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ABSTRACT

Multiwall carbon nanotubes MWCNTSs were synthesized then decorated with ZnO. The decorated ZnO was grown
on the surface of MWCNTs via simple wet chemical route. The prepared MWCNTS/ZnO composite was
characterized by X-ray diffraction, EDS, HRTEM, FTIR as well as thermal analysis. Zinc oxide with about 30 nm
as confirmed by HRTEM and XRD could be described as wurtzite hexagonal crystalline structure. The HRTEM
results showed that the MWCNTSs were uniformly decorated with ZnO nanoparticles with nearly no agglomeration.
The co-operative behavior between MWCNTSs and ZnO gives rise to the production of advanced functional materials
with a wide range of applications.
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INTRODUCTION

Nanotechnology is the science of manipulation oftenaon atomic and molecular scales in order taiolbmaterials
with specific and enhanced properties. A key cimgiéein nanotechnology is the assembly of nanopestiwith
different physical and chemical properties in orderobtain composite materials with tunable nanmstral
properties [1]. Carbon nanotubes (CNT's) hatteaeted considerable attention in recent yemid become the
subject of intense research activity worldwidet only due to its fascinating high eleel and mechanical
properties, but also for its outstanding, rifa, magnetic, and optical properties [2]. eS& excellent
properties endow this novel carbon materiathwvaried nanotechnology applications, includiggs sensors,
field emission devices, molecular diodes , nedig and ceramic composites [3- 5]. The as$ewitisotropic
nanoparticles onto one-dimensional (1D) architeturepresents an important step towards the integraf
nanoparticles into nano devices. In particular.opanticles of one material can be assembled on aatdstructure
of a different material to form unique and inteiggthybrid nanomaterial systems. Recently, carbanotubes
(CNTs) have been used as templates or scaffoldbédnybrid assembly of nanoparticles [6]. Modifioa of CNTs
has been paid a great deal of interest as a fasgnaodel system for fundamental scientific resbawith the
potential technological applications. In particulabrication of CNT-based devices modified withtah@xides is
more applicable than non-modified devices. Upridw, various metal oxides such as 7,i@nQ, ZnO, FgOs,
MnO, and Ru@ have been reported to modify CNTs [7-13]. The atnring system of CNTs [14] can be
disrupted by the application of oxidation reagesisch as HN@ or a mixture of HSO/HNO;, and therefore

139
www.scholar sresear chlibrary.com



Medhat | brahim et al Der Pharma Chemica, 2015, 7 (10):139-144

nanotubes can be functionalized with groups suchydsoxyl, carboxyl or carbonyl that are necesgaranchor
guest species such as metal ions to the tube [@5,As a result, most of the properties of the gumm be
synergistically combined with those of the hosyield composite materials with superior charactigss As it is

well known, CNTs have a strong tendency to agglateedue to their nanosize and the resultant higfacs
energy. However, the grafting of chemical functidies, e.g. carboxylates, on the surface of CNmrts
negative charges, and hence creates the elecirostability required for colloidal dispersion [1I8]. One can
divide these reported synthesis methods into twim weategories: those that are based on (1) thediggn of CNTs
in a metallic precursor solution followed by a chesh synthesis step (i.e., hydrothermal, microwayethesis, or
ultrasonication) or (2) the functionalization of TNsidewalls with organic ligands followed by theypital or

chemical attachment of nanoparticles [19]. Nowadaging a simple and low-cost approach to modify & with

the metal oxides nanopatrticles is still an actasearch.

In the present work, MWCNTs will be prepared thestatated with nano ZnO using the simple wet chemica
method with high loading ratio. The prepared saspldl be characterized by XRD, EDS, HRTEM, FTIRdan
thermal analysis respectively.

MATERIALSAND METHODS

2.1. Chemicals

Zinc acetate, oxalic acid purchased from Al-Nasnpany- Egypt and functionalized high purity multalvwcarbon
nanotubes (F-MWCNTSs). The high purity F-MWCNTs wesmthesized by the floating catalyst chemical vapo
deposition (FCCVD) method and the details can lbmdcelsewhere [20]. All of these chemicals weredusghout
any further purification.

