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ABSTRACT: Zinc(II) oxide nanoparticles were used for the stabilization of dicyclopentadiene
(DCPD)—water-based high internal phase emulsions (HIPEs), which were subsequently cured
using ring-opening metathesis polymerization (ROMP). The morphology of the resulting ZnO-
pDCPD nanocomposite foams was investigated in correlation to the nanoparticle loading and
nanoparticle surface chemistry. While hydrophilic ZnO nanoparticles were found to be unsuitable
for stabilizing the HIPE, oleic acid coated, yet hydrophobic ZnO nanoparticles were effective
HIPE stabilizers, yielding polymer foams with ZnO nanoparticles located predominately at their
surface. These inorganic/organic hybrid foam-materials were subsequently calcined at 550 °C for
1S min to obtain inorganic macroporous ZnO foams with a morphology reminiscent to the
original hybrid foam, and a specific surface area of 1.5 m* g™*. Longer calcination time (550 °C, 15

ST

h) resulted in a sea urchin like morphology of the ZnO foams, characterized by higher specific
surface area of 5.5 m® g”'. The latter foam type showed an appealing catalytic performance in the catalytic wet air oxidation

(CWAO) process for the destruction of bisphenol A.
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1. INTRODUCTION

One of the common synthetic routes to synthesize porous
materials involves templates." A special case is templating with
the high internal phase emulsions (HIPEs), which evolved as a
powerful technique for preparation of open cellular macro-
porous materials.” HIPEs are a special type of emulsions
typlcally with a high internal phase volume fraction exceeding
0.74.2 Generally, all macro-emulsions, and especially HIPEs, are
known to be thermodynamically metastable systems,* when
stabilized with large amounts (5—50 vol %) of surfactant.”™’
Over the past few years, particle-stabilized HIPEs (the so-called
Pickering HIPEs)®™'® have become an alternative that replaces
hazardous surfactant molecules and, at the same time, provide
additional and/or improved properties to the final composite
material.'! Upon curing of HIPEs/Pickering HIPEs, the
macroporous monolithic-, bead-, or membrane-like polymers
called polyHIPEs/ poly(Plckermg) HIPEs are obtained with the
skeleton being completelz inorganic,'>"® organic'* or an
inorganic—organic hybrid."

Porous inorganic foams are very important materials finding
use in diverse technological apphcatlons, such as filters,
catalysts, absorbers or electrode materials.'*™"® Only a few
synthetic routes for porous inorganic foams derived from
polyHIPEs were developed so far. Reactive metal alkoxide
precursors were emulsified into the continuous phase of HIPEs,
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from which hybrid polyHIPEs or pure silica-based polyHIPEs
were obtained upon polymerization and subsequent calcina-
tion.”” Another way to prepare macroporous inorganic foams is
by using the surface-active nanoparticles of the material of
interest as stabilizers for Pickering HIPEs. Inorganic nano-
particles alone or in combmatlon with microgel particles*" or
surfactant molecules”>* have been already used as stabilizers.
Recently, it was demonstrated that TiO, and y-Fe,O;/Fe;O,
nanoparticles formed Pickering HIPEs, which were upon
polymerization calcined in oxygen flow to form the three-
dimensional interconnected porous TiO,”® or Fe,0,>°
monoliths.

Herein, we wish to extend this approach toward semi-
conducting metaloxides. Among various semiconducting metal
salts, ZnO is a technologically important matenal with a wide
range of applications such as in gas sensors,”” biosensors,”>*”
field-effect transistors,* photocatalyms,31 32 and dye-sensitized
solar cells.”® Numerous efforts have been devoted to the
synthesis of ZnO nanostructures>¥>® such as nanorods,>®
nanowires,”’ and nanospheres,38 however, a fabrication of
self-standing, three-dimensional (3D), macroporous ZnO is still
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Scheme 1. Preparation Protocol of the ZnO-p(DCPD) Nanocomposite and Pure ZnO Foams
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Table 1. Pickering Emulsions’ Compositions with Hydrophilic ZnO-NP (80 vol. % Aqueous Phase), Cavity (d.,,), and Window

Diameters (d,;,)

dewy £ 0[] dyn £ 0 [pm]”
sample ZnO-NPs [wt %] small large in small cavity in large cavity
pDCPD_1w* 1 8.5 £ 4.0 23 £ 4 1.6 £ 0.7 22+ 1.1
pDCPD_Sw* S 10.0 £ 5.5 49 + 34 1.0 + 0.6 1.8 £ 0.5
pDCPD_8w* 8 9.0 + 4.5 202 + 84 10 + 05 16 + 038

