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Abstract:A series of Ni catalysts supported on Silica extracted from rice husk are prepared by wet
impregnation method with variable Ni content ranging from 5 to 40wt% have been tested for the hydro-
cyclization of levulinic acid to y-valerolactone in vapour phase at atmospheric pressure. These catalysts have
been characterised by different techniques such as XRD, BET Surface area, Pore size distribution, TPR etc.
XRD pattern suggests that the structure of SiO, is intact even after incorporation of Ni. Pyridine adsorbed IR
patterns suggest that the incorporation of Ni creates Lewis acidity which is responsible for the dehydration of
4-hydroxy valeric acid (intermediate) to result y-valerolactone. Among all the catalysts, 30wt.%Ni-RHSiO,
gave good resultwith 85% yield and almost 91% conversion at 250°C in vapour phase at ambient conditions.
This high activity can be attributed to higher number of surface active Ni species and also due to the Lewis
acidity created by Ni.
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I.  Introduction

Biomass is a practically inexhaustible renewable source that can potentially facilitate the transition
from the exhaustible fossil fuels [1]. Hence, there is a need to search for alternatives such as other than coal,
natural gas and petroleum reserves. Since last three decades R&D focus is projected on biomass. The fourth
most abundant renewable source is the biomass, which is providing 14% of energy to the society globally.In
this aspect, utilisation of biomass and/or biomass derived derivatives is promising not only due to the dwindling
of fossil fuels but also the stringent regulations on the composition and quality of the transportation fuels.
Among the biomass derived chemicals, levulinic acid (LA) is an important chemical that has been classified as
the top 12 promising attractive chemicals [2, 3]. It can be produced by acid hydrolysis of cellulose[4], furfuryl
alcohol [5] and as byproductin paper industry[6]. Moreover, LA is considered as an important intermediate for
the production of commodity products by different methods such as oxidation [7], reduction [8], condensation
[9], reductive amination [10,11] and esterification [12]. Among all these processes, reduction gave plenty of
useful chemicals, fuels and fuel additives.

Accordingly, reduction is accomplished by two different methods such as formic acid as a sole
hydrogen source [13-17] and H2 as an external hydrogen source [18-23]. To date, most of the reports were
observed by both homogeneous [24-25] and heterogeneous catalysts [26] at high pressures in presence of
solvents in batch and vapour phase conditions. Despite the use of solvents, high pressures and recovery of
catalyst is still a challenging task. However, very few reports were cited in the literature for the vapour phase
hydrogenation levulinic acid using noble metals and non-noble metal as catalysts by using 1, 4-dioxane as
solvent.To avoid the separation of solvent from the product and unreacted reactant, new and innovative
approaches are needed for the green production of fuels. In this connection, we have carried out the LA
hydrogenation in vapour phase under solvent free conditions at atmospheric pressure to produce Y-
valerolactone, which has lot of applications as fuel andfuel additive[27-32]. These fuels have an advantage of
low net emissions of global warming gas, CO, due to the utilisation of CO, by plant kingdom via
photosynthesis to produce biomass again.

SiO, based supports are reported for the hydrogenation reactions. Among the SiO, based supports will
have ordered mesoporous silica materials owing to their remarkable properties such as high surface area,
thermal stability, and uniform pore size (46-300 A). This high surface area and uniform pore size of silica
facilitates the high metal dispersion even at high loadings without destroying the structure of the silica matrix
[33-39]. Rice husk, an agro waste material, contains about 20% ash which can be retrieved as amorphous,
chemically reactive silica. This silica finds wide applications as filler, catalyst support, adsorbent and a source
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for synthesizing high performance silicon and its compounds. Various metal ions and unburnt carbon influence
the purity and color of the ash. Controlled burning of the husk after removing these ions can produce white
silica of high purity. India produces around 25 million tons of rice husk as widely available waste. From silica
ash composites it is understood that characteristics such as a fine particle size (<50 micron) and high reactivity
due to its irregular shape, porosity and presence of surface hydroxyl groups,it can be used as support. With open
air burning, a variety of silica ash can be produced with acceptable level of carbon impurities [40]. Amorphous
white (low-carbon) silica ash is obtained at temperatures above 500°C and depends on the time and the
temperature of combustion [41].Amorphous silica of high purity, small particle size and high surface area has
tremendous potential as an adsorbent and catalyst/support in fine chemical synthesis. In order to prepare
amorphous silica of high purity, treatment of the husk with chemicals before and after combustion was
attempted by various researchers.The present study is focused on extraction of SiO, from Rice Husk, activity
studies of Ni-RHSIO, catalysts for conversion of Levulinic acid to y-valerolactone and correlation of catalytic
performance of these catalysts with their characteristic results.

