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Sh0,-Promoted Pt Nanoparticles Supported on CNTs
as Catalysts for Base-Free Oxidation of Glycerol
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Understanding of selective base-free oxidation of glycerol to dihydroxyacetone (DHA) over Pt-based catalysts is of par-
amount scientific and industrial importance. In this work, a comparative study between differently sized SbO,-promoted
and unpromoted Pt/CNTs catalysts is carried out to decouple the promoter effects from the metal size effects. The intro-
duction of SbO, appears to enhance both the glycerol oxidation activity and the DHA selectivity, and the largely sized
promoted Pt/CNTs catalysts afford a relatively high DHA yield and less C—C bond cleavage. X-ray photoelectron spec-
troscopy measurements reveal that the Sb species are mainly in the form of SbO,, and the differently sized promoted
catalysts show similar metal binding energies. Furthermore, theoretical studies on the promotional effects of ShO, are
carried out by DFT calculations. It is found that the presence of the promoter on the catalyst surface favors the prefer-
ential activation of the secondary hydroxyl group. © 2018 American Institute of Chemical Engineers AIChE J, 00: 000—

000, 2018

Keywords: base-free oxidation of glycerol, dihydroxyacetone, SbO, promoted Pt/CNTs catalyst, size effects, promoter

effects

Introduction

Selective catalytic oxidation of glycerol, using air or oxygen
instead of costly and polluting stoichiometric oxidants, has
attracted tremendous attention from both economic and envi-
ronmental perspectives.'™ This process initially proceeds by
means of not only the oxidation of the primary hydroxyl group
to form glyceraldehyde (GLYD), but also that of the second-
ary hydroxyl group to form dihydroxyacetone (DHA) used as
a tanning agent in the cosmetics industry and building blocks
for degradable polymers.4 Previous studies™™® demonstrated
that the presence of base is beneficial for the glycerol oxida-
tion because of its promotional effect on the H-abstraction of
the hydroxyl groups being the rate limiting step, but detrimen-
tal to produce the targeted DHA product, e.g., the selectivity
to DHA even being zero, because of that on the interconver-
sion between the DHA and the GLYD. Interestingly, the use
of base-free conditions has been found to enhance the

Additional Supporting Information may be found in the online version of this
article.

Correspondence concerning this article should be addressed tq D. Chen at
chen@nt.ntnu.no.

© 2018 American Institute of Chemical Engineers
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selectivity to DHA.>"'? Therefore, we focus our attention on
base-free oxidation of glycerol with the aim to maximize the
DHA production.

For the base-free oxidation of glycerol, various carbon sup-
ported catalysts”_16 have been widely studied, because the
carbon supports not only endow the catalyst with an effective
electron transfer system, but also exhibit high resistance to
acidic/basic environments as well as unique and tunable sur-
face chemistry and textural properties.'”'® For example,
Hutchings and co-workers reported that activated carbon sup-
ported Au catalysts are totally inactive.'* Kimura et al. found
that compared to charcoal supported Pd, Ru, and Re catalysts,
Pt/charcoal catalysts show higher DHA yield, e.g., 4% at glyc-
erol conversion of 37%.'? Similarly, Garcia et al. revealed that
the Pt/C catalyst exhibits six times higher reaction rate and 1.5
times higher DHA yield than the Pd/C catalyst, where the
maximum DHA yield over the Pt/C catalyst by optimizing the
reaction conditions is 12%." Recently, the researchers further
explored the effects of the Pt particle sizes and electronic
properties on the DHA selectivity and yield.”’zo*22 However,
in these studies, limited improvements in the DHA selectivity
(<20%) and yield (<15%) were achieved. In other words,
only optimizing the platinum particle size and electronic prop-
erties as well as the reaction conditions is not very effective to
obtain desirable DHA selectivity and yield.
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Interestingly, the introduction of appropriate promoters
(e.g., Bi and Sb) into the Pt/C catalysts has been demonstrated
to give rise to significantly improved reactivity to
DHA.'%13:23-25 However, the DHA selectivity over the Pt-Bi/
C catalyst underwent dramatic decrease from 87 to 36% when
the conversion increased from 10 to 90%.%* In comparison
with the Bi promoter, the introduction of Sb promoter gave
rise to slow decrease in the DHA selectivity from 81 to 51%
as the conversion increased from 10 to 90%,> suggesting that
the Pt—Sb/C catalyst is a promising candidate for the selective
base-free oxidation of glycerol to DHA. Therefore, an attempt
is necessary to unravel the crucial role of the Sb promoter in
the base-free oxidation of glycerol to DHA and then guide the
rational design and optimization of Pt—Sb/C catalysts.

