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| and mm‘plmlogic:\l dependency of CNTs on the decompositi .

CVD reactor has been explored. Wet impregnation mcllmdn\l:/lr”flEmh ol acetylene gas on varied catalyst
yion of activated carbon and alumina as supported material ";‘ :“{Uplcd for gl1c catalyst preparation z:ﬂ
;nul'ulumim\ on the structural morphology of ("Nl'l"; ‘:vif'\ﬂf'lﬁ()fnlckc.:l ferrites doping on the
o Electron Mu‘ru.xcupu (SEM) revealed the Ibrmn(iml of ‘“il(\.rc(l Lnrlcm.lllsolcxamlncd,‘ The resull of the
| of CNTs when support materials were doped with nickel fgr;(')t t)‘gy ;l'csuhmg to a densc and
ter (XRD) unnlysns;rcvculcd the formation of graphitic carbon :Il(lif[’r.‘:::'.s' ?urthcrm()rc, the X-Ray
CNTs prod'uccal from pure activated carbon and that of i:C'Ni/'icli\/;( ‘ll()xf"lgglc ul‘25.(m‘7‘and 43.28°
ase lbrxp;mm{ on both CNTs, the presence ol nickel ll‘:rri(c‘s w;r:(ulL:(: UE'- ‘ln o Ue
ticle size of the CNTs produced from pure activated carbon and Fch-N';)' :SL‘WCd. e
od to be 231 and 7.11 nm. The results of the analysis are indications to thcl ;(L)l(:_\:;‘l::(ll cc;‘"bm: IS
aetivated ce aQ ¢ s rolle a . aracteristi
activated carbon as an excellent support material for the synthesized of tailored CNTs in Li}l[;
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1 INTRODUCTION

Since the discovery of carbon nanotubes (CNTs) by
1991, CNTs have received tremendous
archers around the worldwide. The
attentions  of rescarchers™ to  this promising  arca of
rescarch are due 10 their exceptional characteristics
propertics of CNTs amongst other synthetic engineering
materials. Such properties include but not limited to high
mechanical strength, large aspect ratio (length/diameter
ratios). distinct tubular structurcs that are well known for
their outstanding thermal and clectrical stability in the
field of materials cngineering ( Kariim ¢t al., 2015). The
itemized properties have made CNTs exceptional raw
materials in various arcas of applications as energy
storage device. nanoclectric devices, hydrogen storage.
R‘lnfqrccd composite materials, field emission and
chemical sensors (Yeoh et al., 2009). Therefore, there is
need to synthesis tailored CNTs whosd propertics would
be Qhanl1clcd for specific arca of application aiming at
solving immediate challenges.

lijima in the carly
interest from rese

efle Reports have shown that the most efficient and
E’L ;g::lc active part of catalyst_for catalyst vapour
2009; ?;,‘cc}jmques are the Fe, Ni and Co (Yeoh et al.,

: 3Cli\'€l ant ?m\,m of process parameters and natur¢ ©
- on reseirchof caialyst on the morphology of (;NTs is Sl-l"
on the "dr_‘d the impact of catalyst supporting matengﬂ
growth of carbon nanotubes using  catalytic
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chemical vapor deposition reactor systems arc on
continuous investigation.  Precise understanding  and
knowledge of the catalyst ona stated supporting substance
would lead to controlled growth of CNTs, which is a

yardstick for various potential applications

Up till date, there arc threc major methods reported
for the synthesis of CNTs, which include the arc
discharge, laser ablation and catalytic vapour deposition
(CVD) method. However, the CVD cquipmcnl/lcchnique
remains the most widely used methods of synthesizing
CNTs with distinct structural morphology at large scale
(Terrado ct al.. 2006). The highest level of dependency gf
d industrial personnel on CVD technique 1S
de of operation considering the cost

f operation, high qu_ali_ly CNTS,
ability to vary the operation paramclcr‘s'(opumlzanon). 1Io
enhance mass production of this pr9mxsmg nanonu?tcnzxc‘si
(Lec ct al., 2002 and Aliyu 2016). T hgreforc, there 1S r::cess
to carcfully and technically mampulfnc ('t:-d pr:alily
parameters of CVD technique (owards high yi¢ .9

e Oncn;"cr?ccilasli%;?i\;;h'o CcvD equipment hfo:mg::c_
growth of CNTs requircs the sy’n{h;:ﬂs Oogetr“%he !;'cars,,
offcctive and efficient ca_tal):§t par‘tinc ci-‘imprcgnation B

sol gel method. co-precipit tion and WE -/ e
widely reported 35
prcpamtion method [0

application of wet

rescarchers an
duc to its fabulous mo
cffectiveness, ¢€asc 0
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aration as reported by
others methods of catalysts pre paration as rej y

