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Abstract. MWCNTs and hybrid nanocomposite ZnO/Se/MWCNTs have been prepared via Solvothermal technique using Parr 
reactor at the temperature 180°C  and SeCl2 as a catalyst. The obtained MWCNTs and ZnO/Se/MWCNTs are investigated using 
the FE-SEM, XRD, UV-VIS Spectroscopy and Z-Scan. The novelty of this research is studying the nonlinear optical properties 
for these prepared materials and the results exhibit that the thickness of  the deposited film for hybrid nanocomposite 
ZnO/Se/MWCNTs is increased, which in turn, increase the nonlinear phase shift of the laser beam compared with the MWCNTs.  

Keywords: Hybrid Materials doped with MWCNTs, nonlinear optical properties. 

 INTRODUCTION 

Carbon nanotubes were discovered by S. Iijima [1], who was looking for new CSs, in the deposit formed on 
graphite cathode surfaces during the discharge which is, employed to prepare of fullerene soot. The CNTs, also known 
as tubular fullerenes, are cylindrical graphene sheets of sp2 bonded the carbon atoms. Nanotubes are concentric 
graphitic cylinders with the closed end due to the presence of five-membered rings. The CNTs, can be multi-walled 
with a central tube of nanometric diameter surrounded by graphitic layers [2]. Since the discovery of CNTs, various 
methods of preparing them have been reconnoitered and synthesized carbon nanotubes by various techniques like arc-
discharge, Laser Evaporation, Chemical Vapor Deposition (CVD), High-Pressure carbon monoxide method (HiPco), 
The unique catalyst mixture of Cobalt and Molybdenum used (CoMoCat), Laser Ablation and Solvothermal technique 
[3,4], etc. These techniques are very beneficial and are of extended importance. The CNTs can have a high aspect 
ratio, low mass density, high tensile strength, the large surface area, high heat conductivity and versatile electronic 
behavior, including high electron conductivity [5,6]. The advantage of liquid hydrocarbons as carbon source is 
that they're the cheap and controlled insertion of the liquid additive are often introduced into the reactor wherever 
they kind active carbon species for carbon CN’s growth were the type of catalysts that affects the morphology and 
crop of carbon nanotubes [7]. This work involves using a low-cost method to prepare MWCNTs and hybrid 
nanocomposite ZnO/Se/MWCNTs to study the nonlinear optical properties. 

 MATERIALS AND METHODS 

The chemicals in this research supported from (VWR Company) with purity (99.9%). 

Preparation of MWCNTs  

Typically, 70 ml of Ethyl alcohol, 30 ml of water, 7gm of KOH, 3gm  PEG of 14.000Mw and 1 gm  PMMA 
Polymer, were added to Becker of 200 ml and mixed  using magnetic stirrer for 30 min. After that, 0.2 gm  of Selenium 
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Dichloride,  which is used as a catalyst, dissolved in 10 ml DW, still under magnetic stirrer for 1 hr. Then mixed  the 
above two solutions  and transferred to 250 ml  Homemade Parr reactor Teflon Jar (Homemade locally in Georgia 
Institute of Technology-MSE, Georgia, USA). After that, the reactor was sealed and  maintained at 180 ºC for 24 hr 
in a furnace, then, the reactor cooled down to room temperature, and the product  wash four times with water and 
alcohol. Lastly, the prepared sample was dried using vacuum oven at 65 ºC for 8hr. 

Preparation of  hybrid Nanocomposite ZnO/Se/MWCNTs 

Also, Solvothermal method have been used to hybrid Zinc Oxide (ZnO) and Selenium NPs with MWCNTs using 
two solutions. The first solution was resolve 4 gm of KOH in 10 ml of DW, also 4gm of ZnO nm (grain size: 30-40 
nm) resolve in 20ml of DW.  Then the second solution was resolve 0.2 gm of SeCl2 in 10 ml of DW. Finally, mixed 
all the above solutions and transfer them to the Autoclave under 180°C for 24 hr with immerse piece of high carbon 
steel inside Teflon Jar of the Autoclave to increase the encouraging combined ZnO with MWCNTs. Then all the 
prepared samples were cool down to room temperature. The prepared nanocomposite was washed with water and 
alcohol for several times and dried at 65 °C for 24 hr. 

