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the supported Pt catalysts increases in the following order: Pt/CNTs < Pt/SHNbWOg/CNTs <
Pt/20HNbMoOg/CNTs < Pt/20HNbWOe/CNTs < Pt/20HTaWOe/CNTs. In addition, the catalytic
hydroconversion of lignin-derived model compound: diphenyl ether using the synthesized
Pt/20HNbWOg catalyst has been investigated.

INTRODUCTION:

Many industrial processes for the manufacture of chemicals involve the use of aqueous inorganic
acid. One typical example is the conventional H,SO4 process for the hydration of cyclohexane to
produce cyclohexanol. The process involves a biphasic system, with the cyclohexane being in the
organic phase and the cyclohexanol product being in the acidic aqueous phase, thus making the
separation process by simple distillation difficult. Apart from difficulty in separation and recovery,
inorganic acid is also highly toxic and corrosive to equipment. Sometimes, the use of inorganic
acid generates byproducts that will lower the product yield and must be avoided. For example,
the dehydration of 2-cyclohexene-1-ol to produce 1,3-cyclohexadiene using H,SO4 will lead to
polymerization byproducts®. Thus, many industrial processes shift towards using solid acid
catalysts. Various water tolerant solid acids are used to solve the above problem and to maximize
the product yields, such as the use of HZSM-5 and Amberlyst-15. The use of high-silica HZSM-5
zeolite has been shown to replace H2S04 in the production of cyclohexanol from benzene?. Since
the zeolite is present in the neutral aqueous phase, the product will go to the organic phase
exclusively, thus simplifying the separation process. However, due to Lewis acid-base adduct
formation of water molecules to the Lewis acid sites, zeolitic materials still demonstrated lower
selectivity due to the presence of inactive sites3. Among all these solid acids, Nb2Os is one of the
best candidates that contain both Lewis and Br@nsted acid sites. The acidity of Nb20s-nH,0 is
equivalent to a 70% H,SOs solution, due to the presence of the labile protons. The Br@nsted
acidity, which is comparable to protonic zeolite materials, are very high. This acidity will turn to
Lewis acidity following water elimination. In the presence of water, Nb,Os forms the tetrahedral
NbO4-H;0 adducts, which may decrease in Lewis acidity. However, the Lewis acid sites are still
effective since the NbO, tetrahedral still have effective positive charges®. Such phenomenon has
been demonstrated successfully in the conversion of glucose into 5-(hydroxymethyl)furfural
(HMF) and the allylation of benzaldehyde with tetraallyl tin in water®. Water-tolerant catalysts
are thus crucial in biomass conversion in renewable energy applications, especially when the
conversions are performed in environmental benign solvents such as water.

Among the many environmental benign solid acid catalysts, functionalized carbon nanomaterials
using graphene, carbon nanotubes, carbon nanofibers, mesoporous carbon materials have been
playing an important role in the valorization of biomass due to the tunable porosity, extremely
high specific surface area, and excellent hydrophobicity®’. The sulfonated derivatives are
particularly stable and highly active protonic catalytic materials. They can either be prepared by
incomplete carbonization of sulfonated aromatic compounds® or by sulfonation of incompletely
carbonized sugars®. They have proven to be very efficient catalysts (e.g., for the esterification of
higher fatty acids) with activity comparable to the use of liquid H2SO4. Graphenes and CNTs are
carbon materials with a large surface area, excellent mechanical properties, good acid resistance,
uniform pore size distributions, as well as resistance to coke deposition. Sulfonated graphene has
been found to efficiently catalyze the hydrolysis of ethyl acetate® and bifunctional graphene
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catalysts has been found to facilitate the one-pot conversion of levullinic acid to y-valerolactone?!.
Bifunctional metals supported on CNTs are also very efficient catalysts for application in biomass
conversion??13 such as the highly selective aerobic oxidation of HMF to 2,5-diformylfuran over
the VO,.PANI/CNT catalyst®4.

Taking advantage of the unique properties of Nb,Os solid acid, functionalized CNTs and
bifunctional metal supported on CNTs, we report the protocol for the synthesis of a series of
Nb(Ta)-based solid acid nanosheet modified Pt/CNTs with a high surface area by a nanosheet
aggregation method. Furthermore, we demonstrated that Pt/20HNbWOgs/CNTs, as a result of the
synergistic effect of well-dispersed Pt particles and strong acid sites derived from HNbWOs
nanosheets, exhibit the best activity and selectivity in converting lignin-derived model
compounds into fuels by hydrodeoxygenation.

PROTOCOL:

CAUTION: For the proper handling methods, properties and toxicities of the chemicals described
in this paper, refer to the relevant material safety data sheets (MSDS). Some of the chemicals
used are toxic and carcinogenic and special care must be taken. Nanomaterials may potentially
pose safety hazards and health effects. Inhalation and skin contact should be avoided. Safety
precautions must be exercised, such as performing the catalyst synthesis in the fume hood and
catalyst performance evaluation with autoclave reactors. Personal protective equipment must
be worn.

