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ABSTRACT

This study focused on the synthesis of nickel - aluminium oxide support (Ni-Al,O3) nanocatalyst by wet
impregnation method. The catalyst yield of 86.00 % was obtained at temperature of 400 °C for 3 hours after
calcination. The catalyst was characterized to determine the thermal property, Morphology, crystalinity, pore
volume/particle size and surface area using TGA, SEM/EDX, XRD, DLS and BET respectively. Results
obtained revealed that the catalyst produced has an average particle size of 82.24 nm. It was highly crystalline
with BET surface area of 428.352 m%/g, pore size of 0.2817 A and pore volume of 0.1779 cc/g. Analysis of the
results also shows that the catalyst developed is thermally stable with about 0.5% wt loss at 800 °C, which
makes the catalyst suitable for CNTs production. The catalyst developed was used to produce carbon nanotubes
at operating temperature of 600 °C with argon flow rate of 30ml/min, acetylene flow rate of 300 ml/min and
production time of 55 minutes. The results obtained revealed that the yield of 135 % was obtained. The CNTs
produced was characterized and the results shows that the produced CNTs is thermally stable with BET surface
area of 833.64 m?/g, pore volume of 0.3286 cc/g and pore size of 0.3148 A. This study demonstrated that
employing Ni-Al,O3 nanocatalyst provides suitable route for efficient low temperature production of CNTs.
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1 INTRODUCTION

chemical, electrical, thermal and mechanical

Since its discovery, Carbon nanotubes (CNTs) has
continued to attract research interest worldwide.
After its discovery by Sumio lijima in 1991, this
novel nanostructure material has gained recognition
due to its wonderful physical properties that makes
it suitable for many unique applications (Toussi et
al., 2011) in many fields of engineering. CNTs are
nanoscale carbon structure that could be described
as graphene sheets rolled up into the shape like of a
cylinder (Bondi et al., 2005) with one end covered
with hemisphere of the fullerene structure (Arranz-
Andréas and Blau, 2010). Regardless of the type of
CNTs which are single walled carbon nanotube and
multiwalled carbon nanotube (Werner and Andreas
2004); they generally have common methods of
synthesis. Owing to its many intriguing properties,
the production of CNT has turn out to be a
significant subject of worldwide research. Carbon
nanotubes (CNTs) are especially promising over
various existing materials inferable from their
interesting unique/ anisotropic  extraordinary
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properties (Afolabi et al., 2014) that have caught
creative energy of scientists globally since their
revelation by Sumio Iijima in (1991). Owing to these
remarkable electrical properties and very
extraordinary thermal conductivity, CNTs was
utilized for energy storage, functional fillers in
composites  field-emission  displays, some
biomedical devices and electronics (Muhammad et
al., 2011; Ajayan, 2001; Baughman et al., 2002).
Additionally, CNTs have great flexible moduli
(>1TPa), huge expandable straining length equal to
5 percent, with huge breaking strain up to 20 percent
(Esfarjani, 2013). It’s their outstanding mechanical
properties may conceivably pilot an excess of many
uses. For instance, with their noteworthy stiffness
and strength and adding to the advantage of
lightness, standpoint prospect applications of CNTs
are in progressive plane design (aerospace
engineering), biomedical engineering (virtual bio-
devices) and other disciplines.

15T NSE Minna Branch Engineering Conference 2021



Minna Branch

Conference theme

TWhe Pigerian Society of Engineers

1st NSE Minna Branch National Conference 2021

Role of Engineering in

Sustainable Develo

Different support materials such as Al,Os, zeolite,
MgO, SiO,, and CaCOs; have been applied as a
carrier in supported-catalysts for CNT (Kathyayini
et al., 2008, Willemset al., 2000; Mao-Lin et al.,
2012 and Couteauet al., 2003). Several researchers
have reported high purity multi-walled carbon
nanotubes obtained from Co-Mo supported MgO
catalyst via CVD Pelecher al, 2009; Quianet
al.,2003; Yeohet al.,2009). Awadallahet al. (2012)
demonstrated the synthesis of CNTs prepared via
CVD methods from Ni-Mo and Co-Mo supported on
AI203 catalyst. Studies have shown that alumina
supported catalysts for CNTs synthesis appeared
more promising due creation of a high surface areas
and mesoporous materials which promote catalysis
(Kathyayiniet al., 2008). In addition, Al,O3 has good
thermal stability and can be easily removed after the
synthesis via acid purification. In this present study,
bi-metallic Fe-Ni catalyst supported on aluminium
oxide were developed and utilised to prepare CNT
through CVD method. The choice Ni as an active
part of the catalyst is due to it availability and
cheapness (Uddin et al., 2008).

