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Hydrodesulfurization Performances of Pd Catalysts Supported on
ZSM-5/MCM-41 Composite Zeolite
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Abstract  Siliceous MCM-41 (Si-MCM-41), two micro-mesoporous materials obtained either by physically mixing
Si-MCM-41 with HZSM-5 zeolite (Z-MCM-41-M) or by coating Si-MCM-41 over HZSM-5 zeolite particles (Z-MCM-41),
were prepared and characterized by means of XRD, N, adsorption-desorption, pyridine adsorbed FT-IR. The hydrodesulfuri-
zation (HDS) performances of the supported Pd catalysts thereof, were evaluated with dibenzothiophene (DBT) as the model
sulfur-containing molecule. The close relationship between the surface area of the support and the HDS performance for the
supported Pd catalysts was not observed. The result indicated that the surface area of the support or the dispersion of the cat-
alyst might not be the key parameter affecting the HDS performance of the supported Pd catalyst. However, the HDS perfor-
mances of Pd catalysts were significantly influenced by the pore structures and acid properties of the supports. Pd catalysts
supported on the acidic supports showed the enhancement of HDS and hydrogenation activities that was thought to be the
effect of hydrogen spillover. Among the catalysts studied, Pd/Z-MCM-41 exhibited the highest HDS activity and excellent
hydrogenation activities. The results demonstrated that mesoporous materials introducing to microporous zeolite was benefi-
cial to the improvement of HDS activities, but only physically mixing Si-MCM-41 with HZSM-5 zeolite couldn’t show the
combination advantage of pore of mesoporous materials and acid properties of microporous zeolite, and further generate bet-
ter synergistic catalytic action. Z-MCM-41 composite material with the regular structure and uniform distribution acidity was
potential carriers for precious metal catalysts.

Keywords MCM-41; ZSM-5; composite zeolite; Pd; hydrodesulfurization
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Figure 1 X-ray diffraction patterns of Z-MCM-41 and Si-MCM-41

2.2 HRTEM
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HZSM-5 1 — 2 8 — 2% 25 1 B o6 8 X35 &) 40 A 1
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B2 Z-MCM-41 {f) HRTEM £
Figure 2 HRTEM images (a and b) of Z-MCM-41
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£ 1 Z-MCM-41 fl Si-MCM-41 [JFLEEHI B
Table 1 Pore structure parameters of Z-MCM-41 and Si-MCM-41

Surface area/ Pore volume/  Pore diameter/

Sample

(mg ™) (cm™g ") nm
Si-MCM-41 1022 0.84 34
Z-MCM-41 677 0.72 3.1

2.4 EHIAERMHRIE
2.4.1 NH;-TPD

K 37t T Z-MCM-41.Z-MCM-41-M F1 Si-MCM-
41 =M EH NH;-TPD RAELEHE. WK 4 Fix,
Si-MCM-41 JL - L. HZSM-5 5| A3 Si-MCM-41 J&
RE T Z-MCM-41 Ml Z-MCM-41-M ) % 1k 1% & .
Z-MCM-41 f1 Z-MCM-41-M B SRl & T A A, (HA2E P
e EN AT AH I R e RN

Intensity/a.u.

100 200 300 400 500 600
Temperature/°C

B3 (a) Z-MCM-41.(b) Z-MCM-41-M Fl(c) Si-MCM-41 [1] NH;-TPD
PR

Figure 3 The NH;-TPD profiles of (a) Z-MCM-41, (b) Z-MCM-41-M
and (c) Si-MCM-41
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Acta Chim. Sinica 2017, 75, 479—484

© 2017 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

B+L

L
" H
\_\// . Z-MCM-41

JP\Si-MCM-M

1400 1450 1500 1550 1600

Wavenumber/cm™

B4 Z-MCM-41 1 Si-MCM-41 ff] Py-IR i &
Figure 4 Py-IR spectra of Z-MCM-41 and Si-MCM-41
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Figure 5 The time course of HDS conversion (xups), HYC conversion
(xuyc) and the selectivities to HYD and DDS pathways in DBT HDS on
supported Pd catalysts. Reaction conditions: P=6.0 MPa, 7=300 C,
WHLV=27h"
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Figure 6 Schematic of HDS DBT on Pd/Z-MCM-41 catalyst by HYD
pathway
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