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Ni-based catalysts supported on a-Al,O3 and SiO, were synthesized using the wet impregnation method. Glyc-

erol dry reforming to produce hydrogen (H,), carbon monoxide (CO) and methane (CH,) was carried out in a

GRAPICAL ABSTRACT

tubular reactor at 973 K under atmospheric pressure. The catalysts were characterized using X-Ray Diffraction,

Bruneuer-Emmet Teller surface area, Thermogravimetric Analysis, temperature-programmed reduction and
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Scanning Electron Microscopy. Ni/Al,O; gave higher glycerol conversion and H, yield (14.46% and 9.82%
respectively) compared to Ni/SiO,. The better performance was due to the smaller crystallite size and higher
specific surface area of Ni/Al,O; compared to Ni/SiO,. In addition, the structure of Al,O; also improved the
ot Wi activity and the stability of this catalyst, by creating a platform for uniform metal dispersion as well as inhibition
of carbon deposits. The encapsulating carbon and filamentous carbon deposits could be observed on Ni/Al,O5
and Ni/SiO,, respectively, which can be easily removed through oxidation.
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1. INTRODUCTION

Renewable energy such as biodiesel in particular have been
gaining attention as alternative energy sources due to the de-
pletion of fossil-based resources, rapid increase of oil demand
and significant contribution of conventional fuel to the green-
house effect. Biodiesel possess several advantages compared
to conventional diesel i.e. apart from biodiesel being a renew-
able energy source with lower carbon emissions, biodiesel
contains no sulphur and aromatic substances [1].

Biodiesel is produced through the transesterification
of triglyceride and approximately 10 wt% of crude glycerol
constitutes the total product [2]. The abundance of glycerol
worldwide resulting from the high demand in biodiesel pro-
duction has led to the discovery of viable alternatives to uti-
lize glycerol as a feedstock. One of the ways is the production
of hydrogen (H2) and syngas (H2: CO) through gasification
and catalytic reforming of glycerol. Syngas is widely used as
an intermediate in producing synthetic natural gas, petro-
leum, ammonia and methanol [3, 4]. The most common
method to produce H, and Hy: CO is steam reforming. How-
ever, compared to dry reforming of methane, this method re-
quires high-energy consumption in order to obtain optimum
reaction conditions and products yield [3]. The glycerol dry
reforming process is considered as an attractive process be-
cause it converts CO,, which is a greenhouse gas into a syn-
thesis gas and simultaneously removes it from the carbon bi-
osphere cycle [5].

Wang et al. (2009) pioneered the glycerol dry reform-
ing study by conducting a thermodynamic analysis using the
Gibbs energy minimization method. From their study, it was
found that H,, CO, CO,, CHa4, H20 and carbon (solid deposi-
tion) are the likely products of the process [5]. In addition,
atmospheric pressure is preferable for the system due to the
high H, concentration produced at lower pressure and also,
higher pressure promotes the formation of side reactions [6].

Moreover, CO, conversion increases with the increase of re-
action temperature. At 1000 K and CO2: glycerol molar ratio
of 1:1, 100% conversion of glycerol was achieved with max-
imum production of syngas, where 6.4 moles of syngas was
produced per mole of glycerol [5].

Lee and co-workers focused on the synthesis and char-
acterization of Ni-based catalyst supported on different ox-
ides (cement clinker and alumina) for glycerol dry reforming.
In their study, lanthanum was incorporated as a promoter to
enhance the performance of the catalysts. The reaction suc-
cessfully produced H,, CO, CH, and trace of gases, with Hy:
CO ratio 2.0 suitable for Fischer-Tropsch synthesis. The
maximum glycerol conversion and H; yield were achieved at
the best reaction conditions of 1:1 molar ratio of CO3: glyc-
erol, atmospheric pressure and reaction temperature higher
than 973 K [7-11].

Undoubtedly, the selection of suitable catalyst is cru-
cial in catalytic reforming process. Although Pt and Pd are
often used in many reforming activities, Ni-based catalyst is
more practical due to its abundance and low cost. However,
these catalysts are also known to favor the deposition of car-
bon (coking), which may reduce the performance of the cat-
alysts. The coking problem of Ni catalyst could be overcome
by supporting the nickel with oxides or introducing metal
promoter into the catalyst structure. This alternative could
promote H, production and improve the durability of the cat-
alyst. In addition, it will simultaneously reduce the carbon
deposition on the active surface of the catalyst.

