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Fig.1 Catalytic performances of MCM-41 modified with different

metals in Prins condensation
Reaction time 4 h, reaction temperature 240 °C, 34 mg,

n(i-C,Hy)/n(CH,0)=6 : 1
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Fig.2 Effect of Cu-Al molar ratio on the catalytic performances of
Cu-Al/MCM-41 in Prins condensation
Reaction time 4 h, reaction temperature 240 °C, 34 mg,

n(i-C4Hy)/n(CH,0)=6 : 1
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Fig.3 Temperature influence on the catalytic performance of
Cu-Al(1 : 1)/MCM-41 in Prins condensation
Reaction time 4 h, 34 mg, n(i-C,H;)/n(CH,0)=6 : 1
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Fig.4 Effect of reaction time on the catalytic performances of
Cu-Al(1 : 1)/MCM-41 in Prins condensation
Reaction temperature 200 °C, 34 mg, n(i-C,Hy)/n(CH,0)=6 : 1
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Fig.5 Effect of isobutene and formaldehyde molar ratio on

the catalytic performances of Cu-Al(1 : 1)/MCM-41 in Prins

condensation

Reaction time 4 h, reaction temperature 200 °C, 34 mg
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Fig.6 Effect of catalyst mass on the catalytic performances of
Cu-Al(1 : 1)/MCM-41 in Prins condensation
Reaction temperature 200 °C, reaction time 4 h,

n(i-C,Hy)/n(CH,0)=7 : 1
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Fig.7 XRD patterns of MCM-41 modified with different Cu-Al ratios
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Fig.8 Decomposed NH;-TPD curves of MCM-41 modified

with different Cu-Al ratios
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Table 1 Acid distribution and density of MCM-41 modified

with different Cu-Al ratios

Quantity of acidic sites

Ll al acid :
Sample /(mmol-g™") Total acid anillmmt
/(mmol-g™)
weak  middle  strong
Cu 0.07 0.20 0.09 0.36
CuAl=2 : 1 0.07 0.37 0.12 0.56
CuAl=1: 1 0.05 0.32 0.17 0.54
CuAl=1:2  0.03 0.22 0.26 0.52
Al 0.07 0.18 0.19 0.43
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7 Hedi b
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Fig.9 Regeneration cycles of Cu-Al(1 : 1)/MCM-41 catalyst
Reaction time 4 h, reaction temperature 200 °C, 34 mg,

n(i-C,Hg)/n(CH,0)=7 : 1
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Table 2 Acid density, surface areas and pore volumes of MCM-41, and Cu-Al/MCM-41 before and after regeneration
Sher 7 e Number of acidic sites/(mmol *g™") Total acid content
Sample . . .
fotg)  fem'g) weak middle strong fmmol-g”)
MCM-41 975 0.88 - - - -

Fresh 604 0.52 0.05 0.32 0.17 0.54

Regeneration 414 0.32 0.04 0.06 0.06 0.16
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Preparation of 3-Methyl-3-buten-1-ol from Formaldehyde and
Isobutene via Prins Condensation on Bimetal Modified MCM-41

ZHANG Li-ge, XU Lu-lu, ZHANG Wei-ping’
( State Key Laboratory of Fine Chemicals, School of Chemical Engineering,

Dalian University of Technology, Dalian 116024, China )

Abstract: 3-Methtyl-3-buten-1-0l (MBO) is an important chemical intermediate and is widely used for producing
fine chemicals. MBO is synthesized normally by Prins condensation reaction of formaldehyde and isobutene, which
can utilize the excessive isobutene efficiently in petrochemical industry. The solid acidic catalyst is considered to
be effective for this reaction, of which Lewis acidic catalyst may be more suitable due to the moderate acid strength.
In this study, MCM-41 catalysts loaded with different metals were obtained by mechanical mixing method, and their
catalytic performances in Prins condensation between formaldehyde and isobutylene were evaluated. Among them the
best single metal Cu and Al modification were chosen to prepare the bimetal supported catalyst. The structure and
acidity of bimetallic Cu-Al/MCM-41 were systematically characterized by means of XRD, NH;-TPD, N, adsorption
and UV-vis spectra. In addition, the Cu/Al molar ratio and the synergistic effect between them were investigated. It is
found that the conversion of formaldehyde increases to 100% and MBO yield is up to 98% on Cu-Al(1 : 1)/MCM-41
calalyst, which is higher than the single metal supported catalyst under the optimized reaction temperature of 200 °C,
isobutene/formaldehyde molar ratio of 7 and 4 h of reaction. The acidity characterization by NH;-TPD shows that
Cu-Al(1 : 1)/MCM-41 with an appropriate amount of acid sites and a proper acid strength increases the yield of
MBO. Moreover, this catalyst has regeneration capability to a certain extent. After three successive regeneration
cycles, its BET surface area and pore volume decrease obviously. The aggregation of the active sites may lead to the
decrease in the amount of acid sites, especially the middle-strong and strong acid sites, which is the main reason for
the catalyst deactivation in Prins reaction.

Key words: Cu-Al/MCM-41; isobutene; formaldehyde; Prins condensation reaction; 3-methyl-3-buten-1-ol



