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The impact of binder selection on catalytic performance of real catalyst extrudates is still limitedly shown in
biomass catalysis. Herein, we have prepared two zeolite-based bifunctional extrudates (Ni/LaY-Al,0O3 and Ni/
LaY-SiO3). Compared with Ni/LaY-AlyO3, Ni/LaY-SiOy shows a markedly enhanced durability and sustained
performance for 936 h in the continuous liquid-phase hydrogenation of y-valerolactone into methyl pentanoate.
Complementary characterization studies reveal that choosing SiOy as binder could efficiently mitigate metal

agglomeration, coke formation and support dealumination during catalysis. These findings showcase that binder
selection is essential for catalyst durability in the development of the industrial-level bifunctional catalysts for

biomass valorization.

1. Introduction

The exhaustion of fossil resources, ever-increasing energy demands,
and environmental problems promote the development of carbon-
neutral chemicals or fuels to fulfill the stringent CO, emission regula-
tions and goal of “carbon neutrality” [1-6]. Biomass is the only
renewable carbon resource and has been regarded as an alternative raw
material for the sustainable production of fuels and chemicals. Specif-
ically, great efforts have been made to produce biofuels, which can
efficiently abate CO5 emissions in transportation sectors [6-10].

Pentanoic esters, mainly methyl or ethyl pentanoates, are recognized
as apotential sort of biofuels in the transportation sector, as evidenced
by the road trial of 250,000 km benefit from its outstanding compati-
bility with gasoline [11]. Pentanoic esters are usually derived from
biomass-based levulinic acid (LA) via cascade reactions involving hy-
drogenation of LA to y-valerolactone (GVL), ring-opening of GVL to
pentenate ester (PEE) in the presence of alcohols and hydrogenation of
PEE to pentanoic esters (Scheme 1) [12]. Among these, the reaction of

ring-opening is the key step due to the relatively stable structure of GVL.
Generally, bifunctional catalysts containing both metal centers and acid
sites, such as Pd/MCM-41, Pd/ZSM-5, Ni/LaY, Ni/K-ZSM-5, Co@ZSM-5,
Co/H-Y, Ru/SBA-SO3H, Ru/H-ZSM-5, Ru/USY and Ru/LaY, were shown
to be effective for the production of pentanoic esters [13-20]. Notably,
our previous results show that the confined proximity between metal
and acid sites could significantly enhance the catalytic performance in
terms of activity and selectivity to pentanoic esters in the direct hy-
drogenation of ethyl levulinate to ethyl pentanoate over Ru/LaY cata-
lysts in the batch system [18,21]. In the following work, a durable and
economical Ni/LaY catalyst was developed for catalytic hydrogenation
of GVL into pentanoic esters, with a sustained yield of ca. 90% towards
pentanoic esters at 200 °C in 30 bar H; for 1000 h [19].

Extrusion molding by shaping zeolitic catalysts with binders is
indispensable and pivotal for the industrial application [22,23]. The
binders can not only facilitate to shape the catalyst material into various
morphologies, but also improve the catalyst durability by enhancing the
mechanical strength [24-26]. The introduction of a binder may vary the
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physic-chemical properties of the catalyst, and thus impact the perfor-
mance during practical operations [27-29]. Still, the effect of binder
selection on catalytic performance in particular for zeolite-based
bifunctional catalysts is highly attractive yet rarely unraveled in
biomass valorization, specially in the exploration of stable catalysts in a
hydrogenation reaction under practical and long-term conditions.

In this work, we have tested the long-term performance of Ni/LaY-
Aly,03 and Ni/LaY-SiO; in the hydrogenation of GVL into pentanoic
biofuels, in the solvent of 45 wt% GVL in 45 wt% methanol and 10 wt%
H50 at t = 200 °C and Py = 30 bar in a fixed-bed reactor. Ni/LaY-SiOo
shows outstanding catalyst durability, retaining a high methyl penta-
noate (MP) yield of 92% even after a time on stream (TOS) of 936 h.
Comparatively, Ni/LaY-Al,O3 experiences gradual deactivation within a
TOS of 156 h. Further insights into the binder impact on the durability of
bifunctional metal-acid catalysts have been disclosed by scanning
transmission electron microscopy (STEM), temperature-programmed
desorption of ammonia (NH3-TPD), solid-state 2’Al magic angle spin-
ning nuclear magnetic resonance measurements (27Al MAS NMR) and X-
ray photoelectron spectra (XPS).

