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Abstract: In this study, ZnO/C and NiO/C composite nanopowders were synthesized via spray drying subsequent thermal decomposition. 
Citric acid was used as a carbon source in spray drying slurry containing zinc acetate or nickel acetate powders. Spray drying conditions 
like inlet temperature, feed rate and drying air flow rate were adjusted 200 oC, 3 ml/min. and 800 ml/min, respectively. The composites were 
composed of amorphous carbon and nanopowders ZnO and NiO by thermally decomposing at 300 oC for 4 h in Ar atmosphere of spray 
drying powders. The synthesized nanopowders of powder state characterization were performed. SEM examinations demonstrated that the 
morphologies of ZnO/C composite nanopowders have spherical structures with dents and wrinkles on their surfaces are promoted with the 
addition of carbon. It was observed from XRD results that synthesized powders had hexagonal wurtzite structure for ZnO/C nanopowders 
and face centered cubic structure for NiO/C nanopowders. The existence of carbon into the composite nanopowders was detected by EDS 
and Raman microanalyses. The carbon doping was increased surface areas and decreased crystallite sizes.  
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1. Introduction 
ZnO and NiO are direct large band gap (3.37 eV and 3.6 eV, 

respectively) semiconductors, which have been commonly 
investigated due to theirs low cost, nontoxic, nature friendly, high 
photosensitivity and high stability properties [1-3]. Carbon (C) can 
be used as a good organic matter and ZnO and NiO nanopowders 
with doping C are found to display high chemical stability, high 
mechanical strength, superior photocatalytic properties, remarkable 
optical and electronical properties compared to pure ZnO and NiO 
[4, 5]. Meanwhile, the carbon doped materials with large specific 
surface area can be preferred for many potential applications, 
including lithium-ion batteries [1], fuel cells [6], supercapacitors [7] 
and photocatalyst [8].   

ZnO and NiO nanoparticles have been synthesized from 
aqueous solutions of different zinc and nickel salts (acetate, nitrate 
or sulfate), respectively. The widely used carbon sources are citric 
acid, glucose, sucrose, polyvinyl alcohol [9-12]. ZnO/C and NiO/C 
systems have been successfully synthesized a few methods such as 
thermal decomposition, pyrolysis, sol-gel and chemical vapour 
deposition [10-12]. The homogeneous and uniform distribution 
represent a considerable challenge to obtain well-dispersed ZnO/C 
and NiO/C composite nanopowders. Thermal decomposition 
method could remain incapable of synthesizing homogeneously 
ZnO/C and NiO/C composite nanopowders. As a preliminary 
process, spray drying, which is transformed from feed slurry to a 
dry granule by spraying into hot medium, can be used 13, 14]. 
Spray drying and subsequent thermal decomposition combination 
was successfully applied to prepare anode material for lithium ion 
batteries [13, 15, 16]. There are not sufficient studies in the 
literature on synthesizing of ZnO/C and NiO/C composite 
nanopowders by spray drying and subsequent thermal 
decomposition in argon (Ar) atmosphere. 

In the present work, we investigated the synthesis of ZnO/C 
and NiO/C composite nanopowders by spray drying and subsequent 
thermal decomposition processes. The characterization of these 
composite powders was conducted using scanning electron 
microscopy (SEM), energy dispersive spectroscopy (EDS), nano-
particle size distribution (Nano-PSD), specific surface area 
measurement (BET), X-ray diffractometer (XRD), raman 
spectroscopy, apparent and true density measurements.  

2.  Experimental Procedure  
Zinc acetate dehydrate (Zn(CH3COO)2 · 2H2O Alfa AesarTM), 

nickel acetate dehydrate (Ni(CH3COO)2 · 4H2O  Alfa AesarTM) 
and citric acid (C6H8O7, Sigma AldrichTM) all in  powder form 
were selected as starting materials. Aqueous solutions of 0.5 M zinc 

acetate (hereafter Zn(Ac)2) and 0.5 M nickel acetate (hereafter 
Ni(Ac)2) were separately prepared by dissolving it in distilled water 
(50 ml). For the preparation of samples having carbon, 0.3 M citric 
acid (hereafter CA) was added into the zinc acetate solution and 
stirred to obtain homogeneous and stable solutions at 80 oC for 1 
hour.  Both prepared solutions were spray dried prior to thermal 
decomposition using a laboratory-scale Büchi brand Mini Spray 
Dryer B-290. Spray drying conditions like inlet temperature, outlet 
temperature, feed rate and drying air flow rate were adjusted 200 
oC, 110 oC, 3 ml/min. and 800 ml/min, respectively. The composites 
were composed of amorphous carbon and ZnO or NiO 
nanopowders by thermally decomposing at 300 °C in Ar 
atmosphere of spray drying powders. Thermal decomposition 
experiments of spray dried granules were realized in a muffle type 
furnace with a heating rate of 2 °C/min and 4 h dwell time at peak 
temperature and then the samples were furnace cooled. A 
supplementary flow chart is given in Figure 1 to summary the 
experimental details.  

