
Turk J Phys

(2013) 37: 113 – 120

c© TÜBİTAK
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Abstract: The ZOTO binary system contains different compositions of zinc oxide (ZnO) and tin oxide (SnO2) . These

are important semiconductors and have been intensively explored for various applications. SnO2 , ZnO, and different mole

ratios (70:30, 40:60, 30:70, and 20:80 SnO2 :ZnO) of the ZOTO system were prepared through proper thermal treatment

in powder form. The comparative solid-state stability was investigated using thermogravimetric and differential thermal

analysis (TG-DTA). The stability study showed that the SnO2 material absorbs much lower heat (Ea = –72.06 kJ/g

mol) compared with ZnO and their compositions. Thus the SnO2 material shows stability at near room temperature

operation. The crystallite size of the materials was estimated using XRD analysis.
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1. Introduction

Nowadays, transparent conducting oxides (TCOs) have attracted great attention due to their potential applica-

tion in solar cells [1,2] and advanced optoelectronic devices, like flexible displays [3,4], and catalytic activity [5].

Minami et al. [6] reported the stability of a number of TCO films prepared by magnetron sputtering. The SnO2

shows platelet-like morphology, which might be because of the crystal growth of SnO2 toward the reflection
planes of a tetragonal lattice, which limits the size to ball-like morphology under low pressure [7].

Cetinorgu et al. [8] investigated the highly transparent Sn doped, ZnO thin films deposited with FVAD,
utilizing its high deposition rate. In their investigation, the optical properties of the films, including optical
band gap, absorption coefficient, and the complex refractive index (real and imaginary parts), were calculated by
applying a single oscillator model to the transmission data and ellipsometry data. The films that were deposited
on glass had a maximum transmission of about 90%. The optical band gap was in the range 3.54–3.62 eV.
The refractive index and the extinction coefficient derived from spectroscopic ellipsometry decreased with the
wavelength from 2.37 to 1.97 and from 0.24 to 0.013, respectively.

Zheng et al. [9] studied a network-structured SnO2 /ZnO heterojunction nanocatalyst with high photo-
catalytic activity that was successfully synthesized through a simple 2-step solvothermal method.

Thermogravimetric analysis (TGA) is a thermal analysis technique that measures the weight change in
a material as a function of temperature and time, in a controlled environment. Differential thermal analysis
(DTA) is a calorimetric technique, recording the temperature and heat flow associated with thermal transitions

in a material. The TGA for thermal stability and durability is a good technique [10,11] and can be useful for
evaluating kinetics parameters at various reactions and materials.
∗Correspondence: sandeepwaghuley@sgbau.ac.in
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In the light of the above scientific importance, the present work deals with the solid-state stability study
of SnO2 , ZnO, and ZOTO of binary system (SnO2 :ZnO compositions) using TG-DTA.

2. Experimental

The analytical reagent grade metal oxides in powder form SnO2 and ZnO were used in the present work. They
were calcined at 800 ◦C in an automatically temperature controlled muffle furnace (Gallenkamp, UK) for 4 to
5 h. The powder of these materials was mixed with a pestle and mortar before and after calcinations to form
fine homogeneous powder.

The powders of mole percentage ratios of 80:20, 70:30, 60:40, 50:50, 40:60, 30:70, and 20:80 of SnO2 :ZnO
were mixed together thoroughly in acetone to form a homogeneous mixture of both. After mixing, the mixed
powders were subjected to heating at 800 ◦C for 1 h. In this way, powders of pure materials and their composites
of SnO2 and ZnO were prepared.

TG-DTA characterization was carried out by simultaneous TG-DTA under an inert atmosphere as shown

in Figure 1. The reference was an empty aluminum pan, and the flow of argon was set at 200 mL min−1 . A
small amount of material (3–9 mg) was placed in a sample aluminum pan. The temperature scan was from

room temperature (RT) to 900 ◦C and the heating rate was set at 10 ◦C min−1 .

Furance

Cabinet
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Figure 1. Simultaneous TG-DTA system.

The XRD pattern was recorded on a Philips-1730 (PANalytical) X-ray diffractometer using a CuKα

source (λ = 1.54 Å). The diffractogram was in the term of 2θ at continuous scan type at step size 2θ =
0.0170◦ .

3. Results and discussion
Figures 2a and b show the TG-DTA plots and simultaneously recorded derivative of DTA (DDTA) curves of
SnO2 material. A significant loss of weight is observed from RT to 550 ◦C without a plateau, with a loss of

about 5.2%. The total rate of decomposition is found to be 0.466 × 10−3 mg/◦C and total loss is 5.74%. The
DTA data show an endothermic peak at 38 ◦C associated with surface water loss and a small exothermic peak
at 495 ◦C. The exothermic peak may be attributed to phase change.

