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Figure 1 Variation of apparent porosity (%) and bulk density (g/cm³) of Al2O3:Cr ceramic 
nanoparticles (AlCr0, AlCr1, AlCr3, and AlCr5 corresponding to Cr contents of 0, 0.01, 0.03, and 
0.05) as a function of Cr nanoparticle addition (0–5 wt.%), sintered at 1000 °C 
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Figure 2 X-ray diffraction (XRD) patterns of Al2O3:Cr ceramic nanoparticles (AlCr0, AlCr1, AlCr3, 
and AlCr5) synthesized via sol–gel method and calcined at 1000 °C. 
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Table 1 Structural parameters of Al2O3:Cr ceramic nanoparticles (AlCr0–AlCr5). 

 
Sample 2θ (°) FWHM (hkl) d-spacing (Å) Dcs (nm) Dcs-avg (nm) 

AlCr0 

25.6 0.42 (012) 3.47 20 

25 

35.1 0.38 (104) 2.55 23 
37.8 0.36 (110) 2.38 25 
43.4 0.34 (113) 2.08 27 
52.6 0.32 (024) 1.74 29 
57.5 0.31 (116) 1.60 30 

AlCr1 

25.6 0.38 (012) 3.47 23 

29 

35.1 0.34 (104) 2.55 27 
37.8 0.32 (110) 2.38 29 
43.4 0.30 (113) 2.08 31 
52.6 0.29 (024) 1.74 33 
57.5 0.28 (116) 1.60 34 

AlCr3 

25.6 0.34 (012) 3.47 26 

32 

35.1 0.30 (104) 2.55 30 
37.8 0.28 (110) 2.38 33 
43.4 0.27 (113) 2.08 35 
52.6 0.26 (024) 1.74 36 
57.5 0.25 (116) 1.60 28 

AlCr5 

25.6 0.30 (012) 3.47 30 

36 

35.1 0.27 (104) 2.55 34 
37.8 0.25 (110) 2.38 37 
43.4 0.24 (113) 2.08 39 
52.6 0.23 (024) 1.74 41 
57.5 0.22 (116) 1.60 43 
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Figure 3 FTIR spectra of Al2O3:Cr ceramic nanoparticles (AlCr0, AlCr1, AlCr3, and AlCr5). 
 

Table 2 FTIR band assignments of Al2O3:Cr ceramic nanoparticles (AlCr0–AlCr5). 
 

Sample Wavenumber (cm⁻¹) Assignment Description 

AlCr0 

~3400 O–H stretching Adsorbed / hydroxyl groups 
~1600 H–O–H bending Molecular water 

1000–1100 Al–O / Al–O–H Residual precursor or lattice vibration 
500–800 Al–O stretching Characteristic alumina vibration 

AlCr1 

~3400 O–H stretching Reduced intensity (less moisture) 
~1600 H–O–H bending Weak water band 

1000–1100 Al–O vibration Slight shift due to Cr doping 
500–800 Al–O stretching Enhanced intensity 

AlCr3 

~3400 O–H stretching Further reduced 
~1600 H–O–H bending Weak 

1000–1100 Al–O vibration Improved structural order 
500–800 Al–O stretching Sharper peaks 

AlCr5 

~3400 O–H stretching Minimum intensity 
~1600 H–O–H bending Very weak 

1000–1100 Al–O vibration Stable 
500–800 Al–O stretching Strong and well-defined 
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Figure 4 Raman spectra of Al2O3:Cr ceramic nanoparticles (AlCr0, AlCr1, AlCr3, and AlCr5). 
 
 
Table 3 Raman band positions and assignments of Al2O3:Cr ceramic nanoparticles (AlCr0–AlCr5). 
 

Sample Raman Shift (cm⁻¹) Mode Assignment 
AlCr0 ~380 Eg Lattice vibration (Al–O)  

~418 Eg Bending mode of Al–O  
~450 A1g Symmetric vibration  
~580 Eg Al–O stretching  
~645 A1g Strong Al–O stretching 

AlCr1 ~380 Eg Lattice vibration  
~420 Eg Al–O bending  
~450 A1g Symmetric mode  
~580 Eg Stretching vibration  
~645 A1g Strong Al–O mode 

AlCr3 ~380 Eg Lattice vibration  
~420 Eg Bending vibration  
~450 A1g Symmetric mode  
~580 Eg Al–O stretching  
~645 A1g Strong mode 

AlCr5 ~380 Eg Lattice vibration  
~420 Eg Bending mode  
~450 A1g Symmetric vibration  
~580 Eg Stretching  
~645 A1g Strong Al–O vibration 
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Al2O3:Cr

Al2O3:Cr

Sample Initial weight loss (%) 
(RT–150 °C) 

Weight loss (%) 
(150–400 °C) 

Total weight 
loss (%) 

Residual weight at 
1000 °C (%) 

AlCr0 ~2.2 ~3.8 ~6.0 ~94.0 
AlCr1 ~2.0 ~3.5 ~5.5 ~94.5 
AlCr3 ~1.8 ~3.2 ~5.0 ~95.0 
AlCr5 ~1.5 ~2.8 ~4.3 ~95.7 
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Figure 6 Differential scanning calorimetry (DSC) curves of Al2O3:Cr ceramic nanoparticles (AlCr0, 
AlCr1, AlCr3, and AlCr5). 
 

 
Table 5 DSC thermal parameters of Al2O3:Cr ceramic nanoparticles (AlCr0–AlCr5). 

 
Sample Endothermic peak 

(°C) 
Exothermic peak 

(°C) 
Peak intensity 

(mW) 
Thermal behavior 

AlCr0 ~130 ~800 Moderate Slower crystallization 
AlCr1 ~140 ~810 Moderate–high Improved transformation 
AlCr3 ~145 ~820 High Enhanced crystallization 
AlCr5 ~150 ~830 Highest Best thermal stability and ordering 
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Figure 7 Derivative thermogravimetric (DTG) curves of Al2O3:Cr ceramic nanoparticles (AlCr0, 
AlCr1, AlCr3, and AlCr5). 
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Table 6 DTG thermal parameters of Al2O3:Cr ceramic nanoparticles (AlCr0–AlCr5). 

 
Sample Peak 1 

temperature (°C) 
Peak 2 

temperature (°C) 
DTG peak 

intensity (%/°C) 
Interpretation 

AlCr0 ~120 ~320 Highest Rapid decomposition, low stability 
AlCr1 ~125 ~330 High Improved stability 
AlCr3 ~130 ~340 Moderate Controlled decomposition 
AlCr5 ~135 ~350 Lowest Highest thermal stability 
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Figure 8 Ion concentration released (ppm) from Al2O3:Cr ceramic nanoparticles (AlCr0, AlCr1, AlCr3, 

and AlCr5) 
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