2. Experimental section
2.1. Catalyst preparation

The commercial FAU-type zeolite La—Y (Si/Al = 2.7, 13.6 wt% La,
Nankai University Catalysts Company, Tianjin, China) powder was first
fully mixed with silica sol as SiOg precursor or pseudoboehmite as Al,O3
precursor, and subsequently was extruded into cylindrical catalysts with
a diameter of 1 mm. The weight ratio of zeolite powder to the binder of
SiO5 or AlyO3 is 80:20. The shaped zeolite extrudates were first dried at
60 °C overnight, and then treated at 500 °C for 5 h in the air atmosphere.

Ni addition (10 wt%) into the LaY-Al,O3 or LaY-SiO, was further
prepared by a wet impregnation method, as shown in Fig. S1 [19].
50.56 g of Ni(NO3)2-6H20 (98%, Aladdin) and 200 mL of H,0O were
mixed into a 500 mL round-bottom flask, and further stirred for 30 min
in a 50 °C water bath. Then, 90 g of as-prepared LaY-Al,03 or LaY-SiO,
extrudates, cut with a length of 1 mm, were added into the nickel pre-
cursor solution stepwise. The as-obtained mixture was heated to 60 °C
and kept for 5 h with a slow stirring, and subsequently dried at 85 °C
overnight. The obtained sample was heated to 450 °C (2 °C min~1) and
kept for 5 h under air flow. Prior to the reaction, the as-loaded catalyst
extrudes were heated to 450 °C (2 °C min~ 1) and kept 2°C min ! for5h
in a 10 vol% Hy/Ar flow in the fix-bed reactor.

2.2. Characterizations

X’pert Pro X-ray diffractometer recorded the X-ray diffraction (XRD)
patterns with monochromatic Cu Ka radiation, operating at a voltage of
40 kV and a current of 40 mA. The diffraction patterns were obtained
between the range of 5° and 90°, while the step size was set at 0.0330°.

IRIS Intrepid II XSP instrument was employed for the inductively
coupled plasma-optical emission spectroscopy (ICP-OES) to determine
the actual Ni, Si, Al, and La contents over the Ni/LaY based catalyst. The
spent catalysts were calcinated at 450 °C for 2 h under air flow (25 mL
min’l) to remove the coke before ICP-OES analysis.

Micromeritics ASAP-2460 instrument recorded the N, adsorp-
tion—desorption isotherms at —196 °C. All samples were treated under

Oﬁ/ + CH3OH
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vacuum (1072 Pa) at 350 °C for 12 h prior to the measurements.

JEOL JEM-2100F microscope recorded Scanning transmission elec-
tron microscopy (STEM) images at 200 kV. The composition and dis-
tribution of Ni, Si, and Al over the catalysts were analyzed on the energy
dispersive X-ray analyzer equipped with the electronic microscope.
Before characterizations, the catalysts were dispersed in ethanol, the up-
layer solution was dropped on carbon-coated Cu grids for analysis.

Micromeritics AutoChem II 2920 chemisorption system equipped
with a TCD detector recorded the temperature programmed desorption
of ammonia (NH3-TPD) spectra. Before measurement, about 100 mg
catalysts were treated at 400 °C under He flow (25 mL min!) for 1 h.
After cooling down to 100 °C, NH3 was injected to reach adsorption
saturation. The sample was heated up the sample to 600 °C (10 °C
min~ 1) under He flow and the signal of the desorbed NH3 was detected
by the TCD detector simultaneously. The amount of acid sites was
calculated by integrating the area of desorption peak in NH3-TPD
profiles.

Thermal gravimetric (TG) spectra of the spent catalysts were tested
by a TA Instruments SDT Q600 apparatus. The catalyst was first heated
to 100 °C (10 °C min~1) and kept for 60 min under air flow (25 mL
min~!) to exclude physically adsorbed H,0. Then the catalyst was
heated to 800 °C (10 °C min~ 1) under air flow (25 mL min ') to remove
the coke.

Solid-state 2’Al magic angle spinning nuclear magnetic resonance
measurements (’Al MAS NMR) (Bruker Advance III 400WB spectrom-
eter) of catalysts were performed using a 4 mm DVT probe head. Rotors
were set at 10 kHz and 104.28 MHz. For each single pulse experiment,
5000 scans were recorded and the corresponding relaxation delay and
pulse width were 0.5 s and 0.77 ps, respectively. For a quantitative
comparison, the acquired spectra were processed by Peak-
Differentiation-Imitating-Analysis using Gauss function and the in-
tensity of the center bands was integrated to give the relative quantifi-
cation results.