“Samples containing ZnO-NPs (nonmodified ZnO). Determined from SEM images of broken samples.

rare.*”*® To demonstrate the versatility of the Pickering

approach and its potential to generate inorganic macroporous
foams with functional properties, we herein disclose a
straightforward way to produce self-standing macroporous
zinc oxide foams derived from ZnO-poly(dicyclopentadiene),
ZnO-pDCPD, nanocomposite foams. Moreover, we show an
exceptional catalytic performance of ZnO foams within an
artificial wastewater cleaning process, the so-called catalytic wet
air oxidation (CWAO) process, whereby an aqueous solution of
bisphenol A (BPA) is degraded in a continuous-flow trickle-bed
reactor.

2. RESULTS AND DISCUSSION

For preparation of macroporous zinc oxide foams a two-step
procedure as depicted in Scheme 1 was used. The first step
involved the generation of macroporous ZnO-pDCPD nano-
composite foams from the HIPEs that consisted of a mixture of
dicyclopentadiene (DCPD; 20 vol %) as a monomer, ZnO-NP
(1—30 wt % according to monomer, cf. Table 1) as a stabilizer,
and surfactant Pluronic L-121 (7 vol % according to monomer)
as a costabilizer. The internal droplet phase was deionized
water (80 vol %). This formulation was subsequently cured
upon addition of a ring-opening metathesis polymerization
initiator (M2, see Figure 1). Two types of ZnO-NPs with an
average diameter of 50 nm,*' ~* but different surface properties
were tested. Both types of ZnO-NPs were synthesized by a
polyol method as described elsewhere.*' The rather hydrophilic
unmodified ZnO nanoparticles (labeled as ZnO-NPs) exhibited
a contact angle of 45° for water, whereas the ZnO
nanoparticles, surface modified with oleic acid (labeled as
OA-ZnO-NPs) were characterized by a contact angle of 103°. It
is well-known that the stability of Pickering emulsions is
affected by a number of factors (e.g, size, shape and
concentration of the particles used, etc.), wherein the particle
wettability (often expressed as a contact angle 6 at the three
phase boundary) is particularly crucial. Wettability is a measure
of the extent of wetting the particles by a particular liquid (i.e.,

Figure 1. First row from left to right: SEM images of pDCPD_1w and
pDCPD_Sw samples; second row from left to right: SEM images of
pDCPD_8w and pDCPD_8w_120A samples.

how a liquid spreads on the surface of the solid), and is
quantified by the contact angle (6) that the particle forms with
the liquid.

Low O values indicate high wettability (6,, < 90°; more
hydrophilic particles), whereas high @ values are indicative of
low wettability (6, > 90° more hydrophobic particles).*#**
Stable W/O HIPEs (macroscopic evaluation) were obtained
with HIPE formulations differing in (hydrophilic) ZnO-NPs
loading (1, 5, and 8 wt % according to DCPD), which solidified
upon addition of the ROMP-initiator (0.014 mol % of M2 with
respect to DCPD, dissolved in 100 4L of toluene),* and curing
at 80 °C for 4 h. Thus, obtained ZnO-pDCPD nanocomposite
foams were purified by Soxhlet extraction with acetone and
dried in a desiccator under vacuum. No shrinkage of foams was
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Table 2. Pickering Emulsions Compositions (80 vol. % Aqueous Phase), Cavity (d.,,), and Window Diameters (d,;,)

sample OA-ZnO-NPs [wt %]  OA® [wt %]
pDCPD_8w_120A° 8 12
pDCPD_30w_30A° 30 3
pDCPD_30w_60A° 30 6
pDCPD_30w_120A° 30 12

ZnO foam

ZnO foam, needle-like structure

dog £ 0 [um]  dy, + 0 [um]  Sper [m? g7']  skeletal density [g cm™]
67 + 1.6 1.8 + 0.7
50+ 17 1.5+ 0.8 4.2 1.68
5.6 +1.6 2.0+ 0.8 4.0 1.67
69 + 1.6 24+ 1.0 3.7 1.77
2.6 + 0.7 1.7 5.06
S.5 5.06

