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Abstract

Template removing approaches can significantly ichphe physiochemical
properties of mesoporous molecular sieve materialerder to better understand the
relationship between template removing approaches #e properties of
Ni/Al-SBA-15, four kinds of template removing appehes were introduced to
remove the organic template from AI-SBA-15, respety. The structural
characteristics of these materials were analyzettdmgsmission electron microscopy
(TEM), scanning electron microscopy (SEM), X-rauditescence (XRF), powder
X-ray diffraction (XRD), N-sorption, Fourier transform infrared spectra (R}l
infrared spectra of pyridine adsorption (Py-FTIR)agic angle spinning-nuclear
magnetic resonance (MAS-NMR), X-ray photoelectrpecsroscopy (XPS) and gas
chromatography-mass spectrometry (GC-MS). Ni/Al-SBA of which the organic
template was removed by two-step calcination methad the maximum specific

surface area (6197g). In contrast, Ni/Al-SBA-15 of which the orgartemplate was



removed using solvent extraction approaches habbtiest specific surface area (555
m?/g). The mesopore diameter of Ni/Al-SBA-15, usinigctric heating digestion

method to remove the template, was significantreased and the wall thickness
was significantly decreased to 11.62 nm in compariwith the other samples. The
selectivity of products during the process of ewyehydrodeoxygenation was
investigated. High hydrocarbons were obtained dudatalytic hydrodeoxygenation
over Ni/Al-SBA-15 of which the organic template wemmoved by using solvent
extraction approaches. Compared with direct calimnarocess, two-step calcination
was more effective in removing template and theesponding catalyst was much

more suitable for the hydrodeoxygenation process.
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1. Introduction

In recent years, materials with different structurave attracted extensive
attention, especially for mesoporous materials][IM&th high specific surface area,
regular and tunable pore size, large pore volumeyell as stable and interconnected
framework, mesoporous materials have great potdntiae applied in heterogeneous
catalysis [6], bio-adsorption [7], separation [@jug delivery [9], sensing [10, 11] as
well as optical and electronic uses [12]. Since M@Mwas synthesized by BECK
using quaternary ammonium supramolecular surfactanttemplate, mesoporous
materials entered a new stage of development, idlgaa the field of catalysis [13,
14]. Mesoporous materials has been widely used romatization [15, 16],
hydrodesulfurization and hydrodeoxygenation [17]. 1Bhe pore structure and
hydrothermal properties of mesoporous material lmanmproved by changing the

synthesis method and post-treatment method [19].



SBA-15 with stable skeleton structure is one kiricsiica-based mesoporous
material. For SBA-15, the specific surface areareach to 1000 A, the pore wall
thickness is about 6 nm, and the molecular surdac¢ains a large number of silanol
groups make SBA-15 become an ideal catalyst caj2i@} Al-SBA-15 with large
specific surface area, large pore diameter and yatene can be obtained by adding
aluminium source during synthesis process. The uanicgtructure, surface
characteristics, good thermal stability and meaterstrength make Al-SBA-15 have
higher catalytic activity than those of traditioddimina catalysts during the reaction.
It is effective to prepare AI-SBA-15 using hydrottmal synthesis process by adding
organic template agent.

However, organic templates which occluded withie fores of Al-SBA-15
should be removed before application [21]. Only témaplate agent is removed from
the original network structure, can the ideal oedemesoporous materials be obtained
[22]. Various methods have been explored to remonganic template from the
precursor of the synthesized porous materials. fflest commonly used organic
templates removing methods are calcination andesblextraction (by conventional
solvent) [23, 24]. The organic template can be detely removed by using
calcination method, but the structure of materia@s also be contracted or collapsed
after calcination. Moreover, a large amount of ,G{dd organic amine mixture are
produced [25]He et al. reported that when two-step calcinatieihod was used to
remove the organic template, MCM-41 with a bettergtrange structure and larger
guantities of acid sites was obtained in comparisoth MCM-41 prepared by
directly calcination process at high temperatui®.[Solvent extraction can preserve
the skeleton structure of the material to a greaérd while recycling expensive

organic agents, however the removal of the orgtmplate was not complete [27].