Alumina has been widely used in many reforming
studies as catalyst support due to the nature of alumina that
provides high specific surface area, mechanical strength and
stability. y-alumina is often used in many reforming studies
due to these characteristics. However, a-alumina is the most
stable type of alumina (a-Al2O3) and it is the final product of
thermal or dehydroxylation treatments of hydroxides [12].
Furthermore, according to Ross et al. (1996), a-Al,O3 also
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has high mechanical and thermal stability. Silica has the sim-
ilar characteristic with alumina in term of the amphoteric be-
haviour. However, compared to alumina, silica is weak in
acidity [13].

From previous literatures, to the best of our
knowledge, both catalysts support have not been used in any
dry glycerol reforming reaction. Therefore, this paper aims to
study the performance of Ni catalyst impregnated on both
supports. It will focuses on CO; dry reforming of glycerol
over Ni-based catalyst supported on a-Al,O3 and silicon ox-
ide (SiO2) at 15wt% Ni-loading. The characterization and re-
action studies for both catalysts were carried out to determine
the best performing catalyst for the production of syngas.

2. EXPERIMENTAL

2.1  Catalyst preparation

Prior to the synthesis using the wet impregnation method,
alumina (Acros Organics, 99% purity) and silica (Acros Or-
ganics, 99% purity) was ground, sieved to 250 pum particle
size and calcined at 1073 K for 6 h, with ramping rate of 5 K
minL. These procedures were employed to remove the impu-
rities and avoid the phase transition associated with at high
temperature during reforming process. The calcined oxide
supports were then impregnated with an aqueous solution of
Ni (NO3)2.6H20 (Acros Organics, 99% purity) of 15 wt %
Ni-loading. The solutions were stirred for 3 h at ambient tem-
perature, dried overnight in the oven at temperature of 373 K.
During the drying process, the slurries were manually stirred
every 1 h for the initial 6 h using a glass rod to avoid particle
agglomeration. The dried compound was calcined in the fur-
nace at 773 K for 5 h employing heating rate of 5 K min™%.
The catalysts were cooled down, ground and sieved using 150
pm sieve size.

2.2  Catalysts characterization

The surface structure and morphology of the catalysts were
analyzed by using Scanning Electron Microscopy (SEM)
JOEL.JSM- 7800F model. Brunauer-Emmet-Teller (BET)
analysis was carried out using Thermo-Scientific Surfer to
determine the specific surface area of the calcined catalysts.
X-Ray Diffraction (XRD) analysis was conducted using
Rigaku Miniflex 1l to obtain crystalline structure of the cata-
lysts. The analysis was carried out using CuKa radiation (A =
1542 A) at 15 mA and 30 kV. The scan rate was 1° min~' for
20 range of 10° - 80°. The crystallite size was calculated us-
ing Scherrer equation represented in Equation 1 [14];
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M

where d is the crystallite size, A is the X-ray radiation (1 =
0.154 nm), B is the full-width at half maximum (FWHM)
and @ is half of diffraction angle. Thermogravimetric analysis
was conducted using the Q500-model thermogravimetry an-
alyser, with ramping rate at 10 K minL. The temperature-pro-
grammed reduction (TPR) profiles of the catalysts under H,-
blanket were carried out using Thermo Finnigan TPDRO.
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The ramping rate was fixed at 10 K min‘, increasing the tem-
perature from room temperature to 1173 K followed by 1 h
holding time. For TPD-NHj3, the sample was put in the tube
and pre-treated in an oven at room temperature. Prior to anal-
ysis, the catalyst was placed in reactor tube and heated under
helium gas at a flow rate of 30 ml/min flow until it reached
500 °C and immediately cooled to 100 °C. Then, the sample
was flowed with 3% NH; for 1 h and flushed with helium
again at the same condition. In this analysis, the heating rate
was set at 10 K min't with 1 h holding period. The tube was
subjected for the second pre-treatment and further subjected
to temperature raise up to 1173 K.

