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Synthesis and Catalytic Performance of Core-shell Micro-Mesoporous Composite
Zeolite MCM-41@TS-1 Catalysts
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CHOU Lingjun®, SONG Huanling’
(1. Faculty of Chemical Engineering, Huaiyin Institute of Technology, Key Laboratory for Palygorskite Science and Applied Technology
of Jiangsu Province, Huai'an 223003, Jiangsu China; 2. State Key Laboratory for Oxo Synthesis and Selective Oxidation, Lanzhou
Institute of Chemical Physics, Chinese Academy of Sciences, Lanzhou 730000, China)

Abstract: To solve the problem of a narrow pore applicability of zeolite molecular sieves with MFI topology (TS-1), a core-shell
mesoporous composite molecular sieve YMCM-41@TS-1 was synthesized by an in-situ crystallization method. The results show that
XMCM-41@TS-1 has a well-crystallized microporous core and mesoporous shell with regular pores, thus effectively improving the
reaction mass transfer efficiency, reducing the diffusion resistance, and promoting the effective utilization of active titanium centers.
Also, the core-shell mesoporous composite structure is beneficial to shortening the diffusion path of the material, so that the carbon
deposition precursor in the microporous can diffuse to the surface in time. According to the catalytic performance results, the catalytic
activity of xtMCM-41-41@TS-1 in butadiene epoxidation and cyclohexane oxidation can reach 3 times and 2 times greater than that of
TS-1, respectively, and the cycle stability is greater than that of TS-1.
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(b) Relative crystallinity of TS-1 seeds prepared at different crystallization time
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Fig. 1 The crystallization of TS-1 seeds prepared with different time
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Fig.2 TEM images of TS-1 seed prepared with different crystallization time
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Table 1 Properties of xYMCM-41@TS-1 catalysts obtained by BET method

Samples n(Si0y/n(TiO,) Sper/(m*-g™") Pore size/nm Pore volume/(cm®-g™")
TS-1 40 494 0.57 0.26
40MCM-41@TS-1 42 489 0.85/2.8 0.28
55MCM-41@TS-1 55 469 0.85/2.8 0.33
65MCM-41@TS-1 63 429 0.85/2.8 0.20
75MCM-41@TS-1 83 441 0.85/2.8 0.23
MCM-41 582 2.5 0.67
n(Si0,)/n(TiO,) is the molar ratio of SiO, and TiO,; Sggr is the BET surface area.
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(a) N, adsorption-desorption isotherms for xMCM-41 @ TS-1 catalysts
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(b) Pore size distribution of XMCM-41 @ TS-1 catalyst
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Fig.3 N, adsorption and desorption isotherm and pore width distribution of XxMCM-41@TS-1 catalysts
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(a) Wide-angle XRD spectra of xyMCM-41 @ TS-1 catalyst
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(b) Small-angle XRD spectra of xyMCM-41 @ TS-1 catalyst
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Fig. 4 XRD patterns of xMCM-41@TS-1 catalysts
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(a) TEM image of 65SMCM-41@TS-1

(c) TEM image of MCM-41

(d) TEM image of MCM-41

K5 65MCM-41@TS-1(a-50 nm, b-10 nm)F1 MCM-41(c-50 nm, d-10 nm)#£ 5 Y TEM F& J
Fig. 5 TEM images of 65MCM-41@TS-1(a-50 nm, b-10 nm) and MCM-41(c-50 nm, d-10 nm) samples
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Fig. 8 Ti2p XPS patterns of xMCM-41@TS-1 (x=40. 55. 65
and 75) catalysts
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Table 2 Catalytic performance of xMCM-41@TS-1(x=40,

55, 65 and 75) in the reaction of butadiene
epoxidation

Sample C(VO)Y(mol-L™"y  C(H,0,)/% UMH,0,)/% TON
TS-1 0.016 9.5 2.90 37.0
40MCM-41@TS-1 0.039 15.46 7.12 90.7
55SMCM-41@TS-1 0.036 19.98 6.48 82.6
65SMCM-41@TS-1 0.039 13.5 7.12 90.7
75SMCM-41@TS-1 0.037 21.52 9.54 89.54

C(VO) is the conversion of VO; C(H,0,) is the conversion of H,O,; U(H,05)
is the utilization of HyO,; TON is the turn over numbers.
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Table 3 Catalytic performance of xMCM-41@TS-1(x=40,

55, 65 and 75) in the reaction of cyclohexane

oxidation
Selectivity

Sample Xane/%

So1/% Sonc /% Skal%
TS-1 29.14 25.23 3.90 29.13
40MCM-41@TS-1 45.00 25.65 13.83 39.48
55MCM-41@TS-1 34.10 34.04 22.17 56.22
65MCM-41@TS-1 33.27 26.87 10.54 37.41
75MCM-41@TS-1 38.00 26.07 9.82 35.89

Xane 1s the conversion of cyclohexane; S, is the selectivity of cyclohexaol;

Sone 18 the selectivity of cyclohexaone; Ska is the selectivity of KA oil.
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Fig. 9 Recycle runs of TS-1 and 55MCM-41@TS-1 catalysts
in the butadiene epoxidation reaction

TON of vinyloxirane
- wn [N ~] >
S S S S S
——

W
<
=
7]
—

BE— SR T TS-1 5 55MCM-41@TS-1 ik
FUTERR CUbE A A0 S S HH 0 fRe AL B 8, LA
RERILUE 10 Fin. 55MCM-41@TS-1 {4k 5 i
AEFE 10 )5, KA HEEEEPETI AT LUE 28 X
R 88.6%. T TS-1 #EALFIETERS 6 X5, KA
TR BT A B ORI 70.6%: PRI IS 9 X
Ji, KA JHFEREMEEARCEERA T FKIEE
55MCM-41@TS-1 A HBA AN T I T E
EES

70
60
.
z 50f ey
< 55MCM-41@T$S-1 e
240t N
] \\.
2 ~
= 30r N bt
31 TSl
W 20 [ \
10} \
-1_‘.““\
0 . 1 L 1 L L . I 1
0 2 4 6 8 10

Recycle runs

K10 TS-1 1 55MCM-41@TS-1 #E4LFI7EFR T B Ak B
RREOEEZRVC
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