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ABSTRACT  

This study presents the test results of Ti-20Nb-15Al alloy isothermal oxidation in air at 700°C with the 
consideration of the effect of annealing time on the condition of the surface layer. It was determined that, 
depending on the heating time, the surface of the tested alloy was characterized by a different colouring. This 
phenomenon was observed only at 700°C. 
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INTRODUCTION  
 

In recent years intermetallic α2-Ti3Al and γ-TiAl titanium alloys have found a broad 
application as structural materials meant for operation in elevated temperature and aggressive 
chemical environment. These alloys are the newest type of materials and represent a very 
attractive structural material for operation at elevated temperatures and in aggressive chemical 
environments, mainly due to particularly favourable combination of mechanical properties 
and low density. Good creep resistance and relatively good oxidation resistance are their main 
assets, which add to their versatile application [1÷4]. The fields of application on these 
materials are space industry, aviation  and automotive industry (parts of gas turbines and 
compressors) [5÷7]. The tendency to brittle fracture and low flow are their main 
shortcomings, which set the limitations for their use. The research carried out so far by 
national and foreign research centres have concerned the issue of high temperature oxidation 
resistance of γ-TiAl based alloys [8÷22]. 

In the late eighties of 20th century a new phase was discovered, so called orthorombic 
phase: O-Ti2AlNb. Substituting α2-Ti3Al phase for Ti2AlNb in Ti-Al alloys caused the 
increase in their density, which was, however, offset by the improvement of other properties 
i.e. increasing the flow [23]. Orthorhombic titanium aluminides appear to be quite promising 
for this application, but will only find increased attention if they offer a unique set of 
properties not provided by competing alloys. For demanding elevated temperature 
applications, e.g. jet engines, this new class of alloys competes with conventional near-
titanium alloys, the almost mature γ-TiAl alloys and, as all high temperature titanium base 
alloys, nickel-based materials [7]. 

The research presented in this paper was focused on the effect of time and temperature of 
the isothermal oxidation in air on the changes of the surface colouring. 
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MATERIAL AND RESEARCH METHODOLOGY  
 

 
The tests were performed on O-Ti2AlNb based Ti-20Nb-15Al alloy chemically composed of 
58.75% Ti, 14.80% Al, 19.23% Nb, 6.01% Mo, 0.94% V (%wt.). Give the source of the alloy  
The samples of alloy with dimensions of 20x15x5mm were polished with an 800 grade 
abrasive paper and subsequently degreased in acetone. The tests of the isothermal oxidation in 
air were performed at the temperature of 700°C. 
The material structure were performed using a scanning electron microscope Philips XL20 
equipped with EDAX analyzer. 
 
 

TEST RESULTS AND ANALYSIS 
 
 
The structure of the tested alloy established as lamellar and the analysis of the chemical 
composition in the observed area is presented in Fig. 1. Fig. 2 shows a fragment of the 
fracture of the analyzed alloy in the lamellar section. 
 

             
 

Fig. 1. Scanned  images (SE) of Ti-20Nb-15Al alloy and EDX analysis results this area 
 

 
 

Fig. 2. Fracture of Ti-20Nb-15Al alloy in lamellar area 
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During the oxidation of Ti-Al titanium alloys in air TiO2+Al2O3 oxide layer forms on their 
surface. TiO2 - rutile is always the first oxide, which forms on the surface at the initial stages 
of oxidation as the titanium's activity is much higher than the aluminum's activity. The 
content of Al2O3 in the scale is much lower [19]. However, the thickness of the forming oxide 
layer strongly depends on the time and temperature of holding in the air atmosphere. In 
oxidation trials the material destruction process includes the formation of oxides in heating 
cycles, chipping during cooling and holding in room temperature. The mass changes during 
isothermal oxidation of the tested alloy were presented in Fig. 3. And thus the oxidation in air 
at 700°C during 500 hours caused the mass gain only. The mass gain of the alloy samples was 
respectively 0,046 mg/cm2 after 50 hours of oxidation, around 0,17 mg/cm2 after 100 hours, 
0,18 mg/cm2 after 300 hours and 0,19 mg/cm2 after 500 hours of annealing at 700°C. The 
scale forming on the surface of samples was tightly attached to the substrate and did not chip 
either immediately after the test nor later. 
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Fig. 3. The mass change of Ti-20Nb-15Al oxidized isothermally at 700°C 
 

