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Abstract—The vapor phase oxidation of methanol over cupric salt catalysts of 12-heteropoly acids was
studied in a fixed bed flow reactor at atmospheric pressure. The catalysts prepared were characterized by thermal
analysis, IR absorption, ammonia adsorption, H, reduction. and by pretreating with various gases. Both
acidity and oxidation ability of catalysts were affected by polyatom and the content of Cu®* cation. The
conversion of methanol over the catalysts with Mo as polyatom was much lower than that over the catalysts with
W as polyatom, but the selectivity of formaldehyde was much higher; methanol was mainly dehydrated to
dimethylether by strong acidic sites over the catalysts with W as polyatom. Increasing the content of Cu®*
cation in CuyH,_,,PMo catalysts, the conversion of methanol was decreased, but the selectivity of formalde-
hyde was increased.
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Table 1. Summary of the DTA results for

cupric salt catalysts of 12- heteropoly

acids.
Catalyst Endo. temp. (C) Exo. temp. (T)
Cu, s PMo 90, 147, 263 433
Cu, SiMo 68, 91, 144 353
Cu, ;PW 95, 169, 230 551
Cu, SiW 69, 95, 190 535
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Fig. 2. IR spectra of Cu, ;PMo catalyst treated

with various gases at 290C for 1lhr.
sample concentration is 0.8wt% in KBr.
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Fig. 3. Effect of various gases for pretreatment

on conversion of methanol.

Reaction conditions: Catalyst =Cu, ;PMo,
0.5gr, CH,OH=5.4mole% in air, Total
flow rate =70cc/min, Reaction temperature

=290C.
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Table 2. Acidity of cupric salt catalysts of 12-
heteropoly acids.

Amount of NH,; adsorbed

Catalyst (m mol/gr-cat) Ratio (%)
reversibly  irreversibly _B__ '
(A) (B) A+B
Cu,. sPMo 0.08 0.41 84
Cu, s PW 0.05 0.96 95
Cu, SiW 0.09 0.88 91

Acidity is the amount of NH; irreversibly adsor-

bed at 100C.
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Table 3. Oxidation activity of cupric salt ca-
talysts of 12.heteropoly acids.

Amount of H,0 formed Relative

Catalyst (1 mol/gr-cat) oxidation activity
Cu,. ;s PMo 120 1.00
Cu,. s PW 9.70 0.08
Cu, SiW 15.7 0.13

Oxidation activity is the amount of H,0 formed
by H, reduction at 230C.
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Fig. 4. Acidity and oxidation activity of Cu,H, ,,
PMo catalysts with various copper con-
tent(X).

Acidity is the amount of NH, irreversibly
adsorbed at 100C. Oxidation activity is
the amount of H,O formed by H, reduc-

tion at 260T.
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A: before ammonia adsorption, B: H;PW,
C: Cu, ;PW, D: Cu,SiW, E:Cu, ;PMo.
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Reaction conditions: Catalyst =0.5gr,
CH,0H=5.4mole% in air, Total flow
rate="70 cc/min.
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Reaction conditions: Catalyst =0. 5gr,
CH,0H=5.4mole % in air, Total flow
rate =70 cc/min.
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Reaction conditions: Catalyst =0. 5gr,
CH,0H=5.4mole% in air, Total flow
rate=70cc/min, Reaction temperature

=260TC.
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Table 4. Product distribution with various copper content(X) in Cu H, ,,PMo catalysts.

Copper content Conversion Selectivity (mole %) to
X (mole %) HCHO CH,OCH;, HCOOCH, CO CO,
0 56 35 25 28 11 1.0
0.5 36 61 21 15 2.0 1.0
1.0 43 74 11 13 2.0 L0
1.5 39 76 11 11 0 2.0

Reaction conditions: Catalyst =0, 5gr, CH,OH=5.4mole% in air, Total flow rate=70cc /min,
Reaction temperature=260C.
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