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1. Introduction 

Most of metallic materials functioning at high temperature need to have oxidation 
resistance. This resistance can be achieved when the material develops, through oxidation, 
an oxide film which acts as a diffusion barri er while keeping a good adherence. In this 
respect, alpha alumina clearly acts as such. The oxides of aluminum have been the subject of 
many investigations because of their commercial importance and scientific interest. The 
thermal stability and optical properties of pure nanometer-sized alumina powder have 
received much attention because of their intrinsic interest and commercial value. 
Nanometer-sized alumina powders are widely app lied today. One of its applications is in 
fluorescent lamps due to the absorption of ultrav iolet light. In fact, it can also emit the light 
under excitation with a suitable  wavelength. It is important to note that there are many 
works about alpha alumina using X-ray diffractio n, but there is a need for a more detailed 
structural analysis. To achieve this more exhaustive structural characterization we have 
used the Rietveld refinement method and cathodoluminescence (CL) measurements. 

CL spectroscopy is widely used as a contactless and relatively nondestructive method to 
provide microcharacterization of the optical and electronic properties of luminescent 
materials. Nevertheless, it is used comparatively rarely for the investigation of oxide 
semiconductor structures. The major advantage of CL spectroscopy in the case of such 
structures is that most of the anticipated products of oxidation are luminescent, and it is 
easy to get excitation across the bandgap of any dielectric with readily available electron 
beam voltages. The emission occurs for all the luminescent mechanisms present in the 
material.  

Pure �Â-Al 2O3 crystal is colorless and shows little absorption in the ultraviolet–visible (UV–
Vis) range. But various impuriti es (Ti, Mn, Cr, and Fe) even a trace level causes apparent 
absorptions which are attributed to vari ous emission centers (Jheeta et al., 2006). 

The colors arise from very minor amounts of impurity (<1% of the Al 3+ replaced by other 
cations) because the Al2O3 structure apparently does not tolerate substitutions. However, 
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these trace substitutions can cause intense colors. Ruby is red because of its Cr3+ content. 
Yellow sapphire owes its color to Fe3+. Blue sapphire derives its color from Fe2+-Ti4+ and 
Fe2+-Fe3+ intervalence charge transfer. Green sapphires contain a mixture of the blue and 
green colors. 

Strong well-known 2E �D4A2 lines of Cr3+ (693 nm) with a long decay time characterize their 
luminescence spectra. Besides that, much weaker narrow lines are present, which are 
connected with Cr-pairs and more complicated complexes. The Mn4+ ion is isoelectronic 
with Cr 3+, i.e., both of them have the same electronic structure of the open shell (3d 3 
configuration). Thus, the spectroscopic properties of �Â-Al 2O3:Mn4+ are similar to those of 
ruby ( �Â-Al 2O3:Cr3+). Octahedral Mn4+ (3d3) would be expected to show the R-line 
fluorescence characteristic of isoelectronic Cr3+ and in approximately the same region. The 
dominate defects for the visible emission might be different for �Â-alumina powders formed 
by heating any of the hydrates of aluminium to a sufficiently high temperature.   

In the presence of lattice defects, extra luminescence emissions can be observed in the ultra-
violet (UV) region upon highly energetic ex citation. The main intr insic defects in the �Â-
alumina crystals are oxygen vacancies in different charge states: a neutral vacancy, a 
vacancy capturing one electron (a F+-center), and a vacancy capturing two electrons (a F-
center) (Kislov et al., 2004; Michizono et al., 2007; Yu et al., 2002). The observed UV 
spectrum in �Â- alumina can be deconvoluted into tw o distinct sub-band components: an F+-
center band, located at around 3.8 eV, and a less intense F-center band, located at around 3.0 
eV (Brewer et al., 1980; Boumaza & Djelloul, 2010; Boumaza et al., 2010). Depending on the 

defect introduction method one can create also F2-centers, 2F�� -centers and 2
2F �� -centers 

(double oxygen vacancy with four, three an d two trapped electrons respectively). �Â-Al 2O3 
crystals with defects in the oxygen sublattice are actively studied as promisi ng storage 
materials (Kortov & Milman, 1996). In this connect ion, it is interesting to study luminescence 
properties of the nanostructured aluminiu m oxide and compare them with analogous 
properties of crystalline samples.   

