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Abstract

Carbon nanotubes were synthesized via the chemical vapor deposition (CVD) method, using Co-
Mo/MgO as a catalyst and C,Hj,, abundant and economical carbon source. Scanning electron
microscopy (SEM) and transmission electron microscopy (TEM), along with the results from
xray diffraction (XRD) analysis confirmed the successful formation of MWNTs. The bimetallic
catalyst was found to produce MWCNTs of 218 % with BET surface area of 289m2(g. The
average length and diameter were found to be 33pum and 32nm. The study has demonstrated that
high quality MWNTS can be obtained from Co-Mo/MgO catalyst via wet impregnation followed
by CVD technique. o ' by C ~vEa

Keywords:- Chemical Vapour Deposition, Acetylene, Co-Mo/Mgo Catalyst

INTRODUCTION literatures (Yerima et al., 2016). However,
Since its discovery in 1991, Carbon of all the methods, CVD is considered rather
nanotubes (CNT) has attracted - huge simple, easy to scale up and a cost-effective
research interest globally. Its unique technique in terms of production of carbon
physical and chemical properties leads nanotubes of high quality yield and purity,
numerous number of its applications such as better  structural growth, and mass
" additives for  high-strength polymer . production compared ‘to the other methods
composites, electrode materials for high- (Terrado et al., 2006).
capacity batteries, efficient field-emitters as ~ Over the years, there have been considerable
electron sources, and functional components increases in the utilization CVD techniques
for nanoscale electronic devices (Thess ef for CNT synthesis based on the
al, 1996). Carbon nanotubes can be seen as aforementioned advantages. The choice of
a single or multi-layered piece of curly and metallic catalyst with or without support
geometric ~ seamless  graphite tube. materials  influences the yield and ]
Experiments revealed that it has high elastic morphology  of  synthesized carbon
modulus, up to 1000 GN/m® (modulus of nanotubes. Not only that the mechanism of
elasticity of diamond is 1200 GN/m?) anzd CNT growth is complex and not fully
strength in the order of 100 GN/m”. understood (Kumar, 2012).It is also
Different methods of synthesizing CNTs noteworthy to mention that, catalyst design,
such as laser ablation, spray pyrolysis, arc catz_ﬂyst type, support material as well as
discharge and catalytic chemical vapour their prOpe}'tlcs are integral components in
deposition (CVD) have been reported in the synthesis of controlled-growth of carbon
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nanotubes (CNTs) for various applications
(Mhlanga er al., 2009). The role of catalyst
support in suppoﬂed-catallys't' lies in its
ability to determine accesmbll_xty of active
sites, and to influence certain properties
such as the pore volume and pore-size
distribution which are essential parameters
in catalyst design. Thus, the efficiency of the
CVD method for CNT growth is a function
of catalysts preparation and metals loading
(Terredo et al., 2006).

Transition metals consisting of Fe, Co, Ni,
either in single or mixtures of them is
generally used as a catalyst that acts as the
active components. To increase its
mechanical strength and specific surface
area, the catalyst was deposited on porous
media such as MgO, Al203, $i02, CaCO3,
which acts as a catalyst support (Jeong ef al,

2010). It has been revealed that the metal is

used and its loading, reaction temperature,
and catalyst support are the variable which
is considered controlling the quality
(diaineter, thickness, the degree  of
graphitization, purity) and yield of CNT
(Tang er al, 2001). Moreover, both of
quality and yield were also influenced by the
diameter of the metal and the degree of
dispersion (Jeong et al., 2010). Observation
has proved that the catalyst performance
could be improved drastically by mixing two
or more metal: Besides improving the
quality of the resulting CNT, this action will
also reduce the reaction temperature
(Dupuis, 2005)

One of the requirements of a good support
material is easily separated from the product
CNT. In this case, MgO was considered
superior to others because it can be removed
by a simple acid treatment (Ago, 2011). It
was also reported that the use of MgO-
supported Fe has shown excellent
performance. The strong interaction between
the MgO support and the metal which
resulted in the good dispersion of the metal
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catalyst was considered to the
determining factor.