In this work, we focus on understanding of the promotional
effects of antimony in Pt—Sb supported on carbon nanotubes
(CNTs) catalyzed base-free oxidation of glycerol to DHA. A
comparative study between differently sized Sb-promoted and
unpromoted Pt/CNTs catalysts was carried out to decouple the
Sb promoter effects from the metal size effects. The role of
the Sb promoter was elucidated by combining multiple cata-
lyst characterization techniques with density functional theory
(DFT) calculations. Finally, the plausible catalyst structure-
performance relationship was established.

Experimental
Catalyst preparation

Carbon nanotubes (purity > 99.8%, purchased from CNano
Technology) with closed ends were used as catalysts support
without further treatments, and their pores were mainly
derived from the CNTs entanglement according to N, adsorp-
tion—desorption isotherm and SEM measurements (Figure S1,
Supporting Information). The CNTs supported Pt—Sb bimetal-
lic catalysts (npcng, = 1.04) with different metal loadings
were synthesized by incipient wetness co-impregnation
method. Chloroplatinic acid (Sinopharm Chemical Reagent
Co., Ltd.) and antimony trichloride (prepared by dissolving
antimony(III) oxide in 12 mol/L HCI) were used as the metal
precursors, which were dissolved in deionized water with an
electrical conductivity <107° S/em. The impregnated samples
were first dried in stagnant air at ambient temperature for 12 h,

1

[ © |
T
]

|
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and then dried at 393 K for 12 h in an oven. The dried samples
were further reduced by a continuous H, flow (60 cm®/min) at
673 K for 4 h. After being cooled to room temperature, the
reduced catalysts were passivated by 1% O,/Ar for 0.5 h. The
as-obtained catalysts were denoted as mPt-nSb, in which m
and n denote the nominal loadings (wt %) of Pt and Sb,
respectively.

Catalyst characterization

N, adsorption—desorption isotherm was obtained on an
ASAP 2010 system (Micromeritics, USA). The morphology of
CNTs was characterized by scanning electron microscopy
(SEM) on a NOVA Nano SEM450 (FEI, USA). High-angle
annular dark-field scanning transmission electron microscopy
(HAADF-STEM) images were obtained on a Tecnai G2
F20 S-Twin (FEI, USA) equipped with a digitally processed
STEM imaging system. The energy dispersive X-ray (EDX)
signals of the particles were obtained in STEM mode by
focusing the electron beam on the individual particle. High
resolution transmission electron microscopy (HRTEM) images
were obtained on a JEM 2100F (JEOL, Japan) with accelerat-
ing voltage of 200 kV. The average particle size and distribu-
tion of catalysts were determined by measuring more than 150
randomly selected particles. X-ray photoelectron spectroscopy
(XPS) was conducted on an Axis Ultra DLD spectrometer
(Kratos, Japan) using Al Ko radiation (1486.6 eV). The bind-
ing energy of samples was calibrated using the binding energy
of the C 1s peak (284.6 eV) as a reference.

