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Synthesis of ZSM-5 Containing Framework Iron and Catalytic Performance
of Supported Pt Catalysts in Dehydrogenation of n-Dodecane
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Abstract: The zeolite Na-[Fe]-ZSM-5 containing framework iron was successfully synthesized by hydrothermal
synthesis, and the Pt/Na-[Fe|-ZSM-5 catalysts were prepared by ion exchange method. The catalytic performance
of the catalysts for the dehydrogenation of long-chain alkanes to mono-olefin was investigated through the
dehydrogenation of n-dodecane. The catalysts were characterized by N, adsorption-desorption test, X-ray
diffraction (XRD), Fourier transform infrared spectrum (FT-IR), NH; temperature-programmed desorption (NHs-
TPD), Ir spectra of pyridine adsorped (Py-IR), CO chemisorption and transmission electron microscope (TEM).
The results show that the surface acidity of the catalyst can be adjusted by controlling the content of framework
iron; the support, ZSM-5 containing framework iron, has the effect of inhibiting metal grain growth and
maintaining high dispersion of metals; The Pt/Na-[Fe]-ZSM-5-50 catalyst had weak surface acid sites (0.69 mmol -
¢™) and highly dispersed Pt sites, so it exhibited high activity and stability for the dehydrogenation and high
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selectivity of mono-olefin. When the conversion was stable at ~20%, the TOF was 4.56 s™' and the selectivity of

mono-olefin was 92.7%. In the experimental range, the amount of weak acid sites on the surface of Pt/Na-[Fel-

ZSM-5 catalyst and its intrinsic activity (TOF) of dehydrogenation increased with the increase of iron content.

Keywords: zeolites; template synthesis; supported catalysts; framework iron; catalytic dehydrogenation; acidity
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Table 1 Porous properties of the catalysts

Sample Seer” / Vi / Vi ! Average pore Pt content® / Pt dispersion' / Pt dispersion® /
(m*g™) (em®-g™) (em®-g™) diameter! / nm 9o (wh) % %
Pt/Na-[Fe]ZSM-5-50 423 0.07 0.27 2.4 0.458 29.2 —
Pt/Na-[Fe]ZSM-5-100 432 0.11 0.26 2.6 0.463 26.4 323
Pt/Na-[Fe]ZSM-5-150 415 0.12 0.27 2.8 0.462 24.1 —
Pt/Na-[Si]ZSM-5 396 0.14 0.32 33 0.474 4.1 6.6

*BET surface area calculated using BET method; " Micropore surface area and micropore volume calculated using ¢-plot method; © Total

pore volume calculated at p/p,=0.99; * Average pore diameter calculated by the adsorption branches of the nitrogen sorption isotherms;

°Determined by ICP-OES results; ‘ Determined by CO-pulse adsorption results; * Determined by TEM results; Calculated by the following

equation'™: D=6x(V,.,/A,)/dpn, where V., is the total platinum volume, A, is the platinum surface area and dp is average diameter of Pt particle
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Fig.2 FT-IR spectra of the samples
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(a) Pt/Na-[Fe]ZSM-5-50; (b) Pt/Na-[Fe]ZSM-5-100; (c) Pt/Na-[Fe]ZSM-5-150; (d) Pt/Na-[Si]ZSM-5
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Fig.3 (A) NH;-TPD profiles of the samples; (B) Py-IR spectra of the samples at 200 °C
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Table 2 Amount of acid sites of the samples calculated from NH;-TPD and Py-IR

Amount of acid sites* / (mmol-g™ ) Amount of acid sites” / (mmol - g™')

Sample B/L

Peak Brgnsted acid sites (B) Lewis acid sites (L)
Pt/Na-[Fe]ZSM-5-50 0.69 0.18 0.51 0.35
Pt/Na-[Fe]ZSM-5-100 0.37 0.17 0.20 0.85
Pt/Na-[Fe]ZSM-5-150 0.17 0.14 0.03 4.60
Pt/Na-[Si]ZSM-5 0.04 0.03 0.01 3.00

*Determined by NH;TPD results; * Determined by Py-IR results
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Reaction conditions in (A): 733 K, 0.1 MPa, n-dodecane, balance: Hy; space velocity (mol- g, +h™): (0.56)Pt/Na-[Fe]ZSM-5-50,
(0.48)Pt/Na-[Fe]ZSM-5-100, (0.40)Pt/Na-[Fe]ZSM-5-150, (0.07)Pt/Na-[Si]ZSM-5
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(A) Conversion of n-dodecane over different Pt catalysts in dehydrogenation in different space velocities;

(B) Product distribution and mono-olefin selectivity over different catalysts under the same conversion
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Table 3 Catalytic performance, TOF, E, and K, of dehydrogenation reaction on the catalysts

Sample X'l % S % Yil % TOF" / 5™ ES ] (kJ-mol™) K/ h™
Pt/Na-[Fe]ZSM-5-50 20.1 92.7 18.6 4.56 104 1.7
Pt/Na-[Fe]ZSM-5-100 19.4 85.5 16.6 4.13 105 6.9
Pt/Na-[Fe]ZSM-5-150 20.7 66.1 13.7 4.04 106 9.2
Pt/Na-[Si|ZSM-5 19.2 12.7 2.4 3.00 131 55

*Reaction conditions: 733 K, 0.1 MPa, n-dodecane, balance: Hy Space velocity (mol-g,™+h™): Pt/Na-[Fe]ZSM-5-50 (0.56), Pt/Na-
[Fe]ZSM-5-100 (0.48), Pt/Na-[Fe]ZSM-5-150 (0.40), Pt/Na-[Si]ZSM-5 (0.07); "TOF was obtained at 733 K; °E, was tested by tuning the

1
temperature between 723 and 753 K; ‘K, was calculated from In

and X, is the stabilized conversion of n-dodecane

XA I_XAl)

=kqt+In , where X is the initial conversion of n-dodecane

A0
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Fig.6 (A) Amount of acid sites versus content of Fe
species in the framework (Determined by 1CP-
OES results); (B) TOF versus content of Fe
species in the framework (Determined by

ICP-OES results)
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