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ABSTRACT 
In recent years, carbon nanotubes (CNTs) have been used extensively for the development of new materials and devices 
due to their unique morphology and properties. The reinforcement of CNT with different metal oxides such as zinc oxide 
(ZnO) develops advanced multifunctional materials with improved properties. Zinc oxide (ZnO) is a semiconducting 
material with a wide band gap energy (3.37 eV), a large free- excitation binding energy (60 meV), high electron mobility, 
high thermal conductivity, chemical and physical stability and non-toxicity. The combination of the complementary 
properties of ZnO and CNTs creates many exceptional mechanical, electrical and electromechanical properties that 
cannot be achieved by CNTs and ZnO individually. [1] 
AIM: Our aim is to obtain ZnO-CNT nanocomposites by in situ hydrothermal method, starting from aqueous inorganic 
salt of Zn and functionalized CNT.  
METHODS AND RESULTS: The structure and morphology of ZnO-CNT nanocomposites were analyzed using Fourier 
transform infrared spectroscopy (FTIR), differential scanning calorimetry – thermogravimetry (DSC-TG), X-ray diffraction 
(XRD), scanning electron microscopy (SEM) and energy dispersive X-ray analysis (EDX). These analyses showed the 
formation of complex ZnO-CNT structures. FT-IR spectra suggest the formation of van de Waals bonds between CNT and 
ZnO. DSC-TG analysis also demonstrates the formation of bonds between ZnO and CNT, through the appearance of 
several endothermic peaks which could be due to the decomposition of functional groups on the CNT chain and 
breaking of the ZnO-CNT bonds. XRD characterization demonstrated the existence of ZnO nanocrystallites. Further work 
will be conducted in the near future to fabricate porous nanocomposite structures with improved properties 
(permeability and mechanical strength) for potential applications in wastewater treatment and energy storage. 
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EXPERIMENTAL PART 
Functionalization of multi-walled carbon nanotubes (MWCNT) 
Multi-walled carbon nanotubes were dispersed in a solution of HNO3: H2SO4 = 1: 3 (% vol) and stirred 
magnetically or ultrasonicated for 8 h. Thus obtained solutions were centrifuged several times at 6000 
rpm, 30 min, until pH = 4-4.5, using a Rotofix 32A centrifuge, Hettich Zentrifugen, Germany and then the 
samples were evaporated under reduced pressure in a Heidolph Rotary Evaporator, Laborota 4000, 
Germany. The resulted CNT powders were characterized spectrally, thermally and structurally to 
demonstrate the functionalization of carbon nanotubes.  
Hydrothermal synthesis of ZnO-CNT nanocomposites 
Nanocomposite materials based on ZnO and functionalized CNT were obtained by hydrothermal process, 
using as precursors Zn(NO3)2*6H2O, functionalized CNT powder, and NaOH solution 0.5 M. CNT powder 
functionalized as described above was dispersed in NaOH solution 0.5 M, brought to pH = 4-4.5 and ultra-
sounded for 15 minutes. Zinc nitrate hexahydrate was dissolved in water and gradually added, under 
magnetic stirring, to the CNT solution previously heated to 50°C. Several types of ZnO-CNT nanocomposite 
powders with different CNT: ZnO weight ratios have been synthesized (see table 2). 
After precipitation with NaOH solution 0.5 M at pH = 9-9.5, the resulted suspension was poured into the 
reaction vessel and introduced in SAM autoclave (Romania) for hydrothermal synthesis at 200 °C. After 
hydrothermal treatment, nanocomposite powder was filtered and washed with distilled water up to pH = 
7, then dried in oven at 100 ° C. 

FT-IR analysis 
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Figure 1. FT-IR spectra of CNT samples 
functionalized by acid treatment 

  

Figure 2. FTIR spectra of ZnO-CNT samples compared to functionalized CNT in the range 
of: (a) 4000-550 cm-1; (b) 2000-550 cm-1. 

DSC-TG analysis 

Sample 

name 

Composition Observations 

CNTFAS-1 HNO3 4M : H2SO4 10M = 1:3 Centrifugation, 

rotary evaporation 

CNTFAS-2 HNO3 4M : H2SO4 10M = 1: 3 Ultrasonication, 

rotary evaporation 

CNTFAS-3 HNO3 5M : H2SO4 10M = 1:3 freeze drying 

CNTFAS-4 HNO3 5M : H2SO4 10M = 1:3 Ultrasonication, 

freeze drying 

CNTFAS-5 HNO3 2M : H2SO4 10M = 1:3 freeze drying 

CNTFAS-6 HNO3 2M : H2SO4 5M = 1:3 freeze drying 

CNTFAS-7 HNO3 4M : H2SO4 10M = 1:3 freeze drying 

Table 1. Representative samples of functionalized CNT 

Nanocompo

site sample 

code 

Composition 

(weight ratio) 