“Samples containing OA-ZnO-NPs (ZnO modified with OA, oleic acid). bOleic acid. “Determined from SEM images of broken samples according

to ref 26

observed since they retained the shape of the mold. Specimens’
microstructure was evaluated by scanning electron microscopy
(SEM). For this purpose the specimens were aged, that is, they
were exposed to air as described elsewhere®” to be able to break
or grind the samples. SEM analysis revealed open cellular
structure in all cases (cf, Figure 1) and a bimodal distribution
of cavity size. Both, large and small cavities (cf, Table 1)
contain interconnecting pores of size ranging from 1 + 0.6 ym
to 1.6 & 0.7 um for small cavities, and from 1.7 + 0.6 ym to 2.1
+ 1.1 um for large cavities (the mean cavity and window
diameter were determined by SEM image analysis).*® The
observed bimodal cavity size distribution is most probably a
consequence of reduced emulsion stability and occurrence of
coalescence before polymerization.*” It seems that the
surfactant, used for HIPE stabilization, is preferably adsorbed
on the ZnO-NPs surface and, consequently, less surfactant
remains at the oil—water interface, thus destabilizing the HIP
emulsion. This tentative explanation is supported by the fact
that higher ZnO-NPs loadings led to larger cavities, i.e. more
intense coalescence occurred before the gel point of the
polymerization was reached. Increasing the amount of ZnO-
NPs above 8 wt % caused complete phase separation of the
emulsion before it was polymerized.

Moreover, previous work on the DCPD/pluronic L-121
system revealed that surfactant loadings below 3 vol %
exhibited significant impact on the emulsion stability and,
consequently, the cavity size, which increased rapidly with
decreasing surfactant amount in the HIPEs below 3 vol %.%° As
confirmed by the energy filtered TEM (EFTEM) and the
energy-dispersive X-ray spectroscopy (EDX) of the pDCPD-
8w sample, no ZnO-NPs were found neither on the surface nor
in the bulk of the foam skeleton (cf,, Supporting Information
Figure S1 and S2). Most likely, the ZnO-NPs (or nanoparticle/
surfactant aggregates) moved preferentially into the water
phase and were subsequently removed during washing the
foam.

The ZnO-NPs surface functionalized with oleic acid behave
differently. Upon using 8 wt % OA-ZnO-NPs, containing 12 wt
% of oleic acid, the anticipated HIPE structure with
monodisperse cavity size was obtained (cf,, Figure 1). Statistical
analysis of SEM micrographs showed the mean cavity and
interconnecting pore sizes of 6.7 + 1.6 and 1.8 + 0.7 ym in
diameter, respectively (cf., Table 2). In this case the OA-ZnO-
NPs were found in the foam structure.

For the preparation of macroporus ZnO foams Pickering
HIPEs with a high amount of ZnO nanoparticles are needed.
Therefore, based on recent experiences with the preparation of
Fe,0; foams from FeO, nanoparticle containing HIPEs,*® a
loading of 30 wt % of OA-ZnO-NPs was chosen. The OA-ZnO-
NPs modified with different amounts of oleic acid (i.e., 3, 6, and
12 wt % of OA, cf. Table 2) were used.>" After polymerization,

purification and drying, visually no shrinkage was observed as
the nanocomposite foams retained the shape of the mold.
SEM micrographs showed typical polyHIPE interconnected
macroporous architecture for samples containing OA-ZnO-NPs
(cf. Figure 2). Statistical analysis of SEM micrographs revealed

Figure 2. First row from left to right: SEM images of
pDCPD_30w_30A and pDCPD_30w_60A samples; second row
from left to right: SEM images of pDCPD_30w_120A and
pDCPD_30w_120A sample at higher magnification.

that size distribution of cavities and interconnecting pores is
polydisperse within the error of standard deviation (10 % of the
mean cavity size) as expected. No bimodal cavity-like structure
was observed as in the case of unmodified ZnO-NPs. Moreover,
high-magnification SEM image of the pDCPD-30w-120A
sample showed certain amount of NPs to reside on the surface
of the macropores (cf, Figure 2 and Supporting Information
Figure S8). STEM investigation of the pDCPD-30w-120A
sample revealed the vast majority of all OA-ZnO-NPs to be at
the pore/polymer interface, while the minor amount was also
found in the bulk of the foam skeleton (cf, Supporting
Information Figure S12). The results of TGA analysis of the
oxidized pDCPD-30W-30A, pDCPD30W-60A, and pDCPD-
30W-120A samples revealed the presence of high content of
the OA-ZnO-NPs in all cases (see details in Supporting
Information).