Il. Experimental

2.1 Extraction of Silica from rice husk

First, 10 g of pyrolytic rice husk char were pretreated with 200 ml of HCI (1 M) to remove most of the
impurities and to improve the purity of the silica. The char was introduced in a flask and the suspension was
boiled for 3 h under reflux condenser and vigorous stirring. Then, the suspension was filtered and the solid was
washed with distilled water until neutral pH. Finally the char recovered was dried for 15 h at 120 °C. The next
step was to remove the silica with a 15 wt. % Na,COj3 solution. The char and 200 ml of this solution were
introduced in a flask and boiled for 4 h under reflux condenser. The suspension was filtered and the precipitate
was washed with distilled water until the pH becomes neutral followed by drying at 120°C for 24 h. The
precipitate is the resulting carbon material from which activated carbon materials can be prepared chemical
activation process. The filtrate is a solution of sodium silicate, which was subjected to a carbonation process in
order to recover the silica. Thus, the solution was heated to around 80°C under continuous flow of carbon
dioxide. After 1 h, the carbon dioxide flow was stopped and the solution was cooled down. Finally, the silica
precipitate was filtered and dried at 120°C for 24 h and labelled as RHSiO,.

2.2 Catalyst preparation

Silica extracted from rice husk from above procedure is used as support for preparation of Ni catalysts.
Ni/RHSIO, catalysts with various loadings of the Ni were prepared by wet impregnation method. An aqueous
solution containing requisite amount of Ni(NOs), 6H,0 salt was added to the silica support particles taken in a
beaker and heated on a hot plate at 80°C to remove the excess water. The prepared solid mass was dried for
12 h at 100 °C and then calcined at 400 °C for 4 h in air. The catalysts so prepared were designated as xNi-
RHSIO, where x represents the loading of Ni in wt. %.

2.3 Catalyst characterisation
All the above catalysts are characterized by XRD, BET method, FTIR, Py-FTIR, TPR.
2.4 Activity studies

About 1g of the catalyst particles were sandwiched between the two quartz wool plugs placed at the
middle of a fixed bed tubular reactor made up of glass. Prior to the reaction, the catalyst was reduced in a H,
flow for 4h at 500°C. The reaction was carried out in the temperature range of 250-295 °C with a liquid feed
flow rate of 1 ml h™ using H, as carrier. The reaction products were collected at regular intervals of temperature
in an ice cooled trap and analyzed by a Flame lonization Detector (FID) equipped gas chromatograph, with OV -
1 capillary column (30 m length, 0.53 mm id).

I11. Results and discussion

3.1 Surface Area and Pore size

The surface area and average pore size of the samples are illustrated in Table-1. The surface area of
RHSIO,is 595.2 m?/g and pore size is 3.12 nm. However, there is a notablechange is observed in surface area
from 595.2 to 345.6 m?/g and there is no much variation in pore size after loading of Ni on silica.Variation of
surface area and pore volume is observed as the Ni loading increases from 5 to 40 wt% which is due to
agglomeration of Ni particles leading to the pore blockage. The pore sizes of Ni incorporated RHSiO,are in the
range of 2.87-3.11 nm which in agreement with the reported results. As can be seenfrom the XRD, there is no
ample change in structural properties of RHSIO, which clearly indicates that the basic structure of SiO, frame
work is intact even after Ni loading.

3.2 XRD studies
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The XRD patterns of reduced catalysts are displayed in Fig.1. Sharp diffraction peaks of metallic Ni at 20
values of 44.2, 53.0 and 78.0 can be seen in XRD patterns of reduced catalysts.
As percentage of Ni increases the intensity of nickel peak increases.

3.3 FT-IR Studies

The FT-IR patterns of the all the catalysts are shown in Fig.2. For RHSIO, and various loadings of
Nion RHSIO, catalysts, the bands at 3734, 3600-3200 and1624cm™ respectively are attributed to isolated,
hydrogen-bonded surface silanol groups and adsorbed water molecules respectively which are in agreement
with literature [42, 43]. In these materials, the typical Si-O-Si bands around 1078, 812 and 457 cm™ associated
with the formation of a condensed silica network are present. The siloxane — (SiO)" peak appears as a broad
and strong peak in the range 1000-1200 cm™. The strong bands at 1076,1050 cm™ are attributed to the Si-O-Ni
which are in agreement with the earlier reports[44].

