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Controllable Synthesis of Birnessite and Cryptomelane Types of Manganese
Oxide and Their Catalytic Performance
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Abstract: The birnessite and cryptomelane types of manganese oxide were prepared by the sol-gel method using KMnO, and glucose. The
optimum conditions were investigated by varying different process variables such as c(glucose)/c(KMnOy) ratio, calcination temperature,
reaction time, and gel treatment methods. The results of X-ray diffraction and atomic absorption spectroscopy indicated that the crystal
phases of manganese oxide were controllable with different gel treatment methods. Under the conditions of ¢(glucose)/c(KMnQOy) = 0.74, t =
20 s and by different gel treatment methods, the birnessite and cryptomelane with high purity and high crystallinity were synthesized. The
catalytic performance of both types of manganese oxide for the combustion of dimethyl ether was excellent, but the cryptomelane showed
much higher catalytic activity than the birnessite.
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Fig. 1. XRD patterns of manganese oxide (MO) samples prepared by
different gel treatment methods. (1) MO(1) obtained from gel treat-
ment of 110 °C (24 h)-400 °C (2 h)-wash with H,O-110 °C (24 h); (2)
MO(2) obtained from gel treatment of wash with H,O-110 °C (24
h)-400 °C (2 h).
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Table 1 Elemental analysis results of MO samples prepared by

different gel-treatment methods

w(KH/%
K, 3sMnO, 75
K0‘27Mn02 1.7

Sample  p(Mn*")/(ug/ml) p(K')/(ug/ml)  Formula®
MO(1) 2.95 2.83

MO(2) 3.26 0.62

See Ref. [13]. " Calculated from the formula.
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Fig. 2. XRD patterns of the MO(2) samples prepared with different
¢(Glu)/c(KMnOy) ratios. (1) 3.5; (2) 0.74; (3) 0.37. Glu—glucose.
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Fig. 3. XRD patterns of MO(2) samples prepared at different calcina-
tion temperatures. (1) 400 °C; (2) 500 °C; (3) 600 °C.
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F2 A[E AR B 15 MO(2) # mEY494E
Table 2 Phase of MO(2) samples prepared at different reaction

time
t/h Phase Crystallinity (%)
1/180 Cry 51.0
1 Cry 59.0
4 Cry 62.4

¢(Glu)/c(KMnO,) = 0.74, calcination temperature = 400 °C.
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Fig. 4. Catalytic activity of different MO samples for combustion of
DME. Reaction conditions: #(DME):n(0,):n(He) = 1:10:40, GHSV
=10 L/(g-h), m(cat) = 0.3 g, p = 0.03 MPa, ¢ = 40 min.
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