The addition of Molybdenum could enhance
the synergism among the mixture of Fe or
Co metal catalyst. The role of Mo woy]q be
as a promoter or activator which g
improve the catalyst performance i term of
increasing the yield and produce better CNT
morphology (Dupuis, 2005; Pere, et al
2005). Wei ef al. (2008) was reported th;
the addition of Mo to Fe metal catalyst wil|
prevent sintering of Fe metal catalyst, so the
presence of both metals in the catalyst
system will prevent rapid deactivation of the
catalyst due to sintering. Several researchers
have reported on the synthesis of high purity
MWNT through CVD teqgnique, for instance
Inusa et al. (2013) demonstrated that
SWNTs with narrow chirality and diameter
distribution were synthesized through the
decomposition of methane at 800 °C and
900 °C over Fe-MgO catalyst. The catalyst
was prepared following wet impregnation
method in which, 2wt% Fe of Fe(NO;).9E-
20 and 0.5g of MgO were dispersed in 80ml
distilled water. The slurry was dried and
calcined at 120 °C and 500 °C for 12 and 4
hours respectively. Images obtained from
high resolution transmission electron
microscopy (HRTEM) revealed the
formation of 0.8 — 2 nm diameter SWNT
bundles. The . carbon yield reported was
however, very low ranging between 16 -
18%. This is in contrast to the results
obtained by Evangelous et al. (2013), in an
experiment  where  Acetylene was
decomposed at intervals between 600 °C and
800 °C in presence of helium. Further
investigation using  thermogravimetric
analysis (TGA) showed that the MWT'\'TS
were stable up to 653 °C while Xray
diffractomety (XRD) results showed that the
main intense peak at 26 is 26.3° as compared
to 26.5° of normal graphite.

be

Journal of The Nigerian Institution of Mechanical Engineers/Vol. 8, No. 2, September, 2018

-

Scanned with AltaScanner

. |



e

Yerima, M. L',
ynihesly t’*fCNTS‘ ::tél;l::l;ee;nym 8%, Abubakre, 0. K*, Ndaliman, M. B.,and Khan, R. HS
cal Vapor Deposition of Acetylene as a Carbon Source in the Presence

—— 0! CO-MO/MGO Cnta!;si .

[n this study, bi-metallic (Co-Mo) catalyst
supporttlzd on magnesium oxide wzre
synthesized and utilised to prepare CNT 100%

through CVD method using acetyl
e ke tylene as the

. M total — M catal
CNT Yleld (0/0) = M catalyst = %

Tl‘lermo-Gravimetric Analysis (TGA) and
Differential Thermal Analysis (DTA)

gxperimental Procedure The thermal stability, compositional and

Ei’a)g!zth;ngg B;l.rll;?“:;‘ Cé;lgf{t . ge;cengage purity of materials were
Co(N03)2.6H20) o Nlt}'ate etermined using TGA 4000 (Iferkm}gilrner).
( Ammonium Samples were analysed in nitrogen
Molybdate ((NH4)6M07024 4H,0) were environment at a flow rate of 20 ml/min
dissolvci:llm 50ml of distilled water followed - gressure of 2.5 bars and heating rate of 16
by 'addmon of . MgO under continuous C/min. To a zeroed thermal balance, sample
su'mng for 3(1 minutes. The slurry was then was loaded and recorded into the equipment
dried at 115 °C for 11hrs.then ground into using pyris manager software. The analysis
fine powder. The resulting powder was was then initiated after constant weight was
calcined ‘at 600 °C for 2 h in air. noted using the created heating profile
syntl_lesm of CNTs (temperature scan). The test results were
In this study, a cylindrical tube. reactor of = then analysed using pyris manager for
iength 1010 mm with internal and extersial _proximate and compositional analysis.
diameter of 52 mm and 60 mm respectively High Resolution Scanning Electron

and thickness of 4 mm was used. 05 g of the Microscope (HRSEM)

supported bimetallic catalyst (Co-Mo/MgO) The surface morphology and microstructure
was weighed and spread evenly on a quartz of the synthesised materials were
boat placed at the central part of the characterized using Zeiss Auriga HRSEM.
horizontal ~ tube. The heating rate, A small quantity of the synthesized
tempetature, gas flow rates were maintained materials was sprinkled on a sample holder
at the desired rate. The entrapped gases in and sputter coated with Au-Pd. using
the quartz tube were expelled using nitrogen Quorum T150T for 5 minutes prior (0
as the carrier gas at a flow rate of 30 ml/min. analysis. The sputter coated SHip 5 Vo

At a temperature of 700 OC, the flow of - firmly attached to the carbon adhesive tape .