1. Pretreatment of CNTs'3
1.1. Immerse 1.0 g of CNTs into 50 mL of nitric acid in a 100 mL conical flask.

1.2.  Sonicate the solution at 25 °C for 1.5 h to remove surface impurities and to enhance the
anchoring effect of the catalyst.

1.3.  Transfer the solution into a 100 mL round bottom flask.

1.4. Reflux the solution in a mixture of nitric acid (65%) and sulfuric acid (98%) at 60 °C for
overnight. Set the volume ratio at 3:1. This will create surface defects on the CNTSs.

1.5. Filter the solution to obtain the multiwall carbon nanotube solid. Wash the solid with
deionized water and then wash with ethanol 3x, respectively.

1.6.  Dry the solid at 80 °Cfor 14 h.

2. Preparation of HNbWOs solid acid nanosheets!?® by protonic exchange followed by
exfoliation

2.1.  Mix stoichiometric amounts of Li,CO3(0.9236 g) and metal oxides Nb;0s (3.3223 g) and
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WOQOs3 (5.7963 g) at a molar ratio of 1:1:2.
2.2.  Calcine the solid mixture at 800 °C for 24 h with one intermediate grinding.

2.3.  Place 10.0 g of LINbWOs powder in 200 mL of 2 M HNOs aqueous solution at 50 °C and
stir the solution mixture for 5 days (120 h) with one replacement of the acid at 60 h.

2.4.  Exchange the acid liquid every day and repeat step 2.3.

2.5.  Filter the solid and wash the solid with deionized water 3x.

2.6.  Drythe solid at 80 °C overnight.

2.7. Add an amount of 25 wt.% TBAOH (tetra (n-butylammonium) hydroxide) solution to 150
mL of deionized water solution with 2.0 g of protonated compound obtained in step 2.6 until the
pH reaches 9.5 — 10.0.

2.8.  Stir the above solution for 7 days.

2.9. Centrifuge the above solution and collect the supernatant solution that contains the
dispersed nanosheets.

3. Preparation of HNbMOg solid acid nanosheets
NOTE: The procedure is similar to that of step 2 except for the first and third steps.

3.1. Mix stoichiometric amounts of LiCO3 and metal oxides Nb20Os and MoOsin a molar ratio
of 1:1:2.

3.2.  Calcine the above solid mixtures at 800 °C in air for 24 h with one intermediate grinding.

3.3.  Place 10.0 g of LiNbMoOg powder in 200 mL of 2 M HNOs aqueous solution at 50 °C and
stir the solution mixture for 5 days (120 h) with one replacement of the acid at 60 h.

4, Preparation of HTaWOg solid acid nanosheets
NOTE: The procedure is similar to that of step 2 except for the first and third steps.

4.1, Mix stoichiometric amounts of Li,CO3 and metal oxides Ta>0s and WOsin a molar ratio of
1:1:2.

4.2. Calcine the above solid mixtures at 900 °C in air for 24 h with one intermediate grinding.

4.3. Place 10.0 g of LiTaWOg powder in 200 mL of 2 M HNO3 aqueous solution at 50 °C and stir
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the solution mixture for 5 days (120 h) with one replacement of the acid at 60 h.
5. Preparation of HNbWOs/MWCNTSs by the nanosheet aggregation method

5.1. Add 2.0 g of multiwall CNTs obtained in step 1 to a 100 mL solution of HNbWOe
nanosheets in a 250 mL round bottom flask.

5.2.  Add 100 mL of 1.0 M HNOs aqueous solution into the round bottom flask dropwise. This
will aggregate the nanosheets samples.

5.3.  Continue to stir the solution at 50 °C for 6 h.

5.4.  Filter the solid and wash the solid with deionized water 3x.

5.5.  Dry the solid at 80 °C overnight.

5.6.  Weigh the dried solid and record the % loading of the solid acid on the MWCNT.
6. Preparation of Pt/20HNbWOg/CNTs by the impregnation method

6.1. Dissolve the H,PtCle-H20 into water (1.0 g/100 mL).

6.2. Impregnate the as-prepared nanosheets modified CNTs materials with 1.34 mL of the
above Pt aqueous solution.

6.3.  Dry the nanosheets CNTs materials at 80 °C, and calcinate the materials at 400 °C for 3 h.
6.4. Obtain the Nb(Ta)-based solid acid nanosheets modified Pt/CNTs catalysts.
7. Hydrodeoxygenation of lignin-derived aromatic ether

NOTE: The chosen lignin-derived aromatic ether is diphenyl ether in this experiment. The chosen
lignin-derived aromatic ether is diphenyl ether in this experiment. The activity of
Pt/20HTaWO6/CNTs (88.8% conversion, not shown in this paper) is lower than
Pt/20HNbWO6/CNTs (99.6%), thus the yield of cyclohexane decreases. Hence, although, higher
selectivity of cyclohexane was obtained over Pt/20HTaWO6/CNTs, lower conversion of diphenyl
ether limits its utilization. Using appropriate protective equipment and fume hood to perform
the reaction using carcinogenic reagents.