2.0 METHODOLOGY

2.1 Materials

The chemicals used in this work are of high grade
with high purity, ranging from 98.5- 99.99 %. These
chemicals include nickel nitrate hexahydrate (Ni
(NO3),.6H,0), alumina (Al,O3), distilled water and
concentrated hydrochloric acid (H>SOs) were
supplied by Aldrich. The carbon source (acetylene)
and carrier gas (argon) are also of analytical grade
with 99.99% purity supplier by BOC Nigeria.

2.1.1 Catalyst Synthesis

The catalyst was prepared by wet impregnation
methods. A 0.22 mol/dm? aqueous solution of Ni
(NO3),.6H,O with IUPAC Name Nickel (II) nitrate
hexahydrate (salt solution) was made by
impregnating support material (Al,O3 powder) in the
salt solution. For single metallic Ni based catalysts,
Ni (NOs3),.6H,O/aqueous solution was used. Molar
ratio of Ni: AlbO3) 1:2 was used in preparing the
catalyst systems. The following describes the
detailed procedure for preparing a Ni/Al,O3 catalyst.
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Support material (5-6 g) was suspended in 50 ml of
deionized water with stirring, followed by the
addition of 3.198 g of a green Ni (NO3),.6H,0. The
mixture was allowed to stir for 20 min. and the
resulting slurry was dried in an oven at 120 °C - 125
OC for 5 to 7 hrs. After drying, the material was
grinded with an agate mortal to obtain fine light
green powder. It was then calcined in muffle furnace
at 400 °C for 2hr, cooled to room temperature, and
re-grinded prior to CVD growth. The calcined
material (grey) was sieved using a sieve of 150
micrometer and the desired catalyst was collected as
fine particles. The percentage yield of the catalyst
before oven drying (Yield Dried), and after
calcination (Yield Calcined) is calculated using
equation 1 and 2;

Yield (%)
<Mass of catalyst after oven — drying)

Mass after oven drying
x 100 1

Yield (%)

ment Goals

_ (Mass of catalyst after calcination — drying

Mass after oven drying
x 100 2

2.1.2 Synthesis of CNTs

The horizontal CVD reactor equipment shown in
Plate 1was used for the CNTs synthesis. It has a
length of 1010 mm with internal and external
diameter of 52 mm and 60 mm respectively. 1.0 g of
the supported bimetallic catalyst (Ni/Al,O3) was
weighed and spread evenly on a quartz boat placed
at the central part of the horizontal tube.

Plate 1: The horizontal CVD set up for the
synthesis of carbon nanotubes
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The heating rate, temperature, gas flow rates were
maintained at the desired rate. The entrapped gases
in the quartz tube were expelled using argon as the
carrier gas at a flow rate of 30 ml/min. At a
temperature of 600 0C, the flow of acetylene was
released into the quartz tube of catalytic reactor at
100 ml/min for 55 min with immediate increment in
the flow rate of the carrier gas (argon) to 300 ml/min.
As the residence time (45 minutes) of the reaction
was attained, the flow of acetylene was stopped and
the argon gas was left flowing at 30 ml/min until the
reactor cooled to room temperature. The sample was
removed, weighed and analysed. The yield of the
deposited carbon was therefore determined using
Equation (3) (Yeohet al., 2009; Taleshi, 2012).

CNTs Yield (%) = (—MT";;lé;Zf;‘:?ly“)

100 1

2.2 Characterization

2.2.1 Thermo Gravimetric Analysis (TGA) and
Differential Thermal Analysis (DTA)

The thermal stability, compositional and percentage
purity of materials were determined using TGA
4000 (PerkinElmer). Samples were analyzed in
nitrogen environment at a volumetric flow rate of 20
ml/min, pressure of 2.5 bars and heating rate of 10
OC/min. The thermal balance was zeroed, the sample
was recorded and placed into the equipment utilizing
pyris manager software. When constant weight was
observed utilizing the formed heating profile, the
analysis was then commenced. The test effects were
then studied using pyris manager for proximate and
compositional analysis.

