
Preparation and Function of Solid Acid and Base Catalysts

Tsutomu Yamaguchi

Abstract: By dispersing metal salts on high surface area metal oxides, a new type of solid acid

and solid base catalysts can be obtained. Anions derived from metal salts are the origin of the

acidity and basicity generation. A new solid base catalyst derived from Group 1 metal

carbonate and nitrate on alumina and a new solid acid derived from tungstate anion are

introduced. Reactions of organosilanes as a hydrocarbon homolog are also introduced.
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Table 1 Strong solid bases

starting material
and preparation method

pretreat. temp./ K H-

CaO CaCO3 1173 26.5

SrO Sr(OH)2 1123 26.5

NaOH / MgO (NaOH impregnated) 823 26.5

Na / MgO (Na vaporized) 923 35

Na / Al2O3 (Na vaporized) 823 35

Na / NaOH / Al2O3 (NaOH, Na impregnated) 773 37

KNH2 / Al2O3 (KNH2 impregnated) - ?

K(NH3) / Al2O3 (ammoniacal K impregnated) - ?

Table 2 Physico-chemical properties of metal cations and Kp of MmCO3 MmO + CO2

M ci
*1

partial charge of

oxygen*2
Kp at 1,000 K

m.p. of oxide

/ °C
M ci

*1
partial charge of

oxygen*2

Kp

at 1,000 K

Li 3.0 -0.80 1.91 x 10-4 1,570 Mg 6.0 -0.50 4420

Na 2.7 -0.81 3.88 x 10-10 1,132 Ca 5.0 -0.57 6.64 x 10-2

K 2.4 -0.85 1.75 x 10-13 >763 Sr 5.0 -0.59 2.82 x 10-4

Cs 2.1 -0.87 1.27 x 10-13 490 Ba 4.5 -0.61 2.20 x 10-6

*1 ci = (1 + 2i) c ; i = charge, c = Pauling’s electronegativity (K. Tanaka and A. Ozaki, J. Catal., 8, 1 (1967)).

*2 R.T.Sanderson, “Chemical Periodicity”, Reinhold, 1960
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Fig. 1 Calculated Kp of MmCO3 MmO + CO2
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Fig. 3  Comparison of reaction rate  (based on the unit amount of 
imaginary metal oxide)
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Fig. 5  Change of amount of separated anion 
against surface density
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Fig. 6  Comparison of reaction rate (based on the unit amount 
of separated anions)

(1) 2-methyl-1-butene 2-methyl-2-butene

(2) allene methylacetylene

(3) -pinene -pinene

(4) limonene terpinolene p-cymene + H2

(5) 1,3-cyclohexadiene benzene + H2, 1,4-cyclohexadiene
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Fig. 7 Surface density dependency of dispersed WO3
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Fig. 8 FT-Raman spectra of dispersed tungsten oxide
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Table 3 The ratio of H2 to HD and amount of

hydrogen molecules (μmol/g) evolved from E2

Catalyst H2 HD

H-Y
1

(3.3)

1.5

(5)

H-ZSM-5
1

(2)

1

(2)

SiO2-Al2O3

1

(3.3)

1

(3.3)

Si+

H

Si - H

H

(HD)
H2

Si - H

H

Si+

H
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H2
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Si       H
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+
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Scheme 2 Si-H activation
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Table 4 Alkylation of E2 and E2M1 by olefinic hydrocarbons on SA

olefin with E2 : yield / mol % with E2M1 : yield / mol %

1-butene n-form 81.7 n-form 44.7

n-form 50.2 n-form 12.0
cis-2-butene

iso-form 7.0 iso-form 6.3

n-form 77.5 n-form 76.7
isobutene

iso-form 7.3 iso-form 6.4

n-form 34.4 n-form 55.3

internal = 6.21,3-butadiene

disilyl 18.5 disilyl 19.1

n-form 37.4 n-form 50.2
methylacetylene

iso-form 11.9 iso-form 33.0

n-form 36.8 n-form 72.8
ethylacetylene

iso-form 16.0 iso-form 10.4

reaction temp. = 423 K, cat. wt. = 0.5 g, organosilane = 60 Torr, hydrocarbon = 120 Torr, reaction

time = 3 h
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