¥ iehlichted techniques for
werdl tesearchers. Most ol the highlighted tugllllltlll .'
e el ¢ use of acnhve metallic

.o ‘ s require th
the catalyst svnthest 1 as well as

part wsually transition metals (Fe, Nvand (}).1 e
there alloy) (Yeoh et al, 2000) on summ‘rt m.u‘g.n.n ] y “.n
iehide, alumima, MpO, Zeolite, Cad Oy, Slﬁ')‘f,l ‘.:nﬂ

(Quian , ¢t al, 2003, Pelech et a, .’(‘)(W nml Yeoh :1: G
2000) 1hese supported matenials offer a smlvu.hlc loea lnvrt
for the CNTs growth in the CVD technique. The Prcscnu
ol those mcm!is) i the catalyst mix, the nature of s.uppon
material and  the  growth  conditions rcsul(u_‘d in l.llc
formation of metallic impurities m the synthesized CNTs
when wsed in CVE techmques (Kruusenberg et al,, 2011).

In this present research work, CNTs are produced
via two distinet supported materials separately loaded on
nickel-fermtes. The catalysts were produced using wet
impregnation method and CVD technique was employed
for the synthesis of CNTs. The synthesized CNTs were
an.i!-\.'cd‘\m the SEM and XRD for the determination of
the surface morphology and crystallinity.

I  METHODOLOGY
2.1 MATERIALS

The gases used were soured from BOC Nigeria
and were of analytical grade with percentage purity of
99.99%. These gases melude acetylene and argon. While
all chemicals  were supplied by Sigma  Aldrich:
Fe(NO;); 9H.0, Ni(NO,)..6H,0, and alumina (AlLO,)
were of anmalytical grade with '99.99% purity. The
activated carbon (AC) used was supplied by the center for
genctic engineering and biotechnology (CGEB) and was
used without any purification and the properties of the
activated carbon were reported elsewhere (Kariim et al.,
2015a).

2.2 SYNTHESIS OF NICKEL-FERRITE CATALYSTS
Thr_fe equal concentration of 0.25M of Fe(NO;);.9H,0
and lehiO,);.ﬁii:O were prepared and 6 g of supp(_)rt
matc;_'ral (alumina, activated carbon and equal percentage
alunpnafuc:ivatc-d carbon)  were  added (o separate
solutions. The mixtures were lefl to impregnate overnight
and the slurries were dricd at a static oven al a
lcmpcrau{m of 120 °C for 6 hrs. The semi-dried products
;]s'cn: caleined in air furnace at 300 °C for 1.5 hrs under the
150(';.* o;n;g?gixs. then cooled, grinded and sicved through
‘e xr() xi»,.\.. Also, 1.0 g of both Fe-NI/AC and Fe-
ALy was formulated as 4 scparate catalyst mix with
varied properties from the starting materials, ‘

2.3 CARBON NANOTUBES PRODUCTION

; N‘i.() g of the developed catalyst (Pure AC, Fe-Ni/AC
r;:' le'kll:O; and nﬁxturc of Fc-Ni/ACJ’e-Ni/AI»O, 'u'
m{lc: : ) were weighed and channeled into horizontal

aclor’s tube via the quartz tube, The system was purged
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at 20 ml/min from l:'u‘mn tempcralurg o the '
temperature of 7(.)() C to cv:wlu’u‘c air ‘"‘d,any ti,
gascous impurity from the syst‘cm. T'he reactan(, ac“ol .
was passed through the cu}alyhg reactor at |(y) mvm? e
30 min while the Mw of the inert gag wiy iﬂcrmm e
200 ml/min to serve as a carrier gas. The acetylune