X-ray photoelectron spectra (XPS) (Thermo SCIENTIFIC ESCALAB
250 Xi spectrometer) were collected with a monochromated Al Ko ra-
diation (hv = 1486.6 eV). All the obtained XPS spectra were calibrated
by the adventitious carbon C 1s band (284.6 eV).

2.3. Catalyst testing

Catalyst stability tests were performed in a continuous flow system
with a tubular stainless-steel reactor (16 mm inner diameter, as shown in
Fig. S2). The catalyst (3 mL) was loaded between two quartz wool plugs
with 3 mL quartz sand on both sides. The catalyst was first reduced at
400 °C under a Hj flow (30 bar, 40 mL min_l) for 1 h and then cooled to
the 200 °C. The feedstock (45 wt% GVL in 45 wt% methanol and 10 wt%
Hy0) was pumped into the reactor with a weight hour space velocity
(WHSV) of 1 h™L. The final products were detected by a gas chromato-
graph (Agilent 7890 A) equipped with an HP-5 column (30 m x 0.32
mm x 0.25 pm) and a flame ionization detector (FID).

The calculation equations of GVL conversion and methyl pentanoate
(MP) yield are as follows:

GVL conversion (%) = (moles of inlet GVL-moles of outlet GVL)
/moles of inlet GVL x 100%

MP yield (%) = moles of EP produced/moles of inlet GVL x 100%

+H, /\/\n,O\
—
(0]
Methyl Pentanoate
(MP)

Scheme 1. Schematic illustration of the hydrogenation of y-valerolactone into methyl pentanoate.
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3. Results and discussion
3.1. Physical properties of Ni/LaY-Al;03 and Ni/LaY-SiO; catalysts

Two Ni/LaY-Al;O3 and Ni/LaY-SiOy catalysts were successfully
prepared and applied for the hydrogenation of GVL to MP. Both fresh
and spent catalysts were first characterized by XRD. As shown in Fig. 1,
besides the feature peaks of zeolite Y, a distinct peak at 20 angle of 44.5,
assigned to the (111) plane of Ni (PDF#04-0850), could be detected for
all the catalysts [30,31]. According to the Scherrer equation at the 26
value of 44.5°, the average diameters of Ni particles on the fresh Ni/LaY-
Al;O3 and Ni/LaY-SiO, were similar and around 22 nm. After the
continuous catalytic reactions, a large difference in the change of the
average Ni particle size can be observed for the spent catalysts. The
average Ni particle size of the spent Ni/LaY-Al;O3 increases to 38.5 nm
markedly after a time-on-stream (TOS) of 156 h, while that of the spent
Ni/LaY-SiO3 just shows a limited change to 26.5 nm even after a TOS of
936 h. This points should be attributed to the strong impact of the binder
on metal agglomeration during catalysis.

The contents of metal loading and porous properties of the fresh and
spent catalysts are shown in Table 1. For the fresh Ni/LaY-Al,O3 and Ni/
LaY-SiO; catalysts, the Ni and La contents were similar and around
8.1-8.2 % and 8.2-8.4%, respectively, in line with their theoretical
contents in catalysts. Notably, an obvious change in the Al content from
18.5% for the fresh Ni/LaY-Aly03 to 15.9% for the spent Ni/LaY-Al;O3 is
observed, indicating support dealumination when using alumina as the
binder under the hydrothermal conditions. In contrast, no apparent Al
loss is observed for Ni/LaY-SiO5 even after a TOS of 936 h, demon-
strating the excellent durability of the catalyst when using silica as the
binder. Additionally, the surface area of Ni/LaY-Al,O3 undergoes an
obvious decline from 481 to 378 m? g ! after catalysis, mainly attrib-
uted to the more carbon residue on the catalyst. Differently, Ni/LaY-SiO2
catalysts only perform a slight decrease in the surface area from 409 to
362 m? g~ ! after a longer TOS of 936 h, reflecting that the SiO, binder
can inhibit coke formation during catalysis, in line with the weight loss
measured by TG.

