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Fig. 1 XRD patterns of the samples
(a)PS- ZnAl-LDO; (b)PS- ZnFe-LDO; (c)PS-ZnAlFe-LDO;
(d)PS-MgZnAlFe-LDO; (e)MgZnAlFe-LDO
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Fig. 2 SEM images and EDX spectrum of the samples
(a) The potato starch pretreatment 6 h in ethanol; (b) MgZnAlFe-LDO; (c, d, e) PS-MgZnAlFe-LDO;
(f) EDX spectrum of biomorphic porous PS-MgZnAlFe-LDO
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Table 1 Specific surface area and pore size of samples

Average pore size/nm

Pore volume/(em® - g™")

Sample Sper/ (m*> + g™")
MgZnAlFe-1LDO 284.06
PS-MgZnAlFe-LDO 760. 90

2.09 0.15

2.24 0.43
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Fig. 3 N, adsorption-desorption isotherm and the pore size distribution of samples
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% 2 PS-MgZnAlFe-LDO i EZETHER XPS UKL R
Table 2 XPS test results of major elements of PS-MgZnAlFe-LDO

Element Start BE Peak BE End BE FWHM PP Height PP Hgt PP At.
name /eV /eV /eV /eV CPS (N) /%
Mg 1s 1308.9 1303.3 1296. 1 2.1 3299.1 3.7 6.0
Zn 2p 1051.9 1021.7 1015.1 2.1 6029.0 1.5 2.4
Al 2p 80.8 74.3 67.7 2.1 490. 8 2.8 4.6
Fe 2p 759.9 710.5 700. 1 4.1 1048.3 0.3 0.5
O ls 544.9 531.1 525.1 3.4 23251.4 33.2 53.4
Cls 297.9 284.6 279.1 1.9 5880.6 20.6 33.2
(a) O1s L (¢) 2p,, Zn2p
i : :
3 Mgls |742p *\E‘ :T
E C1s E El
Al2p
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Fig. 4 XPS spectra of PS-MgZnAlFe-LDO
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Fig. 5 Catalytic oxidation of a-pinene
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Table 3 Comparison of catalytic property of different catalyst
X ( o-pinene) S(2, 3-epoxypinane) S(Verbenol ) S(Verbenone)
Catalysts
/% /% /% /%
None 5.59 44.36 35.49 20.15
PS-ZnAl-LDO 24.33 56.70 30.76 12.54
PS-ZnFe-LDO 26.74 52.54 39.52 7.94
PS-ZnAlFe-LDO 29.22 40.98 38.59 20.43
PS-MgZnAlFe-LDO 31.20 45.23 37.49 17.28
MgZnAlFe-LDO 22.87 46.07 36.62 17.31
X /% . the conversion of a-pinene; S /% : the selectivity of oxidation products.

Reaction conditions: 10.0 mg catalyst, 136.2 mg a-pinene, 113.3 mg 30% H,0,, 2 mL solvent ( ethyl acetate) , reaction tem-

perature 30 °C, reaction period 4 h.
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Fig. 6 The effect of solvents on catalytic property

Reaction conditions: 10.0 mg catalyst (PS-MgZnAlFe-
LDO), 136.2 mg a-pinene, 113.3 mg 30 wt% H,O0,,

2 mL solvent, reaction temperature 30 °C, reaction period 4 h.
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Fig. 7 The effect of a-pinene/H,0, molar ratio
on catalytic property
U/% : the utilization rate of H,0,.
Reaction conditions; 10.0 mg catalyst ( PS-MgZnAlFe-LLDO) ,
136.2 mg a-pinene, 2 mL solvent(V yyp) * Vien=4 : 1),

reaction temperature 30 °C, reaction period 4 h.
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Fig. 8 The effect of reaction temperature on catalytic property
Reaction conditions; 10.0 mg catalyst( PS-MgZnAlFe-LDO) ,
136.2 mg a-pinene, 135.6 mg 30% H,0,, 2 mL

solvent(V pyp) * Vigwen =4 * 1), reaction period 4 h.
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Abstract; A series of porous composite metal oxides were successfully prepared based on coprecipitation, ageing
and calcination, using starch as biotemplate and LDHs as precursors. The morphologies, structures and chemical
compositions of the as-prepared samples were characterized by X-ray diffraction (XRD) , scanning electron micros-
copy (SEM) , X-ray energy dispersive spectroscopy ( EDX) , N, adsorption-desorption analysis ( BET) and X-ray
photoelectron spectroscopy (XPS). The results indicate that the starch plays an embedded template during the for-
mation of composite oxides, and the prepared MgZnAlFe quaternary composite oxide has a particular morphology,
good crystallinity, abundant distributions of mesoporous (2 ~5 nm pore size) and macroporous, and BET surface
area of 760.90 m’/g. The porous composite oxides were then applied to catalyze the oxidation of a-pinene with
30% H,O0, as the oxidant. The results show that the conversion of a-pinene can reach 53.8% , and the selectivities
of 2,3-epoxypinane, verbenol, verbenone are 48.9% | 29.9% and 21.3% , respectively, under the following re-
action conditions: 10.0 mg porous MgZnAlFe quaternary composite oxide as the catalyst, a-pinene/H,0, molar ra-
tio of 1 : 1.2 in 2 mL DMF/H,0O (volume ratio was 4 : 1) at 20 C for 4 h.
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