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Abstract. Copper oxide-doped alumina nanofibres were fabricated by the solution combustion method. The bundled alumina 
nanofibres were impregnated with a copper nitrate–glycine (oxidizer–fuel) solution and heat-treated in an open-air environment at 
400 °C for 30 min. The microstructure and phase composition of the final product were characterized by XRD, SEM, and EDS 
analyses. A uniform distribution of a fine-grained CuO film on the surface of gamma-alumina nanofibres was revealed. The 
obtained results showed a dramatical effect of the amount of fuel, the ratios of fuel to oxidizer and fibres to Cu(II) ions in the 
reaction mixture on the particle size of the combustion product, its phase composition, and microstructure morphology. 
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INTRODUCTION 
*

The synthesis and application of CuO nanostructures 
are of practical and fundamental importance for gas and 
bio-sensors [1,2], photodetectors [3], electrode material 
in lithium ion batteries [4], etc. due to their high 
theoretical capacity, hazard-safety, and environmental 
friendliness. Other major applications of CuO 
nanostructures include solar energy conversion [5], 
supercapacitors [6], removal of inorganic pollutants [7], 
heterogeneous catalysts [8–10], etc. 

The CuO nanoparticles are characterized by a 
high surface area combined with high reactivity. 
Furthermore, heterogeneous catalysts can be easily 
separated and recycled, which is beneficial for their 
industrial use. Due to the versatile properties of the 
nanostructured CuO, it has been synthesized through 
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solid-phase reaction method [11], sol–gel method [12], 
thermal decomposition process of precursor [13], electro-
chemical methods [14], vapour-phase deposition [15], 
and many other techniques. Among these techniques the 
solution combustion synthesis (SCS) is a unique widely 
used method for the production of different types of 
nanomaterials [16–19] due to its versatility and simplicity 
as well as cost-effectiveness. 

However, one-step synthesis of nano-CuO particles 
on a specific carrier is of special interest. For this 
purpose, a solution combustion synthesis method 
accompanied by an impregnation method was used to 
deposit a copper oxide nano-layer on commercially 
available gamma-alumina nanofibres [20]. The aim 
of the present work was to study the effect of glycine 
as a fuel, the ratios of fuel to oxidizer and alumina 
nanofibres (ANF) to Cu(II) ions, as well as the chemical 
composition and morphology of as-formed powders on 
the combustion behaviour. 
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EXPERIMENTAL 
 

Copper nitrate trihydrate [Cu (NO3)2   3H2O] ( 98%, 
Sigma-Aldrich) as the source of copper oxide and 
glycine [C2H5NO2] ( 99%, Sigma) as the fuel were 
dissolved by a deionized water and mixed during 
10 min by a magnetic mixer for homogenization. The 
obtained solution was dropped onto bundled ANF 7 nm 
in diameter and 50 m in length and kept for an hour at 
room temperature. The wetted bundles were heat-treated 
at 400 °C for 30 min in a preheated muffle furnace 
where the combustion process takes place. 

The combustion product phase identification was 
performed by an X-ray diffraction using a Bruker 
diffractometer (D8) with CuKα radiation at 40 kV and 
scan rate of 0.02 °/s. The morphology of the obtained 
product was examined by Zeiss EVO MA-15 scanning 
electron microscope (SEM) (Germany). An energy 
dispersive X-ray spectrometer (EDS) (INCA x-sight, 
Oxford Instruments) was used for chemical elemental 
analysis. 

 
 

RESULTS  AND  DISCUSSION 
 

The proportions of the prepared three kinds of samples 
are presented in Table 1. In samples S1 and S2 the 
copper nitrate to glycine ratio is stoichiometric, while 
the ANF to copper nitrate-glycine ratio is changed.  
In sample S3 the amount of copper is twice larger than 
stoichiometric. 

