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Abstract: Vapor-phase ETBE ethyl tert-butyl ether) synthesis from TBA( tert-butyl alcohol) and ethanol was carried
out over solid acid catalysts such as heteropoly acids and proton type zeolites. Heteropoly acids were more active than
proton type zeolites and HSiW,,0, catalyst showed about the same activity as Amberlyst—15 jon exchange resin
catalyst used as an industrial catalyst in ETBE synthesis, The catalytic activity of transition metal exchanged heteropoly
acids was greatly enhanced, because new acid site was generated with hydrogen reduction. This effect of hydrogen
reduction was related to the reduction characteristics of catalysts and the order of reducibility was Ag* > Cu?* > Fe?*.
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Table 1. Catalytic Activities of Solid-Acid Catalysts

in the ETBE Synthesis Reaction
iso-butene Selectivity( % ) to
Catalyst Conversion( %) ETBE TBA iso-octene

HY 0.6 100 - -
HZSM-5 3.7 100 - -
Amberlyst-15 134 841 5.1 108
HsPW 1,04 48 100 - —
HiSiW,.04 12.6 100 - -

Reaction conditions : Reaction temperature=90°C, W/
F=65 g—cat- hr/g—mole, Mole ratio(ethanol/iso—
butene)=0.5.
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Table 2. Catalytic Activities of Solid-acid Catalysts
in the ETBE Synthesis Reaction

TBA Selectivity( % ) to
Catalyst Conversion ETBE iso-butene iso-octene

(%)
NaY 1.2 - 100 —
NaZSM—5 0.7 — 100 —
HY 8.1 50.0 50.0 —
HZSM-5 233 17.7 823 -
HiPW,,04 859 385 350 265
HiPMo01:0x0 470 43.0 570 -
HSiW 1,040 87.1 52.0 480 —
HSiMo.Ow 279 54.6 38.3 7.1

Reaction conditions : Reaction temperature=90cC, W/
F=12.7 g—cat-hr/g-mole, Mole ratio{ ethanol/TBA )=
1.0.
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Fig. 1. Effect of reaction temperature on ETBE
synthesis reaction. Reaction conditions : W/
F=466 g-cat- hr/g-mole, Mole ratio
(ethanol/TBA)=1.3.
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Fig. 2. Effect of mole on TBA conversion and
product selectivities. Reaction conditions :
Reaction temperature=90C, W/F=4.66 g-
cat - hr/g-mole.
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Fig. 3. NH;=TPD curves of AgSiW.:0s catalyst
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rate=13"C/min, Gas flow rate=60cc/min,
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Table 3. Hydrogen Reduction Effect of 12-Tungstosilicic Acid Catalysts in the ETBE Synthesis Reaction

Treatment

TBA Selectivity( % ) to
Catalyst Condition
(N, H) Conversion( % ) ETBE iso-butene iso-octene
AgSiW,.0y N. 20.8 399 60.0 -
CllelW] 2040 Nz 836 325 62.9 46
Ag4SiW1204a H, 91.1 24.1 69.2 6.7
Cu251W1 2040 Hz 892 32 6 61.6 5.8
Fe:SiW,,04 H., 89.2 39.8 60.2 -

Pretreatment conditions : N400°C, 30min) or Hy(350°C, 30min. ).
Reaction conditions : Reaction temperature=90'C, W/F=466 g-cat - hr/ g-mole, Mole ratio( ethanol/TBA )=1.3
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Fig. 5. NI;-TPD curves of Cu,SiW,,Ox catalyst
with pretreatment conditions. TPD condi-
tions : The same as Fig. 3.
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Fig. 7. Infrared spectra of pyridine adsorbed on Cu,

SiW,:04 catalyst.

(A) : Evacuation for 0.5hr at 80°C after
exposure to pyridine for 0.5hr at room
temperature.

(B) : Reduction with H, for 1 hr at 150°C
after the adsorption of pyridine.

(C) : Reduction with H, for 1 hr at 350°C
after the adsorption of pyridine.
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