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Abstract— Sintering behavior of supported palladium catalysts was studied in hydrogen and oxygen atmospheres
at 500°C and 700°C. Palladium was supported on SiO, and 7-Al;0,. Surface area changes of the sintered catalysts
were characterized by H, chemisorption.

At both atmospheres redispersion phenomena were not found. The sintering rate was severely affected by
temperature, The effect of supporting material on the sintering rate was little appreciated. In O, atmosphere palladium
was sintered faster than in Hy one. Most of sintering was taken place in 5 hours.

In sintering rate equation of dS/dt=-k§", the experimental results showed n to be 11~12 in H, atmosphere and
2~7 in O, atmosphere, respectively at 500°C, and 2.5—4 in H; and 2~2.5 in O, atmosphere at 700°C.
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Fig. 1. The schematic diagram of apparatus.
E : Oil diffusion pump
F : Mechanical pump
H : Furnace
IG : Ionization gauge
P : Vacuum gauge control box
R : Adsorption cell
TG : Thermocouple gauge
VC : Grease vacuum cock
V-1-V-19: O-ring vacuum cock

2 : Gas inlet line
3 : Gas reservoir
7 : Manometer
8 : Liquid N, trap
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Fig. 2. Adsorption isotherm of 2%Pd/Si0, cata-
lyst sintered in O, atmosphere for 1 hour.
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1.04 Table 1. Particle size change by sintering in H,
@ : 500°C, H, atmosphere.
0 :700°C, Hy
catalyst  temp. sintering Hpuptake metal surface mean
(°C) time (umole/ area partic!e
(hr.) g-cat)  (m2/g-cat.) size (A)
2wt.% fresh 54.0 5.1 20
. Pd/SiO, 1 37.0 3.5 29
g 500 3 32.0 3.0 33
6 30.0 2.8 35
10 29.0 2.7 37
fresh 56.0 5.3 19
1 33.0 3.1 32
700 3 11.0 1.0 97
6 8.0 0.8 133
0 R iy . 10 8.0 0.8 133
01 2 3 4 5 6 7 8 9 10 2wt.% fresh  56.0 5.3 19
Sintering Time(hrs.) Pd/Al,0, 1 32.0 3.0 33
Fig. 3. The sintering behavior of 2%Pd/Si0, 50 3 305 2.9 35
catalyst. 6 29.0 2.7 37
10 28.0 2.6 38
271014 (342F ol ) PI¥E Poluhn 2 ol sha) fresh 20 %
sHA ol of 4 vk, 2ela Aol wE S 700 3 15.0 1.4 71
dkglo]l & 2x:ul vlxgt HEe| Ado] dofds 6 13.0 1.2 82
o 4 gloith F 4£74e AlRohe 2ol v Gl 10 8.5 0.8 125
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A Abull e ;gj_%s‘_oﬂ Argslo] glel[10, 11].

. 4oll412l S/ S, normalized surface
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e :500°C, Hy
0 :700°C, Hy
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Fig. 4. The sintering behavior of 2%Pd/Al,0,
catalyst.
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Fig. 5. The sintering behavior of 2%Pd/Si0,
catalyst.
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Fig. 6. The sintering behavior of 2%Pd/Al,0,
catalyst.
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Table 2. Particle size change by sintering in 0,

atmosphere,
catalyst temp. sintering H, uptake metal surface mean
Q) time (umole/ area particle
(hr)  gcat) (m2fg-cat) size(A)
2wt.% fresh 54.0 5.1 20
Pd/SiO, 1 370 3.5 29
500 2 32.0 3.0 33
3 31.0 29 34
5 31.0 29 34
fresh 50.0 4.7 21
1 13.0 1.2 82
700 2 13.0 1.2 82
3 13.0 1.2 82
5 13.0 1.2 82
2wt.% fresh 58.0 5.5 18
Pd/Al, 04 1 41.0 39 26
500 2 24.5 2.3 43
3 18.0 1.7 59
5 14.0 1.3 76
fresh 54.0 5.1 20
1 12.0 11 89
700 2 10.0 0.9 106
3 9.0 0.9 118
5 8.0 0.8 133
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Fig. 7. The sintering behavior of 2%Pd/SiO and

(1%Ca + 2%Pd)/Si0, catalysts.
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Table 3. n and k value of each catalyst.

catalyst atmosphere temp.(°C) n k
Pd/SiO, Hp 500  11.85 7.47x10°8
” 700 2.53 1.37x10-!
0, 500 7.14 2.10x101
” 700 2.38 1.336
Pd/ALO;,  H, 500 11.22 6.41x107
” 700 3.67 4.36x10°2
O, 500 2.72 2.50x1071
” 700 2.25 1.03
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NOMENCLATURE
k : constant of sintering Kkinetic equation
(m21-7/sec)
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: sintering exponent (—)

: surface area of metal catalyst (m?/g-catalyst)

: initial surface area of metal catalyst (m?/g-
catalyst)

: time (sec)

: normalized metal surface area (—)
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