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Selective Oxidation of Aromatic Alcohols over Amorphous Mn-Ce-O Catalyst
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Abstract: A series of Mn-Ce-O catalyst samples with different Mn/Ce molar ratios were synthesized by a redox-precipitation method. The
catalytic performance of Mn-Ce-O for the selective oxidation of various aromatic alcohols to corresponding aldehydes or ketones with mo-
lecular oxygen as an oxidant in liquid phase was studied. The catalytic activity of Mn-Ce-O with Mn/Ce molar ratio of 10 was the highest,
and the benzyl alcohol conversion was 96.6 % with the mass specific activity of 19.3 mmol/(g-h) at 100 °C in 1 h. The catalyst could be re-
cycled up to six runs without appreciable loss of its activity. X-ray diffraction, nitrogen physisorption, X-ray absorption spectroscopy, and
hydrogen temperature-programmed reduction were used to characterize the Mn-Ce-O catalyst. The key active component for the O, activa-
tion was the amorphous MnO, with coexistence of Mn*" and Mn*". The addition of highly dispersed CeO; to the amorphous MnOy played an
important role in catalytic performance of the Mn-Ce-O catalyst, increasing its BET surface area, promoting the reduction of MnO,, increas-
ing the capacity of surface oxygen reproduction of MnO,, and thus remarkably enhancing the catalytic activity and the recycling capability.
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Fig.1. XRD patterns of different Mn-Ce-O catalyst samples. (1)
MnO,; (2) M10CI1; (3) M1C3; (4) CeO,. The number after M (a)
and the number after C (b) mean that n(Mn)/n(Ce) = a/b in
Mn-Ce-O sample.
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2 4 Mn-Ce-O B HL R AN, Bl Mn/Ce BE/R L
(VR /N, A A 79 b 2 T AR S 328 3 388 K5 A BT sk )
% p(Mn)/n(Ce) = 1/1 I}, EF 5 KMH; 24 n(Mn)/
n(Ce) = 1/3 I, FE& T HIIL CeO, 45 (137 m¥/g), &
SRR 1 L2 TR 8D

2 4 Mn-Ce-O #£ 5 F1Z AL &) XANES

Normalized absorption

6540 6545 6550 6555
Edge energy (eV)

6560 6565

#1 FE Mn-Ce-O L FIH mAY bR ER

Table 1  Specific surface area of different Mn-Ce-O samples

Sample Apgr/(m?/g)
MnO, 73
M20Cl 84
MI10C1 142
M5C1 185
M2C1 214
MICl1 217
MI1C3 189
CeO» 137

W MR P 2(a) M SCHR[24,251 77 15 TT SR AGAH B BE i
o Mn (134 S BRI M &S (UL 2). MnO, fIM10C1
H Mn ~ER A5 9) R 3.56 R 3.62, i H A (1) Mn
FERLL M Mo SEAE B S AE. T 2(b) 1T
PLA H, M10CT FE 5 Ce L 32 A BEA B R0 P 1)
TEARYI Y CeO, T, BEHWZFEM TP Ce L
Ce"' T RAFAE.

3 A [F] Mn-Ce-O AL FIFE i 1) Ho-TPR 3.
A LLE H, CeO, A7 M A IR, $RH CeO, 7
500 °C DA RAEEIL IR, 1X 5 SCHR[23]45 RAH— 3
MnO, it J5i & 4 4 146~346 °C, TI&A7T 303 °C. #F
Mn N Ce Ja, FF &R BRI ] AR5, Wlihik
JEIR (112 °C)FI 16 (288 °C)Ar B W bk [/ I 7 7]
Bah., XU Mn 5 Ce 2 [WIA7-7E 5 o FIAH HAE H,
Ce HIIMA T AE MnO, [F13E Ji.

(b) —o— Ce0»
—e— MI0CI
—a— Ce(NOs):

Normalized absorption

5710 5720 5730 5740
Edge energy (eV)

B2 Mn-Ce-O #mMELLILEHE XANES i%
Fig.2. XANES spectra of Mn-Ce-O samples along with reference compounds. (a) Mn K edge; (b) Ce L; edge.
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Table 2 Mn K edge energy and the average Mn valence of
Mn-Ce-O samples along with reference compounds

Sample Edge energy (eV) Valence
MnO;, 6550.3 3.56
MI10C1 6550.5 3.62
MnO 6544.0 2.00
Mn;04 6546.5 2.67
Mn,0; 6548.5 3.00
MnO, 6551.9 4.00
=
2
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; @
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Fig. 3. H,-TPR profiles of different Mn-Ce-O catalyst sam-
ples. (1) MnO,; (2) M10C1; (3) CeO,.
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Table 3 Catalytic performance of different Mn-Ce-O samples
for selective oxidation of benzyl alcohol

Sample X(PhCH,OH)/%  S(PhCHO)/% (m‘?ncsi/v(igh))
MnO, 733 >99 14.7
MnO,” 53.7 98 10.8
M20C1 84.2 >99 16.8
M10CI1 96.6 >99 19.3
Mi1ocC1* 94.4 >99 18.9
M5C1 94.1 >99 18.8
M2C1 83.6 >99 16.7
MICI 61.2 >99 12.2
MIC3 28.1 >99 5.6
CeO, 47 77 0.9

Reaction conditions: PhCH,OH 2 mmol, PhCH; 10 ml, catalyst 100
mg, O, 12 ml/min, 100 °C, 1 h.
"The sample was used 6 times in the oxidation reaction.
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Reaction mechanism for selective oxidation of

X1
Scheme 1.
benzyl alcohol over Mn-Ce-O catalyst.
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Table 4 Catalytic performance of M10C1 sample for selective oxidation of various aromatic alcohols

Substrate Product Time (h)

Conversion (%) Selectivity (%) Activity (mmol/(g-h))

0.25
o)

IO o
MeO’ Me
©/LOH @*o 0.25

H
N ~__CHO
@/\/\OH @A/ 0.50

93.1 >99 74.5
96.5 >99 71.2
98.4 >99 39.4

Reaction conditions: substrate 2 mmol, PhCH; 10 ml, O, 12 ml/min, 100 °C.
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