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Synthesis of Methanol and Formaldehyde by Partial Oxidation of
Methane over Mixed Oxide Catalysts
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Abstract : Methanol and formaldehyde were produced directly by the partial oxidation of
methane over mixed oxide catalysts. The catalysts were composed of Mo and Bi with
late—transition metals, such as Mn, Fe, and Co. The reaction was carried out at 450C, 50
bar in a fixed—bed differential reactor. The prepared catalysts were characterized by
0,—TPD and BET apparatus. Among the catalysts used, the catalyst composed of 1:1:2.5
molar ratio of Mo:Bi:Mn showed the best methane conversion and methanol selectivity. The
change in ratio of methane to oxygen affected at the conversion and selectivity, and the
most proper ratio was 10:1.5. Methane conversion, methanol and formaldehyde selectivities
increased with the surface areas of the catalysts. From the O;—TPD result, it was found
that the oxygen species responsible for this reaction might be the lattice oxygen species
desorbed at high temperature around 8007C.

Keywords - partial oxidation of methane, lattice oxygen, mixed oxide catalyst,
synthesis of methanol and formaldehyde,
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Table 1. Materials for Catalyst Preparation

Precursor Chemicals Assay(%)
Mn(NO3s)3; 6H.0 61~72
Fe(NO;s)a 9Hzo 98
Co(NO3)s 6H20 97
Ni(NOs)s 6H0 97
Cu(NO3)3 3H:0 99

(NH4)6Mo7024 4H20 99
Bi(NO3)3 5H0 98
Na;CO3 99

BE Zu: Yoz Azsc) Beg
Alefo] Fe Al T FEAAEY Y £EE
nste] AdSAT AZE AFES 100 ml
STl 5o T ANE £4A8 e
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Table 2. Molar Ratio and Designation
of Prepared Catalysts

Molar ratio Designation Ten(islecxjgta:;%?“c)
Mo00.1-Bi0.1-Co00.1 500
Mo00.1-Bi0.1-Co00.1 600
Mo00.1-Bi0.1-Co00.1 700
Mo0.1-Bi0.1-Mn0.1 B-Mn0.1-5 500
Mo0.1-Bi0.1-Mn0.1  B-Mn0.1-6 600
Mo0.1-Bi0.1-Mn0.1 B-Mn0.1-7 700
Mo00.1-Bi0.1-Fe0.1 500
Mo00.1-Bi0.1-Fe0.1 600
Mo0.1-Bi0.1-FeO0.1 700
Mo00.1-Bi0.1-Mn0.15 B-Mn0.15-6 600
Mo0.1-Bi0.1 -Mn0.2 B-Mn0.2-6 600
Mo0Q.1-Bi0.1 -Mn0.25 B-Mn0.25-6 600
Mo0.1-Bi0.1-Mn0.3 B-Mn0.3-6 600
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Fig. 1. Methane conversion with different Mn
contents (T=450 °C, P=50 bar,
CH4/0,=10, calcined at 6007TC).
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Fig. 2. Methanol selectivity with different Mn

Contents (T=450 °C, P=50bar,
CH4/0»=10, calcined at 6007C).
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Fig. 3. Nitrogen adsorption isotherms of selected
catalysts at 77 K
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Fig. 4. Pore size distributions of selected
catalysts

Table 3. BET Data for the Catalysts with
Different Mn Contents Calcined
at Different Temperatures

Catalysts B-Mn0.25-6 B—Mn0.3—6 B—Mn0.1-5
Area’(m*/g) 47 30 21.6
volur:g.ffm/g) 0.015 0.0082  0.0057

R

(a. Multipoint BET; b. Total micropore Volume;
c. Average pore diameter).
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Fig. 5. 0,—TPD curves for B-type catalysts

Mne Holg& Folr Aol Aol 7}
A 2 ukgol #E Ao
= AMEY ARE Al JRo2 U
ATH 13]). Otsuka[14]= Mng& @R Zuj
OAEE BRELE Fo)oxs 2L AL
Zuo] o2 Mn,0:% Mn0,& 94
& uga} ) v A B kLol F
24E Bt R3sqrl B Aol
4" FuEX gAE Eiisizgo sgez
AZHAL, et REAS ] g vego)
U X ELU3l=e Aol @40l F4 Jehd
Aoz Hol YoM AFH AFaE0] B
olfroll A Mn9) Jaol ute} F& =) @A
Yehdls oz godr

2L ol
2

—.ﬁfloﬂ}ff-‘;ﬁi
I‘_IF‘

3.2. MEtD} 240 HiO) mE s

5 AW de AaxE 0,7, 07, 0%
o] delz EA4E & ok AAT}F Zhj9)
Aol F3d AHE S 4 dAAGL BE
£33 At} Agge AAr Huz o
& 020 EASA Hu ol Ax Aixdm
FEoH14]. £ WM E §4 AgEe 29
otA Aol wel i GAF] Pelx)=
g, $2 84E Hole NAFEL Ax Jaz
a2 Slri(15]. o] o)foA HILE F u)
3t AHAo) vl Zuiel A4 ko] wEe 9
A st A ARE At FxPirao)
o F-EASE 58 AAHEY HuUNg =9
T Ae e W g 4 9l

A-Mn 0.2-6 Zv]9} B-Mn 0.25-6 Zoj=
Abgsl  Wgke il wiE 7 10:0,
10:1.5, 10128 &9 e AHS 3ok
Fould® ®¥HgE9] f<o) w2 vig o Agg
< FE¥E A gedn Rasgded, B A
ol B89 4L 79 mYminoz 4R
stAl frAlst AddEgoen 1 ARE Figs.
6, 70 JeRRACH

WA Fig. 69 Wg AL Vel w)
G 4o} vlo] wWE seg AFLE 102D
10:1.5 > 10:19) ¢o2 Jvepge. w7} 10:2
Ao P 22 ooldE a9 o] Z)sto
oo mg wigknle] wgo] ¥y wEe Aow
Sigsezlay

ool B oln

g
o

o
v

—t— A-Mn0.26 o
+*0+« B-Mn 0.25-6 A

> -~ o
o n o

Methane Conversion (%)
I
©n

w
=)

N
@0

10:1 10:15 10:2

Reactant Ratio (CH4/O2)

Fig. 6. Methane conversion at different
reactants ratios.
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