The second step in the preparation protocol, the calcination
of the macroporous ZnO/p(DCPD) nanocomposite, was
carried out on the pDCPD-30W-120A sample. Specimens
were calcined in a Protherm furnace operated under the air at
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550 °C for different periods of time (ie., 15 min and 1S h).
Upon calcination, the organic part of the nanocomposite foam
was burnt away (as assured by EDX), whereas the inorganic
part, that is, ZnO, left over and maintained the nano-
composite’s macroscopic structure. However, the macroscopic
structure is not particularly stable and thus obtained ZnO-
foams are very brittle and disintegrate upon touching.
Nevertheless, as evident from Figure 3, the microscopic

Figure 3. Left: SEM image of ZnO foam with macroporous
morphology. Right: SEM image of ZnO foam with needle-like
morphology.

structure of the ZnO foam prepared by calcination for 15
min was reminiscent to the original nanocomposite foam’s
structure (cavity sizes of around 2.6 = 0.7 ym). In contrast, the
ZnO foam calcined for 15 h at 550 °C exhibited a completely
different porous structure, i.e. a needle-like morphology
reminiscent to sea urchins, as can be clearly seen on the right
side of Figure 3. Needle-like morphologies of ZnO have been
obtained before using different hydrothermal preparations®>*
or zinc sources (e.g,, zinc acetate).”*>* In our case, a probable
explanation for the formation of the needle-like morphology is
that the needle-growth of ZnO occurred from the surface of
ZnO nanoparticles, which are capped with the oleate groups
following a similar mechanism as described in literature.>®
However, performing the calcination of the nanoparticles as
employed for the preparation of the hybrid foams (function-
alized and nonfunctionalized with OA) as control experiments
at the same conditions (i.e., 15 h at 550°) did not result in the
formation of a needle-like ZnO morphology (cf. Supporting
Information Figure S11). Accordingly, it can be assumed that

the pretreatment (i.e., the chosen HIPE templating process) or
the presence of pDCPD during the calcination is responsible
for the formation of the needle-like morphology.>

Both ZnO-foam samples (annealed for 15 min or 15 h at 550
°C) with different morphologies were further characterized by
the X-ray diffraction (XRD) and the electron dispersive
spectroscopy (EDS). The XRD pattern showed typical
diffraction peaks for polycrystalline zincite at 6 = 31.7°, 34.4°
36.2°, 47.5°, and 56.5° (cf, Supporting Information Figure
S14), while the EDS spectra showed Zn signals at 1, 8.7, and
9.6 keV, both indicating pure inorganic ZnO foam, formed
upon calcination (see details in Supporting Information).
However, the EDS spectrum of the ZnO foam annealed for
only 15 min indicated the presence of residual organic matter as
well. In addition, an increase of specific surface area from 1.6
(for ZnO foam annealed for 15 min) to 5.5 m* ¢! (for ZnO
foam annealed for 15 h) was found upon calculations using
BET theory (cf, Table 2). Only the sample with needle-like
morphology (pure ZnO foam) was further examined as a
heterogeneous catalyst in the catalytic wet air oxidation
(CWAO) process.57 To the best of our knowledge, this is the
first time that ZnO was used in such an application. The
catalytic wet air oxidation process is one of the most promising
advanced oxidation processes for the removal of hazardous
organic compounds from industrial waste waters because of the
incorporation of heterogeneous catalysts and its performance at
relatively mild conditions as compared to other oxidation
processes.58 Recently, titanate nanotubes (TNTs) were
discovered as an efficient catalyst for the removal of organic
pollutants represented by bisphenol A (BPA) from aqueous
solution without the addition of noble metals.® The as-
obtained titanate nanotubes, possessing BET specific surface
area of 400 m” g_l, were found to be stable and resistant to
leaching of active ingredient material into the liquid phase
during long-term CWAQO experiments. Using this system as a
benchmark, we tested the ZnO foam disclosed here as a catalyst
in the CWAO of aqueous BPA using a three-phase trickle-bed
reactor. In contrast to the TNT catalyst, the needle-like ZnO
foam exhibited BET specific surface area of only 5 m* g/;
however, the catalytic activity of these two transition metal
oxides was comparable within the first 2 h of the CWAO
process (cf,, Figure 4). These results point to an excellent initial
ability of the needle-like ZnO foam to catalyze the oxidation of
BPA. Catalytic liquid-phase oxidation of aqueous BPA
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undergoes a stepwise consecutive/parallel reaction pathway, in
which low-chain carboxylic acids (predominantly as a
recalcitrant acetic acid) and carbon dioxide are formed via
partially oxidized aromatic intermediates. However, the initially
observed high catalytic activity started to progressively decrease,
reaching a steady-state equilibrium, which still provides a
distinct acceleration of the BPA degradation compared to a
noncatalyzed, solely thermally induced wet air oxidation
process (catalytically inactive and low BET surface area of
SiC particles were used for realizing this scenario). The trend in
total organic carbon (TOC) conversion was consistent with the
trend in BPA conversion determined by HPLC measurements.
The liquid-phase samples (withdrawn after 40 h on stream)
obtained in the presence of ZnO foam exhibited TOC
conversion of 38 wt %, which in comparison to the noncatalytic
conversion over SiC particles (20 wt %) confirmed the catalytic
activity of ZnO foam. The remaining TOC content in reactor
outlet was attributed to recalcitrant aliphatic acids (i.e., acetic,
formic and propionic) and trace amounts of p-hydroxyaceto-
phenone (p-HAP), besides unconverted BPA. The observed
decrease in catalytic activity cannot be attributed to eventual
coking of the catalyst surface, since negligibly small amount of
accumulated carbon was detected at the end of the oxidation
run. More likely, decreased catalytic activity is a consequence of
dissolution of zinc ions into the liquid phase provoked by
hydrothermal operating conditions. Since the constant catalytic
activity was established after about 20 h on stream (cf., Figure
4), this further alludes that the dissolution of zinc ions occurred
from the most active ZnO sites. These results may account for
the needle-like structure of macroporous ZnO foam as a
potential highly catalytically active material for liquid-phase
oxidation of water-soluble organic pollutants, however, the
structure stability will have to be considerably improved (e.g.,
by admixing other transition metal oxides, surface stabilization
with coatings, doping, etc.) to meet a long-term steady-state
performance.