:.and analysed using. ZeissAuriga  HRSEM

equipped with In-lens standard detector at

30 kV. The microscope was operated with

electron high tension (EHT) of 5 kV for

imaging.

X-Ray Diffraction Patterns (XRD)

The crystal phase identification of the

powdered materials were performed using

acetylene was released into the juariz tube ="
of catalytic reactor at 250 ml/min for 45 min
with immediate increment in the flow rate of
the carrier gas (nitrogen) t0 250 ml/min. As
the residence time (45 minutes) of the
reaction was attained, the flow of acetylene"
was stopped and the nitrogen gas was left

flowing at 30 ml/min until the rcactoa:ozit;i Bruker AXS D8 X-ray diffractometer

tc;mroor:; te{ngﬁegaﬁz. al'f;{; se?ian}l?he Jield system coupled with Cu-ﬁm’?lilaﬁ;.m of 40
oved, weighe : ;

of the deposited carbqn bl thcrefo;e ﬁsa&?silcunﬁn:cﬁnﬁg rate wa: I.Sﬁ‘:}miK:,

determined using Equation (Yeoh et & while a step width of 0.05° was used over

2009; Taleshi, 2012). the 20 range value of 20 - 80 ° The

‘crystallite size of the catalyst was calculated
125
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from the XRD data using the Scherer
equation as shown (Kariim ef al., 2016).

D KA

~ pCose _ _
\»\/’hel{{cil D is the particle size diameter, B is
the full width at half maximum, A is the
wave length of X-ray (0.15«4'11 nm), 0 is the
diffraction angle and K is the Scherer

constant (0.94).

High Resolution Transmission Electron
Microscope (HRTEM)

The diameters and the crystalline nature of
as-produced and purified CNTs were
determined by Zeiss Auriga HRTEM
operated at 3950 V. Small quantity of the
materials were suspended in 10 ml methanol
and ultrasonicated until the particles

completely dissolved.” Few ™ drops of the -

slury was placed onto the holey. carbon
grid, dried via exposure to photo light and
analysed.

Particle Size Analysis (DLS Technique)
The particle size and the hydrodynamic
diameter were determined using Zetasizer
Nano S at scattering angle of 173 O

0-MO/MGO Catalyst

operating at 25°C with equilibrating time of
12 secs. 1mg of the samples were disperseq
in 10 ml of ethanol then transferred ing, :
polystyrene cuvette usingo a syringe with
0.22 pm filter coupled to it. This wag then
placed in the analysis stage of the equipment

for analysis.

BET Surface Area

The surface area of the developed and the
alumina were determined using a BET
method in Nova e-series equipment.
Samples were degassed at 250 °C for 4 hyg
for moisture and removal. The degassed
samples ~were then analysed for
physisorption of the adsorbate (nitrogen) by
the adsorbent in liquid nitrogen environment
on the on the surface.

" Result and Discussion . -~ . -
Characterization of Catalyst
In order to establish the phases that are
present in the catalyst sample, comparison
were made between the peaks of its XRD
pattern and those in previously reported
literatures.
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Figure 1: XRD spectra of Co-Mo/MgO catalyst
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The XRD pattern in the present study (as
shown in Figure 1) showed peak positions at
20 degrees on 9, 21, 24, 26, 37, 44, 59, 62,
73 and 79° which were assigned to MgO.
Setypratomo et al. (2015), Ahmed et al.
(2014) and Wei-Min er al (2013) also
obtained a very similar peak at room
temperature and attributed all to MgO phase
explaining that the pattern showed mainly
the presence of MgO peaks. There are no
observable peaks of cobalt and Molybdenum
particles. This indicate that the loading of
these nanoparticles is on a small scale and

were well dispersed on the surface of MgO.
For this reason. The Co and Mo particles are
unable to cause a Bragg reflection. The SEM
images in this study also revealed that the
Co-Mo nanoparticles were well dispersed on
the matrix of MgO support.