2.2. Decoration method

For F-MWCNTs decoration with ZnO two precursors everepared separately and one of them was addibe to
other drop wise. A 200mg of F- MWCNTs was suspernidesOml of distilled water using ultrasonic wavies 10
min. 1.65 gm of Zinc acetate was dissolved in 56fdistilled water and added to F-MWVNTSs solutiamdastirred
for 5 min. 3.15 gm of oxalic acid dissolved in 1Q0distilled water solution was added drop wise lie tbove
precursors and stirred for 1hr at’80 The precipitated dark gray powder was filtenedshed several times, with
distilled water until PH value reached 6.5-7. Afteat the powder was collected and dried &C6@vernight. Finally
this powder was calcinated at 400for 2hrs. The calcination temperature was dechieskd on thermal analysis
data.

2.3 Characterization techniques
X-ray diffraction (XRD) measurements were performeging Philips XRD Powder diffractometer (PW3050/60
with Cu Ka radiation §= 0.15406 nm).

Energy Dispersive X-ray (EDX) analysis was carmed with Philips (Inspect S, FEI Company, Hollai@tanning
Electron Microscope (SEM) operated at 30kV.

High Resolution Transmission Electron MicroscopyR(AIEM) examination was conducted on a Philips (FEI
Tecnai G2 S-Twin) High Resolution Transmission Eigt Microscope operated at 200kV.

Fourier Transform Infrared Spectroscopy was measoneFTIR (VERTEX 70, Bruker Optik GmbH, Germany).

Thermal analysis (TGA and DSC) data were recordéd & DTA-TGA thermal analyzer (STD-Q 600) in the
temperature range 25—72Dunder nitrogen flow at a rate of 30/min.

RESULTSAND DISCUSION

3.1. XRD results

In order to understand the structure of the MWCIXME composite, powder XRD has been recorded. Kigoivs
the XRD pattern of the MWCNTs decorated with Zn@ayzarticles. It can be seen that the diffractioakseof the
pattern atB= 23.3°- 26°, 41.5° - 43.8° are assigned to (0Q2)) planes of MWCNTSs [20-23].By combining the
XRD and HRTEM analysis of nanotubes, Kiang et 24] [found that the (002) reflection peak shiftsnir@6.60°
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for graphite (inter-shell spacing of 0.335 nm) &1B° —22.77° for carbon nanotubes, correspondiagectively to
0.34-0.39 spacing; While the other diffraction meak the composite match well with hexagonal wigtZnO
(JCPDS Card No. 79-0205) [22]. The XRD patterndatid that ZnO consisted of pure phase, and nactesistic
peaks were observed for other impurities which éwdeonfirms that the synthesized composite comgane ZnO.
The sharp peaks demonstrated that ZnO in the sampére well crystallized [25]. The size of the ZnO
nanoparticles was estimated from the full widtthalf maxima (FWHM) of the [101] diffraction peak dime basis
of the Scherrer formula are about 35 nm.
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Fig. 1 XRD pattern for MWCNTSZnO composites

3.2. EDSanalysis
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Fig.2 EDS analysis of MWCNTSZnO composites

In order to confirm the elements present in theltast MWCNTs/ZnO composite, an EDS analysis wafopmed.
As depicted in fig. 2 the EDS analysis reveals gthesence of Zn, O and C which emphasize the suoteds
decoration process with ZnO nanoparticles. Alsogli® no any catalyst in the composite. This dueetooving all
of the catalyst used in the MWCNTSs synthesizesndutie purification process. Also the successfighireg of the
resultant composites removes other impurities whiely resulted from the reaction of oxalic acid aimt acetate.

