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 In this study, pristine Al2O3 powder was prepared by a simple self-
propagating combustion (SPC) method. The effect of the different fuels 
on synthesized Al2O3 powder on thermal, structural, and morphological 
properties was investigated. The fuels utilized include formic, citric, 
oxalic, and tartaric acids. Based on the STA results, all precursors were 
annealed at 1100ºC for 24 hours to obtain pristine Al2O3 powder. XRD 
results show that all samples correspond to the α-Al2O3 crystal structure. 
Notably, differences in the morphology and particle size of all samples 
were observed through FESEM micrographs.  
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INTRODUCTION 

Aluminium oxide (Al2O3) is known to be the most widely used ceramic materials in various 

applications such as coating [1], catalyst [2], and electrical insulator [3]. Various applications were 

attributed to different phases of Al2O3, namely, gamma (γ), eta (ղ), theta (θ), and alpha (α). The transition 

of phases strongly depends on the preparation methods and experimental conditions. α-Al2O3 is the most 

stable phase, usually obtained at higher annealing temperatures (~1000ºC-1100ºC) [4, 5]. 

Various methods have been reported to produce Al2O3 powder, such as hydrothermal [6], sol-gel [7], 

co-precipitation [8], and combustion [5, 9]. Hydrothermal method requires high pressure and high-

temperature autoclave, which is expensive, ineffective, and hazardous. Meanwhile, inexpensive and less 

hazardous methods such as sol-gel and co-precipitation are time-consuming due to their complex processes. 

                                                        
* Corresponding author. E-mail address: anniemaria@uitm.edu.my 

http://myjms.mohe.gov.my/index.php/sl


 Shariamin et al. / Science Letters, June (2022) Vol. 18, No. 2 

   71 

https://doi.org/10.24191/sl.v18i2.27018 

 

Numerous studies have highlighted the self-propagating combustion (SPC) method as an effective and 

environmentally friendly approach for synthesizing pure Al2O3 materials, owing to its straightforward, rapid 

process [5, 10-12]. 

The SPC process requires precise control over several variables to regulate the Al2O3 powders' size, 

shape, structure, and thermal characteristics. These elements consist of fuel, starting materials, and heat 

treatment. The choice of fuel is crucial since it affects critical elements of combustion, such as temperature, 

reaction speed, and the composition of the finished product. The characteristics of the synthesized Al2O3, 

such as particle size, shape, and crystal structure, are similarly affected by the fuel selection [13, 14]. 

We have previously used the SPC approach to synthesize pure single-phase Al2O3 [5] successfully. 
Nevertheless, we found that different particle sizes and morphologies were produced when citric acid was 

used as a fuel. This was explained by the fact that citric acid caused a rather mild combustion process, 

which resulted in size and form. This finding emphasizes the necessity of investigating how various fuels 

affect the characteristics of Al2O3 powder produced using the SPC technique. Since every fuel has a 

different chemical structure, we expect different synthesis conditions for every fuel type. This drives us to 

use the SPC method to produce pure Al2O3 powder for different fuels: formic acid, citric acid, oxalic acid, 

and tartaric acid. To determine how each fuel affects the finished product, we will thoroughly examine the 

synthesized powder's combustion phenomena and thermal, structural, and morphological properties. 

EXPERIMENTAL 

In this experiment, aluminium nitrate nonahydrate (Al(NO3)3.9H2O, formic acid (CH2O2), citric acid 

monohydrate (C6H8O7.H2O), Oxalic acid (C2H2O4) and tartaric acid (C6H6O6) were acting as starting 

materials. Formic acid, citric acid, oxalic acid, and tartaric acid act as fuels, and all synthesized Al2O3 
samples were named after FA, CA, OA, and TA accordingly. Before synthesis, the amounts of metal salt 

and fuel were calculated to maximize chemical and energy release usage during combustion. The molar 

ratio of 1:1 between metal salt and fuel was applied for all starting materials to minimize the usage of 

starting materials. All synthesis processes were handled in a fume hood. For the synthesis of Al2O3, 

