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INTRODUCTION

The excellent characteristics of Carbon nanotubes
(CNT) has aitracted huge research interest globally. Its
unique physical and chemical properties makes it
suitable materials for various applications in hydrogen
storage, nanoelectric devices, reinforced materials,
cnergy storage, chemical sensors and field emission.
(Thess e al., 1996). Various methods of synthesizing
CNTs such as laser ablation. spray pyrolysis, arc
discharge and catalytic chemical vapour deposition
(CVD) have been reported in literatures (Yerima et of,
2016). However, of all the methods, CVD s considered

rather simple. casy 1o scale up and g cost-elTective

technique in terms of production of carbon nanoiubes of

high quality yicld and purity. betier structural arowth
and mass production compared to the

(Terrado ef af., 20006).
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sition of acetylene using C?’MOfMgO isia s,
action lemperaturc 750 °C for 45 iy

s obtained with BET surface area of 239,,11,&'_
g clectron microscopy (SEM) and transmisgjpn
n (XRD) ana]ysis‘ confirmed the suscessf gl
lity MWNTs can be obtained from MgO suppo _'_-l,. ‘

cetylene, Bi-metallic Catalyst -

2012). It is also noteworthy to mention that, catg .

design, calalyst type, support material as well as thejr

propertics are intcgral components in the synthesis ¢

controlled-growth of carbon nanotubes (CNTs) f
various applications (Mhlanga ef al., 2009). The rols
catalyst support in supported-catalyst lies in its abil
to determine accessibility of active sites, and fo

influence certain propertics such as the pore volume and

pore-size distribution which are essential parameters
catalyst design. Thus, the efficiency of the CVD method
for CNT growth is a function ol catalysts prcparaf:i

and metals loading (Terredo ef al., 2006).
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ot Jeong of al 2010) Observanon has
; 5
| hat the catalyst performance could be improved
d

|y by mxing two or more metal. Besides
a « =

e the qll‘lhl_\' of the resulting CNT, this action

p—r the reachion emperature (Dupuis, 20035)

ddion 01 Molybdenum could enhance  the
oA

om amon the muxture of Fe or Co metal
I: b | 2 g

it The role of Mo would be as a promoter or
-

e hich will improve the catalyst performance
saiiel \ncreasing the yield and produce betier CNT
ohology (Dupuis. 2005; Perez et al . 2005). Wel et
.I s reported that the addiion of Mo 10 Fe

aal catalyst will prevent sintening of Fe metal catalyst,
. the presence of both metals in the catalyst system will
|=.|c\L‘”‘ rapid  deactivation ol the catalyst due 1o
AR geveral rescarchers have reported on the
_unthests of mgh purity MWNT through CVD tegnique,
(o nstance Inusa cf al. (2013) demonstrated thal
GWNTs with narrow chirality and diameter distribution
were synthesized through the decomposition of methane

L1 k00 "C and 900 1C over Fe-MgO catalyst.

[he previous researches conducted made use of several
dilterent support materials such as AlOs, zeolite, Si0;,
and CaCOs have been applied as a carrier in supporled-
catalvsts for CNT. Several researchers have reported
fneh purity multi-walled carbon nanotubes obtained
jrom  Ni-Mo  supported  Al2Os catalyst via CVD,
(Ahmed et af.. 2014). However, due 1o the inert nature
of these support materials, it is difficult to separate them
rom the produced CNT using acid purification and this

has resulted 1o a major drawback.

studies have shown that MgO supported catalysts for
NTs svnthesis appeared more promising duc crealion
ol high surface arcas and Mesoporous materials which
promote catalysis (Inusa of wl 2014). In addition. MgO
s good thermal stability and can be casily removed

Jier the synthesis through acid purification.

I this present study,  bi-metallic Co-Mo catalyst
supported on magnesium  oxide was developed and

uithised o prepare CNT an CVD reactor. The choice ol

135 |Page

Co-Mo as an active part of the catalyst 1s du¢ 1o their

availability and cheapness

2 Experimental

2.1 Synthesis of Bimetallic Catalyst

19.4 ¢ and 1.19g of Cobalt 11 Nitrate (Co(N03)2.6H20)
and Ammonium Molybdate ((NH)6Mo702 4H20)
were dissolved in 50ml of distilled water [ollowed by
addition of MgO under continuous stirring for 30
minutes. The slurry was then dried at 115 °C for | 1hrs
then ground into fine powder. The resulting powder was

calcined at 600 °C for 2 h in air.
2.2 Synthesis of CNTs

In this study, a cylindrical tbe reactor of length 1010
mm with internal and external diameter of 52 mm and
60 mm respectively and thickness of 4 mm was used. 05