In this chapter, we present X-ray diffraction  (Rietveld analysis) and CL measurements of �Â-
alumina powders formed by calcination of gibbsite or generated by oxidation of a metallic 
FeCrAl alloy. The peculiarity of the cathodol uminescence under comparable conditions of 
�Â- alumina is discussed. 

2. Materials and experimental methods 

Gibbsite powder , Al 2(OH) 6, from Prolabo (no 20 984.298) was used. The powder is made of 
platelet aggregates and was composed of 64.5–67% Al2O3 and max.: 0.01% Fe2O3, 0.02% SO4, 
0.002% heavy metals (as Pb), and 1.0% non precipitable by NH4OH (as SO4). The sample 
experienced an ignition loss of 33–34.5% at 1000 °C and had a purity grade of 99.7%. Its 
average particle size (20 �Ím) was due to the agglomeration of crystallites. The specific 
surface area of the original sample was 0.5 m²/g. 

The gibbsite platelets was calcined in ambient atmosphere (pO2 = 0.21 atm) at 1573 K. The 
cycle was as follows: heating up to an isothermal temperature at 5 K/min, maintainin g for 24h 
at the calcination temperature and fast cooling down to room temperature (air quench). The 
calcination temperature was main tained for 24 hours to obtain a well-crystallised product.  
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The present work was performed on ferritic ODS commercial FeCrAlY alloy PM2000 (20 
wt% Cr, 5.8 wt% Al, 0.5 wt% Ti, 0.5 wt% Y2O3). This alloy is an alumina-forming alloy. 
The specimens, with dimensions 25×25×5 mm3, are cut from a rolled plate. In the case of 
the PM2000, sample was oxidised in air at 1223 K for 72h. The thermogravimetric method 
(TG) and differential thermal analysis (DTA) data were recorded under a dry air flow 
with a heating rate of 10 K/min in a SE TARAM TGDTA92–16.18 thermal analyser. TG 
measurements were corrected for temperature–dependent buoyancy by subtracting the 
data of a measurement carried out on an inert sample. The crystalline structure of the 
sample was investigated by XRD using a PANalytical X’Pert Pro MRD diffractom eter 
configured as follows: Cu tube operating at 40 kV and 30 mA ( �Ì(K�Â1) = 0.15406 nm, �Ì(K�Â2) 
= 0.15444 nm). The scan rate (2�É) was 1°/min at a step size of 0.025°. The data were 
processed to realize the conditions of the software program Fullprof Suite for the 
structure refinement.  

The FTIR technique was used in the absorbance mode in the 200-4000 cm-1 range. For oxides 
all bands have characteristic frequencies between 200 and 1000 cm-1. For the FTIR 
measurements, samples were prepared by grinding the oxide films scraped from the 
substrate (PM2000). After calcination, 10 to 100 µg of the powder was drawn, then grinded 
with 23 ±2 mg of CsBr in order to obtain, a pellet of 200-250 µm in thickness. After grinding, 
the powder was placed in a mould (5 mm diamet er) and a cold isostatic pressure (CIP) of 
150 MPa was applied for 5 min. 

The FTIR spectra are obtained using a Perkin-Elmer spectrometer at resolution of 8 cm-1. For 
each sample, 120 scans were used. The apparatus is equipped with a system allowing the 
reduction of the optical course in air in order to minimize the perturbations associated with 
ambient air (water vapour and CO 2). The uncertainty on the position of the various peaks is 
equal to ± 2 cm-1.  

The emitted light under electron  beam excitation in a UHV system was analyzed through a 
quartz window with a Jobin Yvon CP 2000 spectrograph and a CCD detector. The 
wavelength range 200-1000 nm was investigated. 

3. Results and discussions 

3.1 Differential thermal analysis and thermal gr avimetry analysis (DTA-TG) of gibbsite 

Fig. 1 shows the typical TG–DTA curves of the gibbsite. TG and DTA curves are indicated as 
dotted and solid lines, respectively. Concerning  the dehydration-dehydroxylation process of 
gibbsite, the dehydration appears to occur in two steps (around 598 and 803 K respectively) 
at higher temperature. The expected theoretical loss due to dehydration is 34.6%, the 
experimental loss is 34.3% a little lower. This difference 0.3% is a bit larger than the 
experimental uncertainty 0.1%, the starting gibbsite may be slightly dehydrated. The last 
step (803 to 1273 K) gives no thermal event but appears as a continuous mass loss (about 
2%) which corresponds to the elimination of  residual hydroxyls. The formation of �Â–
alumina occurs between 1473 and 1533 K (MacKenzie et al., 1999). Finally, the structural 
transformations to well-crystallised �Â�ïalumina are described by nucleation (T<1470 K) and 
growth mechanisms (T>1470 K). 
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Fig. 1. TG and DTA curves of gibbsite. 