Selective catalytic oxidation of glycerol

Glycerol oxidation was carried out at atmospheric pressure
in a three-neck flask equipped with a magnetic stirrer, a con-
denser and a gas supply system, as depicted in Figure 1. Typi-
cally, 30 mL aqueous solution of glycerol (0.1 g/mL) and an
appropriate amount of pre-reduced catalyst were added into
the reactor in a well temperature-controlled water bath and
heated to 60°C, where there is no obvious change in the reac-
tion temperature during the whole reaction process. The slurry
was stirred at a speed of 500 rpm, and O, was bubbled into the
reactor at a flow rate of 150 cm®/min via a mass flow control-
ler, where the effects of external mass transfer limitations can
be eliminated according to our previous work.”® Moreover, the

Cooling water

Figure 1. Scheme of the reaction vessel and attachments.

[Color figure can be viewed at wileyonlinelibrary.com]
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effects of internal mass transfer limitations can also be ignored
based on the unique pore characteristics of our used CNTs
support mentioned above. During the reaction, the samples
were drawn out intermittently from the reactor, filtered using
0.22 um NY filters and then analyzed using a high perfor-
mance liquid chromatograph (HPLC, Agilent 1100 series).
The HPLC was equipped with a UV (210 nm) and a refractive
index detector using a BP-OA column (300 X 7.8 mm) operat-
ing at 353 K. The eluent was an aqueous solution of H3PO,
(0.001 g/mL) operating at 0.5 mL/min. The reactant and prod-
ucts were quantified with external standard method.

DFT calculations

All periodic spin-polarized DFT calculations were per-
formed with the generalized gradient approximation proposed
by Perdew—Burke-Ernzerhof (PBE) using the Vienna Ab-
initio Simulation Package (VASP). The interactions between
ion cores and valence electrons were described by the projec-
tor augmented wave method, and the exchange-correlation
function was GGA-PBE. The solution of the Kohn—Sham
equations was expanded in a plane wave basis set with a cutoff
energy of 400 eV. The sampling of the Brillouin zone was per-
formed using a Monkhorst—Pack scheme, and electronic occu-
pancies were determined in light of a Methfessel-Paxton
scheme with an energy smearing of 0.2 eV.

We obtained a DFT-determined equilibrium lattice constant
of 3.98 A for bulk Pt in the face-centered-cubic (fcce) structure,
which agrees well with the experimental bulk lattice constant
3.92 A)ZG and other lattice constants reported in the literature
for Pt.?” Based on the calculated lattice constants, glycerol
adsorptions were calculated on p (4 X 4) supercell slab with
four-layered Pt(111) surfaces. For the calculation of surfaces
and glycerol adsorption, bottom two-layered Pt were fixed and
the top two-layered Pt as well as the adsorbates were relaxed.
The Monkhorst—Pack mesh of 3 X 3 X 1 k-point sampling in
the surface Brillouin zone was used. To minimize the interac-
tions between the slabs, we employed a vacuum region with a
12 A thickness. Since the XPS results show that Sb is mainly
present as Sb oxide species on catalyst surface, a SbO-Pt(111)
slab was also built based on the above Pt(111) surfaces with
adsorbed SbO on the most stable site.

Stage:  Page: 3

The adsorption energy (E,q4) is determined by Eq. 1.
Eaa=Egiy/stab — Ecly —Estab (1

where Egiy/sians Eiys and Egy, are the energies of glycerol on
the slab, glycerol in gas phase, and the slab, respectively.