Ultraviolet decomposition method [28] and ozonedation method [29] were also
used to remove the organic template from porousadd, which can remove the
template at a relatively low temperature, and tamalge to the hole is less. But the
processing amount is very limited at a time, thargylprocessing time is needed, and
the operating conditions are complex [27]. Supgoali carbon dioxide extraction is
another method, which is high-efficiency and enviment-friendly [30]. However,
due to the harsh operation, high operating cost @iirement for expensive
equipment, the wide application of this methodrsted. Microwave-assisted method
has also been used in removing templates [21,T31i$ method can quickly remove
the templating agent from mesoporous materials.tBeitremoval conditions of the
microwave-assisted method are difficult to confiaml some mesoporous materials
[31]. Template removing method have a great infbtgean the structural stability of
the mesoporous material and the silanol groupshenstrface of the mesoporous
material. However, the impact of these methodshenphysiochemical properties of
Al-SBA-15 and the corresponding catalytic activatfyAl-SBA-15 supported catalysts
has not been deeply investigated.

Nickel as one kind of transition metal with unigpmperties has been widely
used in catalysts [32-34]. Ni/Al-SBA-15 is regardasl one of the most promising
catalysts to be used in bio-oils refining processet as hydrodeoxygenation (HDO),
cracking and so on [35, 36]. Due to the complex mosition of bio-oil and its
instability, investigation of bio-oil upgrading BYDO directly is challenged. Eugenol
as one of the model compounds of bio-oil has beew o develop highly active and
selective hydrodeoxygenation catalysts [35, 37].

In this study, four kinds of template removing nogth were introduced to

remove the template existing in Al-SBA-15 precurddrAl-SBA-15 is synthesized



and used as catalyst for eugenol hydrodeoxygenahicckel species were loaded
onto AI-SBA-15 by using incipient wetness impregoatmethod. The effects of
different template removing methods on the phystogical characteristics of
Al-SBA-15 and Ni/Al-SBA-15, and on the eugenol hydeoxygenation activity in

liquid phase over Ni/Al-SBA-15 were investigated.

2. Materials and methods

2.1. Materials

Pluronic P123 (EO20-PO70-EO20) was purchased frigm&-aldrich company.
Tetraethyl orthosilicate (TEOS, AR) was purchasedmf Sinopharm Chemical
Reagent company. Aluminium nitrate 9-hydrate (ARN®3)3- 9H,0), nickel nitrate
hexahydrate (98 %)-cresol & 99.7 %) and eugenol (99 %) were purchased from
Aladdin Chemical company-dodecane (AR) was purchased from Tianjin Kermel

Chemical company. All the chemicals were used esived.

2.2. Preparation of Al-SBA-15 precursors

Al-SBA-15 precursor was synthesized by using P1&3palymeric template
according to the method reported [35, 38]. At tinst fstep, 1.0 g of Pluronic P123
was put in a glass beaker with volume of 150 mLerf;i 80 mL of deionized water
was added into the above beaker and stirred toldesshe Pluronic P123. Thirdly,
0.41 g of AI(NQ)3-9H,0 was put into the mixture and stirred magneticaihyil
completely dissolved. Afterwards, 7.3 mL of TEOSsvealded into the above mixture,
followed by vigorous magnetic stirring for 15 hrabm temperature, and then at 313
K for 24 h. Afterwards, the obtained mixture waansformed into the hydrothermal

synthesis reactor at 363 K for 2 days. Finally, ioéid product in the bottom of



reactor was filtered, washed with distilled watard put in an oven for drying at 333
K overnight in air.
2.2. Methods for removing the template of Al-SBA-15 precursors

The template of AI-SBA-15 precursor was removed different methods,
including the direct calcination, two-step calcinat solvent extraction and electric
heating digestion method. In direct calcination gess, Al-SBA-15 precursor in
square crucible was firstly put into a muffle fuceaand heated from room
temperature to 823 K with a heating rate of 3 K/naimd held at this temperature for 5
h. The obtained AI-SBA-15 was named as SC1 fortsimothis paper. In two-step
calcination process, Al-SBA-15 precursor in squangcible was firstly put into a
muffle furnace for heating from room temperature8%3 K with a heating rate of 3
K/min and held at this temperature for 2 h, folloley heating from 373 K to 823 K
with a heating rate of 3 K/min and held at this pemature for 5 h. The obtained
Al-SBA-15 was named as SC2 for short in this paperthe solvent extraction
process, Al-SBA-15 precursor was dried at 353 K2#bih to evaporate water. Then, 6
g of AI-SBA-15 precursor was added into a rounddootflask containing 250 mL of
ethanol. The template was removed by using a Soxdystem for 6 h. After
extraction, the samples were filtrated and drie®@%8 K for 12 h, resulting in the
formation of Al-SBA-15 named as SE for short instipaper. The electric heating
digestion process was as follows. (1) 5.83 mL ofG4Nvas solved in 5.17 mL of
water, then 4 mL of kD, (30%) was added to the solution; (2) 1 g of Al-SB&

