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hes synthesis (M}
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area, morphology, functional group, and crystallinity using

The well characterized catalyst was further used for the
effect of acetylene flow rate on the MWCNTS yield was
that the flow rate of acetylene was directly proportional to the MWCNTs yield.
1 excellent morphology and surface area. Hence, the applied kaolin
sible application as catalyst support for synthesize of good
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material for the development of Fe/Kaolin
VOCNTs) in catalytic vapour
fers such as drying femperature, drying time,
tallic Fe/Kaolin catalyst using wet
[ approach. The optimum yield
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1.0 INTRODUCTION

The discovery that materials can exist in their nano
scale and still maintain most of its properties stimulated
many researchers around the world to begin the
production of smaller, lighter, faster, and cheaper
devices which possess greater functionality (Xi et al.,
2006). Nanoparticles, due to their smaller size and
large surface to volume ratio, exhibit interesting novel
propem'es which include nonlinear optical behavior,
u‘fcreased mechanical strength, enhanced diffusivity,
h!gb'Speciﬁc heat, magnetic behavior and electric
resistivity, (Kavecky et al., 2015), Though, syntheses of
various nanoparticles such as gold nanoparticles, silver
wéroparticles and carbon nanoparticles have been
eported in literature (Afolabj et al., 2007), this present

study  focus nthast
(ONTS), on the synthesis of carbon nanotubes

ONTS are cylinder-
Tadiys a4 small ag
grown Up 1o 20 cm
e made
WMalogeyg

shaped macromolecules having a
:a few nanometers, which can be
ot lilec?gt}']. ’I'hc. walls of these tubes
Yori .a'g,ondl lattlf:c of carbon atoms
Capped e mic planes of graphite. They are

' ends by one half of a fullerene-like
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molecule (Guo et al., 1995). It has been reported that
laser ablation, arc discharge and catalytic vapour
deposition methods are the three main methods of
CNTs production, however catalytic vapour deposition
(CVD) method has been described as the viable route of
CNTs production in commercial quantities and qualities
(Teo et al., 2004; and Kariim ef al., 2015). Despite the
robust nature of CVD for CNTs production, it has been
reported that lack of understanding of CNT growth
mechanism has caused hindrance in the production of
CNT with well-defined properties (Kumar, 2012). This
necessitated the need to study the several parameters
such as the catalyst preparation method, type of metal
and support to be used, synthesis route to be applied
and type of carbon source (Kumar, 2012). Among all
the factors listed, catalyst and its support play a major
role in the production of CNTs which brought about the
need for detail study of the effects of catalyst support on
the yield and qualities of CNTs produced by CVD
n‘lethod. Even though several support materials such as
et (Ao o 1. 2000 e e
5 06 ifmmedio o - L,“ﬂ);l;a f- ctd].? ..007'), there

lon of kaolin ag

afe Q \J & a
catalyst support for CNTs growth. It is on this basis th

at
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vaenieaiy and gas asod e this study were of

maivircal grade and they wnchide Tron (D nitrate Nona
hadiate (98 %% parin), arpon pas (9.9% puriy) and

o Byoda . Y S R ! T "o
ATV ICNC (P paniiyv), Kachn used 1 this stdy was
abizimad s Lapos, while the distilled  water was
ebainad from Centre e Genetie and Biotechnology,

Federal Untversity of Technolopy, Minna, Niger State,

Nioreia
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a1 Catalyst Preparation