73.6043g of Al(NO3)3.9H2O was dissolved with 40ml of deionized water and stirred by using a magnetic 

stirrer at room temperature until a clear solution was formed. 11 ml of CH2O2 was added to the solution 

under stirring. The stirring process continued until it became homogenous. Then, the mixture was heated 

on the hot plate at 350ºC until the combustion process occurred and the precursor was produced. The 

precursor was grounded until fine powder was obtained using mortar and pestle. From the graph of 

TG/DSC, the right annealing temperature to produce pure Al2O3 was obtained. All the processes were 

repeated for citric acid, oxalic acid, and tartaric acid. PANalyticalX’Pert-Pro MPD diffractometer with CU-
Kα radiation as a beam source was used to obtain all samples' X-ray diffraction (XRD) patterns. The 

morphology was observed using a Field Emission Scanning Electron Microscope (FESEM). 

RESULT AND DISCUSSION 

Fig. 1 (a-d) shows the combustion phenomena of all samples prepared in the fume hood. For the 

similar heating temperature of 350ºC, it was found that the time taken for the combustion to occur varies 

for all samples. FA was found to combust easily within 72 min. This is expected to be simple organic acid 

formic acid [15]. CA took 150 min to combust; this was longer than FA, as citric acid is considered a more 

complex organic acid with a larger molecular structure [16]. Meanwhile, OA took 387 min to combust. 

Compared to CA, it is acceptable that it took more time to combust because oxalic acid has a simpler 

molecular structure than citric acid. Since citric acid has a more complex structure with six carbon atoms, 

it always has more potential sites for combustion. Hence, it is more prone to reacting with oxygen and 

undergoing combustion readily [17]. Furthermore, TA was found to have the longest time to combust; it 
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took 1024 min; this could be attributed to a more complex molecule than tartaric acid. It contains four 

carbon atoms and six oxygen to access reactive sites and initiate combustion [18]. 

From the smoke observation, formic acid is shown in Fig. 1(a). produces thicker smoke than other 

fuels, indicating incomplete combustion due to insufficient oxygen gas supply. This is acceptable as formic 

acid (CH2O2) has the least oxygens compared to other fuels. As in Fig. 1(b), it is shown that citric acid 

results in fewer smoke-forming compounds. The complex structure of citric acid provides a higher 

proportion of carbon, hydrogen, and oxygen atoms, which eventually contribute to cleaner combustion. 

Also, with an oxygen-rich molecule structure, it undergoes more complete and efficient combustion [19]. 

Furthermore, as shown in Fig. 1(c) and (d), oxalic acid and tartaric acid produce more smoke than citric 
acid. This condition can result in more carbon-rich by-products, which are more likely to generate smoke 

[20]. 

 

Fig. 1. Images of combustion phenomena of precursors during heating at 350ºC (a) FA, (b) CA, (c) OA, and (d) TA. 

STA (TG-DSC) was performed for Al2O3 precursors in the range of 30ºC- 1200ºC. Fig. 2(a-d) shows 

the thermal analysis results of all samples. Significantly, all samples have different decomposition behavior. 

FA, CA, OA, and TA decomposition temperatures are 360ºC, 560ºC, 380ºC, and 680ºC, respectively. This 

indicated that the OH is difficult to remove by heating. As can be observed from the chemical formula of 

the citric acid monohydrate and tartaric acid, the number of OH is larger than formic acid and oxalic acid.  
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Fig. 2. TG/DSC curves of precursors (a) FA, (b) CA, (c) OA, and (d) TA. 