The crystallite size was estimated by
applying the Deby-scherrer equation (as
shown above) (Kariim ef al, 2016) to the
XRD peak broadening as presented in
Figure 1. The result revealed that the
bimetallic catalyst crystallite sizes ranges
between 23 to 83 nm.

25
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Figure 2: Percentage Population of Particle Sizes from XRD Data

The dominant crystallite size was obtained-

as of 83.9nm, which is a characteristic of
highly crystalline material. Thus, the result
indicates the possibility of producing CNTs

of nano size when utilizing bimetallic -

supported catalyst.
The thermal behaviour of catalysts samples
that was calcined at 600 °C for 2hrs and the

uncalcined = were studied* = using
thermogravimetric analysis (TGA). In CVD
techniques, catalyst are usuallaf exposed to
reaction temperature of 600 "C or above.
TGA is necessary to investigate the thermal
stability of the catalyst substance within the
temperature range of the reaction.
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Figure 3: Thermal Behaviour o

The results as presented in Figure 3 Above
indicates thaj there were four regimes of
weight losses in the TGA curve-of the two
samples. Al the samples experienced
continuous loss in weight from the inital
temperature until 400 °C According to the
differential thermal analysis (DTG), this
process is endothermic and can be attributed
to elimination of water. The differential
thermograyimetric (DTG) curves showed
significant change which are connected to
removal water. In the regime of 400— 550
°C the samples weight reduction was
observed to be faster. This can be attributed
to .the thermal decompositioni of cobalt II
nitrate and ammonium molybdate salts as
well as the formation of metal oxides
(Lobiak et «l, 2014). 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. It can be

Journal of The Nigerian Institution of Mechanical EngineersVol. g
¥
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observed that the weight loss in uncalcined
sample was more obvious due to the higher
moisture content, ‘cobalt _II nitrate and
apuponium molybdate salts as compared to
the calcined sample. The reason is that
during calcination process most of the water
content and other impurities in the calcined
sample were removed resulting in higher
thermal stability.

Surface area analysis was carried out using
Brunauer Emmet Teller (BET) in which
liquid nitrogen was used as cryogen and
nitrogen gas as the adsorbent. The surface
area of the uncalcined sample was found to
be 209.4 m*/g, however as_the sample was
conditioned at 500 °C for two hours, the
surface area slightly increased to 211 m%g,
The change was not significant because no
thermal cecomposition of the major catalyst
component, Mg would have occurred at a
calcination temperature of 500 °C. As the
treatment time increased to four hours, the

Bg/T specific surface area increased to 234.5
m“/g.
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Table 1: BET Surface Area of Calcined Co-Mo/MgO Samples

Calcination Surface Area Pore Volume Pore Size
S/N__ Condition (m*/g) (cc/g) (A)
1 500 C for 2 hrs 211.1 0.074 32.9
2 500 C for 4 hrs 234.5 0.089 30.9
3 600 C for 2 hrs 283.2 0.11 31.2
4 600 C for 4hrs 278.9 0.098 32.69
5 Uncalcined 209.4 0.085 28.3

The dispersion of Co and Mo nanoparticles
in the matrix could lead an increase in active
surfaces, resulting to an increase in surface
area. Setypratomo et al. (2015) also reported
that calcination of Fe~Co-MofMgO catalyst

0

at 500 "C for four hours is sufficient for the
growth of MWNT with specific surface area

of 181.1 m%g,

r

Characterization of CNT

The HRSEM micrograph,

Figure 5 shows

that the produced carbonaceous deposit was

black in color with very

soft and spongy

texture, indicating the presence of CNTs.
The preliminary percentage yield of
carbonaceous deposit obtained after -CVD

catalyst used.