Results and Discussion
Improved catalytic activity by Sb promoter

Various Pt—Sb/CNTs catalysts with different metal loadings
but a constant Pt/Sb molar ratio were synthesized and then
characterized by multiple techniques. Figure 2 shows typical
HAADF-STEM image and EDX line-scanning profile across
an individual particle of Pt—Sb/CNTs catalyst. Both Pt and Sb
are observed to be distributed throughout the particle, indicat-
ing the coexistence of Pt and Sb in the metal nanoparticles
over the Pt—Sb/CNTs catalyst. Different Pt—Sb/CNTs catalysts
were characterized by HRTEM, and the results are shown in
Figure 3. It is found that most of the Pt—Sb nanoparticles are
highly dispersed on the CNTs support except the 8.0Pt—4.8Sb
catalyst with the presence of some agglomerations, and their
average particle sizes gradually increase from 2.1 to 3.4 nm.
These differently sized Pt—Sb/CNTs catalysts were employed
for selective base-free oxidation of glycerol to DHA. Figure 4
shows the glycerol conversion as a function of the metal parti-
cle size at a reaction time of 2 h, where the glycerol conver-
sions over differently sized Pt/CNTs catalysts are taken from
our previous studies.”® This comparison allows us to under-
stand the intrinsic role of Sb promoter by excluding the metal
particle size effects, i.e., decoupling the Sb promoter effects
from the metal size effects. Clearly, under similarly sized
metal nanoparticles, the Pt—Sb/CNTs catalysts outperform
much higher glycerol conversion than the Pt/CNTs catalyst,
indicating that the Sb promoter has a remarkably promotional
effect on the catalytic glycerol oxidation activity.

It can also be clearly seen in Figure 4 that both cases show
remarkable size-dependent glycerol oxidation activity for
CNTs supported Pt and Pt—Sb nanoparticles with the average
size of 1.5-2.9 and 2.1-3.4 nm, respectively. For example, for
the Pt-based catalysts with Sb promoter, the glycerol conver-
sion rises significantly from 50 to 70% with the particle size

(b)

Intensity (a.u.)

Position (nm)

Figure 2.I(a) Typical HAADF-STEM image and (b) EDX line-scanning profiles across an individual particle of Pt-Sb/

CNTs catalyst.

[Color figure can be viewed at wileyonlinelibrary.com]
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increasing from 2.1 to 3.1 nm. For the Pt/CNTs catalysts, the
size effects are most likely ascribed to the difference in the
number of the active sites according to our previous stud-

ies,”®*’ where 1.5-2.9 nm sized Pt nanoparticles supported on
70  —=—Pt/CNTs
—&— Pt-Sb/CNTs
60
9
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c
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]
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Figure 4. Glycerol conversion as a function of metal
particle size over Pt-based catalysts at a
reaction time of 2 h.
The data for the Pt/CNTs catalysts are taken from Ref.
20. Reaction conditions: 30 mL, 0.1 g/mL glycerol aque-
ous solution, glycerol/Pt molar ratio =890, T =60°C

and O, flow rate =150 cm’/min. [Color figure can be
viewed at wileyonlinelibrary.com]
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CNTs exhibit similar Pt binding energies, but remarkable
change in the number of each exposed surface atoms with the
metal particle size (Figure S2, Supporting Information). For
the Pt—Sb/CNTs catalysts, understanding of the size effects
will be shown below.

Tuning of product selectivity

In addition to the improved catalytic activity, the improve-
ment of the Sb promoter in the product selectivity is another
important issue for the base-free oxidation of glycerol. For the
reaction system involving some parallel and consecutive reac-
tions, it is necessary to plot the product selectivity with the
reactants conversion for a fair comparison.>® As shown in Fig-
ure 5, under similar glycerol conversions, the Pt—Sb/CNTs cat-
alysts appear to afford much more DHA, while the Pt/CNTs
catalyst with more GLYD and glyceric acid (GLYA), strongly
indicating that the Sb promoter endows the catalysts with the
selective oxidation of glycerol to form DHA. Notably, for dif-
ferently sized Pt—Sb/CNTs catalysts, the DHA selectivity
increases from ~65% up to 90% with the particle size increas-
ing from 2.1 to 3.1 nm under similar glycerol conversions of
~40%, and the typical size effects on other products selectiv-
ities are also observed. In other words, 2.1-3.4 nm sized Pt—
Sb/CNTs catalysts exhibit remarkable size-dependent product
selectivity for base-free glycerol oxidation.