The X-ray diffraction patterns of the synthesized 
combustion product (S1 and S3) containing different 
amounts of glycine are shown in Fig. 1. As it can  
be seen, mainly CuO is obtained as a result of the 
combustion of the stoichiometric mixture (f = 1) (Fig. 1, 
curve (a)). However, at fuel-rich composition (f = 2) 
(Fig. 1, curve (b)) the X-ray diffraction (XRD) pattern 
mostly contains CuO diffraction lines. Low intensity  
of CuAlO2 and Cu2O diffraction lines can also be 
registered. The formation of reduced copper oxide along 
with CuO points to a decreasing oxygen concentration. 
In this case the oxygen is supplied to the system in two 
ways: from the decomposition of copper nitrate and 
from air. It is supposed that when the supply of oxygen  
 

 
Table 1. Composition of the initial compounds 

 

Number 
of sample 

Content 
of copper 

Amount 
of ANF, 

mg 

Amount of 
Cu(NO3)2  3H2O, 

mg 

Amount 
of glycine,

mg 

S1 High 1.8 7.3 2.5 
S2 Low 1.8   0.73   0.25 
S3 High 1.8 7.3 5   

 
 

Fig. 1. XRD pattern of the combustion product using (curve a) 
the stoichiometric amount of fuel (f = 1) and (curve b) a fuel-
rich mixture (f = 2). 

 
 

is not sufficient in the combustion system, metals or 
their reduced oxides or fuel contaminations may form. 
When the amount of fuel was increased, only CuO phase 
was determined. This is caused by the smaller size of 
the particles, which can oxidize very fast in air after the 
combustion process. Pure Al2O3 is not found on the 
XRD pattern because of the large difference in the 
atomic scattering factors of copper and aluminium and 
low content of alumina in the combustion product. 

The SEM images of the combustion product with a 
low and a high content of CuO are presented in Fig. 2.  
It is obvious that the CuO particles are developed as 
separate fine-sized particles in the mixtures with the low 
concentration of CuO (Fig. 2a and b). The CuO particle 
sizes can be further decreased by increasing the amount 
of glycine in the starting mixture at a constant content of 
CuO (Fig. 2b and c). 

It should be noted that a high concentration of glycine 
results in an increase in the temperature of the combustion 
process. The adiabatic combustion temperature can 
increase up to 1890 °C as calculated by ISMAN-
THERMO software [21]. A high combustion temperature 
could create suitable conditions for further CuO particle 
growth and agglomeration. On the other hand, the extra 
amount of glycine also results in an increase in the 
amount of the emitted gas due to a reaction with oxygen 
from the environment. As a result, the gas outflow 
decreases the system’s energy more rapidly and hampers 
further particle growth and agglomeration (Fig. 2b). 
During the combustion process, the developed CuO 
nanoparticles remain separated from one another on the 
surface of ANFs. 

As presented in Fig. 2a, CuO is present in a wide 
range of particle sizes starting from some nanometres up 
to 200 nm. The EDS analysis proved that nanoparticles 
located in between nanofibres were copper oxide 
(Fig. 2b). 

 



K. Kirakosyan et al.: Copper oxide deposition on 1D alumina nanofibres 
 

 

 

99

 
 

 
 

 
 

Fig. 2. SEM and EDS analyses of combustion products with 
(a) a low content of copper (f = 1), (b) a high content of copper 
(f = 1), and (c) a high content of copper (f = 2). 

 
 

CONCLUSIONS 
 

It was the first time that in situ preparation of alumina 
nanofibres doped with CuO by the SCS method was 
realized and studied. The obtained results show that the 
composition of CuO/ANF can be developed due to the 
high exothermic interaction of copper nitrate and the 
glycine system. The particle size of CuO can be 
controlled by the concentration of copper nitrate and the 
copper nitrate to glycine ratio. 
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Vaskoksiidi  homogeenne  sadestamine  mesopoorsetele  1D  alumiiniumnanokiududele 
 

Khachatur Kirakosyan, Marina Aghayan, Miguel A. Rodríguez, 
Masoud Taleb ja Irina Hussainova 

 
On vaadeldud alumiiniumnanokiududele (ANF) vaskoksiidi sadestamist lahustipõletusmeetodil. Alumiiniumnano-
kiudude kimp immutati vasenitraat-glütsiinlahusega (oksüdeerija-kütus) ja termotöödeldi õhu käes temperatuuril 
400 °C 30 min. Lõpp-produkti mikrostruktuuri ja koostise iseloomustamiseks kasutati XRD-, SEM- ning EDS-
analüüsi, mille tulemusena selgitati välja peeneteralise CuO kile ühtlane jagunemine gamma-alumiiniumoksiidist 
nanokiududel. Saadud tulemused näitasid, et põletusprodukti osakeste suurus, faasiline koostis ja mikrostruktuuri 
morfoloogia on dramaatiliselt mõjutatud kütuse hulgast, kütuse ja oksüdeerija kui ka alumiiniumnanokiudude ning 
Cu(II) ioonide vahekorrast reageerivas segus. 
 

 
 