was truncated and rcactor was purged at 20 "‘I/min b
cooled to room temperature. The CNTs pro ducedn
cach of the catalysts (Pure AC, FC~Ni/AC, Fe.Ny Wi
and mixture of Fe-NI/AC-Fe-Ni/ALO; at ryj, Ly

removed, packaged and analyzed to dclcrmi,',e :‘e}
’ it

propertics.
3 RESULTS AND DISCUSSION

The needs for developing high' quality CNT3 e
pertinent to the creative and skillful approach o
nanotechnologist researchers on the basic faciorg affect]
the process of CNTs synthesis. One of the most iMportan
factors is the nature, method and composition of the
catalyst (active metals to supported materials) used,
this present study, several catalysts were developed and.
used for the synthesis of high grade, and morphology
controlled CNTs.

The BET surface areas of the prepared catalyst were
determined under a continuous flow of N; and the resulis
are presented in Table 1. According to Table 1, the BET
surface area of the pure AC, Fe-Ni/AC, Fe-Ni/ALQ; and
Mixed Fe-Ni/AC/Fe-Ni/ALO; (1:1) were 840.30, 71432,
915.17 and 848.78 m*/g respectively. The decrease in the
surface area of the pure AC after impregnated with Fe-Ni
may be attributed to the incorporation of the metal particle
into the pores of the AC. While the surface area of the
Mix Fe-Ni/AC/Fe-Ni/ALO; (1:1) above the pure AC
might be due to the structural changes of the supportéd
materials,

S 1: BE' CATALYST
TABLE 1: BET SUFACE AREA OF THE PREPARED__—___/

Catalyst BET surface  Pore volume _ Pore si&®
arca (m%/g) (cm®/g) (nm)
/
20507
Pure AC 840.38 0.299
5 1743
Fe-Ni/AC 714.323 02542
\ 22392
Fe-Ni’A1203 915,17 0.3256
) 20712
Mix Fe-Ni/AC/Fe- $48.7838 0.3020

NI/ALOy (1:1)
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Frgure 1: SEM micrograph of € NTs produced from pure
bon (A-B) and Fe-Ni supported on activated

activated car
carbon (C-D)

The results as shown in Figure 1 (A-B) revealed
tat the CNTs produced are partially formed. There are
presences of short and condensed nature of CNTs
formation as seen in Figure 1 (A-B). The formation of
high dense and populated short-growth of CNTs might be
wsied from the absence of inhibitor such as the
ransition metal(s) (Fe-Ni) which has the ability to
ezhance the decomposition of the acetylene gas. In the
same phase, as depicted in Figure 1 (C-D), the CNTs
f‘:‘duted have an improved structural composition with

entified and long strand of CNTs formation which was
S:;:Z‘;df:; the.samc: operating condition. .ll can be
orponmis :‘ .F‘SUTC 1 (.f\-D) that, there 1s an:d to

ctive metals into the support material to

i ilored CNTs for any specific arca of
“PPlication,

The SEM Micrograph shown in Figure 1 also

ﬁ‘.’ea]ed th .
: al o improve the growth of CNTs synthesis by

Qm@!ing )

inco;p:,:hf decomposition of acetylene, there is need
a ..

W lhatae‘ transition metals. Furthermore, the result

. “ractivated carbon s a perfect and good support

Materja)
O the synthesis of improved and tailored CNTS
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_this can be attributed 10

tor matenals engincering application. The use of activated
carbon 1s also an indication for the production of low cz;‘t
and  environmentally via a C\";)
technique.

fnendly  material

Figure 2: SEM micrograph of CNTs produced from equal
percentage of activated carbon and Fe-Ni/Alumina (E-F)
and Fe-Ni supported on alumina (G-H)

Furthermore, the effect of incorporation of
activated carbon on the surface morphology of CNTs in
the mix of Fe-Ni supported on alumina was further
determined. The result of the analysis 1s as depicted in
Figure 2 by the scanning electron microscope.