2.2.2 X-Ray Diffraction Patterns (XRD)

Crystal phase identification of the catalyst and CNTs
materials were studied utilising Bruker AXS D8 X-
ray diffractometer system which was linked to Cu-
Ka radiation of 40 kV and a current of 40 mA. The
A for Ko was 0.1541 nm, scanning rate was 1.5
°/min, The step width of 0.05° was used over 20
range value of 20 — 80°.

2.2.3 High Resolution Scanning Electron
Microscope (HRSEM)

The surface topology and the microstructure of the
catalyst and CNTs was studied using Zeiss Auriga
HRSEM. The HRSEM was equipped with EDS and
it was used to obtain the elemental composition of

261 |Page:

the produced materials. A small quantity of the
materials was sprinkled on a sample holder and
sputter coated with Au-Pd using Quorum T150T for
5 minutes before the analysis. The sputter coated
samples was firmly attached to the carbon adhesive
tape and studied using ZeissAuriga HRSEM
equipped with In-lens standard detector at 30 kV.
2.2.4 BET Surface Area

The surface area of the synthesized catalyst was
investigated by means of BET method in Nova e-
series equipment. A sample weighing 300 mg was
degassed at 150 o - 250 OC for 4 hrs in order to
remove moisture. The degassed sample was then
examined for physisorption of the adsorbate
(nitrogen) by the adsorbent in liquid nitrogen
environment.

2.2.5 Particle Size Analysis (DLS Technique)
In order to determine the particle size and the
hydrodynamic diameter, Zeta Nanosizer was used at
scattering angle of 173 © operating at 25 °C with
equilibrating time of 120 secs. 1 mg of the samples
were dispersed in 10 ml of ethanol then transferred
into a polystyrene cuvette using a syringe with 0.22
pm filter coupled to it.

3 RESULTS AND DISCUSSION

The suitability of the nickel catalyst material for
CNTs growth at CVD reaction temperature of about
600 °C was investigated by thermogravimetric
analysis (TGA) and the thermal differential analysis
(DTA) presented in Figure 1. The results as
presented in Figure 1 shows that there were four
regimes of weight losses in the TGA graph of the
catalyst sample. The sample had continuous loss in
weight from the initial temperature until 400 °C.
According to the differential thermogravimetric
(DTG) curves this process is endothermic and can be
attributed to elimination of water. In the regime of
400— 550°C the sample loss of weight was observed
to be faster. This can be ascribed to the thermal
decomposition of nickel nitrate hexahydrate as well
as the formation of metal oxides (Lobiak et al,
2014).
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Figure 1: TGA and DTA curves of nickel catalyst
obtained at 10 °C /min heating

Moreover, within these temperature ranges the DTG
curves show the peaks corresponded to
crystallization processes of metal oxides. In the
following regime of 600 -850 °C the change of
weight was not significant until 850 °C and above
which exhibited another regime of steady weight
loss.

The XRD analysis pattern of the calcined catalyst
sample is presented in Figure 2, showed sharpened
diffraction peaks that indicates that a growth has
occurred in the crystallite size of NiO. This also
suggests that the prepared catalyst is highly
crystalline, an indication of orderly distribution of
the metallic ions on the pore of the alumina support.
Deep peaks matching the alumina support are
detected for the catalysts. The aluminium oxide
existed in the both o -Al,0O3 and X - A1,O; form or as
a combination of both. Metal oxide peaks were
detected in catalyst

The major characteristics peak position appearing at
26=19.1°, 27°, 31°, 36°, 37.10°, 43°.30°, 45°, 55°,
62.87°, 76.50° and 79.22° value respectively. The
characteristics peak at 20 value of 35. 23° suggest
the presence of alpha alumina (a-Al>O3) (Kathyayini
et al., 2008) explaining that the pattern showed
primarily the presence of peaks Al,O3 due to Nickel
particles well dispersed on the surface of the Al,Os.
This infers that the metal nanoparticles might have
very small particle sizes in amorphous state and
therefore unable to cause a Bragg reflection
(Scherrer, 1918). This also conformed to the
findings of (Tran et al., 2007) who observed similar
occurrence during the analysis of the XRD spectra
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DTG(% /min)

obtained on the characterization of Ni/Al,O3; The
sharpness and intensity of the peaks designates the
well crystalline nature of the developed catalyst.

