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Effects of carbon support on glycerol oxidation over Pt-C composite catalysts

in base-free conditions
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Abstract: Activated carbon (AC) and carbon nanotubes (CNTs) supported Pt catalysts with similar particle sizes
prepared by incipient wetness impregnation method were used for study of base-free oxidation of glycerol. The
results showed that carbon support of Pt-C composite catalysts had significant impact on reactivity, selectivity, and
steady state of glycerol oxidation. Compared to Pt/CNTs catalyst, Pt/AC catalyst had a lower binding energy of Pt
4f leading to a higher oxygen coverage on catalyst surface which reduced glycerol adsorption and initial activity of
glycerol oxidation. Pt/AC catalyst further favored oxidation of glyceraldehyde to glyceric acid and C—C bond
cleavage of C; products. With regards to catalyst deactivation, oxygen poison and adsorption of intermediates
were main factors to Pt/AC catalyst while blockage of Pt active sites by adsorption of glyceric acid was a
significant contributor to Pt/CNTs catalyst.
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Fig.1

Typical HRTEM images and corresponding size distribution of Pt/AC and Pt/CNTs catalysts
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Table 1 Characterization of support and Pt catalysts

Specific

surface Total pore  Micropore Pt loa dingm ' Pt. &P

Sample volume volume dispersion®
3, - 3, -l 1% /nm

5 . Jlemeg’ /em’eg 1%
/m” g

AC 828 0.471 0.315 - - —
CNTs 212 0.801 — - - —
Pt/AC 777 0.493 0.251 4.75(4.68@:) 20.5 24
Pt/CNTs 174 0.765 — 4.90(4.78@) 25.0 2.5

@ Obtained by TGA. @ Determined by CO adsorption.® Estimated
by HRTEM. @ Representing Pt loadings of used catalysts.
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Fig.2 Glycerol conversion as function of time over Pt/AC and
Pt/CNTs catalysts[reaction conditions: 30 ml glycerol aqueous
solution (0.1 g » mI™), glycerol/Pt molar ratio 890, 7=60°C,
Fo,=150 ml * min™']
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Fig.3 XPS spectra for Pt 4f regions of Pt/AC and

Pt/CNTs catalysts
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Table 2 Binding energies and relative intensity of Pt
species obtained from curve-fitted XPS spectra for
Pt catalysts

Pt’/eV Pt*'/eV Pt*'/eV  Relative intensity/%

Catalyst
Afy,  Afsy  4Afy, Afs, 4Af, 4fs, PO PET O PEY

Pt/AC 714 746 725 758 747 77.6 659 235 10.6

PY/CNTs 719 751 73.1 764 753 782 695 233 72
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Table 3 Product selectivities of glycerol oxidation over Pt

catalysts under base-free conditions

Catalyst SaLva SaLyp Sbha Saryea Sha
Pt/AC 0.25 0.21 0.16 0.03 0.01
Pt/CNTs 0.18 0.60 0.12 0.02 0.01

Note: Reaction conditions: 30 ml glycerol aqueous solution (0.1
g« ml™), glycerol/Pt molar ratio 890, 7=60°C, Fo,=150 ml - min", glycerol

conversion = 15%.
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RS IR EATRIEEAT T HRTEM RAE, 2550
Kl 4 fror, MWAAT LG, Pt g i R
TR N, R, X RN PR FRMEAG TR Pt
MR ERAT TRAE (R D, SREWRMNATE
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Table 4 Binding energies of Pt species obtained from
curve-fitted XPS spectra for used Pt catalysts

Pt'/eV Pt*eV Pt"*/ev
Catalyst
Afip Afsp ADp Afsp Afp Afsp
used Pt/AC 713 745 724 757 746 77.5
used Pt/CNTs 71.7 748 728 76.0 75.0 77.9

Pt/CNTs after pretreatment  71.6 747 7277 76  74.9 78.1
with 5.0% (mass) GLYA
aqueous solution
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Fig4 Typical HRTEM images and corresponding size distribution of used Pt/AC and Pt/CNTs catalysts
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