3. EXPERIMENTAL SECTION

3.1. Materials. Dicyclopentadiene (DCPD, Aldrich), Pluronic
L121 (poly(ethylene glycol)-block-poly(propylene glycol)-block-poly-
(ethylene glycol, Aldrich), the initiator (H,IMes)(PCy;)CLRu(3-
phenyl-indenylid-1-ene) (M2, Umicore, H,IMes = N,N-bis(mesityl)
4,5-dihydroimidazol-2-yl), PCy; = tricyclohexylphosphine)), and
toluene (p.a. Aldrich) were used as received. ZnO nanoparticles
(ZnO-NP, containing 3, 6, and 12 wt % of oleic acid) were prepared
according to the literature.*"

3.2. Preparation of the Materials. The according amounts of
monomer DCPD (9.8 mmol, 1.30 g), Pluronic L121, ZnO-NP (cf,
Supporting Information Table S1), and toluene (50 L) were placed
in a 3 neck round-bottomed flask equipped with a mechanical stirrer
and a dropping funnel. The mixture was stirred at 400 rpm for 5 min
and upon continuous stirring deionized water (5.5 mL) was added
dropwise at 25 °C over about 1 h. Afterward, the initiator M2 (1.3 mg,
0.0007 mmol in respect to DCPD) dissolved in toluene (0.25 mL) was
added and the emulsion was stirred for further 5 min. Subsequently,
the emulsion was transferred to appropriate mold (i.e., glass vials) and
the filled molds were transferred into a preheated oven operating
under air. Curing of the emulsions at 80 °C for 4 h resulted in the
formation of white rigid monoliths in all cases. The specimens were
purified by Soxhlet extraction with acetone for 24 h and subsequently
dried in a desiccator under vacuum (10 mbar) until the constant
weight.

3.3. Characterization. TGA measurements were performed with a
Netzsch Simultaneous Thermal Analyzer STA 449C (crucibles:
aluminum from Netzsch). An oxygen flow of 50 mL min~" was used

in combination with a protective flow of helium of 8 mL min~". The
heating rate until a final temperature of 550 °C was 10 °C min™".

Morphology investigations were performed using scanning electron
microscopy. SEM images were taken on a Field emission electron
microscope Ultra+ (Carl Zeiss) equipped with energy dispersive
spectrometer SDD X-Max 50 (Oxford Instruments). Piece of the each
sample was mounted on a carbon tab for better conductivity and thin
layer of gold was sputtered on samples surface prior to scanning
analysis. Evaluation of the feature sizes was done according to ref 46.