141
www.scholar sresear chlibrary.com



Medhat | brahim et al Der Pharma Chemica, 2015, 7 (10):139-144

3.3.HR-TEM
Figure3 shows the HRTEM images of the obtained ERM@BCNTs composite. The images show the formation of

spherical ZnO nanopatrticles on the surface of MWENAIso the images revealed the homogeneous dispert
uniform ZnO nanoparticles along the surface of MWGNwith relatively high particle density, withoutet
formation of any noticeable agglomeration, thisi¢ates the efficiency of the rather simple routeplayed for their
preparation [18, 26, 27]. Also it is clear thatrdhevere no any other materials on the surface ofGW/Us except
ZnO which verifies the results obtained from XR&DS analysis. As can be seen from the HRTEM is&5ig.
2) the estimated size of ZnO nanoparticles was taB0nm. The observed particle size was found tinke good
agreement with that obtained from XRD result.

Fig. 3: HRTEM of the ZnO/M WCNTs composite

3.4. FTIR measurement
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Fig. 6. FTIR spectra of MWCNT/WO3 nanocomposite

In the present study the FTIR is utilized in ortteanalyze the possible bonding between the dembsitucture and
the surface of the MWCNTSs. In other words, FTIRhis study could be a means providing an obsematimout
the interactions at the surface during the possidorption of nanoparticles and to determine thesire of the
adsorbed species. Fig. 6 presents the FTIR speafudWCNTs/ZnO composites. The spectrum shows adbro
band at 3435 cm-1, which refers to the OH stretgloithe hydroxyl group that can be ascribed todabllation of
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carboxyl groups (O=C-OH and C-OH) [20]. The band2@38 and 2852 crh are assigned as the stretching
vibration of C—H bonds [28]. The carbonyl charaistér band is also observed around 1618'camd can be
assigned to the carbonyl group from quinine or riigicture [29]. Intense band at 1397tmis due to O-H
deformation of C—-OH group. Two bands were obseate838 and 437cm the first one may be associated with
oxygen deficiency and/or oxygen vacancy (VO) detemhplex in ZnO; while the second band correspdadbe
E2 mode of hexagonal ZnO which is described as Raantive [30].

3.5. Thermal analysis

Thermal analysis (DSC and TGA) can be considerednasffective tool because of its ability to deterenthe
amount of nano metal oxides on the surface of MWENiISo the optimal temperature of heat treatment or
calcination can be specified. Fig. 4 represents RIS and TGA curves for ZnO/MWNTs composite before
calcination. The DSC and TGA curve shows an endotitepeak at 14°C, which is accompanied by a small
weight loss of 17% primarily due to the removalaiter (ZnGO, 2H,0 — ZnC,0, + 2H,0, the theoretical weight
loss is 19.05%). This result indirectly proves ttteg as-synthesized product is 200G 2H,O. The endothermic
peak at 395 with the corresponding weight loss3%3can be attributed to the decomposition of aeejeoups
(ZnC,04,—~Zn0 + CO + CQ, the theoretical weight loss is 38.09%) [31] aftalcination at 40 for 2 hrs. The
endothermic peak has disappeared as shown inTlgbamount of ZnO nanoparticles on the surface WfGNTs
was estimated from TGA curve to be 75% by weight.
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Fig. 4: DSC and TGA curvesfor ZNnO/MWNTs
composite before calcination Fig. 5: DSC and TGA curvesfor ZnO/IMWNTs

composite after calcination

CONCLUSION

The simple wet chemical route was used for the @icm of the surface of MWCNTSs with ZnO nanopdesc The
obtained results indicated that the ZnO nanopastiglere distributed uniformly on the surface of MMIS with
negligible agglomeration. HR-TEM results indicatat; the average size of the ZnO nanoparticledsaB0 nm. In
the XRD pattern, the sample was observed to hage purity without any impurities. FTIR data confgnthe
formation of ZnO nanoparticles on the surface of BIMIs. Collecting these data one can conclude tat t
decorated MWCNT was achieved with simple methodctviciould be dedicated in many applications.
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