Preparstion of catalvst tnvohes wet impregnation of
won salt on Kaohn support and the influence of the
process of impregnation on the vield of the catalyst was
imvestigated using 27 tactorial experimental designs.
This implies that four factors were studied at two (low
md upper) fevels as shown in Table 1. A caleulated
amouni

was dissobved m SOml of distlled water and shaken to

{(4.032) of Iron (I nitrate Nona hydrate salt

form homogencous sofution. A given quantity of kaolin
(fower fevel - 8g and upper level - 9g) was added to the
miture and stired at a known stirring speed of 400
mm and 700pm respectively for lower and upper level
for a penied of twenty minutes. The slurry obtained was
then oven-dried at a selected temperature of 110°Cand
120°C respectively for lower and upper level. The
drving of the sample obtained was done in an oven for a
pe riod of 3 hours and 7 hours respectively for the lower
and upper level. The sample obtained was then allowed
to cool at room temperature, grinded to avoid particle
agglomeration and screened through 50 pm. The
screened sample was then calcined at temperature of
500°C for a period of 14 hours. The yield of the catalyst
obtained was then calculated using the Equation 1. The
detailed experimental combination obtained from the
design expert with the yield of catalyst as the output is
as presented in Table 2.

mass of catalyst after coleimation
mass after oven drying

yield (%) = X 100 @

The sample that gave the best yield was
T‘G A, sEM,-'EDX, XRD, FTIR and BET to respectively
‘ducnm.m’f the  thermal stability, morphology
crystallinity and surface area. FTIR was also used Eo

determine the type of o
developed. ype bond present in the catalyst

analyzed using

T 4,“"1‘?}‘!_\:?( of the .\‘i!:t:ri:m Society of Chemical Engineers,

—

3201). 2007

Table 1: Level of Factors for Catalyst Svnthesi
Mass of  Stirring Doving  Drvine
support  speed temp. Ume

(2) tpm)  (Cy  (hny
Upper 9 700 120 7
)
Level
Lower 8 400 110 5
kol S N
22 Carbon Nanotubes Synthesis

Tl?cl Fe/Kaolin composite catalyst aeveloped was then
l}(lll?ﬂd i the production of Carben Nanotubes n
Catalytic  Vapour Deposition (CVD) Reactor with
z_lcet)'lenc as the carbon source, The CVD reactor used
in this study was made of a quartz tube (52 mm internal

flmmclcr. 4 mm thickness and 1010 mm length), placed
mn a furnace that has heating capacity of 1200°C. Gas
cylinders for the carbon source (acetylene) and the
carrier gas (Argon) were connected to the inlet of the
reactor which had flow meters to control the gas flow.
The control system of the CVD allows for an
appropriate temperature program in  maintaining
consistent and appropriate heating rate, reaction
temperature, and cooling rate. The exhaust gases
through an exhaust pump at the reactor outlet were
collected by bubbling in water. A known weight (1.0 g)
of the monometallic Fe catalyst on kaolin support was
placed in the ceramic boat, which was inserted in the
horizontal quartz tube of the CVD furnace. The
production temperature was kept constant at 750°C
while the production time was varied between 20 to 60
minutes with step increment of 10 minutes. The furnace
was set to the required temperature of 750°C during
which argon was allowed to flow over the catalyst a} a
flow rate of 30ml/min this is for the purpose of purgung
the system of the air that might have been trapped 'in t'he
reactor during the process of placing the catalyst inside
the reactor. When the system attained thc_.,S?['
temperature of 750°C, the argon flow ratc was 558
to 100 ml/min and acetylenc was introduced
system at the required flow rate of 20, 307'_ ‘
mU/min for a period of 40 minutes. After whldt
of acetylene was stopped and the flow {ate °_f
reduced to 30ml/min to cool the mmacc
temperature. The boat that contained the bl,ac_‘v
then removed and weighed to determine the 48

CNTs produced. Percentage af CHTs 1_
determined using Equation 2 (Lee et al.. 2V
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1.2 Catalyst Preparation

The eflects of operating conditicor
support (Raoln), stuving gpeed, drytng time and drying
gempetatuie on the vield of monometallic Fekaohn
were presented i Pable 2 ing 2* factorial design of
expeniments, The optinum catalyst vield of 794 %% was
obtained at a drying temperature of 120°C, drying time
rpr, and 9 g mass of

v such as mass of

of § hours, stirring speed of 7

support,

Tauble 2: Influence of Operating Parameters on the
Yield of Catalyst

Run  Massof Sticdng  Drying  Drylog Yiekl
order support  Speed  Time  Tempersture (%)
W gpm) () (O