CNT-ZnO-1 CNT:ZnO=1:10 

CNT-ZnO -2 CNT:ZnO=1:10 

CNT-ZnO -3 CNT:ZnO=1:5 

CNT-ZnO -4 CNT:ZnO=1:4 

Table 2. Various ZnO-CNT 
nanocomposites prepared by 

hydrothermal synthesis 

Figure 3. DSCT-TG graph of: (a) CNTFAS-1 sample; (b) CNTFAS-2 sample 

  

  

Figure 4. DSCT-TG graph of: (a) CNT-ZnO-3 sample (CNT: ZnO = 1: 5); (b) CNT-ZnO-4 sample 
(CNT:ZnO = 1: 4) 

Sample 

name 

Peak 1 

(endotherm) 

Peak 2 

(endotherm) 

Peak 3 

(endotherm) 

Peak 4 

(endotherm) 

Δm 

total, 

% T, 0C ΔH, J/g T, 0C ΔH, J/g T, 0C ΔH, J/g T, 0C ΔH, J/g 

CNTFAS-1 321.8 762.4 -94.865 

CNTFAS-2 224.1 12.4 320.5 177.7 -99.029 

CNTFAS-3 312.4 728.1 -98.447 

CNTFAS-4 216.4 62.5 312.3 196.1 -99.627 

CNTFAS-5 46.6 19.9 78.1 46.0 -44.211 

CNTFAS-6 47.5 10.9 204.3 2.9 -17.416 

CNTFAS-7 109.4 129.3 214.5 83.1 654.9 55.4 -48.086 

Table 3. Thermal effects and mass loss in acid treated CNT powders  

Nanocomposite 

sample code 

Peak 1 

(endotherm) 

Peak 2 

(endotherm) 

Peak 3 

(endotherm) 
Δm 

total, % 

% CNT 

(theoretic) 
T, 0C ΔH, J/g T, 0C ΔH, J/g T, 0C ΔH, J/g 

CNT-ZnO-1 

(1:10) 
62.1 6.9 - - 473 0.6 2.5 

CNT-ZnO-2 

(1:10) 
63.2 20.4 233.7 75.4 631.7 26.3 9.7 9.1 

CNT-ZnO-3 

(1:5) 
46.5 15.6 196.5 91.0 - 17.6 16.7 

CNT-ZnO-4 

(1:4) 
55.2 18.6 231.5 65.3 326.3 2.1 18.4 20 

Table 4. Thermal effects and mass loss in ZnO-CNT nanocomposite powders 

Morphological characterization of ZnO-CNT nanocomposites by 
scanning electron microscopy (SEM) 

  

Figure 5. SEM image of: a) CNT-ZnO-1 sample, 50 µm scale, 2400 x magnification;   
 b) CNT-ZnO-2 sample, 20 µm scale, 5000 x magnification; c) CNT-ZnO-3 sample , 50 µm 
scale, 2000x magnification; d) CNT-ZnO-4 sample 50 µm scale, 2000x magnification 

XRD characterization of ZnO-CNT 
nanocomposites  

 

 

 

 

Figure 6. XRD spectra of samples:  
a) CNT-ZnO-1; b) CNT-ZnO-2; 
 c) CNT-ZNO-3; d) CNT-ZnO-4 

CONCLUSIONS 
Different types of ZnO-CNT based nanocomposite powders were obtained by hydrothermal process, for 
future fabrication of 3D structures with wastewater treatment or energy storage applications. Thus, 
multi-walled carbon nanotubes (MWCNTs) have been functionalized with carboxylic groups by chemical 
oxidation with nitric and sulfuric acid. Different concentrations and mixtures of acids were tested and 
the optimal version was chosen (CNT dispersion in 4M HNO3 and 10M H2SO4, volume ratio HNO3: H2SO4 
= 1: 3) based on the spectral and thermal characterizations of the functionalized CNT. The analyzes 
carried out revealed the formation of complex CNT structures functionalized with ZnO.  
FT-IR spectra suggest the formation of van de Waals bonds between CNT and ZnO, by shifting specific 
bands of functionalized CNT but also masking others. The presence of ZnO is confirmed by the 
characteristic vibration band of metal-oxygen bond.  
DSC-TG thermal analysis also demonstrates the formation of some bonds between functionalized CNT 
and ZnO, through the appearance of endothermic peaks in the range 196-231 ° C, respectively 473 ° C, 
326.3 ° C and 631.7 ° C, which could be due to the decomposition of functional groups on the CNT chain 
and breaking of the CNT-ZnO bonds. Mass losses from CNT-ZnO hybrid powders can be correlated with 
CNT decomposition, which is thermally stable up to ~400-430 ° C. 
XRD characterization demonstrated the existence of ZnO nanocrystallites with ZnO as major crystalline 
phase and crystallite size between 34-61 nm. On the other hand, the presence of the different 
secondary phases was highlighted due to the interactions of ZnO with unreacted HNO3 and H2SO4, in the 
stable suspension of functionalized CNT. SEM characterization of CNT-ZnO powders showed that the 
samples are dimensionally homogeneous, being composed of submicron-sized particles.  
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