It can also be seen in Figure 5 that over the Pt—Sb/CNTs cat-
alysts, increasing the glycerol conversion leads to the
decreased selectivity to DHA but increased ones to GLYD and
GLYA. To exclude the possibility for the formation of GLYD
and GLYA from the consecutive conversion of the generated
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Figure 5. Product selectivity as a function of glycerol

conversion over the Pt-based catalysts.

Reaction conditions: 30 mL, 0.1g/mL glycerol aqueous
solution, glycerol/Pt molar ratio =890, 7 = 60°C and O,
flow rate = 150 cm®/min. [Color figure can be viewed at
wileyonlinelibrary.com]

DHA, the base-free oxidation of DHA over the typical Pt—Sb/
CNTs catalyst has been carried out in our previous work.?! As
expected, there are no detected GLYD and GLYA in the prod-
ucts. Moreover, when the GLYD was used as the reactant, the
GLYA was discriminated as the dominant oxidation product,

: AIC16217 Ed. Ref. No.: AICHE-18-20108.R1 Date: 18-June-18 Stage: Page: 5

and no detected DHA was observed. Based on the above anal- 265
yses, the main reaction pathways for the glycerol oxidation 266
over the Pt-based catalysts are schematically shown in Figure 267
6. Specifically, the Pt—Sb/CNTs catalysts favor the oxidation 268 F6
of the secondary glycerol hydroxyl group to form DHA (i.e., 269
Route I), whereas the Pt/CNTs catalyst with the preferential 270
oxidation of the primary glycerol hydroxyl group to form 271
GLYD and GLYA (i.e., Route II). Therefore, the introduction 272
of the Sb promoter is shown to be a very effective way to tame 273
the Pt-catalyzed glycerol oxidation reaction toward the 274
Route I. 275
Moreover, the ratio of the DHA selectivity to the GLYD 276
and GLYA selectivities is further compared for the differently 277
sized Pt—Sb/CNTs catalysts, as displayed in Figure 7a. Appar- 278 F7
ently, the selectivity ratio is relatively high for the largely 279
sized Pt—Sb/CNTs catalysts, suggesting the favorable oxida- 280
tion of the secondary hydroxyl group of glycerol to DHA over 281
the larger one. This is in accordance with the yield of DHA 282
over the differently sized Pt—Sb/CNTs catalysts shown in Fig- 283
ure 7b. As can be seen, largely sized Pt—Sb/CNTs catalysts 284
offer a higher DHA yield, and there exists an optimal yield of 2
DHA dependent on the reaction time, implying that more 286
DHA can be produced by manipulating the particle size of Pt— 287
Sb/CNTs catalysts and the reaction time. The dependence of 288
the selectivity to C; products on the metal particle size is also 289
compared, and the results are presented in Figure 7c. Clearly, 290
the catalysts with the largely sized metal particles afford the 291
increased C; products selectivity under the similar glycerol 292
conversions, indicating the inhibited oxidative cleavage of the 293
C—C bond. These unique reaction characteristics over the Pt— 294
Sb/CNTs catalysts are also shown in Figure 6. 295

)

5

Plausible catalyst structure—performance relationship 296

As mentioned above, the comparative studies between the 297
Sb-promoted and unpromoted Pt/CNTs catalysts have demon- 298
strated the significantly promotional effects of Sb on the selec- 299
tive base-free oxidation of glycerol to DHA under excluding 300
the metal particle size effects. This indicates that the differ- 301
ence in their electronic properties could be one important fac- 302
tor for the difference in their catalytic performances.”® To 303
understand this issue, the differently sized Pt—Sb/CNTs cata- 304
lysts and Pt/CNTs one were characterized by XPS, and the 305

Targeted Product

, Dihydroxyacetone (DHA)

Y

@ o
HO OH
Route I
OH

HO\/\/DH

Glycerol (GLY)

Over-oxidation Products

X\ oH OH
Route IT ® o WO ® Ho\/vo

Glvceraldehyde (GLYD) Glvceric acid (GLYA)
Figure 6. Possible reaction pathway for glycerol oxidation over Pt-based catalysts.