If the DTA curve and its derivative (DDTA) are simultaneously recorded, the 2 inflection points, i.e. the
maximum and the minimum slopes of the DTA peak corresponding to the maximum and the minimum of the
DDTA double peak, are obtained [12]. Therefore, the temperatures Tf1 and Tf2 can be easily and exactly
detected on the DDTA curve.

The temperatures of the double peak, Tf1 = 61 ◦C and Tf2 = 38 ◦C, on the DDTA curve (Figure 2b)

for the endothermic peak of the DTA curve (Figure 2a) are observed. Similarly, for the exothermic peak, Tf1 =

495 ◦C and Tf2 = 525 ◦C are observed for SnO2 .
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Figure 2. TG-DTA plots of SnO2 (a) and (b) simultaneously recorded DDTA curve.

The activation energy (Ea) of the first order reaction (n =1) using temperatures of the 2 inflection points

Tf1 and Tf2 can be derived from Eq. (1) [13]:

Ea

R

(
1

Tf1
− 1

Tf2

)
= 1.92 (1)

where R is the gas constant (8.31 J/g mol K).

For ZnO, a continuous weight loss from RT to 850 ◦C is observed on the TGA curve (Figure 3a). An

endothermic peak on the DTA curve (Figure 3a) is observed at 46 ◦C, which corresponds to loss of surface

water. The small exothermic peak at 598 ◦C (Figure 3a) may be attributed to phase change. The observed total

rate of decomposition and total loss for ZnO are 0.954 × 10−3 mg/◦C and 7.2%, respectively. The detected
temperatures of inflection points for endothermic and exothermic peaks are shown in Figure 3b.
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Figure 3. TG-DTA plots of ZnO (a) and (b) simultaneously recorded DDTA curve.

Figures 4a and b show TG-DTA curves and DDTA curve of composite 20SnO2 :80ZnO material. A
continuous weight loss from RT to 850 ◦C is observed on the TGA curve for this material also. The DTA
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curve shows the endothermic peak at 43 ◦C and an exothermic peak is not observed. The corresponding
temperatures of inflection points to endothermic peak are detected on the DDTA curve (Figure 4b). The total

rate of decomposition and total loss are 0.953 × 10−3 mg/◦C and 6.4%, respectively, for this composite.
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Figure 4. TG-DTA plots of composite 20SnO2 :80ZnO (a) and (b) simultaneously recorded DDTA curve.

Figures 5a and b show the TG-DTA curves and DDTA curve of composite 30SnO2 :70ZnO material. In
this composition also is observed continuous weight loss from RT to 850 ◦C on the TGA curve. An exothermic
peak is not observed and an endothermic peak is seen at 39.5 ◦C. The DDTA curve (Figure 5b) shows the
inflection point temperatures corresponding to the endothermic peak on the DTA curve. The total rate of

decomposition and total loss are 1.29 × 10−3 mg/◦C and 9.6%, respectively, for this composite.
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Figure 5. TG-DTA plots of composite 30SnO2 :70ZnO (a) and (b) simultaneously recorded DDTA curve.

For composition 40SnO2 :60ZnO, continuous weight loss is observed on the TGA curve (Figure 6a). An

endothermic peak at 42 ◦C on the DTA curve (Figure 6a) and corresponding inflection point temperatures on

the DDTA curve (Figure 6b) are found. An exothermic peak for this composition is observed at 621 ◦C on

the DTA curve, which may be attributed to phase change. The total rate of decomposition is 1.003 × 10−3

mg/◦C and total loss is 6.6%.
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Figure 6. TG-DTA plots of composite 40SnO2 :60ZnO (a) and (b) simultaneously recorded DDTA curve.

For composition 70SnO2 :30ZnO, a continuous weight loss on TGA and a small endothermic peak at
41 ◦C on DTA (Figure 7a) are observed. The temperatures of inflection point correspond to an endothermic

peak on the DDTA curve (Figure 7b). An exothermic peak on DTA for this composition is not observed. The

total rate of decomposition and total loss are 1.069 × 10−3 mg/◦C and 7%.
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Figure 7. TG-DTA plots of composite 70SnO2 :30ZnO (a) and (b) simultaneously recorded DDTA curve.