Figure 2 (G-H) depicts the surface morphology

of CNTs synthesized from pure alumina impregnated with

Fe-Ni catalyst. The depicted SEM (Figure 2 (G-H))
confirms the formation of long and continuous strand of
CNTs. This behavior might be resulted from the presence
of Nickel ferrite on the surface of the alumina support and
its pores which enhances the cata_lylic breaking down of
acetylene in the CVD reactor. This assertion was due to
the formation of the structure produced when the Fe-
Ni/alumina was doped with activated carpon. l% was
shown that the doping of ‘he catalyst with activated

. A and
carbon reduces the rate and quality of CNTs groducad and
the suppression of  the

he surfag

functionality of the existing nickel ferrites.at t

of the alumina.
identificat

changes and
determ

The phase
d CNTs were

component of the develope
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Fisure 3 XRD spectral of (2) ONTs produced [rom Ie-
NvActivated Carbon () CNTs produced  from pure

activated carbon

The result as depicted m Figure 3 shows the
effect of doping activated carbon with transition (catalytic
enhanced metals) on the phase of the CNTs produced ina
CVD technique. The phase angle at the 2 theta equals
2567 and 43287 depicts the formation of graphitized
carbon. The formations of these peaks are observable in
both the carbon nanotubes produced from Fe-Ni/Activated
Carbon and pure acuvated carbon though at varied
ntensity and FWHM as shown in Table 2. The peak at
around S1.00 and 75.33% are associated to the formation of
Nickel femites erystals (NiFe,0,). This observation was
observed by Abdulkarcem, ot al (2017) during the
process of synthesizing MWCNTS via the use of Fe-Ni-
Co supported on CaCO,,

From Table 2, the formations of two distinct
peaks were formed when pure
as ; catalyst material for (he synthesis of CNTs, The
SCAKS wern ( Ve i ‘

{\t' ;\uc also observed ar the same diffraction angle
1en e activated carbon wag doped with nickel ferrites
nanoparticle for is. F ‘
- :,m..'k:; for CNTs Synthesis. Funhcmmrc, two
Ay ;gcu‘jpuks were formed on the ONTy produced

o Fe-NYActivate T
I' carbon, These peaks  formation

might he attribyte i
v tributed 1o the production of aligned and |
fube carbon nanotybes, e

activated carbon was used

Regardi > crystallite s
garding the erystallite size of the produced

ONTs, the Scherer :
1 tquation wa 3
[Chea etal,, 2006) $ employed  using (1

ping Conferenet
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KA
[) = '/.;;“‘\“ l
presents (he particle size diameter, B = ful
(FWHM), A is the wave length o
the diffraction angle and K jg the

Where [ 1¢
width at pal [ maximum

N-ray (01541 nm), 0 i$
Geherrer constant (0.94).

| AILE 2: CRYTALLITE SIZES DETERMINED FROM XRD

SIPECTRA
SN Dl FWHM (Radian) Crystaliie S~
h on (nm)
Angle
T G mple B Sample A Samm
B A
| 25,67 0.08988446 0.06047566 1.65 246
S S 005270894 0.04555309 296 34
15100 0.01797689 892
4 7534 0.01343904 13.63

From Table 2, the average crystallite size of CNTs
produced from both the pure activated carbon and the
nickel ferrite doped activated carbon were determined.
The Average crystallite size for sample B and A were
found to be 2.31 and 7.11 nm respectively. The increment
in the particle size is attributed to the formation of nickel
ferrites which accompany the produced carbon nanotubes
in a CVD reactor, Therefore, to maintain a low particle
size of CNTs material, it’s required to operate the CVD
equipment with only the activated carbon without the
incorporation of transition element as an active part of
catalyst.

4 CONCLUSION

In summary, a wet impregnation method was used for
the preparation of catalysts via the used of activated
car‘bnn and alumina ag support. The effects of pure.
activated carbon, nickel ferrites doping on the activels
c‘arl’lfm and alumina on the morphological characteristi€
CNTs were investigated. Base on this study,
revcalcd‘lhc formation of tailored morpholog)" ‘
a dense and long strand of CINTs‘ when activai
and aluming support were doped ‘with nick
compared to the CNTg produced with pure
curbo?.‘ While, the XRrp tesults revealed fo
graphitic carbon gt 2 theta angles of 25.67 and
both the CNTs produced fronf i cd

pure activated ¢

A.
1)
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hat of Fe Niactivated carbon and the presence of nickel
rgiles WIS also observed in the spegtra. This study
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