Fig. 2 displays the HAADF-STEM and EDX elemental-mapping im-
ages of the fresh and spent Ni/LaY-Al;03 and Ni/LaY-SiO catalysts. No
clear boundaries have been visualized between zeolites and binders,
confirming the thoroughly mixed zeolite and binders for all the samples.
For the fresh Ni/LaY-Al;O3 catalyst, the average Ni particle size is

Ni

Ni/LaY-Al,O;-Fresh

.I‘JM- L‘!. | -— N N

Ni/LaY-AlLO,-Spent

M/LaY-SiOZ-Fresh

Ni/LaY-SiO,-Spent

0 A A

L

Intensity (a.u.)

15 30 45 60 75
2 Theta (degree)

Fig. 1. XRD patterns of the fresh and spent Ni/LaY-Al;03 and Ni/LaY-
SiO, catalysts.
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determined to be ca. 24 nm, which is much larger than the average pore
size of ca. 5.6 nm for Ni/LaY-AlpO3 (Table 1 and Fig.S3), indicating
major Ni particles distributed on the external surface of the zeolites.
Additionally, Ni species appear in accordance with Al distribution,
indicating a strong interaction between Ni species and the Al,O3 binder.
For the fresh Ni/LaY-SiO» catalyst, the average Ni particle size is similar
and 23 nm, in accordance with XRD results. Notably, the spent Ni/LaY-
Al,03 shows an obviously increased mean Ni particle size (~40 nm)
after a TOS of 156 h, as well as the aggregation of big Ni particles evi-
denced by EDX. In contrast, the spent Ni/LaY-SiO5 exhibits an average
Ni particle size of around 25 nm, and the intact Ni size reflects a limited
Ni agglomeration for Ni/LaY-SiOy even after a TOS of 936 h. This is
again completely consistent with the XRD results.

3.2. Catalytic performance

The catalytic performances of Ni/LaY-Al;03 and Ni/LaY-SiO; cata-
lysts for the hydrogenation of GVL were assessed over a continuous
fixed-bed reactor under the conditions of t = 200 °C and Py = 30 bar.
The feedstock is 45 wt% GVL in 45 wt% MeOH and 10 wt% H20 with a
WHSV of 1 h™!. The yields of MP versus TOS over different catalysts are
depicted in Fig. 3. For the Ni/LaY-Aly,O3 catalyst, GVL conversion
maintained around 99% within a TOS of 156 h. However, the MP yields
gradually decrease from 85% to 75% within 156 h, indicating a gradual
deactivation in terms of catalytic selectivity towards MP during
continuous catalysis. In contrast, a complete GVL conversion and an MP
yield of >93% could be sustained for Ni/LaY-SiO, within a TOS of 936 h,
indicating the excellent durability of Ni/LaY-SiO, due to no apparent
catalyst deactivation during the continuous and long-term catalysis. The
distinct performances of two catalysts with different binders indicate
that the binder could affect the catalytic performance markedly in the
hydrogenation of biomass-derived platform molecule GVL. Changes to
the Ni phase and the support, such as deactivation by Ni agglomeration,
coke formation, and support dealumination can be expected for catalyst
deactivation. In an effort to unravel the insights into the impact of the
binder on catalyst performance, especially for stability, catalyst deacti-
vation reasons should be further studied with the concerns of all above
by characterizing the fresh and spent catalysts systematically.

3.3. Insights into catalyst stability

Changes to the Ni phase were first studied by XRD, STEM, and ICP-
OES to quantitatively analyze the sintering or leaching of Ni (Fig. 1-2
and Table 1). Severe sintering of Ni particles was detected for the spent
Ni/LaY-Al;03, with a particle size increase from 24 to 39 nm after a
continuous TOS of 156 h, as confirmed by XRD and STEM. In contrast,
limited Ni sintering was shown for the spent Ni/LaY-SiO,, with a particle
size increase only from 23 to 25 nm even after a 6-fold increase in the
reaction time (a TOS of 936 h). Besides, the ICP-OES results in Table 1
evidence that loss of Ni to the solvents was marginal for both two
catalysts.