FA’s thermal profile (Fig. 2(a)) shows two regions that indicate the weight losses in the profile. Region 

I have weight loss of around 3.96% at a temperature range of 30ºC-100ºC. A huge weight loss occurred in 

region II at a temperature range of 100ºC-360ºC accompanied by an endothermic peak that indicates loss 

of water remaining in the precursor. As shown in Fig. 2(b), the thermal profile of CA has three distinct 

regions of weight loss. The weight loss in the region I am around 6.94% at a temperature range of 30⁰C -
110⁰C due to the evaporation of water. At Region II, the weight loss is about 8.48% at the temperature of 

110ºC-250ºC. Region II shows the last weight loss of 51.26% at the temperature range of 250ºC-560ºC, 

accompanied by the exothermic reaction in producing the final product of Al2O3. 

Fig. 2(c). shows the thermal profile of OA, which indicates the existence of two major regions of weight 

loss. Region I has a weight loss of around 11.86% at the temperature range of 30ºC-250ºC, indicating the 

loss of water that remained in the precursor. In Region II, the weight loss of about 50.77% at 250ºC-380ºC 

is attributed to the oxidation stage, where the pore gases release and oxygen absorption. Furthermore, as 

shown in Fig. 2(d)., the thermal profile of TA consists of two regions of weight loss. For region I, it has 

weight loss around 7.69% at a temperature range of 30ºC-100ºC. In Region II, a major weight loss of about 

50.77% occurred at the temperature range of 100ºC-680ºC, which indicated the decomposition of the 

precursor and the formation of pure Al2O3. 

Based on the TG profile of all fuels, the graph is stable at 700ºC onwards. Meanwhile, the DSC graph 
of OA and TA shows that an exothermic peak occurred at a temperature of 900ºC without any weight loss 

attributed to the phase transformation to produce pure Al2O3. At the temperature of 1100ºC onwards, the 
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graph of DSC for all precursors shows that no more phase transformation occurred. Therefore, the annealing 

temperature of 1100ºC for 24 hours is chosen to obtain pure Al2O3. 

Fig. 3. shows the XRD patterns of the samples. All peaks are indexed to the hexagonal crystal structure 

of the α-Al2O3 with space group R-3c, as confirmed by ICDD01-088-0826. The diffraction patterns show 

that all samples are in a single phase, indicating that highly pure α-Al2O3 is obtained. It is observed that 

small differences in intensities suggest that the crystalline structures of all synthesized samples are very 

similar. Hence, further confirmation by FESEM micrographs is adaptable for this condition. 

 

Fig. 3 XRD patterns of α-Al2O3 samples (a) FA, (b) CA, (c) OA, and (d) TA. 
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From the FESEM images in Fig. 4., all samples are in the form of particles rather than crystallites. 

Between FA and TA, it was found that both samples showed reduced levels of agglomeration. This implies 

that the conditions governing crystal development and particle creation varied amongst the samples, which 

has been proven adaptable to the XRD intensities. Particularly, FA (~322nm) showed larger particles than 

TA (~282nm), suggesting a difference in the rate of crystal growth that permitted more significant particle 

development. However, OA (~241nm) displayed a higher degree of agglomeration despite having smaller 

particles than CA (~328nm). This is due to circumstances that promote nucleation above crystal 

development, which creates numerous tiny particles that eventually aggregate. These samples exhibit 

unique behaviors demonstrating the indicated interactions among nucleation rate, crystal growth, and the 

synthesis environment that affect particle size and agglomeration degree. 

 

Fig. 4. FESEM micrographs of (a) FA, (b) CA, (c) OA, and (d) TA. 

CONCLUSION 

In this work, pristine α-Al2O3 is obtained via the SPC method using different fuels annealed at 1100ºC 

for 24 hours. Different fuels have different combustion behaviors in terms of their efficiency and speed of 

combustion. From the XRD results, all samples have small differences in intensities, and these were aligned 

with the results of FESEM micrographs. The observed significant variations in morphology among samples 

derived from different fuels present promising avenues for future studies to enhance functional and 

electrical performance.  
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