- was 218% on the basis.of the weight oi -

Figure 4: SEM Images of Synthesized MWNTSs (a) High Magnification (b) Low :

Magnification

Transmission electron microscopy analysis
carried out in addition to the obtained
scanning electron microscopy images. The

129

results revealed that the wall structures of
the CNTs varied and diameters ranges

between 16 — 36 nm.
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The Encapsulated metal particles were
observed along the inside diameter of most
of the nanotubes samples which were
introduced by the metal catalyst used for the
CNTs growth. Carbon nanotubes can grow
either through tip or root mechanism thereby
encapsulating metal particles inside the tube
(Kariim er al, 2016). This shows that
nanometer sized particles can affect the
diameter of the produced manotubes.
Another important observation is the large
cluster of catalyst found in Figure 5 which is

an agglomerate of metal and mainly MgO
support material. The produced CNTs
contained significant amount of the residual
catalyst, impurities and amorphous forms of
carbon. This catalyst support material can be
removed by acid treatment, however, the
location of metal inside the tube causes
challenges during purification process
(Ahmed er al., 2014). Figures 5 shows
clearly that the synthesized CNTs were

"multiwalled.™ -~

Table 2: BET Surface area, pore volume and pore size of synthesized Carbon nanotube

S/No MORPHOLOGY

] Surface Area (m“/g) 289.5
2 Pore Volume (cc/g) 0.198
3 Pore Size (A) 1.688
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Tl:jg BET analysis result from Table 2
indicates thal the pore size, pore volume and

the surface area of the CNT s 1.688 ‘A
0.198 cc/g and 289.5 m%/g respectively, This
result shows that the MWNTs produce.d has
low pore volume, small pore size and a large
surface area. This work has a higher surface
area than that of Setypratomo er al. (2016)
who reported a surface area of 181.135 mzf’g
for MWNTs grown over Fe-Co-Mo/MgO

The difference observed in the works ot'"
SctypraEOmO et al. (2016) may be as a result
of the difference of CVD process conditions

Furthermore, the surface area obtained fron;
this work is widely apart from that of
Ahmed er al. (2014) that reported 190.9
m*/g for MWNTs produced through the

decomposition of natural gas in the presence
of Co -Mo/ALLO,. However, CNTs
synthesized is of greater benefit as CNTs
with large surface area are known to
generally favour metal matrix composite
production according to Esawi et al. (2010).

The X-ray diffraction technique was used to
investigate the crystallinity the produced
CNTs.

The XRD pattern in Figure 6, indicates that
graphite wall of CNTs are identified by peak
C which occurred at 20 of 26°. Other phases
also occurred at 37, 42.5. 62, 74.5 and 78.5°,
these were assigned to CoO, MgO and
mixed oxides of Co and MgO.

Figure 6: XRD spectra of synthesized CNTs

The XRD did not detect any observable
peaks of Molybdenum particles. This
indicate that the loading of these
nanoparticle is on a small scale and were
well dispersed on the surface of MgO.
Setypratomo et al. (2015) also reported that
the presence Co component in a Fe-Co-
Mo/MgO catalyst is necessary for the
dissociation of CHs and the formation of
high quality MWNTs. _

The diameter of as-produced and purified
carbon nanotubes from HRTEM image was

Journal of The Nigerian Instituti
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. related to the Dh (hydrodynamic diameter),

using modified Navier-Stokes (Nair et al,
2008) and Stokes-Einstein equation.

Literature values of aspect ratio (L/d), along
with Z-average from DLS were substituted
to obtain the corresponding length and
diameters of the MWNTs produced in the
present study. This analysis gives a
correlation between the aspect ratio, length
and diameter for this MWCNT sample, as
shown in the charts.
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Figure: .7: Aspect Ratio Correlation of Len

For the MWCNT sample under
consideration, an average diameter of 32nm
was obtained from the TEM analysis 5. This
value suggests an aspect ratio (L/d) of about
1000 and length of 33um, using the
correlation chari. The difference in aspect
ratios of samples grown at difféerent CVD
conditions =zlsc indicates that length and
aspect ratios are growth parameters-
dependent.- Ahmed 2f al. (2014) observed
that an increase in the aspect ratio of CNT
increases their young's modulus.

Conclusion :

Multiwalled carbon nanotubes of 218%
yield was successfully produced using the
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