precursor was added into the above solution; @)ntixture was poured into a PTFE



digestion tube and sealed, then the PTFE digedtibe was put into an electric
digestion apparatus (Hanon, SH230) at 600 w and K28r 15 min; (4) After

filtration, the solid was washed with deionized evauntil to pH=7; (5) the solid
material was put in an oven at 363 K overnightultesy in the formation of

Al-SBA-15 named as SD for short in this paper.

Incipient wetness impregnation method was appleetbad nickel species onto
Al-SBA-15. The process was proceeded as accordinthé method reported in
reference using ethanol as the impregnant and ustigel nitrate hexahydrate as
nickel source [35]. SC1, SC2, SE and SD was resgdgtnamed as NSC1-C,
NSC2-C, NSE-C and NSD-C after loading nickel spe@ad calcination. Before
reaction, Ni/Al-SBA-15 was reduced undepk lAnd N atomosphere (3:7) at 100
mL/min and kept at 823 K for 2 h with a heatingeraff 3 K/min. Samples after
reduction were named as NSC1-R, NSC2-R, NSE-R &1d-R, respectively.

2.3. Catalyst characterization

Hitachi S-4800 SEM-microscope was used to meaduee SEM images of
samples. TEM images were taken by a Hitachi FB-ZABapparatus. Before TEM
measurement, a drop of an ultra-sonicated metrsaraple mixed suspension was
deposited onto a carbon-coated Cu grid. The measnte of nitrogen sorption
isotherms of samples were carried out at 77 K liygua physical sorption instrument
(Micromeritics ASAP 2460). Samples were outgassediZz8 K for 3 h before
adsorption measurements. Brunauer-Emmett-TelleT{B&odel was introduced to

calculate the total specific surface areas of #mmes, and-plot method was used to



calculate the micropore volume and the externatipesurface area of the samples.
The non-local density functional theory (NLDFT) wagroduced to analyze the
mesopore diameter. The crystal structure of sampéessanalyzed by XRD patterns
which were obtained by using a Bruker D8 Advanciratitometer with Cu K
radiation. The XRD patterns were accumulated witheawide-angle range of 20-70°
(20) and small-angle the range of 0-59)2XPS measurements of samples were
taken by a X-ray photoelectron spectrometer (Thé&isaher, ESCALAB 250Xi, Al
Ko radiation (hv=1253.6 eV)). The binding energie€)B®f elements in samples
were calibrated by referring to the BE of C 1s patR84.60 eV. XRF spectrometer
(Axios PW4400, Panalytical) was used to detecioSAltratio and nickel content of
the Ni/Al-SBA-15.%°Si MAS-NMR spectra were collected by the solid estaticlear
magnetic resonance spectrometer (Infinityplus 3@0ian). FT-IR spectra of samples
were collected by a FT-IR spectrometer (Nicoletxide410) at room temperature.
Before detection, samples were mixed with KBr, gibthoroughly and compressed
into self-supporting wafers. Then, the FT-IR specf samples were collected within
wavenumber range of 2000 to 400 tmith resolution of 4 cm. The distribution,
strength and type of acid sites were calculatedPyyFTIR on a FTIR spectrometer
(Thermo Nicolet 380).
2.4. Catalytic conversion of eugenol

Eugenol hydrodeoxygenation over different Ni/Al-SBA in liquid phase was
carried out in an autoclave reactor with internalume of 100 mL. Before reaction,

770uL of eugenol, 40 mL of n-dodecane and 0.05 g of Ni/Al-SBA-15 were put into



the reactor. 0.1 Mpa of Hvas used to flush the reactor for three times eugenol

hydrodeoxygenation was took place at 513 K foruhter stirring speed of 680 rpm.
After reaction, the liquid product was separated pat in glass bottles and sealed.
The catalyst was dried at 373 K overnight, weighed recorded. All products were
analyzed by GC-MS (Agilent 7890A/5975C) apdtresol was used as an internal

standard during the detect process.
3. Results and discussion
3.1. Characterization of the samples