2.3 Dry reforming experimental work

Glycerol dry reforming was carried out in a stainless-steel
fixed bed reactor (ID = 0.95 cm; length 40 cm). The reaction
was conducted at 973 K and atmospheric pressure with CO,
to glycerol molar ratio of 1:1. The volumetric flow rate of
glycerol and CO, were fixed at 0.03 ml min and 100 ml min-
! respectively. Prior to reforming reaction, 0.2 g of the cata-
lyst was reduced at 973 K under 50 ml mint of H, for 1 h.
Glycerol (Fisher Scientific, 99.95% purity) was introduced to
the reactor using the HPLC pump. The outlet gases were
passed through a silica gel flask to absorb moisture content.
The effluent gas was collected using gas sampling bag. The
composition of syngas produced was analyzed using Agilent
6890 Series gas chromatograph equipped with thermal con-
ductivity detector and capillary column, HP-MOLSIV (30.0
m % 530 um x 40.0 um). The column was operated at 353 K
with Helium as a carrier gas, while oven temperature was
maintained at 393 K.

2.4  Reaction metrics

The catalyst performance was evaluated based on the glyc-
erol conversion and H; yield. The glycerol conversion to gas-
eous products was determined based on the atomic H-balance
and defined as shown in Equation 2:

2Fy, X 4F 2
Xg(%) = —2—4x100 @
8Fc, 1404
The yield of hydrogen is expressed as in Equation 3:
2F 3
Yy, (%)= == 2—x 100 ®)
C3HgO3

The yield of C-containing yield is expressed as in
Equation 4 (i = CO, CHy):

F.
————x 100 “)

C3HgO3

Yi(%) =

where Fy, and Fcy, represents the molar flow rate of hydro-
gen and methane product respectively while F¢_y, o, refers to
the molar flow rate of the inlet glycerol.
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3. RESULTS AND DISCUSSION

3.1  Characterization Study

Figure 1 shows the crystalline structures of the Ni/Al,O3 and
Ni/SiO; catalysts. The diffractogram peaks reveals that the
crystalline phase associated with NiO at 26 of 37.2°, 43.3°
and 62.8° were observed for both catalysts [7, 15]. The XRD
patterns for Ni/Al,O3 shows the thin and high peaks repre-
senting NiO and Al;Os. The peaks observed at 26 of 37.2°,
43.3° and 62.8° for Ni/Al,O3 catalyst was due to the for-
mation of NiAl,O4 species in the catalyst system. The char-
acteristic peaks of Al,Oj3 crystallites were observed at 25.6°,
35.1°, 37.7°, 52.6°, 57.5°, 61.1°, 66.5° and 68.2°. The low
intensity peak of NiO crystallites at 37.2°, 43.3°, 62.8°, 75.4°
and 79.4° for Ni/SiO, catalyst was indicative of low interac-
tion between Ni and silica support. SiO; peak appeared at 26
value of 21.5° and co-exist with NiO peaks at 37.2° and
62.8°. The metal particles size of Ni/Al,O3 and Ni/SiO; cal-
culated using the Scherrer equation were between 6.1 — 24.5
nm and 7.1 — 33.0 nm, respectively. The weak peaks indicate
the formation of small crystalline particles, which might
cover the active sites of the catalyst [7].
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Figure 1 XRD pattern for Ni/Al203 and Ni/SiOz (A-Al203, S-SiO2

and N-NiO)

20 40 100

Figure 2 Morphology structure of (a) Al203, (b) Ni/Al203, (c) SiO2,
and (d) Ni/SiO2 at 5000x magnification.

The morphology structures of the catalysts at 5000 x
magnifications are shown in Figure 2. The calcined Al,O3 and
SiO; in Figure 2(a) and Figure 2(c) reveal the smooth surface
of oxides with few crystallites formed. However, the surface
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of the oxide supports turned rough and bulky after impregna-
tion with Ni, due to the NiO crystallites formation on the cat-
alysts surface. From Figure 2(d), it can be seen that small par-
ticles covered the surfaces of SiOy, resulting in rougher sur-
face. This is due to higher Ni-loading that caused the agglom-
eration of NiO particles and the poor dispersion of Ni o and
the supports.

The structural properties of Al,Os, Ni/Al,Os., SiO;
and Ni/SiO; catalysts analyzed by N, physisorption are sum-
marized in Table 1. Generally, Ni/Al;,Os possessed higher
BET surface area compared to the Ni/SiO; since the surface
area of the parent support of Al,O3; was higher than SiO,. The
BET surface area of the support SiO; and Al;O; increased
after introduction of Ni. This was probably caused by Ni,
which contributes to a better dispersion of the particles. Sim-
ilar results were also found by Diaz et al. [16] and Guo et al.
[17]. The average pore diameter of Al,O3 and SiO, support
slightly increased upon the addition of Ni. This could be as a
result of the decomposition of Ni(NO3)..6H,0 after calcina-
tion leading to the formation of other porous structures. The
pore volume increased upon addition of Ni due to the ag-
glomeration of NiO species.