Note: Route I as the dominant reaction pathway over the Pt—Sb/CNTs catalyst especially for the largely sized ones which show the
inhibited oxidative cleavage of the C—C bonds to form the over-oxidation products, and Route II as the dominant one over the Pt/
CNTs catalyst. [Color figure can be viewed at wileyonlinelibrary.com]
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Figure 7. (a) Selectivity ratio for DHA/(GLYD + GLYA), (b) yield of DHA as a function of reaction time, and (c) C3
products selectivity as a function of glycerol conversion over differently sized Pt-Sb/CNTs catalysts.

Reaction conditions: 30 mL, 0.1 g/mL glycerol aqueous solution, glycerol/Pt molar ratio =890, 7=60°C and O, flow
rate = 150 cm*/min. [Color figure can be viewed at wileyonlinelibrary.com]

results are shown in Figure 8. Each Pt 4f signal could be
deconvoluted into three peaks.”” The most intensive peaks are
attributed to the Pt° 47/, and pt° 4f5,,, meaning that the Pt
mainly exists in the form of metallic state. It can also be
observed that the Pt 4f;, binding energies for the Pt—Sb/
CNTs catalysts (~71.8 eV) are slightly smaller than that for
the Pt/CNTs catalyst (71.9 eV). According to our previous
studies, the lower Pt° 4f;, binding energies have been
reported to be unfavorable for the glycerol oxidation.”> How-
ever, as mentioned above in Figure 4, the Pt—Sb/CNTs cata-
lysts with the lower Pt’ 4f;, binding energies show much
higher glycerol oxidation rate than the Pt/CNTs catalysts.
Therefore, it can be reasonably concluded that the different
electronic properties cannot explain why the Pt—Sb catalysts
exhibit much higher catalytic activity for the reaction.
Moreover, for the differently sized Pt—Sb/CNTs catalysts,
their Pt° 4f;,, binding energies are very similar, i.e., ~71.8 eV,
which is difficult to explain the large difference in the DHA
selectivity and yield. In other words, the tiny difference in the
electronic properties of the differently sized Pt—Sb/CNTs cata-
lysts arg not main reason for the significantly different base-
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free oxidation performance of glycerol. All of these results
indicate that compared to the Pt/CNTs catalyst, the geometric
effects of the Sb promoter over the Pt—Sb/CNTs catalysts
could be dominant factor for the selective oxidation of glyc-
erol to DHA. Notably, the deconvolution analyses of the Sb
3ds;, XPS spectra overlapping with the O 1s spectra for the
Pt—Sb/CNTs catalysts in Figure 8 reveal that the electronic
properties of Sb are similar for all the catalysts and the main
Sb peaks are ascribed to the SboT. Therefore, for the Pt—Sb/
CNTs catalysts, the Sb species are mainly in the form of Sb
oxide species (i.e., SbO,), which is most likely due to the
strong oxophilic nature of the Sb.*?

As a consecutive effort, DFT calculations were further per-
formed to understand the SbO, promotional effects. First, the
Pt(111) and SbO-Pt(111) slabs were built, where the former
one was used as a reference. The adsorption behaviors of glyc-
erol on the two surfaces were comparatively studied, and the
correspondingly stable adsorption configurations are presented
in Figure 9. Very interestingly, on the clean Pt(111) surface,
the glycerol molecule is adsorbed with the oxygen atom of the
primary hydroxyl group binding to the Pt atom, whereas on
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Figure 8. XPS spectra of Pt 4f and Sb 3d regions over Pt/CNTs and Pt-Sb/CNTs catalysts.