g of the supported bimetallic catalyst (Co-Mo/Mg0)
was weighed and spread evenly on a quartz boat placed
al the central part of the horizontal lube. The heating
rate, lemperature, gas flow rales were maintained at the
desired rate. The entrapped gases in the quariz tube werc
expelled using nitrogen as the carrier gas at a Mow rate
of 30 mi/min. At a temperature of 750 0C, the flow of
acctylene was released into the quariz tube ol catalytic
reactor at 250 ml/min for 45 min with immediate
increment in the flow rate of the carrier gas (nitrogen)
{0 250 mi/min. As the residence time (45 minutes) of the
reaction was attained. the Now of acetylene was stopped
and the nitrogen gas was left Nowing at 30 mi/min unti
the reactor cooled to room temperature. The sample was
removed. weighed and analysed. The yield of the
deposited carbon was therefore  determined using
Equation | (Yeoh ef af.. 2009: Taleshi, 2012).

s Mtotal — M catalyst

CNT yield (%) = W x 100%

(1

Scanned with AltaScanner




bon
L
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o g MAEN
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femperature 0 J support The

cidual catalyst an )
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stirrer (o remove e ;
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i . was washed with distlie .
sample was wa oC for 6 HOUrS:

7.0 and later dried at | 15

approximately

3.0 Characterization Techniques

(1GA) The
ge puri!y
000

3.1 Thermo-cravimetric Analysis
2 et
thermal stability, compositionz| and percentd

i i 4
of materials  were determined  using TGA

in nitrogen
(PerkinElmer). Samples were analysed in miros

: s 25
environment at a flow rate of 20 ml/min, pressurc of 2

bars and heating rate of 10 “C/min. To a zeroed thermal

balance, sample was loaded and recorded into the

equipment using pyris manager software. The analysis

was then initiated afier constant weight was noted using

the created heating profile (temperature scan). The test
results were then analysed using pyris manager for

proximate and compositional analysis.

3.2 High Resolution Scanning Electron Microscope
(HRSEM)

The surface morphology and microstructure of the
synthesised malerials were characterized using Zeiss
Auriga HRSEM. A small quantity ol the synthesized
materials was sprinkled on a sample holder and sputter
coated with Au-Pd using Quorum TI150T for 5 minutes
prior to analysis. The sputter coated samples was (irmly
attached to the carbon adhesive tape and analysed using
ZeissAuriga HRSEM cquipped with In-lens standard
detector at 30 kV. The microscope was operated with

electron high tension (EHT) of 5 kV for imaging

The ervstal phase identification of the  powdered

materialy were performed using Broker AXS DK X<
o 4 . Ty
diflractometer system coupled with Cu-K ¢
e TR '
40 kV and u current ol 40 MA. The % for Ky wis ).154 ]
: s 1), ] 54

AN seanning rate was 1.5 “mip while a 1o
. sl

adiation of

D width or

¢ used over the 20 range value of 2¢ _ ol i L
as g B

0.05°W
jite size of

the catalyst was calculateq o Ty
2 " m.w
Equation 2. (Kariim et g/, 2016 3
S

Crystﬂi
RD data using
Ll

KM (2) ¥

—
D = feoso :

p is the particle size diameter, B is the full aill
cre :

wh
at hall’t
nm), 01
constant (0.94).

qaximum, A is the wave length of X-ray w-'S‘fi" 3

s Lhe diffraction angle and K is the SChqq ;

St |

; i i Transmission v
High Resolution Elecrll
Clrog

%

3.3
Microscope (HRTEM) ®
The diameters and the crystalline nature of as- A

d CNTs were determined by Zeiss 4

and purific
at 3950 V. Small quantity. of g

HRTEM operated

materials were suspended in 10 ml methanof .

ultrasonicated until the particles completely dissols
Few drops of the shurry was placed onto the!

carbon grid, dried via exposure to photo light

analysed.

3.4 BET Surface Area

The surfuce arca of the developed and the alumina
determined using a BET method in Nova e-s
equipment. Samples were degassed at 250 °C for
for moisture and removal. The degassed samples wi
then analysed for physisorption of the adsorb:
(nitrogen) by the adsorbent in liquid nitro

environment on the on the surface.