Table 1 BET surface area and pore volume of Al203, Ni/Al203,
SiO2 and Ni/SiOz.

Catalyst  Surface atrea  Pores volume Pores diameter
(m? g (cm® g1 &)
AlOz 0.85 0.00079 3695
NyALOs 6.34 0.01600 31.89
5102 0.40 0.00090 a0.09
NS0z 5.23 0.01130 20.24

TGA profiles of Ni/Al;Oz and Ni/SiO; presented in
Figure 3 shows three stages of weight loss between 300 and
600 K. The initial weight loss region noticed at 300 K to 400
K was due to the removal of water vapour from the catalysts
[18]. Consequently, weight loss was discovered between 400
and 500 K, indicative of the presence of two peaks which re-
sulted from the removal of H,O from Ni(NO3)..6H,0 as
shown in Equation 5.

Ni(N0O3),.6H,0 — Ni(NO3), + 6H,0 (5)
The third stage weight loss from 500 K to 600 K indicates the
decomposition of Ni(NOs), into NiO as in Equation 6. This
results agrees with the findings reported by Estelle et al [19].

(6)

Temperature programmed reduction (TPR) was con-
ducted to study the reducibility of the catalysts as well as to
determine the suitable temperature for catalysts activation
prior to reaction study. Figure 4 (a) shows the TPR profiles
of Al,O3; and Ni (15)/Al,03, respectively, while Figure 4 (b)
shows the TPR profiles of SiO; and Ni (15)/SiO,, respec-
tively. From Figure 4, the reduction peaks of Ni (15)/Al;03
can be found at 696 K. The peak indicates the reduction of
NiO to Ni° (refer to Equation 4.3) in which the interaction
between NiO and Al,Os is weak [20]. From Figure 4 (b), the
reduction peak for Ni (15)/SiO; is at 652 K and relates to the

Ni(NO3), = NiO + N, 05



Harun et al. / Malaysian Journal of Catalysis 3 (2018) 48-53

reduction of NiO to Ni° as well. This finding is consistent

with the findings of Acrotumapathy et al. [21].
NiO + H, - Ni + H,0 (7

0.5

— NilALO,
- Nifsio,

0.4 1

Derivative weight (mg/K)

-0.1

T T T T
300 400 500 600 700 800
Temperature (K)

Figure 3 TGA analysis of catalysts at 10 K min-! ramping rate in air
blanket.

Ni (15)/SiO; has lower reduction temperature com-
pared to Ni (15)/Al,03 which shows that Ni (15)/SiO, is eas-
ier to be reduced compared to Ni (15)/Al03; due to the
weaker metal-support interaction in Ni (15)/SiO, compared
to Ni (15)/Al,03 From the graphs, the designated temperature
of catalyst reduction was chosen to be at 873 K, since all NiO
species located on the catalyst surface were completely re-
duced to Ni° phase. In addition, the Al,O3 (cf. Figure 4 (a))
did not show any reduction peak which indicates that the re-
duction of pure oxide was difficult as a result of its stability
[22]. Similar trend was observed for SiO; in Figure 4 (b).
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Figure 4 H2-TPR profile of (a) Al203 and Ni/Al203, and (b) SiO2
and Ni/SiO2 catalysts at heating rate of 10 K mint.
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TPR profiles of Ni/Al,O3 and Ni/SiO; is represented
in Figure 4. The peak observed at 650 K and 700 K for both
catalysts were due to the reduction of NiO to Ni°. This finding
is consistent with the findings of Acrotumapathy et al. [21].
Ni/SiO; reduced at lower temperature and possessed lower
H, uptake compared to Ni/Al,Os. However, both catalysts
showed ability to easily reduce at relatively low temperature
due to the strong O, storage capacity in the catalyst. From the
analysis, it can be seen that the catalyst was completely re-
duced under H; flow at 750 K. Therefore, the reduction tem-
perature of catalyst was set at 750 K during the reaction stud-
ies.

