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INTRODUCTION

Natural carbon is present in sp* hybridization, can form an
assortment of stunning structures. A side from the notable
graphite, carbon can manufacture a honeycomb nuclear game
plan. In the first place such structure to be found was Cg atom
by Kroto et al. [1]. Despite the fact that different carbon confines
were examined, it was just in 1991, when lijima [2] noted blue
tubular carbon structures. The nanotubes comprised of upto a
few many graphite shells (supposed multi-walled carbon
nanotubes (MWCNTs)) with nearby shell division of 0.34 nm,
distances across of 1 nm and vast length/measurement propor-
tion. After two years, lijima and Ichihashi [3] and Bethune et
al. [4] combined single-walled carbon nanotubes (SWCNTSs).
These days, MWCNTs and SWCNTs are created essentially
by three strategies: (a) circular segment release, (b) laser-removal
and (c) reactant development. The combined nanotube tests
are portrayed by methods for Raman, electronic and optical
spectroscopies [5,6]. Imperative data are inferred by mecha-
nical, electrical and warm measurements. The test information
is investi-gated via examination with the consequences of
hypothetical models [7-12].
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This work involves direct doping of Zn(CH3COO),-2H,O with both single-walled carbon nanotubes (SWCNTSs) and multi-walled carbon |
nanotubes (MWCNTSs) at 60 °C. The produced composites of ZnO/SWCNTs and ZnO/MWCNTs were investigated using X-rays diffraction |
patterns, atomic force microscopy and Fourier transform infrared spectroscopy. From the results, it was found that ZnO was deposited
uniformly with both of single and multi-walled carbon nanotubes. It was also found that ZnO in the prepared composites does not lack its |
crystallinity as it was concluded from XRD patterns for the prepared composites. The activity of the prepared composites was investigated |
in solar cells simulations via applying these composites as a photocathode for a solar cell. The obtained results of simulated solar cells |
showed that used ZnO/MWCNTs composite showed higher fill factor, maximum current (I.), maximum voltage (V) and lower open |
circuit voltage(V..) in comparison with ZnO/SWCNTSs composite. |
|
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The materials generally utilized as a part of gas sensors
are semiconductor metal oxides,vapor-touchy polymers and
different permeable planned materials considered as permeable
silicon. The desorption and adsorption of gas atoms on detecting
materials is the normal gas sensors' standard. It is straight-
forward that the affectability can increase altogether by impro-
ving the contact interfaces between detecting materials [13-
16]. Single walled carbon nanotubes are formed by making a
barrel shaped state of graphene having breadth of 0.4 to 2.0
nm. Multi-walled carbon nanotubes is a blend of a few layers
of SWCNTs that are erratic together [17]. The distance across
for both SWCNTs and MWCNTs is between a small amount of
one of nanometer to several nanometers. The length of both can
be up to a few centimeters [18,19].

Solar cells have extraordinary potential applications as an
elective energy source in view of huge measure of accessible
energy and its dispersed nature that may empower an appro-
priated control age lattice [20]. In any case, for sun based
vitality to be financially savvy on an utility scale, the cost of
procurement, establishment, operation and maintenance over the
lifetime of sun oriented board for every kWh created must
contrast positively with current power age innovation, which
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for petroleum derivative based age is 0:03 (0.05 $/kWh) [21].
Enhancements are being made to solar cells to (a) increment
the productivity, and (b) bring down the cost. For example,
sun powered concentrators are being created that concentration
of sun oriented light reflecting off a substantial mirror on a
solar cell with a littler surface territory. Multi-intersection gad-
gets are being produced that utilization intersections between
materials with various band holes to catch a more noteworthy
number of photons and utmost loss of abundance photon vitality
when the energized high-energy electron unwinds to the Fermi
level.

Carbon nanotubes are chemically inert and show promi-
sing characteristics as counter electrodes [22-25]. The present
work involves synthesis of composites of ZnO/SWCNTs and
ZnO/MWCNTs and their application in solar cell phenomenon.

EXPERIMENTAL

Single-walled carbon nanotube and multi-walled carbon
nanotube: In this study, single walled carbon nanotubes (CNTs)
was purchased from Grafton cheap tubes with outer diameter 1-
4 nm, length of 0.5-2.0 um and purity > 90 %. Multi-walled carbon
nanotubes purchased from the same company with outer diameter
of 13-18 nm, length of 3-30 wm and purity 99 %.These materials
were used as starting materials in the preparation of composites
by combination with zinc oxide nanoparticles.

Preparation of ZnO nanoparticals: ZnO nanoparticles
were prepared as a colloidal by self-assembly method. All materials
which used in synthesis process supplied from Fluka company.
Zn(CH;COO),-2H,0 (0.01M) solution was prepared by dissolving
zinc acetate (1.25 mmol) in 125 mL of methanol under vigorous
stirring at 60 °C. Then this solution was made basic by adding
0.03 M of KOH solution which was prepared by dissolving 2
mmol of KOH in 65 mL of methanol. Potassium hydroxide
solution was added dropwise to zinc acetate solution and the
reaction mixture was stirred for 2 h at 60 °C [26]. Then the
obtained solid was separated using centrifuge and stored in
ethanol for 2 h. It was finally separated from ethanol by filte-
ration and dried in oven at 80 °C for 4 h and then the sample
was annealed at 300 °C for 2 h.