1. N 400 3 110 YRR
2. 9 400 N 110 121
3. N 700 S 1o 76.714
4. 9 700§ 110 7123
= 8 400 7 110 77.69
0. 9 400 7 110 T0.61
7. 8 700 7 110 77.84
8. 9 700 7 110 78.01
9, 8 400 5 120 7547
10. 9 400 S 120 77.23
1. 8 700 S 120 77.28

2. 9 700 h) 120 7743
13. 8§ 400 7 120 77.62
4. 9 400 7 120 78.49
15. 8§ 700 7 120 78.60
6. 9 700 7 120 79.46

The yields of catalyst were used to carry out factorial

design analysis, this

(ANOVA) to create theoretical model for the main and
after calcination. The &

combined effect on yicld

equation for estimating yield in terms of significant ‘=

tactors is presented as follows (Equation 3): ar

involved the analysis of variance
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The highest vield of Fe Kaotin prodduced at the optimum
vield  was charctenized for surface  morphology,
clemental waalvais, sorface arca, surface  functional
soup and eovatallmity. Figare 3 depiets the HRSEM
o

rcrorraph ot the cataly st sample,

| o

Figare 3: HRSEM Micrograph of Fe/Kaolin Catalyst
Re=ylts presented i Figure 3 showed that the catalyst 1s
nearty sphencal in geometry with the formation of
frglomerate which can be linked to the formation of
oxide on the surface and pores of the kaolin sample,
Also. proper dispersion of the metal on the support
as achieved as shown by the presence of
pores within the composite as seen from Figure 3

P
=

compared io the starting kaolinite clay. Figure 4 showed
the EDS spectral of the catalyst sample.

did b i A it s L Ll bt i o

$ H 3 ! f ¥ i - A ) [

Figure 4: EDS Spectral of Fe/Kaolin Catalyst
Figure 4 showed the EDS spectrum which confirmed
the presence of Fe, C, O, Al Si and Ty chemical
camponents in different proportions in the catalysi
muirix. The observation of element such as Fe at lower

energy level showed that it could he present in the oxide
form,

Brunaver-Emmett-Teller {BET) an

alysis was used 1o
determing the sy

rface area, pore radius, pore volume
and pore size of the catalyst. Table 3 showed the
summary of the BET data of the

; catalyst sample
H S H . q -
obtained in g Arogen environment. The obtained
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characteristics depicted in Table 3 showed that m
developed catalyst was of high and good (-T)'Etaﬂinit;
with pores classified as nicropores according to IUpAe j
nomenclature. This revealed that the ca{%l}ys: Produceq .
possessed adequate textural properties thit wij allgy,
the diffusion of carbon sources into the catalyst Pores

for CNTs growth

Table 3: Summary of BET Results of Developeq
Fe/Kaolin

I'roperties Catalyst
Surface arca (single point) (m*/g) 1192
Pore volume (DR method micropore 0.07407

volume) (ce/g)
Pore size (DR method micropore half pore  0.309]
width) (nm)

The X-ray diffraction method was used to analyze the
crystalline size and texture of the catalyst sample
(Figure 5). The detailed identification of the phase
presence in the bulk of the Fe/Kaolin catalyst was
shown in Figure 5. The estimated particle size showed
that Fe/kaolin catalyst with particles in nanometer range
can be produced under appropriate synthesis conditions
(Kariim et al., 2015 and lyuke et al,, 2007).