7.1.  Dilute 0.05 g of catalyst in 5 mL of liquid quartz and load it in the middle of the reactor
between two pillows of quartz wool.

7.2.  Reduce the catalyst in H, (40 mL/min) at 300 °C for 2 h.
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7.3.  Pump the diphenyl ether feedstocks (including 5.0 wt.% reactant in n-decane and 2.0
wt.% n-dodecane as an internal standard for gas chromatography analysis) into the fixed bed
reactor at different flow rates (0.05-0.06 mL/min)

7.4.  Collect the products at different space times defined as the ratio between the mass of
catalyst W (g) and the flow rate of the substrate F (g/min).

Mass of Catalyst (g)

Substrate Flow Rate (%)

14
Space Time = 7 (min) =

7.5. Identify the liquid products by an GC (HP-5, 30 m x 0.32 mm x 0.25 um) with 5977A MSD
and analyze off-line by gas chromatography (GC 450, FID, FFAP capillary column 30 m x 0.32 mm
x 0.25 um).

7.6. Determine the conversion of reactants (conv.%), selectivity towards product | (S; %), and
yield of product i (Y; %) using the following equations:

n(reactant)nitiaqi—n(reactant) gng

0f = 0,
Conv.% Y ——— X 100% (1)
0 = i 0
Sl % n(reactant)nitiaqi—n(reactant)eng x 100% (2)
Y; % = = X 100% (3)

n(reactant)initial

REPRESENTATIVE RESULTS:

X-ray diffraction patterns (XRD) have been studied for the precursor LiNbWOQOs and the
corresponding proton-exchanged catalyst sample HNbWOg to determine the phase (Figure 1 and
Figure 2). NH3-temperature programmed desorption (NH3-TPD) was used to probe the surface
acidity of the catalyst samples (Figure 3). Scanning electron microscopy (SEM) with X-ray
microanalysis and transmission electron microscopy (TEM) were recorded to study the
morphology (Figure 4 and Figure 5). Specific surface area measurements were also recorded for
the as-prepared catalysts (Table 1).

The XRD pattern of the precursor LINbWOs and the corresponding proton-exchanged catalyst
samples HNbWOg are shown in Figure 1. There are three distinctive diffraction peaks at 26 =9.5°,
26.9° and 34.7°. This represents a well-ordered layered structure and is in good agreement with
the tetragonal orthorhombic phase with that observed for LINbWOg (JCPDS 84-1764). After the
proton exchange reaction using aqueous nitric solution, the diffraction peak at 20 = 6.8° was
observed, which agreed with the patterns observed in HNbWOs (JCPDS 41-0110). The presence
of this peak indicates the existence of a layered structure. After the layer was exfoliated with
tetrabutyl ammonium hydroxide (TBAOH) and mixed with CNTs by nitric acid aggregation, the
XRD pattern was obviously changed. The characteristic XRD peak at 20 = 25.6° was attributed to
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C(002), while the peaks at 26 = 26.4° and 37.9° were attributed to the (110) and (200) lattice
plane of the HNbWOs nanosheets, respectively. As seen in Figure 2, the intensity of the
diffraction peak strengthened with increasing content of HNbWOg nanosheets. After exfoliation,
the diffraction peak at 20 = 6.8° almost entirely disappeared. This indicated that layered
compounds were completely transformed into a nanosheet structure®. The diffraction peak at
20 = 39.8° was assigned to the Pt(111) lattice plane.

TEM can be used to observe the Pt particles size distribution of the as-prepared catalysts. Pt
particles were evenly distributed on the CNTs. By counting 20-40 Pt particles on each sample, the
mean size is determined to be about 3-5 nm. Monolayers of HNbWOgs nanosheets were attached
on CNTs, with some edges of the nanosheets being bent in shape.

SEM of the Pt/20HNbWOs/CNTs (Figure 4a) and the corresponding elemental mapping analysis
of the different elements of the catalysts were shown in Figure 4b-4f. The analysis directly
illustrated the distribution of the Pt particles. This further demonstrated that Pt particles, as well
as Nb and W elements, are all uniformly dispersed on the surface of the catalysts.