NiO - Al,O,
Ni®
’ a-Al} O,
NiO
v- Al,O,
NiO a- ALO
2 theta (degree)

Figure 2: XRD spectra of Fe-Ni/Al,Oj3 catalyst

The particle size distribution of the synthesized
supported catalyst based on the respective identified
peaks in the XRD pattern is presented in Figure 2 In
order to properly establish the phases that are present
in the catalyst sample, comparison is made between
peaks in its XRD pattern and peak positions reported
by other researchers in literature.

The average crystallite particle size was examined to
be 41.5 nm from the XRD patterns of the developed
catalyst using Scherer equation 2 (Chen ef al., 2006)
and the percentage abundance is shown in Figure 3.

D= Ka 2
- pCose

Where D is the particle size diameter,f is the full
width at half maximum, A is the wave length of X-
ray, 0 is the diffraction angle and K is the Scherer
constant.
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Figure 3: Percentage Crystallite Size Population
Density of Catalyst

From Figure 3 it can be seen that majority of the
particle fall within 41.50 nm which confirmed that
the size of the prepared monometallic catalyst is
nanostructure in nature and as such the catalyst is a
good template for CNTs production. The result of
the average crystalline particle obtained (82.18 nm)
shows a quite deviation from that obtained by kariim
et al. (2015) with obtained average particle size of
42.24 nm from their XRD analysis.

The HRSEM image presented in Figure 4 indicates
that the clustered solid catalyst material is near
spherical in geometry and is of high crystallinity.
The agglomerates seen in the SEM images could be
ascribed to the drying process in sample preparation.
The micropores can be recognized in the catalyst, a
property showing that there was appropriate
dispersion of Ni nanoparticles on the Al,O3 support
material with tiny spaces inside the composite. The
Al,O3 matrix sites were homogeneously occupied by
the oxides of Ni that was formed during calcination
of the catalyst sample. The SEM image of the
catalyst also indicates that the nickel nanoparticles
that were dispersed on the Al,O3 support material are
suitably less than 50 nm in size (red arrow,
concentric square). The results also show that
nitrates of nickel nitrate salts were effectively
removed by converting them to oxides during
calcination. Though, there are little clusters of
nanoparticles (red arrow, lower right-hand corner)
and lumps of catalyst (yellow arrow). These might
be responsible for the growth of CNTs of varying
diameter, which is one of the existing challenges in
producing nanotubes of uniformly distributed
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diameter from catalyst prepared by wet
impregnation.

EHT = 5/ Signal A = InLens Date :9 Sep 2015

WD= 7.2mm Mag= 2000KX Time :11:09:03

Figure 4: SEM image showing nanoparticles of Ni
dispersed on Al,Os3 support

The surface area analysis was carried out on the
developed monometallic nickel catalyst (Ni/Al,O3)
by BET method. The SBET surface area of the
developed monometallic catalyst was determined to
be 428.352 m%/g using the multipoint equation under
nitrogen condition, with micropore volume of
0.1779 cc/g and micropore half pore width of 28.17
A. This surface area is little less than those reported
by (Abassi et al., 2014). This may be due to the
presence of weak bond that exist between Ni-Al,O3
(Zhang et al., 2006).

The HRTEM micrograph of the produced CNTs is
presented in Figure 5. The micrograph shows a
densely populated strand of CNTs with high degree
of homogeneity covering the impurity present. The
morphology of the CNTs illustrates that the CNTs
formed under these conditions are entangled with
each other and possess curved, hollow, and tubular
shapes, with diameters in the range of 15 — 45 nm.
Also, some catalyst particles appear to be
encapsulated within the nanotubes hollow core.
Encapsulated metal nanoparticles are also detected
along the inside diameter of the nanotubes samples
which were introduced by the metal catalysts
utilized for CNTs growth.
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Flgure 5: TEM image of as- synthes1zed MWCNTS

Figures 6 represents the TGA and DTA profile of as-
produced MWCNTs which were attained under N,
environment and heating rate of 10 °C /min up to 900
OC. It can be deduced from the result that the loss of
absorbed moisture on the as-synthesized CNTs was
responsible for the weight loss between 30 -100 °C,
while the reduction observed at the temperature of
100 - 400 °C depicts the removal of crystal water of
nitrates and elimination of volatile products.
Between 400 -800 °C, the change of weight was not
significant beyond which the CNTs exhibited
another regime of steady weight loss. The
percentage weight loss of the as-synthesized CNTs
observed are 10 % (30 -100 °C), 20 % (100 — 400
°C), 21 % (400 — 800 °C) and 40 % (800 — 950 °C).