 
Figure 1. The flow chart showing the applied procedure for 

prepared samples. 

A variety of characterization techniques were applied adter 
synthesis. In order to examine particle morphology, SEM 
observations and EDS microanalyses were carried out for all 
synthesized nanopowders using QuantaTM FEG 250. Particle size 
measurements of the powders were conducted using MicrotracTM 
Stabino Particle Size Distribution. The specific surface area of the 
synthesized nanopowders prepared in this study was measured 
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using the Brunauer–Emmett–Teller (BET) method via 
QuantachromeTM Autosorb-1 MP device. For this purpose, all 
samples were outgassed for at least 12 h at 80 °C prior to the 
adsorption measurements. XRD analyses were performed using 
Bruker D8 Advance in 2θ mode, Cu anode at 40 kV and 35 mA. 
Measurements were scanned from 20° to 80° with a step size of 
2°/min on the 2θ. Raman spectroscopy was recorded on a JY HR-
800 (Jobin Yvon HoribaTM). The apparent and true densities were 
measured with Arnold density measurement kit and helium 
pycnometer (MicromeriticsTM, Accupyc 1330), respectively. 

3.  Results and Discussion  
In our previous study [13], we successfully synthesized 

nanosized particles using spray drying and subsequent thermal 
decomposition processes in consequence of decomposition reaction 
of zinc acetate into ZnO.  In this study, similar processes were used 
and ZnO/C and NiO/C were synthesized by utilizing citric acid as a 
carbon source. The SEM images of the synthesized ZnO and ZnO/C 
nanopowders are given in Figure 2. While ZnO nanoparticles 
(Figure 2a) had rod-like structures, doping with carbon (Figure 2b) 
led to mostly spherical structures with wrinkles on their surfaces. 
The chemical composition of the ZnO/C composite nanopowders 
was determined by EDS, as displayed in Fig. 2c, in order to 
showing the presence of the Zn, O and C elements. EDS analysis of 
the ZnO/C composite nanopowders confirmed the existence of 
carbon and the content of carbon in the composite can be calculated 
to be ~17 wt%.  

  

 
(a)                                             (b) 

 
(c) 

)                                             (b)  

Figure 2. SEM micrographs and the synthesized nanopowders:  
a) ZnO, b) ZnO/C and c) EDS microanalyses of ZnO/C. 

As seen in the Figure 3, NiO nanoparticles formed rod 
structures, whereas NiO/C composite nanoparticles have spherical 
structures with small dents and wrinkles on their surfaces. Dents 
and wrinkles on the surfaces were formed using citric acid during 
spray drying. It was previously reported in the article by Özgüven 
et. al [17] that high solvent evaporation rates may lead to collapse 
of particles. It is very clear that the addition of carbon plays a key 
role for change of morphology. EDS miroanalysis of the NiO/C 
composite powders is shown in Figure 3c, which demonstrates the 
existence of elements of Ni, O and C. The peaks of NiO were 
observed, indicating that the carbon in the composite powders is 
amorphous. EDS analysis of the NiO/C composite nanopowders 
confirmed the existence of carbon, the content of which in the 
composite is about 7.5 wt.%. 

Particle size and the surface area measurements of the 
synthesized nanopowders are given in Table 1. While the particle 
size measurements for ZnO and ZnO/C nanopowders were 306 nm 
and 235 nm respectively, in order of similar values for NiO and 
NiO/C nanopowders were 414 nm and 330 nm. Both in ZnO and 

NiO systems, the decrease in particle size with doping carbon were 
observed. It was found that the BET surface area was 18.50 and 
25.91 m2/g for the ZnO nanopowders and the ZnO/C composite 
nanopowders, respectively. The BET surface area was found to be 
23.12 and 136.0 m2/g for the NiO nanopowders and the NiO/C 
composite nanopowders, respectively. On the other hand, an 
increase in BET values was observed due to the effect of carbon 
doping.  

  V     

  
(a)                                             (b) 

 
(c) 

Figure 3. SEM micrographs and the synthesized nanopowders:  
a) NiO, b) NiO/C and c) EDS microanalyses of NiO/C. 

Theoretical density of ZnO and NiO are 5.61 g/cm3 and 6.67 
g/cm3, respectively. Apparent and true densities of the synthesized 
nanopowders are given in Table 1. When the apparent densities for 
ZnO and ZnO/C nanopowders were 0.42 g/cm3 and 0.79 g/cm3 
respectively, in order of true density values for ZnO and ZnO/C 
nanopowders were 5.58 g/cm3 and 5.22 g/cm3. Also for NiO and 
NiO/C nanopowders, the apparent densities were 0.65 g/cm3 and 
0.98 g/cm3 and true densities were 5.58 g/cm3 and 5.22 g/cm3, 
respectively. Both in ZnO and NiO systems, the decrease in true 
densities with doping carbon were observed. ZnO and NiO 
nanopowders exhibited poor flow and packing characteristics due to 
formation rod-like and irregular structures. The synthesized 
composite nanopowders doping with carbon led to mostly spherical 
structures and certainly improved the packing behaviors. 