RESULTS AND DISCUSSION 

The FE-SEM images of the MWCNTs and ZnO/Se/MWCNTs were taken by (Zeiss ULTRA 60 FE-SEM, at the 
Georgia Tech./MSE.-USA). The prepared  MWCNTs length diameters was up to several micrometers as in figure 1-
a. The time is enough to prepare a chain of MWCNTs, also when  temperature increase leads to particle size increase 
(i.e., small surface area). The interface connection between Se NPs and ZnO NPs can clearly be observed as in figure 
1-b, ZnO NPs to closely the surface of SeCl2 because of  the piece of steel inside Teflon jar attracts ingredients floating 
in solution and shows the role of Iron (Fe: appear in the XRD pattern in figure 2-a), Nickel (Ni: appear in the XRD 
pattern in figure 2-a) and Cobalt (Co) elements within its structure knitting to connect the components in the reaction 
environment. The image of ZnO/Se/MWCNTs shows the porous structures in the ZnO NPs, which can contribute to 
a large surface area which agree with other research's results [7-12]. Some ZnO and Se NPs were closely linked to the 
surface of ZnO/Se/MWCNTs, as in figure 1-c. MWCNTs had close contact with ZnO NPs in the hybrid 
nanocomposite, the diameter of the coated MWCNTs increases and the inner core of MWCNTs is hardly visible which 
have a particle diameter within the range of (36–51) nm with average lengths of (1.5–2 ) μm, and (20-42) nm for Se 
with the mean particle size (36.30-56.53) nm for ZnO/Se/ MWCNTs and mean particle size (45-55) nm for ZnO, 
which measured by FE-SEM device directly. 

 
FIGURE 1: FE-SEM images of : a) MWCNTs,   b) ZnO-SeCl2,   c) ZnO/Se/MWCNTs. 
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The (XRD) pattern of the samples were analysis using X-ray diffractometer equipped with Cu-Ka radiation 
(λ=1.5406 Å) as in figure 2.   Diffraction peaks indexed (1 0 0), (1 0 1), (1 1 0), (1 0 2), (2 0 0) and (2 0 0) can be 
assigned as cubic close-packed (Se) and also the other diffraction peak at 26.5º are indexed to (0 0 2) are point out to 
graphene layers. The above results ensure the reduction reaction of potassium hydroxide to potassium and 
disintegrate chemical compound C2H5O- K+ to C2H5O- and K+, once it mixed with the PEG & PMMA presence of 
pressure and heat caused polymerization. 

  

 
FIGURE 2: The XRD pattern of:  a) MWCNTs,    b) ZnO/Se, c) ZnO/Se/MWCNTs Nanocomposites. 

 
XRD pattern shows two strong peaks for (0 0 2) which indicates that (1 0 0) is the radial direction of MWCNTs 

and it indicates grown from the catalytic particles [8-11]. ZnO/Se/MWCNTs nanocomposites were of the 
homogeneous structure with crystallinity, and the average crystallite sizes which calculated from the Scherrer equation 
were found to be about 30.86-56 nm. The two peaks overlapped at 2θ = 25.9° can be found easily and clearly in the 
Se NPs-coated by MWCNTs and two weak peaks at 2θ = 41.3° which convergent with Rodrigues O. E. D.et al, [12]. 
This main peak overlapped with that of ZnO and MWCNTs at 2θ = 34.8°.  

An enhancement of absorption can be seen for ZnO/Se/MWCNTs composite material compared with pure 
MWCNTs  as shown in figure 3. A significant blue shift within the visible region less than 500 nm in a little bit is 
observed for ZnO/Se/MWCNTs. Also, the absorption spectrum shows scattering in the range  of 370–392 nm due to 
formation nano-clusters of MWCNTs in the ZnO matrix compared with other results [12-15]. 
 

 

FIGURE 3: UV-Visible spectra of MWCNTs and ZnO/Se/MWCNTs composite. 
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The nonlinear optical (NLO) properties which include the nonlinear refractive index  (n2) and nonlinear absorption 
coefficient  (β) were investigated for Multi-Walled Carbon Nano-Tubes (MWCNTs) and ZnO/Se/MWCNTs 
composite (Hybrids) by the Z-Scan technique with  Nd: YAG pulsed Laser at the wavelength of 532 nm and intensity 
6.794 GW/cm2. Two methods were used to measure the NLO properties of materials, the closed-aperture and the 
open-aperture of Z-Scan. The first one, which used to calculate the n2, where an aperture, is placed 
behind prepared samples within the far field to manage the cross sectional σ of the beam which coming out of the 
sample. As the prepared samples are scanned through the beam, the profile of far field displays the variation of 
intensity across the beam profile, that is recorded via the aperture and also the transmission, is recorded as a function of 
(Z-position). Figure 4 exhibit the results for  the closed aperture of Z-scan for MWCNTs and ZnO/Se/MWCNTs 
composite (Hybrids). Where this figure shows a refractive index of  negatives singes (peak to valley)  for  optical 
nonlinear z-scan which represents the effect of self-defocusing for MWCNTs and ZnO/Se/MWCNTs composite, and 
this  profile of Z-scan starting far from the focus (z <0), the flounce of the beam is low and nonlinear refraction is 
negligible, i.e., z-independent. As the MWCNTs and ZnO/Se/MWCNTs composite approaches the beam focus, 
intensity will increase, resulting in self-lensing in the  above samples tend to collimate the beam on the aperture within 
the far field, leading to  increase the transmittance which calculated at the iris position as Luděk Bartoněk & Jiří Keprt 
mentioned [16]. 
 

