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Abstract: The role and the formation of surface and bulk acid sites of heteropoly acids were studied by examining
ethanol conversion and MTBE (methyl t-butyl ether) decomposition reaction. In ethanol dehydration diethylether was
formed on the surface acid site of 12-tungstophosphoric acid, whereas ethylene was formed in the bulk acid site of the
catalyst. It was revealed that water reinforced the bulk acid site of the catalyst, while organic base decreased the bulk
acid function of the catalyst. The formation of acid sites of metal salts was due to hydrolysis of crystalline water and/or
partial substitution of metal, and with hydrogen treatment, the acid site was reappeared. Also catalyst design as a selec-
tive oxidation catalyst was possible by controlling acid function of heteropoly acid catalyst.
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0. 1. Ethanol conversion and product selectivity at
150C ; catalyst=H,PW,0,0, W/F=31.1 g-
cat-hr/EtOH mole, feed =ethanol only, O=
ethanol conversion, []=ethylene selectivity,

A =diethylether selectivity.
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Fig. 2. Variation of product selectivity with time on
stream at 150°C ; catalyst =H;PW,,0,, W/F
=31.1 g-cat-hr/EtOH mole, [J=ethylene se-
lectivity, A =diethylether selectivity, (a)
EtOH supply was stopped, (b) EtOH supply
was restarted.
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Fig. 3. Ethanol conversion and product selectivity at
150C ; catalyst=H;PW;;0, W/F=31.1 g
—cat-hr/EtOH mole, feed=ethanol 90 mol%
and H,0 10 mole%, O =ethanol conversion,
[0 =ethylene selectivity, A =diethylether se-
lectivity.
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Fig. 4. Ethanol conversion and product selectivity at
150C ; catalyst=H;PW,,0,p, W/F=31.1 g~
cat-hr/EtOH mole, feed=ethanol90mol %
and DMF 10 mole%, O =ethanol conversion,
[(J=ethylene selectivity, A =diethylether se-
lectivity.
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Fig. 5. Effect of organic material on the MTBE con-
100°C ; W/F=16.48g—cat-hr/
O=MTBE feed only, ©=
MTBE 90 mol % and H,O 10 mole %, @=
MTBE 90 mol % and DMF 10 mol %.
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Fig. 6. Ethanol conversion with respect to reaction
temperature over supported or unsupported
H,PW,0, ; W/F=31.1g—cat-hr/EtOH mole,
O=unsupported, @=40 wit.% H,PW,,0,/
Si0,, Si0, surface area=300ni/g.
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Fig. 7. Variation of product selectivity with respect
to reaction temperature ; W/F=31.1 g—cat-
hr/EtOH mole, M, [J=ethylene selectivity,
A, A =dethylether selectivity, open symbol
=unsupported, closed symbol=40 wt.% H;
PW,04/SiO,.
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Fig. 8. Effect of supported conditions on the ethanol
conversion and product selectivity at 150°C;
W/F=31.1g—cat-hr/EtOH mole, O =ethanol
conversion, []=ethylene selectivity, A=
diethylether selectivity.
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Fig. 9. MTBE conversion with respect to electroneg-
ativity of metal salt of H:PW,,0, at 100°C ;

W/F=16.48g—cat-hr/MTBE mole.
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Fig. 10. Effect of hydrogen treatment on the MTBE

conversion ; W/F = 16.48g~cat—hr/MTBE
mole, reaction temp.=100C, O=H;PW,04,
O=Cu,PW;0,, @=AgPW,0,, -catalyst
was treated with H,(10ml/min) at 200°C for
1 hour at the indicated point.
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Fig. 11. IR spectra of pyridine adsorbed on (a)
none-treated Cu;PW 0, and (b) H2-
terated CusPW,,0,.
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Table 1. The Charicteristics of Ethanol Conversion
Reaction at 170°C

Equivalent Ethanol Mole of ~ The Sum of  Ethanol

Catalyss Each Product(mol/g—cat-hr) ~ Products Conversion
CHOCHs CH,CHO  (mol/gcat-hr) (%)
PMo® 597x10°  4.19x107° 1.02x107* 2.5
PMo-PSF¥ 3.18x107*  4.91x10™* 5.23x10* 126
Ratio 0.53 11.72 5.13

F/W=4.141x1073 ethanol mol/g-car-hr . Air(carrier
gas)flow rate=5cc/min

a) H;PMo,,0,, pretreated at 300°C

b) Hi;PMo,;O4 blended polysulfone pretreated at 150°C
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