Table 1. Physical properties of the synthesized nanopowders. 
Sample Particle 

Size 
(nm) 

Specific 
surface area 

(m2/g) 

Apparent 
Density 
(g/cm3) 

True 
Density 
(g/cm3) 

ZnO 306 18.50 0.42 5.58 

ZnO/C 235 25.91 0.79 5.22 

NiO 414 23.12 0.65 6.61 

NiO/C 330 136.0 0.98 6.15 

Fig. 4a presents the XRD patterns of ZnO and ZnO/C 
nanopowders by thermal decomposition of the spray dried powders. 
The intense peaks of ZnO having good crystalline qualities were 
confirmed.  The peaks originated from (100), (002), (101), (102), 
(110), (103), (200) and (112) may be indexed. Characteristic ZnO 
peaks which is good agreement with the JCPDS card no. 70-8070 
(wurtzite hexagonal phase) was detected as major phase. [13]. The 
position of the peaks was slightly shifted toward higher angles due 
to carbon doping.  Moreover, the peaks intensity of ZnO/C 
composite nanopowders decreased compared to ZnO nanopowders.  

Fig. 4b shows the XRD patterns of the NiO and NiO/C 
nanopowders by thermal decomposition of the spray dried powders. 
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XRD patterns showed five diffraction peaks at 2θ of 37.12o, 43.16o, 
62.77o, 75.30o and 79.29o, which are referred to (111), (200), (220), 
(311), (222) planes of face centered cubic NiO phase [1, 2]. No 
characteristic peaks of carbon or any impurity peaks were observed 
via XRD, indicating that the synthesized nanopowders were 
composed of a single ZnO or NiO phase.  

 
(a) 

 
(b) 

Figure 4. XRD patterns of the synthesized nanopowders by 
thermal decomposition of the spray dried powders: a) ZnO, b) 

ZnO/C, c)NiO and d) NiO/C. 

Table 2 shows that the average crystallite sizes (D) were 
calculated by Debye-Scherrer’s equation [5, 13] from the highest 
intense peaks (101) and (200) of ZnO and NiO, respectively:  

                                           (1) 

where β is the corrected half-peak width of the experimental sample 
(FWHM), θ is Bragg angle, λ = is the X-ray wavelength (1.54˚A), 
and k is the shape factor of value 0.9. The crystallite size of the 
synthesized samples by thermal decomposition of the spray dried 
powders were estimated. As it can be seen from Table 2, the 
crystallite size decreased with carbon doping, as 2θ value increased. 
According to XRD parameters, the carbon doping was increased 
surface areas and decreased the crystallite sizes of ZnO and NiO 
nanopowders, which is quite similar to the findings of Bechambia et 
al. [5]. Besides, crystallite sizes decreased and strain rates increased 
as it was expected.   

Table 2. XRD parameters of the synthesized samples by 
thermal decomposition of the spray dried powders. 

Sample 2θ hkl Crystallite size 
(nm) 

Strain 
(%) 

ZnO 36.71 (101) 28.1 0,0014 
ZnO/C 36.78 (101) 25.9 0,0007 

NiO 43.50 (200) 89.2 0.0173 
NiO/C 43.61 (200) 83.7 0.0092 

Raman microanalysis is an important technique in the 
characterization of ZnO/C and NiO/C composite nanopowders. 
Raman spectrum of ZnO/C composite nanopowders is presented in 
Figure 5.  Two broad peaks at about 1340 and 1590 cm–1 were 

obviously observed, which could be marked as the defect induced 
line (D) and the graphitic line (G) bands of carbon, respectively [18, 
19].  The small peak at about 420 cm-1 may be referred to Zn–O 
stretching of ZnO [19]. This result indicates that the Sample 1 is 
ZnO/C composites. Some amount of carbon existed and 
incorporated into ZnO and NiO structures, as evidenced by EDS 
(Figure 2c and 3c) and Raman (Figure 5) microanalyses. 

 
Figure 5. Raman spectroscopy of the synthesized ZnO/C 

composite nanopowders. 

4.  Conclusions  
The effects of the citric acid addition on the morphology of the 

ZnO and NiO nanopowders synthesized via spray drying and 
subsequent thermal decomposition processes have been investigated 
in the present study. Based on the obtained results, following 
conclusions can be drawn: 

 
1. Microstructural characterizations by SEM revealed that 

the synthesized ZnO and NiO nanopowders have rod-like 
structures and composite nanopowders, in which spherical 
structures with dents and wrinkles on their surfaces are 
promoted with the addition of carbon. 

2. XRD patterns of the synthesized ZnO and ZnO/C 
nanopowders revealed the presence of a single wurtzite 
ZnO phase. The characteristic peaks of face centered 
cubic phase NiO was detected for the synthesized NiO 
and NiO/C nanopowders.  

3. The carbon doping was increased surface areas and 2θ 
value, as the crystallite sizes and strain rates of ZnO and 
NiO systems decreased.  

4. The existence of carbon into ZnO/C and NiO/C composite 
structures was evidenced by EDS and Raman 
microanalyses.  
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