Using NH3-TPD technique, the acidity of different catalysts can be compared. The desorption
profiles of the Pt/CNTs, Pt/SHNbWOe/CNTs, Pt/20HNbWOs/CNTs, Pt/20HNbMoOs/CNTs, and
Pt/20HTaWOe/CNTs catalysts are all depicted in Figure 5 for comparison of the acid strength. It
has been known that the concentration of the acid sites on the catalysts are directly related to
the area under the peaks while the strength of the acid sites is related to the temperature during
NHs desorption?’. Generally, the order of acidity is as follows: weak acid sites (<300 °C), medium
acid sites (between 300°C and 500 °C), and strong acid sites (>500 °C)8. All the nanosheet
modified catalysts have the weak acid characteristic sites that are depicted by the peak centered
at 210 °C. The broad desorption peaks indicated that the acid sites are generated on the surface
of the CNTs after acid treatment'>2°, In addition, two peaks indicating medium acid strength are
centered at 360 °C (Pt/20HNbWOgs/CNTs) and 450 °C (Pt/20TaWQOe/CNTs), respectively. Thus, the
order of acid strength of the catalysts can be concluded as follows: Pt/CNTs <
Pt/SHNbWOs/MWNCTs < Pt/20HNbMoOg/CNTs < Pt/20HNbWOs/CNTs < Pt/20HTaWOe/CNTs.
The acid strength is actually related to the number of Br@nsted acid sites which is due to the
presence of bridged OH groups (M(OH)N, where M and N represent an element, respectively)
formed only on nanosheets!®?!, Due to the poor light transmittance of CNTs, pyridine-infrared
cannot be used to prove the existence and extent of Br@nsted acid sites.

The catalytic performance of the as-prepared Pt/20HNbWQOes/CNTs has been selected for the
investigation of conversion of biomass lignin-derived model compound and the mixed model
compounds to deoxygenated fuel components. The reaction was performed in a fixed bed
reactor at 200 °C under 3.0 MPa H; and the substrates were pumped into the reactor by a liquid
feeding pump. With 0.05 g of Pt/20HNbWOe/CNTs catalyst, H2/oil ratio = 300 and at W/F = 27.3
min, the conversion of diphenyl ether was completed almost quantitatively at 99.7% with
cyclohexane selectivity of 96.4%. When half of the diphenyl ether was replaced with anisole, due
to the different interaction between the substrates and the catalyst, the conversion of the
mixture was lowered to 82% with cyclohexane selectivity of 70.1%. Current efforts have focused
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on the conversion of other lignin-derived model compound mixtures with higher complexity and
the elucidation of the mechanism of the competitive interaction between different substrates
and the catalyst.

FIGURE AND TABLE LEGENDS:

Figure 1. XRD patterns of the LINbWOs and the corresponding proton-exchanged sample.
X-ray diffraction patterns (XRD) have been studied for the precursors LiNbWOs and the
corresponding proton-exchanged catalyst samples HNbWOg to determine the phase. There are
three distinctive diffraction peaks at 20 = 9.5°, 26.9° and 34.7°1°. This represents a well-ordered
layered structure and is in good agreement with the tetragonal orthorhombic phase with that
observed for LINbWQOs (JCPDS 84-1764). After the proton exchange reaction, a diffraction peak
at 20 = 6.8° was observed which agrees with the patterns observed in HNbWOs (JCPDS 41-0110).
The presence of this peak indicates the existence of layered structure??.

Figure 2. XRD patterns of supported Pt catalysts with different amount of the solid acid
nanosheets.

After the layer was exfoliated with tetrabutyl ammonium hydroxide (TBAOH) and mixed with
CNTs by nitric acid aggregation, the XRD pattern was obviously changed. The characteristic XRD
peak at 260 = 25.6° was attributed to C(002), while the peaks at 26 = 26.4° and 37.9° were
attributed to the (110) and (200) lattice plane of the HNbWOs nanosheets, respectively. The
intensity of the diffraction peak strengthened with increasing content of HNbWOs nanosheets.
After exfoliation, the diffraction peak at 26 = 6.8° almost entirely disappeared. This indicated
that layered compounds were completely transformed into a nanosheet structure'®. The
diffraction peak at 20 = 39.8° was assigned to the Pt(111) lattice plane.

Figure 3. TEM images and Pt particle size distribution of different catalysts: (A) Pt/CNTs (B)
Pt/5HNbWOgs/CNTs (C) Pt/20HNbWOs/CNTs.

Pt particles were evenly distributed on the CNTs. By counting 20-40 Pt particles on each sample,
the mean size is determined to be about 3-5 nm. It can be seen that the monolayer of HNbWOs
nanosheets were attached on CNTs, with some edges of the nanosheets being bent in shape.

Figure 4. SEM image (a) and elements mapping of Pt (b), O (c), Nb (d), W (e) and C (f) over
Pt/20HNbWOgs/CNTs.

SEM of the Pt/20HNbWOgs/CNTs (Figure 4a) and the corresponding elemental mapping analysis
of the different elements of the catalysts was shown in Figure 4b-4f. The analysis directly shows
the distribution of the Pt particles. This further demonstrated that Pt particles, as well as Nb and
W elements, are all uniformly dispersed on the surface of the catalysts.

Figure 5. NHs-TPD profiles of different catalysts.

NHs3-TPD was used to determine the acid strength of each nanosheets. All the nanosheet
modified catalysts have the weak acid characteristic sites that are depicted by the peak centered
at 210 °C. The broad desorption peaks indicated that the acid sites are generated on the surface
of the CNTSs after acid treatment. Also, two peaks indicating medium acid strength are centered
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at 360 °C (Pt/20HNbWOe/CNTs) and 450 °C (Pt/20TaWOe/CNTs) respectively. Thus, order of acid
strength of the catalysts can be concluded as follows: Pt/CNTs < Pt/SHNbWOs/MWNCTs <
Pt/20HNbMoOe/CNTs < Pt/20HNbWOe/CNTs < Pt/20HTaWOg/CNTs.