Preparation of ZnO/SWCNTs and ZnO/MWCNTSs
composites: Single-/multi-walled carbon nanotubes (0.1 g) was
mixed with zinc acetate (50 %) and stirred for 1 h. Then KOH
was added gradually at 60 °C for 3 h with continuous stirring
at this temperature. The obtained mixture was then separated
and dried at 80 °C for overnight and calcinated at 350 °C in
furnace for 2 h.The obtained materials were investigated using
X-rays diffraction, atomic force microscopy and Fourier trans-
form infrared spectroscopy.

Fabrication of photoelectrodes and DSSCs: To fabricate
the solar cell 0.01 g of single-/multi-walled carbon nanotubes
mixed with few drops of dionized water, and then it coated care-
fully on indum tin oxide (ITO) glass substrate as cathode. To
prepare photoanode, TiO, was dissolved in 10 mL of deionized
water containing few drops of acetic acid. The obtained mixture
was coated on the indum tin oxide glass and then annealed at
500°C for 3 h. The photoanode was immersed in N719 dye for
24 h. The cell assembling was performed by adding a few
drops of KI/I, electrolyte on the photoanode and fixed both

electrodes. The current-voltage (I-V) characteristics of solar
cell was found using a solar simulator illumination source of
intensity 100 mW cm™ [27,28].

Powder X-rays diffraction: Crystalline phase pattern for
the prepared composites was investigated using powder X-rays
diffractometer type Siemens D500 with a CuK, X-ray source
(1.5418 A). The working voltage and current for X-rays was
40 kV and 40 mA, respectively. The scan range of 26 = 10-80°.

Atomic force microscopy: Surface morphology of the
prepared composites was investigated using atomic force micro-
scopy type SPM-AA3000 Atomic Force Microscope Contact
Mode Angstrom Advanced INC., 2005, USA. The energy-disper-
sive X-ray spectroscopy (EDX) used to determine the elemental
percentage in prepared materials.

Fourier transform infrared spectroscopy: Surface func-
tional groups of prepared materials were conducted using Fourier
transform infrared spectrometer (Perkin-Elmer company,
England). The spectra were recorded in the range of wave-
numbers from 4000-400 cm™.

Activity of prepared composites in solar cell applica-
tions: The activity of both prepared composites ZnO/SWCNTs
and ZnO/MWCNTs was investigated via using them as a photo-
cathode in solar cell fabrication. The photocathode was immersed
in N719 dye solution as a reference standard dye. The current-
voltage (I-V) characteristics of solar cell was found using a
solar simulator illumination source of intensity 100 mW c¢m™
[27,28].

RESULTS AND DISCUSSION

X-Rays diffraction for ZnO/CNTs composites: Crystal
structure of prepared composites ZnO/SWCNTs and ZnO/
MWCNTSs was investigated using XRD diffractometer and the
obtained patterns are shown in Fig. 1. From these patterns, it can
be seen that peaks of both CNTs and ZnO are appeared in these
patterns. The peak around 26.0° is assigned to characteristic
graphite peak which is related to the presence of tubular structure
of the carbon atoms in the sample with (002) planes.The peaks
near 44.4° and 47.3° are related to the (101) and (004) planes of
nanotube structure, respectively [29,30]. The peaks around
33.5° and 35.4° are assigned to the (111) and (222) planes,
respectively of Fe substrate, which was used as catalyst for the
precipitation methods [30]. Other peaks correspond to ZnO
are 31.8°,34.3°,36.8°, 47.4°, 56.2°, 62.66°, 68° and 77°. These
peaks are corresponded to the planes of wurtzite zinc oxide.
Generally, these patterns confirm exsitance of both ZnO and
CNTs in the prepared composites and in general these patterns
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Fig. 1. XRD patterns of ZnO/CNTs composite




Vol. 30, No. 10 (2018)

Atomic Layer Deposition of Zinc Oxide on Single and Multi-Walled Carbon Nanotubes 2349

P T W A [ 7.0

6.00
1200 5.00
4.00
1000 g
3.00
£ 800 2.00
c
1.00
600
0

400

200
I
0
o o o o o o o o
o o o o S o o N
« < © @ o « ¥
- - - -
nm

Percentage

0 20

Granularity cumulation distribution chart
IEIEIEIEIEIEIEIEp W EIpIEIE N ImIm

Fig. 2. AFM 2D, 3D views and particle size distribution of ZnO composites

are almost identical for both composites ZnO/SWCNTs and
ZnO/MWCNTs.

Atomic force microscopy and scanning electron micro-
scopy: Morphology of both ZnO, ZnO/SWCNTs and ZnO/
MWCNTs was investigated using both AFM and SEM tech-
niques. AFM images for ZnO nanoparticles are presented in
Fig. 2. From these images, ZnO have homogeneous granular
parrticles with average particles ranged from 20-40 nm.