_ b
3 Fe,0, Ee
Z o 2.0,
2 s f2.0, o
F ) sl J Fe.0
; U K:'h e
0 o0 l Fe,
0 L ! __M
{ Y o Y
J} X & 1 Thets & © - ]

Figure 5: XRD Pattern of Fe/kaolin Catalyst
Showing Peak Values

The average crystallite size of the catalyst was found fO
be 3527 nm using DeBye-Scherrer Relationship
(Equation 4). - i

Where D is the particle size diameter, B is the
at half maximum, 0 is the diffraction :mg!c
length of X-ray (0.1541 nm) and K is Sche
(0.94). Fourier Transtorm  Infrared S-
Analysis, FTTR (Figure 6) was used for ide
surface  functional group present on =
Fe/kaolin monometallic catalyst.
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33 ONTs Production

I charactenzed Fehaolin was used for the

hess 0f carpon nanotubes m 2 CVD reactor. Duning
< 1

the laner process. the effect of acetylene flow on the
Pl T . H
of ONTs was eagmuned at constant

(103mL 'mink. reaction temponriture

{730 °C) and deposition time (40 mins). Table 3 showed

¢ effect of acety kene flow rate

Table 4: Effect of Acetyvlene Flow Rate on the
Percentage Yield of CNTs

Runs Acenlene flow  Mass of ONT
rate {ml‘min) produced (g)

{ 20 0.02

2 30 0.19

3 40 0.37

4 50 0.43

: 60 0.53

From Table 4, the effect of acetylene flow rate on the

percentage vield of CNTs has been observed to exhibit
direct proportionality relationship. This shows that as
the flow rate of the carbon source increases, more of the
carbon fram the source 1s introduced into the reactor for
?‘fﬁmsmcn on the catalyst surface (Kariim et al., 2015).
I'he highest yield ONTs obtained at the flow rate of 60
mlmin was characterized for surface area, functional
group,  crystallinity, morphology, and EDS  for
elemental composition.

19
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The BET vesulis of the produced UNTs were as follows:

spevific surface area = Q00 167 mTe, specific pore
(37 nm.

These charactenstics showed that the ONTs have

Yo = 00T cop and pore size

potential as adsorbent  materials e wastewater
punfication and m catalyas (Atolabi et al., 2007).
Pipure 7 xhowed the surface morphology o the
syathesrad carhon nanotubes,

et
53

-

Figure 7: HRSEM of CNTs for (a) High Yield and
{b) Low Yicld CNTs

Figure 7 a and b showed clearly that the structural
morphology of the synthesized CNTs varied. In Figure
7a high vield ONTs depicted densely populated strands
of CNTs with little or low level of branched tubes
compared to the low vield carbon nanotubes, Thus, ut
was revealed that low flow rate favored the synthesis of
branched and irregular CNTs formation. The EDS
analysis resulted in usetul information on the clements
present in the CNTs in terms of percentage
composition. The results of the EDS analysis were
shown in Figure 8.

Figure 8: EDS Spectral of theSynth
the Highest Yield of Produced
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The Figure 11 showed the internal structurg) maksyp of
the developed CN'Ts. It was found that the CNT4
produced MWOUNTS with series of co

CEnne tubes of
varied diameter. The presence

of encapsulated catalyst
particles in the tubes of the CNTs wae dep

icted by the
blackishly dense spots in Figure 11

5.0 CONCLUSION

The study addressed the suitabili

ty of locally sourced
kaolin as

4 support matenal for the development of
monometallic catalyst for the synthesis of high quabe
MWONTS in a CVD reactor. The optimum vield of
79.40 % was obtained at a drying temperature of 130
C, drying time of $ hours, stirring speed of 7 e, aod
7 g mass of suppont during the optimizanon of the
Process  parameters. Wet impregnation mctm‘b
employed showed a high level of ciatalyst ¢ e RF
Righ efficiency. Thus, the T
synthesized N7 showed tha
produced was MWCONTs with ie
study further showed that the {] 4
directly proportional o the A
MWONTS i a CVD resctor,
haotin as o support material sh
level tor the development of 4

tor the synthesis of MWONTS,
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