT 2 HA A4le
. _

activity of Pt/y-Al0,. ol

- S #efAA AR olF3le] HAFE A A F
Reaction Rate
Diluent Conversion (mole C.H, converted) + doke AE A14HE e (26).

(%) hr - gr - Cat. < spillover 7} 7}# gko] HA=E= Pt/TiO, 9
Quartz 24.3 1. 264 He 120z sldalgdle w S4H Y7ol s} AL
Si0, -AlL 0, 25.3 1. 316 AR 2970l 4] Bt BETE®M A 7471 Alsbn],
Si0, 27.9 1. 451 X-A3)4d 4873 Rutile Modificationo]| 448 ]

y-AlLO, 29.8 1. 550 Flol A7 o 2 olojuled, Habau]A kA a

TiO, -34.6 1. 800 L3970 A WY A BHBE £ glol

H,/C,H,, (mole ratio) =4.52; Fe u,
(flow rate)=5.2X 10 "mole/hr
W (catalyst weight) =10mg; Dilution Ratio=40
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Arh WO, 4k =& WO, 9 y-ALO, o £ M FAe] 82 718k abeg A $ode
W& 200C ol oA ghelslatb Pt-blackelyt Pt/ 2=7F S74E4E <7kt
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Table 3. Effect of adsorption temperature on the amount of hydrogen and oxygen adsorbed on
Pt/y-Al,0,.
Temperature Hydrogen Uptakes (ml/g) Oxygen Uptakes (ml/g)
) Total Reversible Reversible/Total* Total Reversible Reversible/Total *
25 1.51 0. 50 0.33 0.63 0.12 0.19
100 1.31 0.59 0.45 0.75 0.11 0.15
200 1.23 0.64 0.52 0.92 0.10 0.11
300 0.89 0.68 0.76 1.02 0.08 0. 08
400 0.79 0. 68 0. 86 1.25 0.12 0.10
500 0. 66 0. 64 0.97 1.69 0.20 0.12

* Fraction, dimensionless
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Table 4. Effect of adsorption temperature on

hydrogen uptakes of Pt/ 7y - Al 0,
diluted with y-Al,0,.

Temperature | Mixture | Pt/y-ALO, | y-AlLO,
(C) (Total) (Net) (ml/g)
(ml/g) (ml/g)
25 1.74 1.09 0. 65
100 1.55 0.78 0.77
200 1.48 0.62 0. 86
300 1.21 0.23 0. 98
Pt/y-Al,0,=10gr; y-AlO,=5.0gr

Wt exdste ek Jehdeh 27} Frbel

q FAHeE s4

Faepo) 74 s wbsle] y

-ALO, ol Foldle 49 8ol Frtshe Aoz

Yol gx7} Frlahd 44

g o 4 otk

spillover7} #uka}A| o

Al e el bl Fabael
A9} e AT Ageel TR PSSR
FA7b AR GehE AL e Fulede Aeld
o5 Apolel ow @ WAL AL Aclehs FEL
WY & Uk 440 AAFHES Fig 37 2ol
A 4 odetn Agela 7leld Ve ulot
dgAos iy WFddel 1112 FAsE
% V' WFURel FAFHAE & Ve
2 2oz ARaE @, Vob FA 23U

Pt particle

Support

Vyu . Irreversible adsorption (Dissociative)

Vp . Penetrating amount into particle

Vi

2

. Physical adsorption (Associative)

Vsp « Surface diffusion(Hydrogen spillover)

Vs . Adsorption on heterogeneous sites of support

Fig. 3. Schematic diagram of hydrogen adserption.
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Table.5. Hydrogen uptakes on Pt/y-Al, O, with

various diluents.

) Total Uptake |Reversible Uptake
Diluent )
(ml/g) (ml/g)
no 1.53 0. 48
Si0,-ALO, 1.57 0.52
Si0, 1. 65 0.59
y-Al O, 1.76 0.63
TiO, 1.86 0. 85

Pt/y-Al,0, =1.0gr; Diluent =5, Ogr
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Fig. 4. Schematic diagram of hydrogen spillover.
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