 
 FIGURE 4: The closed aperture  of Z-Scan for MWCNTs and ZnO/Se/MWCNTs composite (Hybrids). 

 

After the focal plane, the effect of the self-defocusing leading to increases the divergence beam, and this causes, a 
widening of the beam at the iris which in turn lead to reducing the measured transmittance. Again, at  z > 0, the n2 is 
low resulting , i.e.,  z-independent. It is clear from the figure 4, the Z-scan results varies for both MWCNTs and 
ZnO/Se/MWCNTs composite because the difference of concentration of additives in each film caused variation in 
films thickness, increasing caused the increase of the laser beam phase shift, which lead to change the nonlinear phase 
shift (ΔΦο)  which intern changes the value of n2 and the third order electric susceptibility [17]. It is observed that, 
with the condition of small ΔΦο , the curves profile of Z-scan is approximately symmetric, where the increase and 
decrease of normalized intensity at the aperture are basically the same as Alessandra Micoli mentioned [18]. As seen 
from the table 1, that the relation between the ΔΦο and the n2 is linearly increasing relation and determined from  
equation (1) [19]. 

𝐧𝟐 ൌ ∆𝚽𝛐 / 𝐈𝐨𝐋𝐞𝐟𝐟 𝐤                                                                                   …. (1) 
Where   𝐤 ൌ  𝟐𝛑 /𝛌 
λ  is the wavelength of the beam.  
Io is the intensity at the focal spot given by   
Leff: The effective length of the prepared materials which can be determined from equation (2). 

𝐋𝐞𝐟𝐟  ൌ  ሺ𝟏 െ  𝐞ି𝛂𝐨𝐋 ሻ/ 𝛂𝐨                                                                         …. (2) 
where,  
L is the sample length,  
αo is linear absorption coefficient 
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TABLE 1: Nonlinear refractive index for MWCNTs and ZnO/Se/MWCNTs composite  (Hybrids) using the closed 
aperture of Z-scan. 

n2  cm2/ GW 
 

n2 
type 

ΔΦ o 

 

αo  

 
Samples 

0.273 –ve 0.9359 230430 MWCNTs 

0.279 –ve 1.0098 219101.3 ZnO/Se/MWCNTs 

 
The open aperture of Z-scan was used to calculate the nonlinear absorption coefficient (β) by removing the 

aperture, which leading to collecting all the transmitted light [19,20]. The  figure 5 shows the open aperture of Z-scan 
results for MWCNTs and ZnO/Se/MWCNTs nanocomposite (Hybrids). 

 

 
 FIGURE 5: The open aperture of Z-Scan for MWCNTs and ZnO/Se/MWCNTs nanocomposite. 

 

Figure 5 shows negative asymmetric valley observed at minimum transmittance (Tmin), where Z = 0 mm, which 
indicates a two-photon absorptions (TPA) in the  prepared materials when travels through the beam waist. The open-
aperture of Z-scan defines variable transmittance values, which used to calculate  the β [19,20]. The table 2 listed the 
variable transmittance values of MWCNTs and ZnO/Se/MWCNTs composite (Hybrids) to determine β (which 
determined from equation (3)) at the wavelength of 532 nm with the intensity of 6.794 GW/cm2. 

𝑻ሺ𝒁ሻ  ൌ  ∑
     ሾ

𝜷 𝑰𝟎 𝑳𝒆𝒇𝒇
𝟏 శ ሺ𝒁 𝒁𝟎⁄ ሻ𝟐 ሿ𝒎     

ሺ𝒎 ା 𝟏ሻ𝟑 𝟐⁄
ஶ
𝒎ୀ𝟎                                                            …. (3) 

where 
 Z      is the sample position at the minimum transmittance 
 Zo     is the diffraction length 
 m     is integer 
 T(z) is the minimum transmittance 

TABLE 2: Nonlinear absorption coefficient  for MWCNTs and ZnO/Se/MWCNTs composite (Hybrids) using the open 
aperture of Z-scan. 

Samples Leff ( cm) Tmin  β (cm/GW) 
MWCNTs 4.27 x 10-6 0.27 67164.54675 

ZnO/Se/MWCNTs 4.51 x 10-6 0.12 36887.47273 

CONCLUSION 

The novelty of this work is using the solvothermal technique to prepare MWCNTs and hybrid nanocomposite of 
ZnO/Se/MWCNTs by low-temperature to explain the nonlinear optical properties for MWCNTs and 
ZnO/Se/MWCNTs. The nonlinear refractive index exhibits the effect the self - defocusing for the closed aperture of 
Z-scan, whiles, the open aperture of Z-scan exhibits reversed saturable absorption (indicating the two-photon 
absorption).  
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