3.3.1 Pyridine adsorbed FTIR studies

FTIR analysis of adsorbed pyridine is an excellent technique to discriminate nature of acid sites
present in the catalysts (i.e., Bronsted and Lewis acid sites) [45]. It can be seen from the Fig.3 that all samples
exhibited a prominent peak at around 1638 cm ™, which can be attributed to the pyridine adsorbed on Bronsted
acidic sites [46]. It can be seen from the Fig.3 that all samples exhibited IR bands at 1490 and 1455cm * which
can be due to the pyridine adsorbed on combination of Bronsted& Lewis acidic sites and Lewis acidic sites,
respectively. It is obvious from the figure that all the prepared catalysts exhibit more number of Lewis acid sites
accompanied by very low number of Bronsted acid sites. The presence of Lewis acidic sites is helpful to
promote the dehydration.

3.4 TPR studies

Temperature Programmed Reduction (TPR) experiments were carried out in order to explore the extent
of reducibility of nickel species and the metal-support interactions [47]. Fig.4 shows the reduction profiles of
calcined supported nickel catalysts. It is well known that nickel catalysts supported on rice husk extracted silica
(RHSIO,) showed different reduction patterns depending on the nature of interaction between nickel oxide and
silica support. Bulk nickel oxide gets reduced at around 400°C [48]. The peak at a Tmax of 450°C can be
ascribed to the typical reduction peak of Ni** to NiO that interacts strongly with silica. The shoulder peak at
higher temperature can be assigned to the reduction of nickel oxide that can be very strongly interacted with the
silica.

3.5 Catalytic activity

The effect of Ni loading on the activity is shown in Fig.5.At 250°C and 1 atm pressure, 5Ni-RHSIO,
shows 75% conversion of levulinic acid in to gamma velerolactone. As metal loading increases the conversion
also increases and reaches to 91% over 30Ni-RHSiO,catalyst thereafter a slight decrease in conversion was
observed on 40Ni- RHSIO, which is due to increase in the intensity of Lewis acidity shown in Fig.3.Increase in
lewis acidic nature on catalysts helps in cyclisation as well as dehydration reactions. The selectivity to GVL is
independent of Ni particle size, but depends on the number of surface Ni species and also Lewis acidity. The
uniform porosity of RHSIO, through which the reactant/product molecules can easily be passed through the
pores is the main reason to show good yields towards products. The stability of catalyst 30Ni-RHSiIO, which
has shown 91% conversion is also studied for 30 hrs. It is observed that the catalyst is showing almost constant
performance up to 24 hr. and later marginal decline is observed in conversion of levulinic acid which may be
due to coke formation.
IV. Figures & Tables
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Fig.1 XRD patterns of reduced catalysts (a) 5Ni-RHSiO, (b) 10Ni-RHSIiO; (c) 20Ni-RHSIiO,

(d) 30Ni-RHSIO; (e) 40Ni-RHSIO,
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Fig.2 FT-IR patterns of (a) RHSIO, (b) 5Ni-RHSIO, (c) 10Ni-RHSIO, (d) 20Ni-RHSIO,
() 30Ni-RHSIO, (f) 40Ni-RHSIO,
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Fig.3 Pyridine absorbed FT-IR patterns (a) RHSIO, (b) 5Ni-RHSIO, (c) 10Ni-RHSIO, (d) 20Ni-RHSIO,
(e) 30Ni-RHSIO, (f) 40Ni-RHSIO,
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Fig.4  TPR profiles of (a) 5Ni-RHSIO, (b) 10Ni-RHSIO, (c) 20Ni-RHSIO; (d) 30Ni-RHSIO, (¢) 40Ni-
RHSIO,
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(Reaction Conditions: Weight of the catalyst=1 g, Temperature = 250 °C, Pressure=1 atm, Levulinic acid =1 ml
h, carrier gas (H,) =1800 ml h%)
Fig.5 Effect of Ni loading on the activity of the levulinic acid hydro-cyclisation over Ni-RHSiO, catalysts.

Table-1 Surface area and pore size of Ni-RHSIO, catalysts

S.No. | Catalyst Surface Pore
area(m?g) | Size (nm)
1 RHSiO, 595.2 3.12
2 5Ni-RHSIO; 474.2 3.04
3 10Ni-RHSIO, 452.1 2.98
4 20Ni-RHSIO, 411.8 3.11
5 30Ni-RHSIO, 398.6 3.05
6 40Ni-RHSIO, 345.6 2.87

V. Conclusions
The manufacture of silica from rice husk ash works out to be very cheap and cost effective as the main raw
material, the rice husk can be obtained at low cost. Activated carbon obtained as the byproduct has a good
market value.
A general procedure is outlined for silica precipitation and activated carbon from rice husk.
Ni-RHSIO, is the inexpensive and environmentally benign catalyst for the production of gamma
velerolactonefrom hydrogenation of levulinic acid at atmospheric pressure under solvent free conditions.
The present results disclose that Ni-based catalysts on rice husk extracted silica are economically viable and
alternative to the expensive noble metal catalysts for the hydrogenation of levulinic acid.
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