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Fig. 1 ZnO particle size distribution of AC-ZnO (a) and HT-ZnO (b) in volume density % (straight 

line) and as cumulative frequency % (dashed line). 

 

Table 1 Particle size corresponding to 10% (d10), 50% (d50) and 90% (d90) of the cumulative 

distribution for AC-ZnO and HT-ZnO 

Cumulative % AC-ZnO (µm) HT-ZnO (µm) 

d10 1.26 1.22 

d50 4.40 3.06 

d90 16.20 6.96 

 

DTA-TG curves related to AC-ZnO powder pre-calcined at 300 °C for 30 min are shown in Fig. 2. 
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Fig. 2 TG-DTA curves in dynamic mode of AC-ZnO powder heated at 300 °C for 30 min with a 10 

°C/min heating ramp (static air): TG continuous line, DTA dashed line 

 

The TG curve exhibits a significant weight loss of 16.27%, starting from about 300 °C and almost 

accomplished at 600 °C. 

The TG and DTA traces show three main regions. The first one at T < 300 °C is due to the 

decomposition of chemically bound groups of starch and the formation of the pyrochlore phases, 

as confirmed by XRD investigation (data not shown). This region is characterized by a slight mass 

loss (of about 1.8%). The second region from 300 to 600 °C is related to the decomposition of the 

pyrochlore phases and the formation of ZnO pure phases, as confirmed by XRD analysis carried 

out on powders thermally treated at 500 °C for 2 h (see Fig. 4). No weight loss between 600 and 

900 °C was detected on the TG curve, confirming the formation of stable nanocrystalline ZnO as 

the decomposition product [32]. 

The X-Ray diffraction patterns of HT-ZnO, annealed at 450 °C for 2 h, and AC-ZnO, fired at 500 °C 

for 2 h, are reported in Fig. 3. Different heat treatment temperatures were selected to induce ZnO 

crystallization in each powder deriving from the various synthesis routes. 
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The FE-SEM images of the AC-ZnO powder and film are depicted in Fig. 4. 

 

 

Fig. 4 FE-SEM micrographs of: AC-ZnO powder (annealed at 500 °C for 2 h) at low (25 kx, a) and 

high (150 kx, b) magnification; AC-ZnO sensor (fired at 500 °C for 1 h) at low (25 kx, c) and high 

(150 kx, d) magnification 

 

Fig. 4a shows that AC-ZnO powder is organized in a fluffy and spongy structure, rich of micro and 

nanopores and voids. The higher magnification image reported in Fig. 4b reveals that such porous 

structure is composed of agglomerates of nanosized particles (less than 50 nm in diameter). It is 

reasonable to assume that the carbon matrix formation during the first stage of the synthesis and 

its combustion during the final heat treatment contributed to obtain a final product, whereas the 

gases burn-out during auto-combustion were responsible for the formation of a highly porous 

structure [27, 28]. Furthermore, neither variations in the morphology after screen-printing 

deposition nor evidence of grain growth after firing the sensor at 500 °C for 1 h were observed 

compared to the powder obtained after 2 h of calcination at 500 °C. In fact, the morphology of the 

film is very close to that of the starting powder (Fig. 4c and d). Sensor thickness was measured in 

cross-section and a value of 18.7 ± 1.8 µm was attained as an average of 10 measurements. 

In Fig. 5, the FE-SEM micrographs of the HT-ZnO powder and thick film after firing at 500 °C for 1 

h are depicted. 




























