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Properties of Three-Dimensional Ordered Macroporous Heteropolyacid H;PW,,0,
Functionalized Materials Prepared by Different Methods

YIN Qiang LIAO Ju-Fang LI Yu-Guang™
(School of Chemistry and Chemical Engineering, Sun Yat-Sen University, Guangzhou 510275)

Abstract: Heteropolyacid H;PW .04 functionalized three-dimensional ordered macroporous (3DOM) materials
were prepared by direct impregnation, templating via in-situ sol-gel transformation, followed by extraction and
calcination to remove the templets. The nature of the functionalized materials has been characterized by SEM,
TEM, BET, EDXS, XRD, FTIR and pyridine adsorption. The results showed that the macroporous materials were
arrayed highly periodically, especially for the calcinated sample which shows excellent regulation with compact
walls and relatively larger surface area. Heteropolyacids in the samples remained primary Keggin structure, but
the characteristic vibrations were affected by chemical interaction between H;PW,,0, and the support for the
extracted and calcinated samples. Bronst acid could be found in all the samples, and they demonstrated fine
catalytic activity for the alkylation of benzene and 1-dodecene. The impregnated sample showing a weak reuse as
heteropolyacids could be easily lost from the support, while the calcinated sample showed the best catalytic

activity and would be a benign catalyst for recycle.
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(a) impregnated sample, (b) extracted sample, (c) calcinated sample
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Fig.1 SEM micrographs of PW,-Si0, materials

(al) ordered porous structure of calcinated sample (direction of {110}), (a2) high magnification of the wall of calcinated sample, (bl) ordered

porous structure of extracted sample (direction of {111}), (b2) high magnification on the wall of extracted sample
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Fig.2 TEM micrographs of PW,-Si0, materials
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Table 1 EDXS results of 3DOM PW,-SiO, catalysts
Element sample Si / wt% P/ wit% W/ wt% O/ wt%
Fresh extracted PW,-SiO, 14.93 0.83 52.26 31.77
Fresh calcinated PW,-SiO, 14.53 0.83 52.66 31.73
Used calcinated PW »-SiO, 12.77 0.58 49.14 37.51
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(a) pure PWy,, (b) impregnated sample,
(c) extracted sample, (d) calcinated sample
3 3DOM PW,,-Si0, #1 ¥} i) XRD Kl
Fig.3 XRD patterns of PW»-SiO, with various methods
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Fig.4 FTIR spectra of PW,-SiO, by various methods
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Table 2 Catalysis for the alkylation of benzene and 1-dodecene and reuse studies on 3DOM PW ,-SiO, catalysts

Conversion of

Conversion of dodecene / Product distribution / %

Catalyst Number ofuse | ecene / %' (% /10° mmol PW,) 2p 3P 4P 56P
3DOM Si0, 1 0 0 — — — —
Pure PW s 1 176 5.0 795 189 16 —
Impregnated PW -Si0, 1 702 50.1 488 216 103 193

2 0 0 - - - -
Extracted PW -Si0; | 60.0 25.0 470 27 110 193
2 263 1.0 828 166 06 —
Calcinated PW »-Si0, | 97.0 39.4 £20 22 128 230
2 912 37.1 $B1 25 126 217
3 85.0 346 835 25 127 219
4 75.9 309 461 219 120 200
5 725 295 455 227 120 198

“ Reaction temperature=90 °C, reaction time=2 h, benzene/1-dodecene = 10 mL-mL™, catalyst weight=0.1 g.
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Fig.6  XRD patterns of the reused catalysts
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