110

0 200 400 600 800 1000

Temperature °C

Figure 6: TGA Profile of As-synthesiseed
CNTsobtained at 10 °C/min heating rate under
Nitrogen atmosphere.

The loss in weight of the as-synthesized MWCNTs
is associated to the presence of impurities that
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oxidizes at temperatures lower than that of
nanotubes which accompany the synthesis of the
CNTs (Ebbensen et al., 1994; Eftehari et al., 2005)
and these impurities are in the form of amorphous
carbon and metals.

Utilizing the hydrodynamic diameter of the sample
as obtained by DLS, the literature values of aspect
ratio of MWCNT was used to correlate length and
diameter of this single CNT sample. Z-average (or
hydrodynamic diameter) of the sample represents
neither the diameter nor the length of the nanotube.
The correlated equation utilized for the
determination of length and diameter based on these
aspect ratios is (Nair ef al., 2008; Horiba Ltd, 2015).

~ In(L/d) +0.32

Aspect ratio of MWCNTs produced by CVD
process as reported by Abu Al-Rub, Ashour &
Tyson (2012), ranges from 157 to 3,750. These
values of aspect ratio (L/d), along with Z-average
from DLS were substituted to find the corresponding
lengths and diameters of the as-grown MWCNT
produced in the current work. This analyses provides
a correlation between the diameter, length and
aspect ratio, for this MWCNT sample, as shown in
the charts of Figures 7.
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Figure 7: Correlation chart between the aspect
ratio, length and diameter of the as — grown
MWCNT sample.

Specific surface area my/g of the synthesized is
presented in Table 1 the SBET surface area of the as
synthesized CNTs was determined to be 833.64 m%/g
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using the multipoint equation under nitrogen
condition, with micro pore volume of 0.3286 m®/g
and micro pore half pore width of 31.48 A. This
surface area is a little high than those reported by
(Abassi et al, 2014). This may be due to the
presence of weak bond that exist between Ni-AlL,O;3
(Zhang et al., 2006). Peigney et al. (2001) also
showed that the surface area of MWNTs decreases
with increasing walls and nanotube diameters.
However, the trend of the surface area obtained in
this work do not strictly obey the observation made
by Peigney and co-workers because the average
sizes are affected by contribution from sizes of
impurities present in varying quantities in the
samples.

Table 1: Result showing BET-Surface area Analysis

Surface area, pore volume, pore size of synthesized
CNTs and average particle size

BET surface area (m?/g)
833.641
Pore volume (m’/g)
0.3286
Pore size (A)
0.3148

Average Particle size (DLS) nm
82.24

The SAED patterns of the CNTs sample confirmed
the graphitic nature of MWCNTs especially the
innermost ring which is due to the usual strongest
reflection plane (002) of graphite (Das et al., 2015).
As illustrated in Figure 8. The occurrence of the
sharp rings at reciprocal lattice spacing (1/d) of 2.9,
4.8, 5.7 and 8.5 nm’!' are in good agreement with
those reported for graphite. Kariim, (2015) also
collected SAED pattern of MWCNTSs and observed
sharp rings attributable to the MWCNT at reciprocal
lattice spacing of 3.1, 5.0, 6.0 and 8.5 nm™'.
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Figure 8: (a) EDS and (b) SAED pattern of as-
synthesized MWCNTs

Again, it can be observed from the SAED that the
CVD reaction parameters affect the crystallinity of
MWCNTs and it present a low crystallinity which as
it displayed diffuse rings in its SAED pattern, which
is typical of amorphous substances. The single
bright spots are reflections from certain individual
crystals.

4.0 CONCLUSION

In this study, multi-walled carbon nanotubes were
successfully produced from nickel supported
alumina catalyst via wet impregnation followed by
CVD technique. The CNTs was successfully
synthesized at reaction time of 45 minutes,
temperature of 600 °C, argon flow rate of 200
ml/min and acetylene flow rate 100 ml/min. The
average diameter of the as-produced multiwalled
carbon nanotubes obtained from bimetallic Ni/Al,O3
catalyst was 28.89 nm whereas; the bimetallic
catalyst had average particle size of 46.24 nm. The
correlation chart showed that the MWCNTs
produced was a long-tube multiwall carbon
nanotubes with aspect ratio of 1250. Thus, the
nickel catalyst on alumina support developed via
incipient wet impregnation method is suitable for
CNTs production by CVD method.
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