The endothermic peaks observed in these compositions at 43 ◦C (Figure 4a), 39.5 ◦C (Figure 5a), 42 ◦C

(Figure 6a), and 41 ◦C (Figure 7a) correspond to loss of water molecules, which indicates the hydrated form of

ZnO ·H2 O and SnO2·H2 O [14].

Activation energy (Eg) for endothermic and exothermic peaks on DTA, detected as a double peak on

DDTA, is calculated from Eq. (1) and listed in Table 1.

The SnO2 material absorbs much lower heat (Ea = –72.06 kJ/g mol) compared with ZnO and their
compositions. Thus the SnO2 material shows solid-state stability at near room temperature operation.

The X-ray powder diffraction patterns of SnO2 , ZnO, and their compositions calcined at 800 ◦C for 4–5
h were recorded in terms of 2θ in the range 10–100◦ and are shown in Figures 8a to f. The prominent peaks

117



WAGHULEY/Turk J Phys

Table 1. Activation energies of SnO2 , ZnO, and their compositions.

Double peak Double peak Activation Activation
Chemical temperature temperature energy from energy from

composition of heat endo of heat exo endo DDTA exo DDTA
SnO2:ZnO (◦C) (◦C) Eg Eg

Tf1 Tf2 Tf1 Tf2 (kJ/g mol) (kJ/g mol)
SnO2 61 38 495 528 72.06 325.95
ZnO 91 46 598 653 40.39 233.97

20SnO2:80ZnO 86 43 - - 42.09 -
30SnO2:70ZnO 86 39.5 - - 38.49 -
40SnO2:60ZnO 91 42 621 674 37.34 254.87
70SnO2:30ZnO 84 41 - - 41.59 -
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Figure 8. X-ray powder diffraction patterns of (a) SnO2 , (b) 70SnO2 :30ZnO, (c) 40SnO2 :60ZnO, (d) 30SnO2 :70ZnO,

(e) 20SnO2 :80ZnO, (f) ZnO.
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observed in the XRD spectra are due to SnO2 and ZnO. The intensity of the peaks varies with SnO2 and ZnO
concentration. The (h k l) values are calculated for various peaks in the XRD spectra. SnO2 (tetragonal) has

one stable state called cassiterite and ZnO (hexagonal) crystallizes in a wurtzite structure [15,16]. The lattice

parameter values obtained for SnO2 are a = b = 4.7374 Å and c = 3.1864 Å with a c/a ratio of 0.6726 and for

ZnO are a = b = 3.249 Å and c = 5.201 Å with a c/a ratio of 1.6, respectively [17]. These values are in good

agreement with the values reported in the literature [18,19]. The crystallite size (D) calculated from Scherrer’s

formula [20] using FWHM is listed in Table 2. The SnO2 material shows a smaller crystallite size compared
with ZnO and their compositions.

Table 2. The values of crystallite size of SnO2 , ZnO, and their compositions obtained from XRD.

Chemical Maximum peak Average crystallite
composition intensity position FWHM size (D)
SnO2:ZnO (2θ) degree (2θ) degree (nm)

SnO2 26.6154 0.1338 120.683
70SnO2:30ZnO 26.5421 0.1224 131.903
40SnO2:60ZnO 26.6026 0.1020 158.304
30SnO2:70ZnO 36.2111 0.0816 202.603
20SnO2:80ZnO 36.2194 0.0816 202.608

ZnO 36.2265 0.1020 162.090

The DTA curves (Figures 2a to 7a) did not show a sharp exothermic peak. This means that the SnO2 ,
ZnO, and their compositions consist of the crystallized phase, which is also reflected by XRD. Thus the results
from DTA are substantiated by the XRD study.

4. Conclusion

The thermogravimetric and differential thermal analysis (TG-DTA) is very useful for investigating the solid-
state stability of the ZOTO binary system. It is suitable for use with inorganic materials. The activation energy
values from endo and exo DDTA for SnO2 were |Eg|= 72.06 kJ/g mol and Eg = 325.95 kJ/g mol, respectively.

For ZnO they were |Eg|= 40.39 kJ/g mol and Eg = 233.97 kJ/g mol, respectively. In the ZOTO system, endo

and exo values of activation energy were |Eg|= 37.34 kJ/g mol and Eg = 254.87 kJ/g mol respectively for mole

ratio 40SnO2 :60ZnO. Hence the SnO2 material absorbs much lower heat (Ea = –72.06 kJ/g mol) compared
with ZnO and their compositions. The crystallinity of SnO2 , ZnO, and their compositions from XRD analysis
was substantiated by the DTA.
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