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The Effect of Fluorine Modification on Catalytic Performance of Nanosized
HZSM-5 Zeolite for Conversion of Methanol to Propene
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Abstract: Based on the comparison of catalytic performance of nanosized and microsized HZSM-5 zeolites for the conversion of methanol
to propene, the fluorine-modified nanosized HZSM-5 zeolites were prepared by impregnation with NH4F aqueous solution. The parent and
modified samples were characterized by transmission electron microscopy, N, adsorption, X-ray diffraction, temperature-programmed de-
sorption of ammonia, and infrared spectroscopy of adsorbed pyridine. Their performance for conversion of methanol to propene was tested in
a continuous flow fixed-bed micro-reactor at atmospheric pressure, 500 °C, and methanol space velocity (WHSV) of 1.0 h™'. The results
showed that when the content of fluorine was lower than 10%, the amount and intensity of acidic sites on the fluorinated nanosized HZSM-5
zeolites decreased continuously with fluorine content increasing, which resulted in the enhanced selectivity for propene and catalyst stability.
However, the modification with too higher content (15%) of fluorine decreased the catalyst stability due to the distinctly reduced amount of
acid sites, surface area, and pore volume. It was concluded that after modification with appropriate amount (10%) of fluorine, the selectivity
for propene and the reaction time that can maintain total conversion of methanol was increased significantly to 46.7% and 145 h from 30.1%
and 75 h over the parent nanosized HZSM-5 zeolite, respectively.
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Fig. 1. XRD patterns of different nanosized HZSM-5 zeolites. FNZ-x
represents the modified nanosized HZSM-5 zeolites with x% fluorine.
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Table 1 Comparison of catalytic performance between nanosized and microsized HZSM-5 zeolites for the conversion of methanol to propene

Selectivity (%)

Sample - Life time (h)
Methane Ethene Propene Butene Aromatics

HNZ 11.6 14.2 11.8 16.5 75

HMZ 14.8 18.1 8.5 22.8 27

Reaction conditions: w(methanol):w(water) = 3:7, WHSV = 1.0 h™', £ = 500 °C, p = 0.1 MPa. Conversion of methanol = 100%. Life time is recognized
as the duration time at which methanol was totally converted. HNZ and HMZ represent nanosized and microsized HZSM-5 zeolites, respectively.
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Table 2 Specific surface area, pore volume, and relative crystallinity
of different nanosized HZSM-5 zeolites

Sample Aper/(mP/g)  Vi/(m'/g)  Relative crystallinity (%)
HNZ 374 0.36 100
FNZ-2 378 0.31 108
FNZ-5 356 0.30 106
FNZ-10 326 0.30 100
FNZ-15 316 0.25 95
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Fig. 2. ”’Al MAS NMR spectra of different nanosized HZSM-5 zeo-
lites.
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Fig. 3. NH;-TPD profiles of different nanosized HZSM-5 zeolites. (1)
HNZ; (2) FNZ-2; (3) FNZ-5; (4) FNZ-10; (5) FNZ-15.
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Fig. 4. IR spectra of pyridine adsorbed on different nanosized
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Table 3 The amount of B and L acid sites and their ratios of different nanosized HZSM-5 zeolites
A4p/107 4,/107° BJ/L ratio
Sample . . . P . o
100 C 300 C 100 C 300 C 100 C 300 C
HNZ 34.8 21.2 43.6 13.3 1.06 2.11
FNZ-2 34.0 18.1 324 13.1 1.39 1.83
FNZ-5 28.0 14.8 28.6 11.6 1.30 1.69
FNZ-10 133 8.0 18.4 6.6 0.96 1.60
FNZ-15 9.2 4.3 25.9 9.5 0.47 0.60
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Fig. 5. Change of product selectivity as a function of time on stream
(TOS) over FNZ-5 zeolite. (1) CsHs; (2) CsHs; (3) C.Ha; (4) Aromat-
ics; (5) CHa; (6) C3Hs. The reaction conditions were the same as in
Table 1.
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Table 4 Catalytic performance of different nanosized HZSM-5 zeolites for methanol conversion to propene
Selectivity (%) o
Sample - Life time (h)
Methane Ethene Propene Butene Aromatics
HNZ 11.6 14.2 30.1 11.8 16.5 75
FNZ-2 7.6 13.4 33.6 15.8 15.2 80
FNZ-5 43 10.7 42.4 19.6 10.5 112
FNZ-10 2.6 9.8 46.7 21.4 6.2 145
FNZ-15 2.5 8.9 46.4 22.5 5.8 115
The reaction conditions were the same as in Table 1.
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