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Abstract: A series of Mg-based mixed oxides MgM-n (M = Sn, Al, Ti, La, Ce, Zr; n = Mg/M atomic ratio) were prepared. The physico-
chemical properties of these mixed oxides were characterized by X-ray diffraction, N,-adsorption/desorption, CO, temperature-programmed
desorption, ultraviolet and visible diffuse reflectance spectroscopy, and electron spin resonance. The catalytic activity of MgM-n for the ep-
oxidation of olefins was investigated with H,O, as an oxidant. The results indicated that the catalytic performance and basicity of MgM-n
mixed oxides were correlated to the type and doping amount of M species. The MgAl-4 and MgSn-4 samples showed a conversion and ep-
oxide selectivity as high as 95% along with over 80% H,O, efficiency for the epoxidation of styrene. However, MgSn-4 possessed lower
surface basicity and more stable performance during consecutive reuse in comparison with MgAl-4. Moreover, MgSn-4 could catalyze the
epoxidation of olefins of different structure with excellent performance. With the characteristic studies, it was presumed that such a superior
performance of MgSn-4 could essentially be ascribed to the highly dispersed Sn* species and its unique structure as well as the proper ba-
sicity.
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Fig. 1. XRD patterns of the MgM-4 samples. (1) MgAl-4; (2)
MglLa-4; (3) MgSn-4; (4) MgCe-4; (5) MgTi-4; (6) MgZr-4. The

number after the sample means Mg/M atomic ratio.
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Fig. 2. XRD patterns of the MgSn-n samples. (1) MgO; (2) MgSn-8§;
(3) MgSn-4; (4) MgSn-1; (5) SnO,.
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Table 1 Chemical compositions and structure properties of different
MgM-n samples

Mg/M Pore Pore
Sample atomic AiET diameter volume

ratio” (m/g) (nm) (cm’/g)
MgTi-4 4.2 332 24.0 0.27
MgZr-4 39 385 23.6 0.22
MgCe-4 4.1 42.5 20.2 0.28
MgLa-4 39 37.6 19.6 0.37
MgAl-4 4.1 145.5 13.7 0.41
MgSn-1 1.1 33.6 24.5 0.35
MgSn-4 4.0 95.8 14.6 0.31
MgSn-8 7.9 57.3 16.7 0.38
MgO — 223 22.5 0.11
SnO, — 21.5 18.8 0.13

“Determined by ICP-OES.
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Fig. 3. N, adsorption-desorption isotherm (a) and pore size distribu-
tion (b) of the MgSn-4 sample.
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Fig. 5. CO,-TPD profiles of the MgSn-n samples. (1) MgO; (2)
MgSn-8; (3) MgSn-4; (4) MgSn-1; (5) SnO,.
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Fig. 4. CO,-TPD profiles of the MgM-4 samples. (1) MgAl-4; (2)
MgLa-4; (3) MgSn-4; (4) MgCe-4; (5) MgTi-4; (6) MgZr-4.

AL 2% 58T MgSn-n B A AP+ Mg/Sn JR
OO T AT B 520, AH Y. CO,-TPD i 755 T+ K]
5. AT LLE H, B MRS SnO, 3R 1T JLF- AN A7 76 B P
A, g A AL ) MgO 2 11 A T 59 B 11 A7 0 v 45 588 i
T A7 . G o e 8 5 S R A7 1K) C O it B 0 57 H 3

Q)

Absorbance

(©)
@
Q)

I N N R R R
200 300 400 500 600 700 800
Wavelength (nm)

Bl 6 MgSn-n ¥ UV-Vis-DRS i%
Fig. 6. UV-Vis diffuse reflectance spectra of the MgSn-n samples. (1)
MgO; (2) MgSn-8; (3) MgSn-4; (4) MgSn-1; (5) SnO..
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Fig. 7. UV-Vis diffuse reflectance spectra of the MgSn-4 sample
treated in different solvents. (1) As-prepared MgSn-4; (2) MeCN; (3)
MeCN/H,0;; (4) MeCN/H,0,/H,0; (5) H,0.
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Fig. 8. ESR spectra of MgSn-4 and MgAl-4 samples. (1) MgSn-4
treated in H,O,; (2) MgSn-4; (3) MgAl-4 treated in H,O,; (4) MgAl-4.
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Table 2 Characteristics of MgM-n mixed oxides and their performance for the epoxidation of styrene

Sample Mg/M atomic ratio Surface basicity (umol/g)  PhCH:CH, conversion (%) SO selectivity (%) E(H,0,)/%
MgTi-4 4.2 36 49.5 85.6 425
MgZr-4 39 47 53.7 83.5 434
MgAl-4 4.1 256 95.5 97.3 83.6
MgCe-4 4.1 69 56.2 89.3 50.7
MgLa-4 39 198 82.5 94.6 72.8
MgSn-1 1.1 89 56.2 90.3 51.6
MgSn-4 4.0 145 94.8 96.8 81.5
MgSn-4* 4.0 145 15.3 95.5 91.0
MgSn-8 7.9 244 92.5 93.6 77.6
MgO — 152 91.0 96.2 81.6
SnO, — 0 0 0 0

Reaction conditions: catalyst 100 mg, styrene 5 mmol, MeCN 5 ml, 30%H,0, 20 mmol, H,O 2 ml, 323 K, 6 h.

*MeCN was replaced with MeCOMe. SO—styrene oxide.
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Table 3 The reusability of different MgM mixed oxides for the ep-
oxidation of styrene

Reused PhCH:CH, conversion (%) Mg content® (%)
number MgO MgAl-4  MgSn-4 MgAl-4 MgSn-4
1 91.0 95.5 94.8 43.8 23.5
2 58.6 76.6 89.5 42.1 22.9
3 36.3 48.5 85.6 41.8 22.9
4 — 35.6 68.2 41.5 22.9
5 — 20.3 56.5 41.2 22.8

Reaction conditions: catalyst 100 mg, styrene 5 mmol, 30% H,0, 20
mmol, H,O 2 ml, 323 K, 6 h. *“Mass fraction determined by ICP-OES.
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F 4 MgSn-4 ELLFEHEINE W R
Table 4 Epoxidation of several olefins catalyzed by MgSn-4 with H,O, as an oxidant

Substrate PhCH:CH, conversion (%) Major product Selectivity (%)
ANANS 97.0 NN, 98.5
7 98.5 NN 98.0

O 99.5 (\/FO 99.5
O 99.5 00 99.5
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Reaction conditions: catalyst 100 mg, olefin 5 mmol, 30% H,0, 20 mmol, H,O 2 ml, 323 K, 6 h.
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Scheme 1. A possible reaction mechanism for the epoxidation of styrene catalyzed by MgSn-4 mixed oxide with H,O, as an oxidant.
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