Table 1. Textural properties of supported Pt catalysts.

The specific surface area of Pt/CNTs was 134 m?/g. After incorporation of various solid acid
nanosheets, the specific surface area and the pore volume both decrease, suggesting that partial
surface pores of CNTs were blocked by nanosheets.

Table 2. Conversion yields and selectivities of various substrates catalyzed by
Pt/HNbWOg/CNTs

With 0.05 g of Pt/20HNbWOe/CNTs catalyst, Hy/oil ratio = 300 and at W/F = 27.3 min, the
conversion of diphenyl ether was completed almost quantitatively at 99.7% with cyclohexane
selectivity of 96.4%. When half of the diphenyl ether was replaced with anisole, due to the
different interaction between the substrates and the catalyst, the conversion of the mixture was
lowered to 82% with cyclohexane selectivity of 70.1%.

DISCUSSION:

Pretreatment of CNTs with nitric acid does increase the specific surface area (Sger) significantly.
Raw CNTs have a specific surface area of 103 m?/g while after treatment, the surface area was
increased to 134 m?/g. Therefore, such pretreatment to create defects on the CNT surface will
have a positive effect on the specific surface area on the catalysts after solid acid modification
and platinum particle impregnation. Since the surface area will decrease after incorporation of
nanosheets, this step is very crucial to maximize the surface area of the final catalysts. This is
because after nanosheet incorporation and metal impregnation, part of the surface pores will be
blocked by nanosheets and metal nanoparticles, leading to a decrease in the overall surface area,
as well as the total pore volumes. Such a phenomenon has already been reported by Ma et al.2.
When the amount of HNbWOe nanosheets increased from 5 wt% to 20 wt%, Sger of the resulting
Pt/HNbWOs/CNTs has dropped from 117 m?/g to 107 m?/g. While the Sger of Pt/20HTaWOg/CNTs
has dropped to 70 m?/g, the Sger of Pt/20HNbMoOg/CNTs has reached 118 m?/g. The average
pore diameters of all the catalysts, including the un-modified Pt/CNTs, generally remained
unchanged (i.e., 3.4 nm). Generally, the strength of the acidic sites impacts the degree of C-O
bond cleavage while the Sger impacts the degree of hydrogenation reactions. As a result,
Pt/20HNbMo0Os/CNTs have excellent performance in the conversion of diphenyl ether to
cyclohexane, while Pt/20HTaWOQe/CNTs have limited deoxygenation properties but excellent
hydrogenation properties. Therefore, a catalyst can be fine-tuned to produce different products
depending on different product requirements. Table 1 summarizes the above descriptions.

During the solid-state reaction to prepare LiNbWOs powder, it is noteworthy that the samples
must be ground during the middle stage of the calcination. This ensures that the samples are
mixed as even as possible to ensure homogeneity. During the protonic exchange treatment, care
must be taken to ensure that the nitric acid is of high enough acid strength. Therefore, in the half
way of the protonic exchange, it is advised that fresh 2 M HNOs aqueous solution is used to
replace the old one. Normally, 5 days of treatment can ensure complete protonic exchange.
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Liquid exfoliation was used to prepare 2D nanosheets from 3D layered bulk materials in this
study. Apart from liquid exfoliation, there are other methods to prepare 2D nanosheets, such as
mechanical exfoliation, chemical vapor deposition, sonication. Exfoliation can generally be
applied to prepare 2D materials such as graphene?3, boron nitride nanosheets?*, transition metal
dichalcogenides such as MoS,?>, layered metal oxide such as MnO2, CsaW11036 and LaNbO7%26%7,
etc. Exfoliation enables a material to increase surface area significantly. Among these methods,
mechanical liquid exfoliation has the advantage of producing high quality samples. However, the
yield is still low for this method and it is still currently technically infeasible for scale-up to be
realized due to the difficulty in producing uniform samples. Chemical vapor deposition is another
common method to prepare 2D nanosheets samples, particularly for transition metal
dichalcogenides. For many substrates, large-scale production is feasible, such as the wafer-scale
MoS,28. However, care must be taken to ensure an accurate control of the experimental
conditions. Thus, for scale-up production, the process could be rather complicated and costly.
Sonication could have the same problem. The use of liquid exfoliation can have a very high
product yield with relatively lower cost. Thus, liquid exfoliation (ion exchange method) was used
in this study as a part of the process to prepare Pt/HNbWOg/CNTs.