For TEM analysis, samples were embedded in Araldite/Epon
embedding mixture, which was composed of 49% w/w Araldite/Epon
stock solution, 49% w/w hardener DDSA (Fluka) and 2% w/w
accelerator DMP-30 (Fluka). Infiltration was performed stepwise
(impregnation at room temperature for 24 h, and polymerization at 50
°C for 72 h). Embedded samples were sectioned using Leica Ultracut
ultramicrotome to a thickness between 70 and 120 nm. All EFTEM
experiments were acquired in TEM mode. For the calculation of
elemental distribution images, a jump ratio method was used. STEM
micrographs of the nanocomposites were taken on a Zeiss Supra 35
VP at an acceleration voltage of 20.0 kV and working distance of 4.5—5
mm using a STEM electron detector.

BET specific surface area, total pore volume and average pore width
of the ZnO foam catalysts were determined from the adsorption and
desorption isotherms of N, at 196 °C using a Micromeritics TriStar II
3020 instrument. Prior to characterization the samples were degassed
under N, stream (purity 6.0) using a programmed bilevel heating, with
the first heating stage at 90 °C for 60 min, followed by the second
heating stage at 180 °C for 240 min. The heating rate was set to 10 °C
min~" for both heating stages. The specific surface area of the samples
was calculated by applying the BET theory to the nitrogen adsorption
data within the 0.06—0.30 P/P, range. Pore-size distributions were
calculated from the desorption branch of the corresponding nitrogen
isotherms, applying BJH method.

XRD patterns of ZnO foam were characterized by a wide-angle X-
ray diffraction (XRD) on a Siemens D-5000 diffractometer with a Cu
anode as the X-ray source. X-ray diffractograms were measured at 25
°C in the 260 range from 2 to 60° with a step of 0.04° and step time of
100 s.

CWAO experiments were performed in a Microactivity-Reference
unit (PID Eng & Tech, Spain), which is a fully automated and
computer-controlled continuous-flow trickle-bed reactor. The oxida-
tion took place in a tubular reactor (Autoclave Engineers, USA), made
of a 305 mm (length) X 9 mm (inner diameter) Hastelloy C-276 tube
and was integrated within the hot box and heated with a reactor
furnace (for details see Supporting Information).

Undegraded BPA in acquired liquid-phase samples was determined
by high-performance liquid chromatography (HPLC) in the isocratic
analytical mode, using a 100 mm X 4.6 mm BDS Hypersil C18 2.4 ym
column, thermostated at 30 °C and equipped with a universal column
protection system. The mobile phase was composed of methanol and
ultrapure water (70:30 volume ratio), and was introduced into the
system with a flow rate of 0.5 mL min~', while an UV detection was
fixed at 4 = 210 nm.

4. CONCLUSIONS

In summary, a two-step synthetic route to obtain three-
dimensional macroporous ZnO materials via a Pickering high
internal phase emulsion (HIPE) templating approach is
described. We have demonstrated the versatility of combining
ZnO nanoparticles, surface functionalized by oleic acid and
surfactant molecules to form stable HIPEs that yield, upon
polymerization, open porous nanocomposite foams, which can
be further calcined to yield macroporous ZnO. Moreover, by
tuning the time of calcination at a given temperature (550 °C)
two different morphologies of macroporous ZnO foam were
obtained, that is, an open porous and a needle-like morphology.
The ZnO of the later morphology was found to be only formed
upon calcination of the ZnO/p(DCPD) nanocomposite while
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calcination of the pure ZnO nanopraticles under the same
conditions did not result in a similar morphology. The needle-
like ZnO foam, exhibiting a specific surface area of 5.5 m* g™/,
was further tested as the heterogeneous catalyst in the catalytic
wet air oxidation (CWAO) process for the destruction of
bisphenol A in aqueous medium. Preliminary catalytic experi-
ments reveal excellent initial catalytic activity of this ZnO
material in the CWAO, although it is characterized by a 40
times lower specific surface area as compared to similarly
performing metal oxide catalysts used up to now.
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Experimental details and additional SEM, STEM (EFTEM)
and EDX images, N, physisorption isotherms, and CWAO data
are available. This material is available free of charge via the
Internet at http://pubs.acs.org.
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