In order to obtain the mesostructure of Ni/Al-SBB;Emall-angle powder XRD
was introduced. The XRD patterns of samples arewshin Fig. 1. Three
characteristic peaks, namely (100), (110) and (2&eared in the XRD patterns of
all the samples. This indicated that all Ni/Al-SBA- samples had an ordered
two-dimensional (2D) hexagon structure, which isyveonsistent with the topology
pattern of SBA-15. The (100) plane of NSD-C mowvedbiver angle of @ due to the

increase of lattice spacird)(after removing the organic template [39].
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Fig. 1. Small-angle Powder X-ray diffraction patterns aftalcination.



The nitrogen sorption isotherms and pore size idigion curvesof NSC1-C,
NSC2-C, NSD-C and NSE-C are as shown in Fig. 2ti#dl samples showed typical
IV type isotherms of IUPAC classification (Fig. 2&) addition, due to the capillary
condensation phenomenon, hysteresis loops werevalolsa the IV type isotherms
[40]. The hysteresis loops presented in the desorfiranch of the calcined samples
were divided into two steps. The first step wasdésorption process within the range
fron 0.75 to 0.61 pfpon the desorption branch, which was correspondethé
nitrogen desorption from the “open” mesopores. $&eond step was the desorption
process within the range from 0.61 to 0.47°piphich was corresponded to the N
adsorption in the “blocked” mesopores [38, 41, 4A2]is indicates that NSC2-C and
NSE-C had larger ratio of “open” mesopores thanother two samples. The NLDFT
pore size distribution curves of samples are shiowkig. 2b. It could be seen that the
pore size distribution of NSD-C was moved to higdermeter. The parameters such
as pore diameter, pore volume and specific suréaea of samples are as shown in
Table 1. The Si to Al ratios maintained within rangf 60-64 for NSC1-C, NSC2-C
and NSE-C. However, the Si to Al ratio of NSD-C wasto 844, which was caused
by aluminum leaching during the template removalkpss by using electric heating
digestion methods. The nickel contents of samplesewwithin the range of
17.6-20.4 %. The specific areas of samples were the order of
NSC2-C>NSC1-C>NSD-C>NSE-C. NSC2-C had the largestciic surface area
(619 nf/g); while NSE-C had the lowest (555%g). NSC1-C, NSC2-C and NSE-C
had approximately the same mesopore diameter, wirchabout 6.1 nm. While for
NSD-C, the mesopore diameter was up to 6.68 nm.widilethickness of NSC1-C,
NSC2-C and NSE-C was about 12.2 nm. In contrastwll thickness of NSD-C

was significantly decreased to 11.62 nm. In comibingh the shape of hysteresis



loops appearing in the adsorption-desorption isatkeit can be deduced that the part
of the ordered pore structure in NSD-C was desttogfter removal of organic

templates by using electric heating digestion masho
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Fig. 2. (&) nitrogen adsorption-desorption isotherms atK7determined on calcined Ni based

Al-SBA-15 sampleswith different organic template removal approaches and (b) NLD&E p

size distribution curves calculated from adsorptibanches of calcined Ni based Al-SBA-15

sampleswith differentorganic template removal approaches.

Table 1 The structural properties of Ni/Al-SBA-15ampleswith different organic template

removal approaches fromyBorption and XRD data.



Sample S/A? Ni/%  Ager Vp Vnic Vines a D, t (nm)

(mfg) (ci/g) (cmi/g) (cni/g) (nm)
(nm)

NSC1-C 64 17.6 574 0.552  0.103 0.448 18.3 6.12 12.18

NSC2-C 60 18.4 619 0.584 0.118 0.465 183 6.11 12.19

NSE-C 63 20.4 555 0.568 0.091 0.477 183 6.11 12.19

NSD-C 844 20.2 571 0.687  0.048 0.640 183 6.68 2116

a, the Sito Al ratios and the nickel content walteained by XRFAger- total specific surface area
obtained by the BET methoW,-total pore volume of single point adsorption giyp/0.995.As

and Vpc-external specific surface area and micropore velwbtained by the t-plot method.
Vmessmesopore volume, calculated ®$eso=Viota-Vmicro- 8- UNit cell parameter determined by
XRD. Dy-mesopore diameter corresponding to the maximuRS&) calculatd by NLDFT method

from adsorption brancht-wall thickness, calculated &say-D..