Temperature programmed desorption (TPD-NH3) was
conducted to characterize the surface acid strength of the cat-
alysts post Ni impregnation. The acidity and basicity of a cat-
alyst influences the interaction between reactants, the oxide
and active metal sites. From the TPD-NHj3 analysis repre-
sented in Figure 5 (a) and Figure 5 (b), two distinct peaks
were detected at different desorption temperature for both Ni
(15)/Al,03 and Ni (15)/SiO,. The peak located at low desorp-
tion temperature range of 400 - 550 K belongs to the weak
acid site, whilst the second peak observed at higher tempera-
ture above 625 K can be attributed to the strong acid center.
For Ni (15)/Al,0s, the two peaks are located in weak acid
region, while the peak for Ni (15)/SiO2 belongs to both weak
and strong acid sites. The amount of NH; desorbed increased
from 541.55 pumol g to 4597.66 umol g* with the addition
of 15% Ni. It could be inferred that acid sites of the catalyst
increased with the introduction of Ni. Hence, Ni (15)/Al.0;
is more acidic compared to Ni (15)/SiO.. Interestingly, de-
spite it’s the amphoteric characteristic, silica has a weak
strength of acidity [17]. The total amount of NH3 absorbed
for Ni (15)/SiO, was 403.10umol g*. However, addition of
Ni still increased the acidity on the surface of the catalyst,
probably due to the ability of Ni to attract water and produce
more acidic sites on the catalyst surface.

@
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Figure 5 Temperature programmed desorption (TPD-NHs3) profiles
of (a) Ni/Al20z and (b) Ni (15)/SiO2

600 630 700
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3.2 Reaction Study

The glycerol dry reforming was conducted in a fixed bed re-
actor at 973 K, for 3 h, in a 1:1 CO; to glycerol ratio under
atmospheric pressure. Prior to the glycerol dry reforming, the
blank run was carried out in the empty reactor at 973 K, CO,:
C3HgO3 (CGR) of 1:1 under atmospheric pressure for 3 h. N2
as carrier gas was fed into the reactor to achieve total flow
rate of 120 ml mint. The GC analysis was used to detect H,
and CO in the product stream, indicative of the decomposi-
tion of glycerol at the selected operating reaction conditions.
Although, it is inevitable to eliminate the side reactions when
operating at high reaction temperature, the glycerol conver-
sion and H; yield obtained from the blank run test gave lower
values (2.3% and 0.9%, respectively) compared to the glyc-
erol conversion and H; yield obtained using catalysts. Hence,
any improvement on the glycerol conversion and H2 yield
during glycerol dry reforming with the presence of the Ni-
based catalyst was due to the physicochemical properties and
efficiency of the catalyst.

30

s 15%NALO,
25 1 . 15% Ni/SiO,
?20' -
= 15 4 .
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=
(@] v v
5 v v v v
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Figure 6 (a) Glycerol conversion and (b) Hz: CO products ratio over
catalysts for 3 hours reaction time [Reaction conditions: T=973 K,
P=1 atm and COz: Glycerol of 1:1]

Figure 6(a) shows the glycerol conversion over
Ni/Al,O3 and Ni/SiO; for 3 h time on stream. For both cata-
lysts, the glycerol conversions increased for the first 0.5 h and
stable after 1.5 h of reaction. This can be ascribed to the dep-
osition of carbonaceous species on the catalyst surface upon
breakage of C - C bond in glycerol. The glycerol conversion
over Ni/Al,03 is much higher than Ni/SiO, with the value of
14.46% and 6.94%, respectively. This result is attributable to
the higher surface area of Ni/Al,O3 which provides a better
interaction between Ni active sites and glycerol during the
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reaction. Furthermore, the presence of small particles in
Ni/SiO; as disclosed in the XRD analysis resulted in catalyst
blockage and lowered the reactant conversion. Hy: CO ratio
over both catalysts were presented in Figure 6 (b). A low Hz:
CO ratio is preferable for some processes such as the produc-
tion of aldehydes [7].

The gaseous products yield i.e. H,, CH4 and CO ob-
tained over Ni/Al,O3 and Ni/SiO; catalysts are shown in Fig-
ure 7. The Hy yield of Ni/Al,O3 (9.82%) is higher compared
to Ni/SiO (3.27%). It can be deduced that from the figure,
CHy, yield is apparently lower than the yield of H, and CO in
the consecutive run. These results might be due to the contri-
bution of CH4 in deposition of carbonaceous species during
the reaction. Similar observation was reported by Jeong and
Kang (2010) where CH,4 was formed via dehydrogenation of
glycerol which at the same time contributes to the deposition
of carbonaceous species [23]. CO yield is in excess for both
the catalysts, approximately 4 times the yield of H..