ZnO/SWCNTs composite showed improvement in morpho-
logy of the composite with increase of diameter of produced
CNTs in the obtained composite around 40 nm (Fig. 3). The
results are presented in Table-1. While ZnO/MWCNTSs composite
showed an improvement in the morphology of composite with
increase of diameter of the produced CNTs composite around
42 nm (Fig. 4). The obtained results are shown in Table-2.

Energy dispersive X-rays (EDX) analysis of composites:
Microelemental analysis of ZnO/SWCNTSs and ZnO/MWCNTs
composites was investigated using EDX analysis. In general
EDX analysis for both prepared composites are almost showed
the same microelemental analysis. The results are presented in
Figs. 5 and 6. Results showed that the main elements in the
prepared composites contains carbon, oxygen, zinc, which are
clearly present in the spectrum. However, presence of hydrogen
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Fig. 3. Granularity cumulation distribution for ZnO/SWCNTs composite
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TABLE-1
GRANULARITY DISTRIBUTION
FOR ZnO/SWCNTs COMPOSITE
Diameter (nm) Volume (%) Cumulation (%)
34.00 22.94 22.94
40.00 14.42 37.35
46.00 13.78 51.13
52.00 13.24 64.37
56.00 12.69 77.06
62.00 13.87 90.93
66.00 9.07 100.00
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Fig. 4. Granularity cumulation distribution for ZnO/MWCNTSs composite
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TABLE-2
GRANULARITY CUMULATION DISTRIBUTION
FOR ZnO/ MWCNTs COMPOSITE
Diameter (nm) Volume (%) Cumulation (%)

35.00 4.03 4.03
40.00 3.46 7.50
50.00 3.84 11.33
115.00 3.46 82.63
120.00 3.00 85.63
125.00 3.20 88.82
190.00 0.26 99.40
195.00 0.13 99.54
200.00 0.07 99.60
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with these results is probably due to the atmospheric humidity
[31,32]. No other elements are present which refers to the high
purity of this prepared composite.

Fourier transform infrared spectroscopy (FTIR): The
bands in the range of 1200-1000 cm™ are related to the presence
of CO groups in the composites. The bands around 1380-1370
cm are assigned to bend vibration of -CH; and -CH, groups.
The band around 1700 cm™ is a characteristic peak of carbonyl
group. The bands in the range 600-400 cm™ are related to the
characteristic peak of metal oxygen bond (Zn-O) bond (Fig. 7).
The bands around 800-600 cm™ is assigned to C=C vibrations
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Fig. 7. FTIR spectra for CNTs/ZnO composites
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[33]. The bands at around 3400 cm™ is assigned to vibration
stretching of OH groups. The bands in the range 3000-2800
cm’' can be related to stretching vibration modes of CH-CH
aliphatic bond at the surface. The band around 1651 cm™ is related
to C=C aromatic group and the band around 1670 cm is assigned
to stretching of C=0 bond [34,35]. Also appearance of peak
around 1626 cm™ is assigned to C=C aromatic bond.

Solar cell activity of composites: The activity of ZnO/
SWCNTs and ZnO/MWCNTSs composites in the efficiency of
conversion of solar energy into electricity was investigated and
the obtained results are shown in Fig. 8.
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Fig. 8. J-V curves obtained for solar cell simulation using ZnO/SWCNTs
(left) and ZnO/MWCNTs (right) as aphotoelectrode

In general, ZnO/MWCNTs composite showed higher fill
factor (FF) and lower open circuit voltage (V) in comparison
with ZnO/SWCNTs composite (Table-3). Also ZnO/MWCNTs
showed higher maximum voltage (Vumax), higher maximum current
(Imax) and higher conversion efficiency (n %) in comparison
with ZnO/SWCNTs. This is probably due to relatively high
carbon content in ZnO/MWCNTSs composite in comparison to
ZnO/SWCNTs [27,28]. Carbon nanotubes have very high
porosity which enable it to receive high density of electrons and
can behave as a sink for electrons.

Conclusion

This work involves synthesis of composites of ZnO/
SWCNTS and ZnO/MWCNTs successfully. The prepared
composites was applied as a photocathode in simulation
of solar cells. From the results, ZnO/MWCNTs composite
showed a higher activity in term of fill factor, maximum
voltage, maximum current and lower V. and I, in comparison
of ZnO/SWCNTS.
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TABLE-3
RESULTS OF ENERGY CONVERSION (n %) AND FULL FACTOR (FF) OF DSSCs ZnO NPs/SWCNTs AND ZnONps/MWCNTs FILMS
Sample Photo cathode V,. (mV) I, (mA/cm?) Vo (MV) L (MA/cm?) N (%) FF
a ZnO/SWCNTS 492 3.899 374.5 2.451 1.00 0.495
b ZnO/MWCNTS 425 5.258 387.5 3.209 1.20 0.538
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