The acid sites are recognized to be the active sites for the GVL ring-
opening step, which is recognized as the key step in the catalytic hy-
drogenation of GVL [15,18,32,33]. Thus, the acidic properties of the
fresh and spent Ni/LaY-Al;03 and Ni/LaY-SiO; catalysts were analyzed
and quantified by NH3-TPD and solid-state 2’ Al MAS NMR (Fig. 4). The
NH;3-TPD profiles could be divided into two regions, assigned to the
weak and strong acid sites, respectively [34-36]. For Ni/LaY-Aly03, a
drop in the total acid amount from 853 to 716 pmol g1, was detected
after a TOS of 156 h along with a major decrease in the strong acid
amount from 528 to 407 pmol g~ '. The major decrease in the strong acid
site amount should be caused by factors such as active site blockage by
coke deposition and loss of active sites by support dealumination. Again,
this is consistent with the apparent decrease in surface area and more
coke deposition observed for the spent Ni/LaY-AlyO3, as shown in
Table 1 and Fig. 5. In contrast, the fresh Ni/LaY-SiO3 catalyst shows a
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Table 1
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Physic-chemical properties of fresh and spent Ni/LaY-Al,O3 and Ni/LaY-SiO, catalysts.

Catalyst Metal contents (wt%)" Sper” Vmicro Sicro. Dpore Ni particle size ©
Ni Al La (m2 g’l) (cm2 g’l) (m3 g’l) (nm) (nm)
Ni/LaY-Al,03-Fresh 8.1 18.5 8.2 481 0.21 405 5.6 24+5
Ni/LaY-SiO,-Fresh 8.3 8.0 8.4 409 0.18 352 9.4 23+6
Ni/LaY-Al,03-Spent 8.0 15.9 8.6 378 0.16 323 9.0 39+8
Ni/LaY-SiO,-Spent 8.4 7.8 8.3 362 0.14 286 9.0 25+ 4

# Measured by ICP-OES.

b Calculated by Brunauer-Emmett-Teller (BET) method.
¢ Calculated by t-plot method.

4 Calculated by BJH method.

¢ The average particle size of Ni was derived from the STEM images in Fig. 2 with measurements of over 200 particles.
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Fig. 2. Representative high-angle annular dark-field scanning transmission electron microscopy (HAADF-STEM) and corresponding EDX elemental-mapping images
of the (a) fresh Ni/LaY-Al,03, (b) spent Ni/LaY-Al,O3, (c) fresh Ni/LaY-SiO, and (d) spent Ni/LaY-SiO, catalysts (D: the average particle size).

lower total acid amount (663 pmol g~!) due to the neutral properties of
the silica binder. Notably, marginal changes in the acid amount (630
pmol g~ 1) and site distribution can be observed even after a TOS of 936
h, reflecting the excellent durability of Ni/LaY-SiOa.

The solid-state 2Al MAS NMR spectra of the fresh and spent Ni/LaY-
Aly03 and Ni/LaY-SiO4 catalysts are depicted in Fig. 4b. For both Ni/
LaY-Al;03 and Ni/LaY-SiOy catalysts, three resonances i.e., the

tetrahedral framework aluminum (FAl) (Alyy) at an isotropic shift of ca.
57 ppm, the five-coordinated extra-framework aluminum (EFAI) (Aly) at
an isotropic shift of ca. 30 ppm, and octahedral EFAIl species (Aly) at an
isotropic shift of about 0 ppm were detected [37-40]. For checking the
extent of dealumination, the relative amounts of different Al species
normalized to the Al content in the fresh catalyst as determined by 2”Al
MAS NMR. For Ni/LaY-Al,03, the content of Alyy, Aly and Aly; species
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Fig. 3. Time profiles of catalytic hydrogenation of 45 wt% GVL in methanol (45%) and water (10%) over (a) Ni/LaY-Al,O3 and (b) Ni/LaY-SiO catalysts. Reaction

Conditions: 3 mL catalysts, 30 mL min~! Hy, t = 200 °C, Py, = 30 bar.
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Fig. 4. (a) NH3-TPD profiles, (b) 2771 magic angle spinning nuclear magnetic resonance measurements (MAS NMR), (c) corresponding acid amounts determined by
NH3-TPD, and (d) relative amounts of Al species as determined by 27A1 MAS NMR of the fresh and spent Ni/LaY-Al,03 and Ni/LaY-SiO, catalysts.

was totally decreased after catalysis. This evidences an apparent deal-
umination for Ni/LaY-Al;03. The indication of acid site loss for Ni/LaY-
Al,Os5 after a TOS of 156 h is also consistent with the results of NH3-TPD
and ICP-OES. In contrast, a marginal change in Alyy (9.2% decrease), Aly
(3.4% increase), and Aly; (1.8% increase) species is observed for Ni/LaY-
SiOy upon catalysis. Combined with a limited loss of Al species deter-
mined by ICP-OES, less severe dealumination is reflected for Ni/LaY-
SiO5 compared with that for Ni/LaY-Al,O3. Partial transformation of
FAL into EFAL is observed for Ni/LaY-SiOs upon catalysis. Therefore,
Ni/LaY-SiO, is more resistant to support dealumination compared with
Ni/LaY-A1203.

