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Table 1 Relative crystallinities, nitrogen contents, surface areas and pore volumes of HBeta and nitridated Beta

zeolites from different precursors

Sample Relativecrystallinity * /% w(N)/% Sger/(m’g ) Vooel(em®g )
HBeta 100 - 520 0.36
N-HBeta 79 34 389 0.32
N-NaBeta 77 1.6 303 0.28
N-NH, Beta 85 4.1 364 0.31

a. From XRD patterns; b. Volume of N, adsorbed at P/P;=0.99
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Table 2 Acidity distribution of HBeta and nitridated Beta

zeolites from different precursors

Acidic site distribution

Total acid
Sample /(umol- gfl) amount
Weak Middle Strong / (HmOI'gil)
HBeta - 88 27 115
N-HBeta - 4 - 4
N-NaBeta - 6 - 6
N-NH,Beta - 4 - 4

K] 3(b) iy HBeta F1 A [1] {if 3K 44 & £k #£ 5 19
CO,-TPD 14k, 2 3 B4 T HalPE o . v LA
E It, HBeta {U7E 480 °C A — ™ 55 I B 0, 36 0
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FE 480 °C. it BrF 0 1% e ThT AR G, B UML) s i
PEAL B B8N (35 3), Hitp N-HBeta 1 N-NH,Beta
FERTE 560 °C H BB Y CO, B M55, IH)E A
CO, TERRBRMEAL_E A BB, BB b5 430 h
PR SR A g

3 3 HBeta IR EIRIIRE R METIES
Table 3 Basicity distribution of HBeta and nitridated Beta

zeolites from different precursors

Basic site distribution
Total base amount

/(umol-g”'
sl Weak (uMiddlge )Strong (pmol-g™)
HBeta - 3 - 3
N-HBeta - 8 4 12
N-NaBeta - 6 - 6
N-NH,Beta - 12 4 16
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Fig.10 Catalytic performances of N-NH,Beta zeolites after successive regeneration cycles

Reaction pressure 2 MPa, reaction temperature 320 °C, n(i-C,Hg) : n(C;HgO,)=7 : 1, 35% methylal aqueous solution
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Table 4 Nitrogen contents, acidity and basicity variations of N-NH,Beta after successive regeneration cycles

Acidic site distribution

Total acid amount

Basic site distribution
Total base amount

Sample  w(N)/% /(umol-g ) , /(umol-g ) .
Weak  Middle  Strong /(umol-g ) Weak  Middle Strong /(umol-g )
NBeta-Fresh 4.1 - 4 - 4 12 4 16
NBeta-RE-1 3.7 - 5 - 5 - 11 4 15
NBeta-RE-2 2.6 - 7 - 7 - 10 3 13
NBeta-RE-6 0.2 - 20 - 20 - 6 - 6
SHEH 55, S ECEA S AR R N, B DD TR IR, B R R SR R,

A R AT AT, F 46 S 5 5 T 0 Prins 46 5
J2 N R 52 A A 390 R B P Y 52 0. °Si MAS NMIR
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Prins Reaction of Methylal and Isobutene Catalyzed by Nitridated
Beta Zeolites under Continuous-flow Conditions

HU Xiao-chen, XU Lu-lu, LIU Shuo, ZHANG Wei—ping*
(State Key Laboratory of Fine Chemicals, School of Chemical Engineering, Dalian
University of Technology, Dalian 116024, China)

Abstract: Isoprene is a very important C; commodity, with wide utilization in the synthesis of rubber,
thermoplastic polymers, and fine chemicals. The production of isoprene directly via Prins reaction of
formaldehyde and isobutene in a fixed-bed reactor has received increasing attention from academia and industry
owing to its simple process, low energy consumption. The balance of basicity and acidity drives for the high
selectivity of isoprene. Nitrogen-containing zeolites have both basic sites and acidic sites, and their amounts and
strength can be tuned feasibly. In this article, methylal was used to produce formaldehyde in-situ, followed by
Prins condensation between formaldehyde and isobutene to isoprenol, and final conversion to isoprene on
nitridated Beta zeolites under continuous flow conditions. XRD, N, adsorption/desorption, elemental analysis, *3j
MAS NMR, NH;-TPD, CO,-TPD and TG techniques were used to characterize the structure, acidity, basicity and
the coke content of the nitridated Beta zeolites. Nitridated Beta zeolite obtained from the ammonia-form precursor
shows a high isoprene yield of 85% at a methylal conversion of 99% under the optimized conditions of 2 MPa,
320 “C, isobutene/methylal molar ratio of 7 and methylal aqueous solution concentration of 35%. NH;-TPD and
CO,-TPD characterizations indicate that a small amount of acid sites and a sufficient amount of middle-strong and
strong strength basic sites are beneficial for the methylal conversion and isoprene selectivity. In addition, the coke
amount over the spent nitridated Beta zeolites decreases significantly due to their less acid sites. In addition, it also
shows good regeneration capability, with isoprene yield remaining as high as 75% after six successive
regeneration cycles. The variation of basicity and acidity caused by the weakening of Si—N species in regenerated
catalyst accounts for the decline of reaction performances after regeneration.

Key words: nitridated beta zeolite; Prins reaction; isoprene; basicity; acidity
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