Catalysts are substrate-specific and it is interesting to know whether other substrates, apart from
diphenyl ether, will lead to different results. We have chosen to mix diphenyl ether (2.5 wt%)
with 2.5 wt% of anisole as the liquid feedstock. The overall conversion of the mixture is 82.0%
and the selectivity for cyclohexane is 96.4%, which is less than conversion of both substrates if
feeding alone, diphenyl ether (conversion = 99.7%, Si = 96.4) and anisole (conversion = 96.2%, Si
= 34.4). This can be explained by the difference of bond dissociation energy between C (s52)-OMe
(91.5 kcal/mol) and C-O bond in diphenyl ether (78.9 kcal/mol)?°. Moreover, due to less steric
hindrance, anisole may be more preferably bound to the catalyst in competition with diphenyl
ether, leading to a lower conversion of diphenyl ether.

In summary, we demonstrate a series of processes to prepare a Pt/20HNbMoOe/CNTs supported
catalyst, namely, protonic-exchange, nanosheet exfoliation followed by nanosheet aggregation
and finally Pt particle impregnation. It has been found to successfully prepare the nanomaterials
with high surface areas and in high yield. Above all, the as-prepared nanomaterials showed
excellent catalytic conversion activity for the hydrodeoxygenation of diphenyl ether to
cyclohexane, though the catalytic reaction is very substrate-specific.
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Average
Pt Sger Pore volume pore
Catalysts .
diameter
(wt %) (m’/g) __ (cm’/g) (nm)
Pt/CNTs 0.43 134 1.07 3.4
Pt/SHNbWO/CNTs 0.37 117 0.85 3.1
Pt/20HNbWO,/CNTs 0.42 107 0.78 3.4
Pt/20HNbMoO¢/CNTs 0.45 118 0.74 3.4
Pt/20HTaWOy/CNTs 0.46 70 0.62 3.4
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Substrates Temperatures (°C)  Conversion (%)

Cyclohexane ethylcyclohexane
Diphenyl ether 200 99.7 96.4 0
Anisole 200 96.2 34.4 0

anisole + diphenyl
ether (1:1) 200 82 70.1 0
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Article until such time as it has received complete, executed
Article and Video License Agreements from each such
author. JoVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to
accept or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have
full, unfettered access to the facilities of the Author or of
the Author’s institution as necessary to make the Video,
whether actually published or not. JoVE has sole discretion
as to the method of making and publishing the Materials,
including, without limitation, to all decisions regarding
editing, lighting, filming, timing of publication, if any,
length, quality, content and the like.

12. Indemnification. The Author agrees to indemnify
JoVE and/or its successors and assigns from and against any
and all claims, costs, and expenses, including attorney’s
fees, arising out of any breach of any warranty or other
representations contained herein. The Author further
agrees to indemnify and hold harmless JoVE from and
against any and all claims, costs, and expenses, including
attorney’s fees, resulting from the breach by the Author of
any representation or warranty contained herein or from
allegations or instances of violation of intellectual property
rights, damage to the Author’s or the Author’s institution’s
facilities, fraud, libel, defamation, research, equipment,
experiments, property damage, personal injury, violations
of institutional, laboratory, hospital, ethical, human and
animal treatment, privacy or other rules, regulations, laws,
procedures or guidelines, liabilities and other losses or
damages related in any way to the submission of work to
JoVE, making of videos by JoVE, or publication in JoVE or
elsewhere by JoVE. The Author shall be responsible for, and
shall hold JoVE harmless from, damages caused by lack of
sterilization, lack of cleanliness or by contamination due to

ARTICLE AND VIDEO LICENSE AGREEMENT

the making of a video by JoVE its employees, agents or
independent contractors. All sterilization, cleanliness or
decontamination procedures shall be solely the
responsibility of the Author and shall be undertaken at the
Author’s expense. All indemnifications provided herein
shall include JoVE's attorney’s fees and costs related to said
losses or damages. Such indemnification and holding
harmless shall include such losses or damages incurred by,
or in connection with, acts or omissions of JoVE, its
employees, agents or independent contractors.

13. Fees. To cover the cost incurred for publication,
JoVE must receive payment before production and
publication of the Materials. Payment is due in 21 days of
invoice. Should the Materials not be published due to an
editorial or production decision, these funds will be
returned to the Author. Withdrawal by the Author of any
submitted Materials after final peer review approval will
result in a US$1,200 fee to cover pre-production expenses
incurred by JoVE. If payment is not received by the
completion of filming, production and publication of the
Materials will be suspended until payment is received.

14. Transfer, Governing Law. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
JoVE's successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to
any conflict of law provision thereunder. This Agreement
may be executed in counterparts, each of which shall be
deemed an original, but all of which together shall be
deemed to me one and the same agreement. A signed copy
of this Agreement delivered by facsimile, e-mail or other
means of electronic transmission shall be deemed to have
the same legal effect as delivery of an original signed copy
of this Agreement.

A signed copy of this document must be sent with all new submissions. Only one Agreement is required per submission.