[Color figure can be viewed at wileyonlinelibrary.com]

348 the SbO-Pt(111) surface, besides the binding of the primary shows slightly higher glycerol adsorption energy than the 351
349 hydroxyl group, the oxygen atom of the secondary hydroxyl Pt(111) surface. We also observed some changes in the bond 352
350 group also binds to the Sb atom; the SbO-Pt(111) surface lengths of hydroxyl groups upon adsorption, as listed in Table 353

E.q=-0.40 eV
Figure 9. The lowest energy configurations of glycerol on Pt(111) and SbO-Pt(111) surfaces.

@ \ ‘-
! i |
1
Sb‘!" ! : |
| i |
c@ | -
! i Top view i
1
] o @® | ! !
g HO | | |
o i 1 1
= 1 1 1
z 1 1 1
= | I |
z I | !
z ] ' |
: : : :
S : ] i
g i 1 . . 1
el | 1 Side view )
| i i
i 1 1
i 1 1
: i ]
1 1 1
! i i
\ ’ ’

The numbers below correspond to the adsorption energy. [Color figure can be viewed at wileyonlinelibrary.com]

AIChE Journal 2018 Vol. 00, No. 00 Published on behalf of the AIChE DOI 10.1002/aic 7

ID: padmavathym Time: 09:06 | Path: //chenas03.cadmus.com/Home$/padmavathym$/JW-AIC#180145


http://wileyonlinelibrary.com
http://wileyonlinelibrary.com

369

370
371
372

392

393
394
395
396
397
398

399

400
401
402

J_ID: AIC Customer A_ID: AIC16217 Cadmus Art: AIC16217 Ed. Ref. No.: AICHE-18-20108.R1 Date: 18-June-18

Table 1. Comparison of O-H Bond Length (in 108) Between
the Glycerol (GLY) Molecule and the Configurations of
Glycerol on Pt(111) and SbO-Pt(111) Surfaces

GLY GLY/Pt(111) GLY/SbO-Pt(111)
Primary hydroxyl 0.976 0.981 0.979
group
Secondary hydroxyl  0.978 0.982 0.991
group

1. Both the primary and secondary hydroxyl groups have
stretched to some extent due to the interaction of glycerol mol-
ecule with the Pt surfaces. Especially, the bond length of O—H
in the secondary hydroxyl group increases from 0.978 to 0.991
A with the adsorption of glycerol on the SbO-Pt(111) surface,
which may lead to the preferential activation of the secondary
hydroxyl group. Based on the theoretical analyses of glycerol
adsorption on the two surfaces, the dominant promotional
effects of the SbO, on the DHA selectivity and yield could
arise from the preferential adsorption configuration of glyc-
erol, i.e., the favorable activation of the secondary hydroxyl
group. More detailed theoretical studies on the Sb promotional
effects are still ongoing in our group, which would be a very
interesting subject to reveal the underlying reaction mecha-
nism and guide the catalyst rational design and optimization.

Conclusions

The catalytic performances between differently sized SbO,-
promoted and unpromoted Pt/CNTs catalysts for base-free
oxidation of glycerol to DHA have been comparatively stud-
ied, and the crucial role of the Sb promoter has been explored
under excluding the metal particle size effects. Compared to
the unpromoted Pt/CNTs catalysts, the SbO,-promoted Pt/
CNTs catalysts especially for largely sized ones exhibited
improved catalytic activity and DHA selectivity as well as
inhibited oxidative cleavage of the C—C bond. XPS measure-
ments exhibited that the Sb species are mainly in the form of
SbO,, and the differently sized promoted catalysts possess
similar metal binding energies. On the basis of the characteri-
zation results and DFT calculations, a plausible catalyst
structure-performance relationship was established. The pref-
erential adsorption configuration of glycerol rather than the
electronic properties seems to be mainly responsible for the
enhanced reaction activity and the DHA selectivity over pro-
moted Pt/CNTs catalysts. These results clearly demonstrated
the underlying promotional effects of the Sb promoter on the
base-free oxidation of glycerol to DHA over the Pt-based cata-
lysts, which could shed new light on the catalyst rational
design and optimization.
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