Moreover, coke deposition on the spent catalysts has also been
checked and determined by TG. Similar weight loss patterns of the fresh

Ni/LaY-Al;03 and Ni/LaY-SiOs catalysts are first shown in Fig. 5a, with
a sharp decrease to 300 °C owing to the adsorbed species and a slow
decrease up to 800 °C owing to the dehydration of hydroxyl groups in
the catalysts. By comparing with the fresh counterparts, different extents
of coke deposition on the spent catalysts are shown by TG measure-
ments. More coke is deposited on the spent Ni/LaY-Al,03 catalyst (3%).
In contrast, the weight amount of coke is only 1.5% for the spent Ni/LaY-
SiOy catalyst, indicating that the SiOy binder can efficiently alleviate
coke deposition than the Al,Os binder during catalysis [41-43]. To
distinct the coke speciation on catalyst surface, the XPS C 1s spectra of
the spent Ni/LaY-AlyO3 and Ni/LaY-SiOz catalysts were analyzed in
Fig. 5b. The C 1 s signal of the spent Ni/LaY-Al,O3 and Ni/LaY-SiO4
could be fitted into peaks at 284.5, 285.8 and 288.6 eV, which were
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Fig. 5. (a) TG curves of the fresh and spent Ni/LaY-Al,03 and Ni/LaY-SiO, catalysts; (b) XPS spectra of C 1s and O 1s for the spent Ni/LaY-Al,03 and Ni/LaY-

SiO, catalysts.
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Scheme 2. Schematic illustration of the binder effect on catalyst performance
in terms of stability in the continuous hydrogenation of GVL.

ascribed to graphitic-like carbon with C—C bond, residues adsorbed on
the catalyst surface with C-O-C and O-C=0 bonds, respectively [44-46].
The intensity of graphitic-like carbon with a C—C bond for the spent Ni/
LaY-Al;O3 catalyst was 1.4 times higher than that of the spent Ni/LaY-
SiO4 catalyst, indicating the favorable formation of coke on Ni/LaY-
Aly03 during catalysis, in line with the TG results in Fig. 5a.

According to all the above results, the impact of binder selection
(Al303 or SiOy) on the catalytic performance of zeolite-based bifunc-
tional catalysts can be revealed, as illustrated in Scheme 2. Ni/LaY-
Al,O3 suffers more from metal sintering, coke deposition, and support
dealumination during the catalytic hydrogenation of GVL into MP,
which is associated with the loss/blockage of active sites and the
continuous loss of acid sites. Contrastly, Ni/LaY-SiO, markedly im-
proves the catalyst stability in the catalytic hydrogenation of GVL into
MP. The employment of the SiO, binder for Ni/LaY-SiO; can efficiently
suppress Ni agglomeration, coke deposition and support dealumination
upon catalysis.

4. Conclusions

In this work, we have synthesized two zeolite-based bifunctional
catalysts (Ni/LaY-Al,O3 and Ni/LaY-SiO2) by extruding LaY zeolite with
the selection of alumina or silica as binder and a subsequent Ni addition
by the wet impregnation method. In comparison with Ni/LaY-Al»O3, Ni/
LaY-SiO; possesses highly enhanced catalyst durability under practical
continuous and liquid-phase hydrogenation of GVL into pentanoic es-
ters. Ni/LaY-SiO; catalysts could retain a > 93% MP yield even after a
TOS of 936 h at 200 °C and 30 bar Hj, together with the presence of 10
wt% Hy0; while Ni/LaY-Al,O3 shows a gradually declined MP yield
within a TOS of 156 h. Systematical characterizations with a combina-
tion of multiple techniques disclose the positive impacts of the
employment of SiO3 as a binder on enhancing the catalyst durability of
zeolite-based bifunctional catalysts. The employment of a SiO5 binder
for Ni/LaY-SiO; can efficiently mitigate Ni agglomeration, coke depo-
sition and support dealumination upon long-term biomass catalysis,
compared with the employment of an Al,O3 binder for Ni/LaY-Al,O3.
This work greatly aids the design of industrial-level bifunctional cata-
lysts with enhanced catalyst durability, which could show great poten-
tial and create opportunities for the industrial production of pentanoic
biofuels.
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