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Vapour Phase ortho-Selective Alkylation of Phenol with Methanol over

Fe-Zr Oxide Catalysts

XU Lei WU Shu-Jie ZHANG Wen-Xiang JIA Ming-Jun LIU Gang*
(College of Chemistry, Jilin University, Changchun 130021, P. R. China)
Abstract:  Fe-Zr oxides with different Zr/Fe molar ratios were prepared by a co-precipitation method and used as

catalysts for the vapor phase ortho-selective alkylation of phenol with methanol. Results showed that the Fe-Zr oxide
catalysts had relatively high activity and ortho-selectivity. Among them, the sample with rn,/ng=0.5/100 exhibited
the highest activity (99.2% phenol conversion) with a selectivity of 22.6% to o-cresol and 77.0% to 2,6-xylenol.
An increase in reaction temperature could further improve selectivity for 2,6-xylenol. The presence of relatively

strong acid-base sites may be responsible for the high phenol conversion and the high 2,6-xylenol selectivity.
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Fig.1 Powder XRD patterns of catalysts Fe,0; (a) and
Fe-Zr-0 with different Zr/Fe molar ratios (b-f)
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Table 1 Selected structural data for Fe,0; and

Fe-Zr-0 catalyst samples
Seer/ (M g™)  Vi/(cm®+g™)  Dyo/nm

Sample  ng/ng Nalng

1 0.0/100 - 55 0.18 14.3
2 0.1/100 1.07x107 56 0.24 11.8
3 0.2/100 1.95x107 57 0.22 12.5
4 0.5/100 5.30x107 57 0.23 9.0
5 1.0/100 1.06x10> 59 0.24 10.4
6 2.0/100 2.10x107 102 0.31 8.0

“ measured by ICP (inductively coupled plasma) chemical analysis
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Fig.2 NH;TPD profiles of catalysts Fe,0; (a) and
Fe-Zr-0 with different Zr/Fe molar ratios (b-d)
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Fig.3 CO,TPD profiles of catalysts Fe,0; (a) and
Fe-Zr-0O with different Zr/Fe molar ratios (b-d)
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Table 2 Catalytic properties of Fe,0; and Fe-Zr-O samples with different Zr/Fe ratios®

Phenol Product selectivity (%) Yield (%)
Sample nzing . -
conversion (%) o-cresol 2,6-xylenol anisole others® o-cresol 2,6-xylenol
1 0.0/100 43.2 84.3 11.1 0.1 4.5 36.4 4.8
2 0.1/100 98.2 25.3 69.2 0.1 5.4 24.8 67.9
3 0.2/100 98.5 23.0 73.1 0.1 3.8 22.7 72.0
4 0.5/100 99.2 22.6 77.0 0.1 0.3 224 76.4
5 1.0/100 98.9 30.3 65.1 0.1 4.5 30.0 64.4
6 2.0/100 96.3 35.6 61.2 0.1 3.1 34.3 56.9

‘reaction conditions: m.=0.8 g; n(phenol)/n(methanol)=1/5; WHSV (weight hourly space velocity)=0.336 h™'; reaction temperature: 633 K;

nitrogen flow rate: 3.2 mL+min™; reaction time: 9-10 h. *Other side products include alkyl phenols.
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Table 3 Catalytic properties of Fe-Zr-O sample at different reaction temperatures®

K Phenol Product selectivity (%) Yield (%)
conversion (%) o-cresol 2,6-xylenol anisole others® o-cresol 2,6-xylenol
633 99.2 22.6 77.0 0.1 0.3 22.4 76.4
653 99.4 17.3 77.8 0.1 4.8 17.2 77.3
673 99.7 15.7 80.6 0.0 3.7 15.7 80.4

nz/nr=0.5/100; reaction conditions: m,=0.8 g; n(phenol)/n(methanol)=1/5; WHSV=0.336 h™'; nitrogen flow rate: 3.2 mL-min™;
reaction time: 9—10 h; "Other side products include alkyl phenols.
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Fig.4 Effect of WHSV on phenol conversion and
product selectivity over Fe-Zr-O sample
nz/ng=0.5/100; reaction conditions: m.=0.8 g; n(phenol)/n(methanol)=
1/5; reaction temperature: 633 K; nitrogen flow rate: 3.2 mL+min™;

reaction time: 9—10 h
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Fig.5 Effect of reaction time on phenol conversion
and product selectivity over Fe-Zr-O sample
nz/ng=0.5/100; reaction conditions: m,=0.8 g; n(phenol)/n(methanol)=
1/5; WHSV=0.336 h™'; reaction temperature: 633 K; nitrogen flow rate:
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