4.0 Result and Discussion

.‘(]-;1)( dilfraction ;1[];;[}.-5is was used to S'llld)f :\:
crystallinity of the catalyst sample and the
presented in Figure 1. The XRD pattern in the prese
study (as shown in Figure 1) showed peak positions & |
20 degrees on 9, 21, 24, 26, 37, 44, 59, 62, 73 and
which were assigned o MgO.  Setypratomo ¢
(RO15). Ahmed et al. (2014) and Wei-Min et al. (208)
Also obtiined o very similar peak at room lcmpt‘l'ﬂf
and aribuied all o MpO phase explaining that I_

patiern i ;
Hshowed mainty the presence of MgO peaks:
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Figure 1: XRD spectra of Co-Mo/MgO Catalyst

There arc no observable peaks of cobalt and The crystallite size was estimated by applying the Deby-

Molybdenum particles. This indicate that the loading of - scherrer equation (equation 1) (Kariim e/ al.. 2016) 10
(hese nanoparticles is on a small scale and were well the XRD peak broadening as presented in Figure 1. The
dispersed on the surface of MgO. For this reason. The result revealed that the bimetallic catalyst crystallite
Co and Mo particles arc unable to cause a Bragy sizes ranges between 23 1o 83 nm.

reffection. The SEM images in this study also revealed
that the Co-Mo nanoparticles were well dispersed on the

matrix ol MgQ support.

distribution (%)

=
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Figure 3: Thermal Behaviour of As-synthesized Catalyst

The results as presented in Figure 3 Above indicates Lhat
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 initial temperature

until 400 "C. In the regime of 400~ 550 'C the samples

N

weight reduction was obscrved to be faster. This can be
attributed to the thermal decomposition of cobaly ]
nitrale and ammonium molybdate salts as wel] as the

tormation of metal oxides (Lobiak er uf 2014). It can

be observed that the weight loss in uncalcined sample

was more obvious due 1o the higher moisigre content

cobalt 1 nitrate and dmmonium molybdare salts uy

compared w0 the calcined sumple. Another reason
dason Jor

this 1s thut during caleinaiion PIOCess mosi of e [
S8 Mo s water

600 700 800 300 1000

. however as (he sample was cond
500"C for 1wo hours, the surface arca slightly
21 m¥g. The change was not signilican |
thermg| decomposition of the
component. MgO would haye oceurred ¢
emperature of 500 'C. As the trea ‘
1o Tour hoyrs, the BET specific surfac

2345 m/g, 3
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aite 1 BETSuriase Aren ol Calelubo oMo Mgy
MY Samples
_—ﬂ_——_ P
e
SN Calcination Condition  Surface Areq (mYg)  Pore v Pore  Size
: ore Volume (cc/g)  ("A)
1 200 C for 2 hrs 211
2 500 C for 4 hrs 134 5 0.074 32.9
; - 0.0
3 600 C for 2 hrs 2839 L 309
. T 0.1
4 600 C for 4hrs —_— : 312
' 0.098
3 Uncalcined 209 4 32.69
—_— 0.085 28 3

Afier calcination al 600 °C for 2 hours, the surface area
was found to have maximum incrcase o 283.2 m/g
indicating that the calcination temperature is sufficient
i causing thermal decomposition of the catalyst
conslituents which led o increase in active surfaces,
resulting to an increase in surface arca. Conversely, at
600 “C for 4 hours the surface arca decreased to 278.9
m¥/g. The reduction in surface arca could be attributed
lo agglomeration ol Co-Mo/MgQ catalyst particles

which oceurred at longer holding times.

The dispersion of Co and Mo nanoparticles in the matrix
could lead an increase in active surfaces, resulting to an
increase in surface area. Setypralomo ef al. (2015) also
reported that calcination of Fe-Co-Mo/MgO catalyst at
500 “C for four hours is sulficient for the growth of

MWNT with specific surface area ol 181.1 m¥/g.

Characterization of CNT

[T = A OOk
Wil = &

Gl o

Figure +: SEAM Image

Sugoal £ = IHLen
5O Q0K R

Mail

s of Sy pthesized Co-

The HRSEM micrograph, of the synthesized Co-
Mo/MgO catalyst and synthesized CNTs are presents in
Figure 4 and 5. As presented in Figure 4, the SEM ol the
synthesised catalyst shows good dispersion of Co-Mo
particles on the MgO support. The reason for the
attained level of dispersion of metal particles on the
MgO support could be atiributed 10 the thermal
disintegration of the catalyst at the calcination
temperature of 600 °C and holding time of 2 hours. Not
only that the deposited metal components might have
partially replaced Mg(OH): or MgO molecules in their
crystal lattice. (Seprytamo, ef al., 2016).

The SEM in micrograph presented in Figure 5 shows
that the produced carbonaccous deposit was black in
color with very soft and spongy texture, indicating the
presence of CNTs. The preliminary percentage yield of
carbonaceous deposil obtained afler CVD was 218% on

the basis of the weight of catalyst used.