CORRESPONDING AUTHOR
Name:
Chi-Wing Tsang

Department:

P Faculty of Science and Technology
Institution: Technological and Higher Education Institute of Hong Kong
Title: Dr.
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Please submit a signed and dated copy of this license by one of the following three methods:
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Rebuttal Letter Click here to access/download;Rebuttal Letter;Rebuttal
Letter.docx

22 Apr, 2019

Dr. Bing Wu

Review Editor

Journal of Visualized Experiments

Dear Dr. Wu,

We sincerely thank you for your rapid handling on our manuscript (JOVE59870).
Enclosed please find an electronic version of the revised version of manuscript entitled
“Tuning the acidity of Pt/CNTs catalysts for hydrodeoxygenation of diphenyl ether”
for your consideration of publication as an Article in Journal of Visualized Experiments.
We have revised our manuscript carefully with red marked according to your
suggestions and the reviewer’s comments. Meanwhile, we have answered all questions
from the reviewers. A point-by-point response to the reviewers’ concerns and a detailed
description of the changes are attached in the letter.

In response to your kind comments, we have made the following revision:

Editorial comments:

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that
there are no spelling or grammar issues.
Thanks for your reminding, we have checked our spelling and grammar
carefully.

2. Please obtain explicit copyright permission to reuse any figures from a previous
publication. Explicit permission can be expressed in the form of a letter from the
editor or a link to the editorial policy that allows re-prints. Please upload this
information as a .doc or .docx file to your Editorial Manager account. The Figure
must be cited appropriately in the Figure Legend, i.e. “This figure has been
modified from [citation].”

Thanks. We have obtained the letter of permission and should have already
uploaded during the last submission and we will upload it again this time. The Figure

Legend will be added, as can be seen from the following answer points.

3. For in-text referencing, please put the reference number before a comma or period.
Reply: Thanks for your reminding, we have revised it. For example:
Before modification:


https://www.editorialmanager.com/jove/download.aspx?id=1033537&guid=769a6de2-3f22-47ba-8fb7-e18316b81610&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1033537&guid=769a6de2-3f22-47ba-8fb7-e18316b81610&scheme=1

“For example, the dehydration of 2-cyclohexene-1-ol to produce 1,3-cyclohexadiene
using H2SO4 will leads to polymerization byproducts.t”

After modification:

“For example, the dehydration of 2-cyclohexene-1-ol to produce 1,3-cyclohexadiene
using H2SO4 will leads to polymerization byproducts?.”

4. Please use a single space between numerical values and their units.

Reply: We are really for our careless, we have revised it.

Before modification:

“Sonicate the solution at 300K for 1.5 hour to remove surface impurities and to enhance
anchoring effect of the catalyst.”

After modification:

“Sonicate the solution at 300 K for 1.5 h to remove surface impurities and to enhance
anchoring effect of the catalyst.”

5. JoVE cannot publish manuscripts containing commercial language. This includes
company names before an instrument or reagent. Please remove all commercial
language from your manuscript and use generic terms instead. All commercial
products should be sufficiently referenced in the Table of Materials and Reagents.

Reply: We have revised it based on your suggestion, for example:

Before modification:

7.5 Identify the liquid products by an Agilent 7890B GC (HP-5, 30 mx0.32 mmx0.25

um) with 5977A MSD and analyzed off-line by gas chromatograph (Bruker GC 450,

FID, FFAP capillary column 30 mx0.32 mmx0.25 pm).”

After modification:

7.5 Identify the liquid products by an GC (HP-5, 30 mx0.32 mmx0.25 pum) with

5977A MSD and analyzed off-line by gas chromatograph (GC 450, FID, FFAP

capillary column 30 mx0.32 mmx0.25 um).”

6. Step 1.1: What’s the concentration of nitric acid?
Reply: The concentration of nitric acid used in this work is 14.4 mol/L (65.0 wt.% by
weight).

7. Each figure must be accompanied by a title and a description after the
Representative Results of the manuscript text.
Reply: We are really sorry for our careless mistakes, we have revised it as follows:
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Figure 1. XRD patterns of the LINbWOs and the corresponding proton-exchanged
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Figure 2. XRD patterns of supported Pt catalysts with different amount of the solid
acid nanosheets.
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Figure 5. NH3-TPD profiles of different catalysts.

8. Please remove the embedded figure(s) from the manuscript. All figures should be
uploaded separately to your Editorial Manager account.
Reply: We have removed figures from manuscript and placed it in a separately file.

9. Please remove the embedded Table from the manuscript. All tables should be
uploaded separately to your Editorial Manager account in the form of an .xlIs or
Xlsx file.

Reply: We have removed Table from manuscript and placed it in a separately file in

the form of an .xIs file.



Reviewers' comments

Reviewer #1:

this manuscript described detailed process and it can be accepted as it is.
Reply: We really thank for your appreciation.



Reviewer #2:
This paper reports on the preparation of Nb and Ta-based solid acids nanosheets
modified Pt/carbon nanotubes. The authors also investigated the catalytic
hydroconversion of lignin-derived compounds using such Pt/20HNbMoOs as catalyst.
I would like to recommend its acceptance for publication after the following revisions:
1. HRTEM images for the composites should be provided.

Reply:  The HRTEM images of Pt/CNTs, Pt/5HNbWOs/CNTs, and
Pt/20HNbWOe/CNTSs are presented as follows:

The HRTEM images of (a) Pt/CNTs, (b) Pt/'5HNbWOs/CNTSs, and (c)
Pt/20HNbWQOge/CNTSs.