Powder X-ray diffraction patterns of NSC1, NSC2,IN&d NSE after calcining
and reduction are shown kig. 3. The broad peak appearing at abolt20 for all
samples was attributed to amorphous silica in fvaonk [43]. NiO diffraction peaks
at ~37, ~43 and ~63 were observed in the XRD spectra of NSC1-C, NSC2-C
NSD-C and NSE-C [44]. As shown in Fig. 3b, Ni cifftion peaks at ~44.8nd ~52

were observed in the XRD spectra of NSC1-C, NSCNSD-C and NSE-C [45].
Moreover, the diffraction peaks of NiO were stiéincbe observed in the XRD spectra
of reduced samples, which indicated that NiO wadiglly converted to Ni after

reduction at 823 K. The chemical states of Ni ia MSD-C and NSD-R were also



analyzed by the Ni 2p XPS (Fig.S1). Spin-orbit detdpeaks at ~856 and ~873 eV
were observed for NSD-C and NSD-R, which were hedrito Ni 2p;, and Ni 2/,
respectively [46]. Peak at 852.6 eV appearing at Xi*S spectra of NSD-R was
attributed to 2p3/2 of Ni[47]. Two satellite peaks of Ni were appeared882-0 eV
and ~880.2V for both NSD-C and NSD-R [48]. The presence ¢f Mt the XPS
spetra of NSD-R was mainly due to the strong imtéras between the Ni particles

and the support. The XPS results show that botrait Nf* existed on the surface of

NSD-R.
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Fig. 3. Powder X-ray diffraction patterns of nickel bas®dSBA-15 samples: (a) nickel based
AI-SBA-15 samples after calcination and (b) nidkased AI-SBA-15 samples after reduction.
SEM and TEM images of NSC1-C, NSC2-C, NSE-C and NSare as shown
in Fig. 4. All the samples exhibited aggregated photogy like wheat. But for
NSD-C, part of the long rod-like particles were dayed. All the samples showed

regular long ordered pore structure. The TEM imagfesamples demonstrated that



particles of nickel species were existed on thdasarof samples and the ordered

2D-hexagonal symmetry is observed.

Fig. 4. SEM and TEM image of calcined nickel based Al-SBAsamples with differerdrganic
template removal approaches.

The FTIR spectra of NSD, NSE, NSC2 and NSC1 afgimation or reduction
are shown in Fig. 5. All samples after calcinatexhibited peaks at 1630, 962, 800,
575, 466 crit,as well as broad bands at 1091 and 1221.cfhe peak appearing at
1630 cni was attributed to the vibration of hydroxyl baridsadsorption water [49].
A broad band appearing at 1091 teoupling with a shoulder peak at 1221 tmas
due to the asymmetric stretching vibration of S80{49]. The reason for the
appearance of the band at about 962" ésnstill in dispute. It was reported that this
peak was caused by the part asymmetry of the framedue to the existence of
defects [50]. A strong shoulder peak indicated siametry of the framework was
decreased. The peak appearing at 962 smNSD-C and NSD-R was significantly
stronger than that in the other three samples. petak appearing at ~800 ¢rwas

caused by the intrinsic symmetric stretching vilrabf the TQ containing Al and Si



[35, 49, 51]. The band appearing at 575"camd 466 cni was attributed to the
bending vibration of Si-O [49]. It can be seen fréig.5 that the band appearing at
1630 cn* was significantly decreased after reduction of @amwhich indicated that
adsorption water in samples was further removeat afiduction. No other difference

was observed for these samples before and aftectied.
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Fig. 5. FT-IR spectra of 16 % Ni based AlI-SBA-15 obtaingith different organic template
removal approaches: (a) represents Ni/Al-SBA-15@aematfter calcination and (b) represents
Ni/Al-SBA-15 after reduction.

