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Abstract : Methanol and formaldehyde were produced directly by the partial oxidation of

methane. The catalysts used were mixed oxides of late-transition metals, such as Mn, Fe,
Co, Ni and Cu. The reaction was carried out at 450C, 50 bar in a fixed-bed differential
reactor. The prepared catalysts were characterized by XRD, TPD and BET apparatus.
Of the catalysts, A-Mn0.2-6, which contains 0.2 mole of Mn and calcined at 600C, showed
the best catalytic activity: 3.7% methane conversion, and 30 and 28% methanol and
formaldehyde selectivities, respectively. The catalytic activity was changed with the content
of Mn and the calcination temperature. Catalytic activity increased with the specific surface
areas of the catalysts. With XRD, it was found that the structure of the catalysts are
changed with calcination temperature. Through O;~TPD experiment, it was found that the
catalysts showing good catalytic activity showed Oz desorption peak around 800T.

Keywords : synthesis of methanol and formaldehyde, partial oxidation of methane, mixed
oxide catalyst, fixed-bed reactor.
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Table 1. Materials for Catalysts Preparation

Precursor Chemicals Assay (%)
Mn(NOs)3 6H20 72
Fe(NOgz)3 9H0 98
Co(NO3)3 6H:0 97
Ni{NO3)s 6H20 97
Cu(NO3)3 3H20 99

NayCOj3 99
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Table 2. Molar Ratio and Designation of Prepared Catalysts

Molar Ratio Designation T er(r:liplgrigaﬁzl(lt)
Fe0.1-Cu0.1-C00.1-Ni0.1-Mn0.1 A-Mn0.1-6 600
Fe0.1-Cu0.1-C00.1-Ni0.1-Mn0.1 800
Fe0.1-Cu0.1-C00.1-Ni0.1-Mn0.15 A-Mn0.15-6 600
Fe0.1-Cu0.1-C00.1-Ni0.1-Mn0.15 800
Fe0.1-Cu0.1-C00.1-Ni0.1-Mn0.2 A-Mn0.2-6 600
Fe0.1-Cu0.1-C00.1-Ni0.1-Mn0.2 A-Mn0.2-8 800
Fe0.1-Cu0.1-C00.15-Ni0.1-Mn0.1 600
Fe0.1-Cu0.1-C00.15-Ni0.1-Mn0.1 800
Fe0.1-Cu0.1-C00.2-Ni0.1-Mn0.1 600
Fe0.1-Cu0.1-C00.2-Ni0.1-Mn0.1 800
Fe0.1-Cu0.05-Co00.1-Ni0.1-Mn0.1 600
Fe0.1-Cu0.05-Co0.1-Ni0.1-Mn0.1 800
Fe0.1-Cu0.025-C00.1-Ni0.1-Mn0.1 600
Fe0.1-Cu0.025-C00.1-Ni0.1-Mn0.1 800
Fe0.1-Cu0.1-Co00.1-Ni0.1-Mn0.25 A-Mn0.25-6 600
Fe0.1-Cu0.1-Co00.1-Ni0.1-Mn0.3 A-Mn0.3-6 600
Fe0.1-Cu0.1-C00.1-Ni0.1-Mn0.2 A-Mn0.2-5 500
Fe0.1-Cu0.1-C00.1-Ni0.1-Mn0.2 A-Mn0.2-7 700
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Fig. 1. Methane conversion with different
Mn content (T=450°C, P=50 bar,
CHy/0:=10, Flow rate=79 ml/min).
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Fig. 2. Methanol selectivity with
different Mn content (T=450 °C,
P=50 bar, CHy0:=10, Flow
rate=79 ml/min).
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Fig. 3. HCHO selectivity with different Mn
content(T=450  °C, P=50  bar,
CH4/02=10, Flow rate=79 ml/min).
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Fig. 4. Methane conversion with different

calcination temperatures (T=450 °C,

P=50 bar, CHy/O,=10, Flow rate=79
ml/min).
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Fig. 5. Product selectivities with different
calcination temperatures (T=450 °C, P=50
bar. CH/O»=10. Flow rate=79 ml/min).
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Table 3. Surface Areas of Catalysts Having Different Mn Content Calcined at 600TC

A-Mn0.1-6 A-Mn0.15-6 A-Mn0.2-6 A-Mn0.25-6 A-Mn0.3-6

Area*(m”/g) 147 20.7 406 199 10.7
Pore Volume®(cc/g) 0.006 0.008 0.016 0.007 0.007
Pore Width®(A) 17 16 16 17 14

(a. Multipoint BET, b. HK Method Cumulative Pore Volume,

¢. HK Method Pore width)

Table 4. Surface Areas of Catalysts Having the Same Mn Content Calcined at Different

Temperatures
A-Mn0.2-5 A-Mn0.2-6 A-Mn0.2-7 A-Mn0.2-8
Area*(m”/g) 38.2 40.6 10 1.7
Pore Volume®(cc/g) .0206 0.0156 0.0023 0.0003
Pore Width“(A) 19 16 36 41.7

(a. Multipoint BET, b. HK Method Cumulative Pore Volume,

c. HK Method Pore width)
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