2. After catalysis, can the catalyst maintain its morphology and structure?
Reply: The TEM images of Pt/20HNbWOs catalyst after reaction are shown below.
Obviously, the catalyst maintains the morphology and structure quite well.




Reviewer #3:

Guan et al. reported an interesting work on improving the acidity of carbon nanotubes

supported Pt catalyst for highly selective biomass conversion. The reported results are

convincing and hence, | recommend this article for the publication after the adequate
revision.

1. The title can be modified. Try to use a concise and attractive title, for instance
"Tuning the acidity of Pt/carbon nanotubes based catalysts for selective biomass
conversion”

Reply: Thanks for your suggestion, we have modified based on your comment.

Before modification:

“Solid Acid Modification of Carbon Nanotubes Supported Pt Catalyst for Highly

Selective Biomass Conversion”

After modification:

“Tuning the acidity of Pt/ carbon nanotubes catalysts for hydrodeoxygenation of

diphenyl ether”

2. Abstract: it was reported that "We herein present a method for the synthesis of Nb
and Ta-based solid acids nanosheets modified Pt/carbon nanotubes". However, Mo
and W species also exhibit acid properties and sometimes much better than the Nb
and Ta oxides. So, the above sentence must be modified.

Reply: Thanks for your comment, we have modified the sentence.

Before modification:

"We herein present a method for the synthesis of Nb and Ta-based solid acids

nanosheets modified Pt/carbon nanotubes”

After modification:

“We herein present a method for the synthesis of HNbWOg, HNbMo0Og, HTaWOs solid

acid nanosheets modified Pt/carbon nanotubes”

3. Abstract: Pt/CNTs < Pt/5HNbWOG6/MWNCTs < Pt/20HNbMoOe/CNTs <
Pt/20HNbWOe/CNTs < Pt/20HTaWOe/CNTs. here, only in the second catalyst
nomenclature, MWCNTSs is mentioned?

Reply: We are sorry for our mistakes. MWCNTs which is multi-walled carbon

nanotubes.

Before modification:

“Pt/CNTs < Pt/SHNbWOe/MWNCTSs < Pt/20HNbMo0Oe/CNTs <

Pt/20HNbWOe/CNTSs < Pt/20HTaWOe/CNTs”

After modification:



“Pt/CNTs < P/SHNbWOs/CNTs < Pt/20HNbMoOs/CNTs < Pt/20HNbWOs/CNTSs <
Pt/20HTaWOe/CNTs”

4. There is a nice review article (Chem. Soc. Rev., 2018, 47, 8349-8402) on catalytic
biomass conversion; including carbon nanotubes based catalysts for lignin
conversion. It would be useful to improve the introduction part.

Reply: Thanks for your suggestion. We have added some more examples within line

81— 95.

5. Line 209, why the only Pt/20HNbWQe/CNTSs catalyst is selected for the reaction?
Pt/20HTaWOs/CNTs catalyst exhibits higher acidity. | think it will exhibit higher
activity than the Pt/20HNbWOe/CNTs catalyst as the hydrodeoxygenation also
depends on the acidic properties including redox properties.

Reply: The activity of Pt/20HTaWOes/CNTs (88.8% conversion, not shown in this

paper) is lower than Pt/20HNbWOe/CNTs (99.6%), thus the yield of cyclohexane

decreases. Hence, although, higher selectivity of cyclohexane was obtained over

Pt/20HTaWOe/CNTs, lower conversion of diphenyl ether limits its utilization. We have

corrected our description.

6. Fig. 1, LINbWOs? There is no XRD of Pt/20HTaWOge/CNTSs.
Reply: We have LiINbWOg as shown in Fig. 1 and Pt/20HNbWOe/CNTSs as shown in
Fig. 2. We have the XRD results of Pt/20HTaWQOge/CNTs published elsewhere
“Molecular Catalysis 467 (2019) 61-69”. However, only LiNbWOs series are
presented here in this paper as an example, as we believe that the scope of Jove focuses
on the protocol, and not the characterization data.

7. Provide another table or figure with the activity results
Reply: The activity results are presented in Table 1, as an excel file.

8. Take care of English and type errors.
Pt supported catalysts to supported Pt catalysts, line 48
have been to has been, line 51
Bronsted, line 72
Units of temperatures, K in line 115, 127 but oC in line 135, 144, etc.
Temperate units, line 202.

Reply: We have corrected it in revised manuscript.



We believe that all the points raised have now been sufficiently addressed and the
paper should now be in its proper form acceptable for publication. We thank you
for your time and consideration. I hope that the referees and you are satisfied with
our responses to the referees’ comments and with the changes to our manuscript.
Thank you for your kind attention.

Yours sincerely,

Chi-Wing Tsang (Dr.)

Technological and Higher Education Institute of Hong Kong
Tel: 852-68962636

Email: ctsang@vtc.edu.hk
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