The?°Si MAS-NMR spectra of SC1, SC2, SE and SD are showig. 6. In the
295 MAS-NMR spectra, three resonances at about -900 and -110 nm were
obtained for all the samples, which can be ascribed®, Q; and Q sites,

respectively. n in Qrepresents the number of the adjacent silicon sitamich are



linked with oxygen bridge. The chemical shift of @nged from -100 to -106 nm,

which was probably resulted from two structure sinitcluding Si(OSp(OAI) and

Si(OSip(OH) for AI-SBA-15 [43]. The chemical shift of £at around -90 nm was

corresponded to structure units including Si(Q8MH),, Si(OSix(OAl), or

Si(OSiR(OAI)(OH) [52]. The?*Si MAS-NMR spectra of NSC1 and NSC2 are very

similar. However, for sample SE and sample SD,citvecentration of @sites was

increased. Based on the Si/Al ratios obtained by XiRcan deduced that much more

Si(OSik(OH) and Si(OSHOAI)(OH) or Si(OSi}OAl), existed in SE. Moreover,

part of SD structure was destroyed and much m&gOSik(OH) was formed.
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Fig. 6.2°Si MAS-NMR spectra of Al-SBA-15 samples after rerabof template.

3.2. Performance of eugenol hydrodeoxygenation over Ni/Al-SBA-15

The reaction results of eugenol hydrodeoxygenatiear Ni/Al-SBA-15 with

different organic template removal approaches laogva in Fig. 7. The conversion of

eugenol after reaction was nearly 100 % for allrgraction. Four products, including



4-propyl-guaiacol, propylbenzene, 4-propyl-hexané methanol, were obtained over
NSC1-R, NSC2-R, NSE-R and NSD-R, respectively. dves, the selectivity of

each product varied significantly with the type cditalysts. The selectivity of
4-propyl-hexane was in the order of NSE-R>NSC2-REMR>NSD-R. The highest
selectivity of 4-propyl-hexane was obtained whemgNSE-R as catalyst, which
was about 89.87 %. The lowest selectivity of 4-gtdexane was 3.96 %, which was
obtained when using NSD-R as HDO catalyst. Thecteity of 4-propyl-guaiacol

was in the order of NSD-R>NSC1-R>NSC2-R>NSE-R. Galy propylbenzene was
produced for all the reactions over different Ni#BA-15 catalysts. The results
showed that high hydrocarbons were obtained dunmyjodeoxygenation process by
using NSE-C as catalyst. A higher hydrocarbon s$elec was obtained by the

hydrodeoxygenation over NSC2-R than that over N8CIFhis indicated that

two-step calcination was more effective than thredicalcination process in template
removal and was much more suitable for the hydnoglgenation process. Through
physiochemical analysis, it can be concluded thexttec heating digestion method

was not suitable for the template removal of Al-SB&
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Fig. 7. Eugenol hydrodeoxygenation on Ni/Al-SBA-15 witHfelient organic template removal

approaches.

4. Conclusions

Three kind of template removing methods were inioadl, including calcination,
solvent extraction and electric heating digestidine effects of these template
removing methods on the physiochemical charactwizaf Ni/Al-SBA-15 and the
corresponding hydrodeoxygenation activities wergegtigated. In terms of specific
area, samples were in the order of NSC2-C>NSC1-@>NSNSE-C. NSC2-C had
the largest BET specific surface area, which wasiab19 ni/g. NSC1-C, NSC2-C
and NSE-C had similar mesopore diameter, which alasut 6.1 nm. While for
NSD-C, the mesopore diameter was increased to 68NSC1-C, NSC2-C and
NSE-C had similar wall thickness, which was abo2f21nm, while NSD-C had a
decreased wall thickness, which was about 11.62 Ihamt of the ordered pore

structure in NSD-C was destroyed after removalhef érganic templates by using



electric heating digestion methothe selectivity of each product varied with thpeyof
catalyst. Results showed thidite selectivity of 4-propyl-guaiacol was in the erdf
NSD-R>NSC1-R>NSC2-R>NSE-R. The results showedhigit hydrocarbons were
obtained during hydrodeoxygenation process by ubiS8§-C as catalyst. Two-step
calcination was more effective than the directicalton process in template removal
and was much more suitable for the hydrodeoxygengtrocess. Electric heating
digestion method was not suitable for the tempiateoval of Al-SBA-15.
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» Physicochemical properties of Al-SBA-15 were notably impacted by template
removal approaches

» Template removal approaches can affect the catalytic activity of Ni/Al-SBA-15

» Eugenol hydrodeoxygenation over Ni/Al-SBA-15 was investigated

» Two-step calcination method for AI-SBA-15 template removal was more

effective
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Physicochemical properties of AI-SBA-15 were notably impacted by template removal
approaches and two-step calcination method for AI-SBA-15 template removal and eugenol
hydrodeoxygenation was more effective.