[ate 7 Aug 2047
Tarm 17308 54

Mo/MgO Catalyst
1

L. = ]
- -_-.“-ltl;;ﬂi
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Figure S: SEM Images of Synthesized MWN'T
h - s . e 1~ ]‘v . ) - » 3
analysis carried oul in addition 1o the obtauned scanning electron microsce Py images,
analvsis ¢ ;

36 nm.

Transmission ¢lectron nicroscopy
; 3 . nict diameters rnees between 16
The results revealed that the wall structures of the CNTs varied and drameters rang

Epcapsuliated Metul Particles
v S

50 nm

Figure 6: TEM Images of Synthesized MWNTs (a) Low Magnification (b} High Magnification

The Encapsulated metal particles were observed along Figure 5 which is an agelomerate of metal and mainly |
the inside diameter of most ol the nanotubes samples MgO suppont material, The produced CNTy contained |
which were introduced by the metal catalysi used for the significant amoun; of the residya) catalyst, inmpurities
CNTs growth, Carbon nanolubes can grow cither and amorphous lorms of carbon. This il —

through tip or root mechanism thereby encapsulating material can be remoyed by acid treatment, |
I atmnent, however,
metal particles inside the 1ube (Kariim et af 2016). This the location of metal ingide
5 W lube cagges chal :
s allenges
d particles can affect the during purification Process (Ahmeq ¢l al, 2014
g 1w 5 3).

shows that nanometer size

runportant Figures 5 shows clearly that the o :
: 2 e synthesized on fi

7 SR NS wWere |

diameter of the produced nanotubes, Anothe
observation is the large cluster of catalyst found in multiwalled,
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5. BET Surface area, pore y olume and pore size of synthesized Carbon nanotube

Table =
S/No MORPHOLOGY
1 Surface Arca (in'/y) 289 5
2 Pore Volume (cep) 0198
3 Pore Size (A) 1 688

fhe BET nalvsts result rom Table 2 mdicates that the
o anal,

. qize. OIS volume and the surface area ol the ONT
p\‘!'l- L il

1638 AL, 198 ce /g and 289.5 m/g respectively. This

Lcsult shows that the MWNTs produced has low pore
[ =

olume. small pore size and a large surlace arca. This
work has a higher surface area than that of Setypratomo
1 al (2016) who reported a surface area of 181.135
me for MWNTs.. The diflference observed in the
works of Setypratomo ef al. (2016) may be as a result of
e difference of CVD process conditions. Furthermore,
the surface arca obtained from this work is widely apart
from that of Ahmed et al. (2014) that reported 190.9

m*'e for MWNTSs produced through the decomposition

As-synthesized CNT

S5k Graphite )
MgO
10000 ¥ .
A
800C

Lin (Counts)
a
(=]
o

A000

2000

Figure 7: XRD spectra As-ynthesised and Purificd CN'T

[

by Ing
e g N e

4

of natral gas in the presence of Co ~Mo/ALO;
However, CNTs synthesized 1s of greater benefit a
CNTs with large surface arca are known to generall;
favour metal matrix composite production according

Esawi eral. (2010).

The XRD pattern of the unpurified and purified CNT
is presented in Figure 6. The sharp diffraction pea
which occurred at 20 of 26° clearly indicates th
graphitic wall of CNTs. Other phases also occurred &
37, 42.5. 62, 74.5 and 78.5° these were assigned t
CoQ, MgO and mixed oxides of Co and MgO.

Purified CNT

MgO

]

Ao ¥ iiggena

51 55 G3 7 85
2-Theta-Scale
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Figure 8: Aspect Ratio Correlation of Length and Diameter of As-Synthesized MWCNTs

For the MWCNT sample under consideration, an
average diameter of 32nm was obiained from the TEM
analysis 5. This value SUgLests an aspect raiig (L/d) of

about 1000 and length of 33um, using the correlation

chart. The difference in aspeet ratios ol samples Lrown

al differemt CVp conditions alsg indicaies (ha length

and aspect ratjps e growth p:lramclcrs-dcpendmu.
Ahmed e of (2014) observey that

dspect ratio of ONT incre

anincrease in (he
ases their young's modylysg.
Conclusign

In SUmmary, myjiy

yield w

alled Cirbon Manotubes r 2189

s Successfully Produeeqd using the Prepared ¢y
Mo/Muy Catalyst. Spng and TEpm analy

i SIS ol (he

Todugy, / v N ]

I ced MWNT, showy densely POpulated Strand o

CNTs wip, high degree op .
e 2lee hnnmgunciw and gy,

analysis revealed carbon nanotube peak at 26 of
while the BET analysis revealed surface

289m%/g: pore volume and size of 1.9 ce/g and 1.6

Ll

respectively, The research shown that MgO s IPpC

catalysi can be used 1o produce CNTs with sati

Properties thyy s required for wide range ind

applications.
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