35

20 | = H, n
== CO
25 | | = CH,
gzof
k]
£ 15 -
10 {
5,
L m Blm

15% N/ALO, 15% NiSio,
Catalysts
Figure 7 Hydrogen, methane and carbon monoxide yield [Reaction

conditions: T=973 K, P=1 atm and CO2: Glycerol of 1:1]

3.3 Characterization of Used Catalyst

TPO analysis was conducted to evaluate the amount of coke
deposition on the surface of used catalysts for the post-reac-
tion of glycerol dry reforming. The profile represented in Fig-
ure 8, shows increased in catalysts' weight during the TPO
analysis symptomatic of the formation of carbon oxidized on
the catalyst surfaces. Similar observation was reported by Wu
and Williams [24] and Wu et al. [25]. The oxidation peak for
Ni/Al,O3 at 793 K can be linked to the formation of encapsu-
lated carbon on the catalysts surface [25]. Although, catalytic
reaction study of Ni/Al,Os resulted in higher glycerol conver-
sion and H, yield. Interestingly, Ni/SiO; had lower coke dep-
osition likely due to the type of carbon deposited on the cat-
alyst’s surface (filamentous carbon). The formation of fila-
mentous type of carbon at 848 K for Ni/SiO; can be related
to the formation of carbon nanotubes, which usually occur at
883 K [24].

The SEM result reveals the presence of carbon deposit
on the catalysts. Two types of carbon deposit; encapsulating
carbon and filamentous carbon, represented in Figure 9 were
captured. In addition, Figure 9 (a) representing the spent
Ni/Al,O3showed that the solid carbon formed small particles,
which encapsulated the active sites of the catalysts. Figure 9
(b) shows the whisker-like or filamentous type of carbon de-
posit found in Ni/SiO,. As revealed in the TPO analysis, the
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encapsulated carbon in Ni/Al;O3; was formed at higher tem-
perature compared to filamentous carbon in Ni/SiO, Com-
pared to filamentious carbon, encapsulated carbon have the
higher risk to affect the catalyst stability as it might cover the
active sites of the catalyst [26]. The large catalyst particles of
SiO, contributes to the formation of encapsulated carbon
while small catalyst particles contribute to the formation of
filamentous carbon on the spent catalyst surface [27]. As re-
ported by De Oliveira-Vigier et al., filamentous carbon pos-
sess metal particles on its tip during reaction [28]. The carbon
deposit on the catalyst surface could also contribute to the ex-
planation of the superior catalytic activity of Ni/Al,O3; com-
pared to Ni/SiO.

Derivative weight (% K™%)

300 00

Temperature (K)

900 1100

—— Ni(15V/ALO; - = = Ni(15)/$i0,

Figure 8 TPO results of spent catalysts at 10 K min! ramping rate
in air blanket.

Figure 9 SEM image of the spent catalyst at 30,000x magnification.
(a) encapsulated carbon deposition (b) filamentous carbon

4.0 CONCLUSION

From the experimental analysis, glycerol dry reforming
successfully produced syngas (Hz: CO) with H,: CO ratio less
than 1 which is suitable to be utilized in the production of
chemicals such as aldehydes. The glycerol conversions over
Ni/Al,O3 and Ni/SiO, were 14.46% and 6.94%, respectively.
Ni/Al,O3 gave the optimum glycerol conversion and H; yield
of 14.46% and 11.45%, respectively. The performance can be
linked to higher BET surface area of Ni/AlOz as compared
to Ni/SiO,. XRD analysis revealed that small NiO particles
were formed on Ni/Al,O3. SEM analysis showed evidence of
the formation of NiO particles on the surface of fresh catalyst
that indicates the presence of active sites of the catalyst. The
morphology captured via SEM images showed the formation
of small particles on the catalyst support, well dispersed on
the Ni (15)/Al;0s. In addition, Ni (15)/SiO, showed the
encapsulation of Ni particles on the support which minimised
the catalyst surface area. Both catalysts possessed similar
behaviour in the TPC analysis, which indicates that the metal
precursors in both catalysts can be decomposed at
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temperature around 773 K. From TPR analysis, Ni
(15)/Al,03 has stronger Ni and support interaction than Ni
(15)/Si0,, thereby leading to better reducibility of
Ni(15)/SiO, at lower temperature. Although Ni(15)/SiO; has
lower acidity compared to Ni (15)/Al,03, the reactivity was
also relatively lower. The deposition of encapsulated carbon
on the catalyst surface was not severe, as the glycerol
conversion and product yield remain consistent throughout
the reaction time.
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