3.2 Gibbsite 

Gibbsite (�Ä-Al(OH) 3) has monoclinic symmetry (a=0.8684, b=0.5078, c=0.9736 nm, �Ã=94.54°) 
with the space group P21/n, and th e unit cell contains eight Al(OH) 3 units (Saalfeld & 
Wedde, 1974). Gibbsite is characterized by the stacking of two-layer units (AA or BB) of 
hydroxyl sheets with the  sequence ABBAABBA... where hydroxyl sheets of the adjacent 
Gibbsite layers face the c direction (Kogure, 1999). In Fig. 2a, the XRD pattern obtained on 
the as received gibbsite powder shows a good agreement with the reference XRD pattern 
(33-0018 JCPDS file). 

3.2.1 Phase transitions induced by heat treatment of gibbsite 

When heating up fine-grained gibbsite, most OH groups are eliminated, and various forms 
of alumina are formed wi th the sequence: gibbsite �D�Ø-�D�Ë-�D�Â-Al 2O3 when temperature 
increases. In order to study these phases, we performed XRD measurements on four 
samples prepared from gibbsite calcined for 24h at 773, 1073 (62h), 1173 and 1573K 
respectively.  

According to Fig. 2b, at 773K ,the �Ø phase is expected. In spite of many investigations since 
the1950’s (Brindley & Choe, 1961; Kogure, 1999; Saalfeld, 1960; Stumpf et al., 1950; Yu et al., 
2002), the crystal structure of �Ø-alumina is still uncertain. Stumpth et al. (Stumpf et al., 1950) 
assumed a cubic (not spinel) unit cell of lattice parameter a=0.795 nm (04-0880 JCPDS file). 
On the other hand, two hexagonal structures have been suggested, either with the 
parameters a=0.556 nm and c=1.344 nm (Saalfeld, 1960) or with a=0.557 nm and c=0.864 nm 
(Brindley & Choe, 1961) (13-0373 JCPDS file). The two previous hexagonal unit cells may be 
described respectively as a stacking of 6 and 4 close-packed oxygen layers, of approximately 
the same thickness (0.224 and 0.216 nm) as the Al–OH layers in gibbsite (0.212 nm). More 
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recently, Kogure (Kogure, 1999) proposed a hexagonal lattice with a=0.49 nm and an 
undefined c length indicating that �Ø-alumina structure can be regarded as random close 
packing of gibbsite-like layers.  

For samples prepared at 1173 K, the �Ë phase is expected (see Fig. 2d). Contrary to the �Ø 
phase, the crystal structure of �Ë-alumina is well known (see for example Ref. (Ollivier et 
al., 1997) and references therein). �Ë-alumina is orthorhombic with the space group pna2 1 
and results in ten independent atoms positions (four Al and six O). The exp erimental XRD 
pattern at 1173K is specific of a pure �Ë-alumina (Fig. 2d). Nevertheless, the presence of 
remnant �Ø-phase cannot be excluded as all the �Ø peaks also appear in �Ë structure. Note 
that the experimental XRD patterns show well  crystallized phases, in contrast with the �Ø 
phase.  

Fig. 3 give SEM images and XRD patterns of gibbsite powder (a) after calcination at (b)- 773 
K; (c)- 1073 K; (d)- 1573 K, for 24 h. 

When heating up at temperature above 1573K for 24h, gibbsite transforms into �Â-alumina, 
the stable structure. The XRD pattern of the 1573K sample (Fig. 6) shows that only �Â-Al 2O3 is 
present when compared with 42–1468 JCPDS file. In this structure, tetrahedral Al 3+ ions are 
no longer present and only AlO 6 octahedron remain. 

 

  

 

  
 

Fig. 2. XRD patterns: (a) Gibbsite (33-0018 JCPDS file), (b) alumina formed from gibbsite 
calcined for 24h at 773K (expected �Ø phase) (JCPDS 13-0373 file), (c) alumina formed from 
gibbsite calcined for 62h at 1073K, (d) alumina formed from gibbsite calcined for 24h at 
1173K (expected �Ë phase) (JCPDS 88-0107 and 01-1305 file). 
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