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Abstract—Nickel catalysts supported on alumina have been studied about their adsorption properties and kinetic
behavior of CO hydrogenation as potassium is added up to 2wt%. Potassium changes not only the structural properties
of the nickel catalyst such as the extent of reduction, dispersion and particle size, but also its adsorption strength to hy-
drogen and carbon monoxide. With potassium addition, nickel adsorbs hydrogen more weakly and carbon monoxide
more strongly. Adsorbed carbon monoxide dissociates easily on the potassium-promoted catalyst to accumulate sur-
face carbon.

Supported nickel catalysts lose their initial CO hydrogenation activity and show enhanced selectivity for higher hy-
drocarbons and olefins as potassium is added to them. When the reaction rate is expressed by a power law for the reac-
tant partial pressures, its pressure dependency on carbon monoxide decreases, that on hydrogen increases, and the ac-
tivation energy of methanation increases with potassium addition to nickel. The above results may be explained from
the adsorption properties of potassium-added nickel catalysts for hydrogen and carbon monoxide.
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Fig. 1. Hydrogen adsorption on potassium-added
Ni/Al,Q, at 298 K.

5% 09 o slgelel 4 ALol ek SRt
zeko wlmA 4]A oL 471 gl wiwdo] 4lslel

4o g2 oﬂklt a4 g2 gl s oA

[Lo
Sl
)
o
T
e
g
En
2 0

%r
r I
L
i)
J’#

’o'}zl ?é.‘l# F1g.2
S i whsk ol AGHGLE Lo FAHDE §
Heps gt ol o] & wael F3Uck, Table lol4E
of 2ol o231 Ni/ ALOEokel chetel el 3
7heko] wdho) ubeps] dofzl Fraeb AAbslelie] &
zepsl ol watel A4k H/ Ni, CO/ Ni, CO/ Hel
Mg 7bh SEasich, ol 4l ashebas] FAske
400 Torroll 1] wl7podg-takd- stalizdl o] & -3t
Al glak e cheol 4nelr L @l Table 19

Asjel sl wnd gl Hobgel mebd o) owﬁ}

eheel gabgol w% zhasid CO/Hel Wl 10¥

ol 4 0,574 adhe AR L% e,
olabslRlas] SHELS F o AR el

300

CO uptake {umol/g cat)

0 100 200 300 400 500
Pressure (Torr)
Fig. 2. CO adsorption on potassium-added Ni/

Al0; at 273 K.
z7lell A5 FaakTolA 307ke] wivlel efslol
ebabsl obg bl i)l o & el tvhed g
ebfolebar 2|2 gheh, dhidel] 30-4-7kel wH V] foll s
elals Iz] obar Foll Erlell AL Fabsle] oli ke &
v)o] Fateky} 7jod abeko] afo]g AlE] '1"’“;"! SREAY

A=, o & tmlrpedgatekroleln 2R dhil
Table 20(4= Aol od& alabsjelio] Fitakg S
opzko] FAslod 4-Eateleh, o Zrbola] Myl “hgol
dvhslol] apelsd wlzhed Fateko] sboig

7“ ‘o"ﬂ'%L’:'{ ‘1 "?—‘ /\k‘:}.

spupe] w4

Table 1. Adsorption of hydrogen and carbon mo-
noxide on supported nickel catalysts.

Catalyst K Uptake H/Ni CO/Ni CO/H
(wt%) f{umol/g)

H, CO

6% Ni/Al,03 0 85 176 0.17 0.17 1.04
0.5 78 121 0.15 012 0.78
1.0 72 104 0.14 0.10 0.73
2.0 52 59 0.10 0.06 0.57
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Table 2. Reversible and irreversible CO adsorp-
tion on Ni/Al,O, catalysts.

Catalyst K Uptake (1mol/g) COirrev)
W% o co co COfrev)
(total)® (rever) (irrevF
6% Ni/ 0 271 95 176 1.9
Al,04 0.5 167 46 121 2.6
1.0 136 32 104 3.3
2.0 64 5 59 11.8

¢ from initial CO isotherm on fresh catalyst

b from CO isotherm obtained after 30 min evacuation of
CO exposed catalyst

¢.COfirrev) = CO(total)-COfrev)
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Table 3. Extent of reduction, dispersion and particle size of nickel.

cat. K O, Uptake Extent of Surface Dispersion of (%) Diameter of Ni
(wt%) (umol/gy Reduction(%) Reduced Ni® Total Ni¢ particles (nm)?
6% Ni/Al,04 0 372 72.8 16.5 22,7 4.46
0.5 349 68.6 15.2 22.1 4.57
1.0 342 67.6 14.2 21.0 481
2.0 304 60.7 10.3 17.0 5.95
2 Oxygen uptake at 300 Torr

b Estimated from hydrogen chemisorption

<. Estimated from hydrogen chemisorption and extent of reduction

4 Estimated from ¢
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Table 4. Methanation rates of potassium-added

6% Ni/Al,0; catalysts.
K Rate? Dispersion® Turnover
(wt%) (umolCH,/g catsec) (%) Rate?®
x 103 (sec™?)

0 8.3 16.5 49

0.5 3.9 15.2 25

1.0 29 14.2 20

2.0 0.4 10.3 4

@ Reaction Temperature: 285°C, CO/H,=1/3
¢ Based on hydrogen chemisorption
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Table 5. Product distribution of CO hydrogena-
tion over potassium-added 6% Ni/Al,0,

catalysts.
K Product Distribution Olefin Fraction(%)
(wt%) (mol%)
¢, C € ¢ ¢35/ c3l
TotalC, Total Cy
0 89.7 63 33 0.7 1.1 10.1

0.5 82.1 109 65 06 11.2 54.1
1.0 775 145 75 06 161 68.4
2.0 63.6 239 105 20 357 86.1

4 Reaction Temperature: 295°C
®.CO/H,=1/3
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Table 6. Kinetic behavior of potassium-added
nickel catalysts.

Catalysts K X Y E, Ref
(wt%) (KJ/mol)
6% Ni/Al,O; 0 0.83 -0.35 109

0.5 0.88 -0.38 145
1.0 0.88 -0.41 166
2.0 091 -0.82 207

5% Ni/7 -Al,03 0 08 -0.3 105%5
42% Ni/a-Al;03 0 0.7 -0.5 138+2 Ref (13)
20% Ni/C 0 08 -05 139+5

* Methanation Rate is expressed as R=A exp (~-E,/RT)
PyX-PyY.

This Study
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