 
The thickness of the scale determines the occurrence of the particular colouring and the 
colours which appear on the surface may carry important information.  Figs. 4 show the 
obtained colouring of the surface of Ti-20Nb-15Al alloy during the trials, after 50, 100, 300, 
and 500 hours respectively. The content of oxygen and nitrogen in the metallic substrate is the 
outcome of the atmosphere, the temperature and the time of exposure to annealing. Along 
with the increase of temperature and time, the content of nitrogen and oxygen rises. Nitrogen 
is characterized by a high chemical affinity to titanium, higher than the oxygen. The formed 
nitrides are easily recognizable by the golden colouring of the surface. 
The mass gain resulting from bonding oxygen and nitrogen and the resolving of these 
elements in the metallic substrate is rather moderate for this temperature. 
After 50 hours of isothermal heating in air, the surface of the alloy took a straw-yellow colour 
(Fig. 4a) Doubling the oxidation time causes the alloy surface to take a purple shade (Fig. 4b) 
while the oxide layer growth during 250 hours results in the blue surface with minor 
inclusions of purple (Fig. 4c). After 500 hours of oxidation where the formed layer is the 
thickest - the scale is of brown colour (Fig. 4d). 
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It is however worth noticing that such colouring was obtained only at heating at 700°C. The 
rise of the temperature up to 800°C does not promote a distinct colouring of the surface. 
 
 

(a)  

 
  

(b)  

 

(c) 

 
 
 

(d) 

 

Fig. 4.  Surface of Ti-20Nb-15Al alloy after isothermal heating in air  
(a) after 50 hours, (b) after 100 hours, (c) after 250 hours, (d) after 500 hours 

 
 
 

CONCLUSIONS 
 
 
1. The oxidation of Ti-20Nb-15Al at 700°C in air causes mass gain exclusively, which 
intensifies along with extending the test time, 
2. In the tested temperature the alloy shows relatively constant and slight mass gain, 
3. A satisfying resistance to high-temperature oxidation of Ti-20Nb-15Al allows its potential 
application in power industry devices working in the temperature on the order of  700°C. 
 
 
The research study was financed from the funds for science in 2013-2015 as research project 
no. IP 2012 055772 
 



J. Małecka: The analysis of the effect of time and temperature of ...                                                                    23 

 
REFERENCES 

 
 
1. Clemens H., Kestler H.: Processing and Applications of Intermetallic γ-TiAl-Based Alloy. 

Advanced Engineering Materials 9 (2000), pp. 551-570.  

2. Yoshihara M., Kim Y.W.: Oxidation behaviour of gamma alloys designed for high temperature 
oxidation. Intermetallics 13 (2005), pp. 952–958. 

3. Yamaguchi M., Inui H., Ito K.: High-temperature structural intermetallics. Acta Materialia 48 
(2000), pp. 307-322. 

4. Loria E.A.: Gamma titanium aluminides as prospective structural materials. Intermetallics 8 
(2000), pp. 1339–1345. 

5. Szkliniarz W.: The alloys from the binary system of Ti-Al. Z. Bojar, W. Przetakiewicz, (Eds.), 
Metallic materials with the participation of intermetallic phases, Technical Military Academy, 
Warsaw (2006), pp. 66–88 (Chapter 2.2, in Polish). 

6. Appel F., Paul J.D.H., Oerhing M.: Gamma Titanium Aluminide Alloys, Science and Technology 
(2011) Wiley-VCH, GmbH & Co. KgaA. 

7. Kumpfert J., Leyens C.: Orthorombic titanium aluminides: Intermetallics with improved damage 
tolerance.  Titanium and titanium alloys Fundamentals and applications. Ch. Leyens, M. Peters 
(Eds.) Wiley-VCH, GmbH & Co. KgaA 2003 (chapter 3) 

8. Kakare S.A., Toney J.B., Aswath P.B.: Oxidation of ductile particle reinforced Ti-48Al 
composite. Metallurgical and Materials Transactions 26A (1995), pp. 1835-1845. 

9. Chan K.S.: Developing Hydrogen Tolerant Microstructures for an Alpha-2 Titanium Aluminide 
Alloy. Metallurgical and Materials Transactions 23A (1992), pp. 497-507. 

10. Takasaki A., Furuya Y., Taneda Y.: Hydrogen uptake in titanium aluminides covered with oxide 
layers. Metallurgical and Materials Transactions 29A (1998), pp. 307-314. 

11. Kakare S.A., Toney J.B., Aswath P.B.: Oxidation of ductile particle reinforced Ti-48Al 
composite. Metallurgical and Materials Transactions 26A (1995), pp. 1835-1845. 

12. Shen Y., Ding, Wang F.: High temperature oxidation behaviour of Ti–Al–Nb ternary alloys. 
Journal of Materials Science 39 (2004), pp. 6583–6589. 

13. Toshio N., Takeshi I., Yatagai M., Yoshioka T.: Sulfidation processing and Cr addition to 
improve oxidation resistance of  TiAl intermetallics in air at 1173 K. Intermetallics 8 (2000), pp. 
371–379. 

14. Schaaf1 P., Quadakkers W.J., Zheng N., Wallura E., Gil A.: Beneficial and detrimental effects of 
nitrogen on the oxidation behaviour of TiAl-based intermetallics. Materials and Corrosion 48, 
Issue 1 (1997), pp. 28–34. 

15. Król S. : Cyclic oxidation of c-TiAl based multicomponent alloys with addition of Ta. Protection 
against Corrosion 11s/A (2005), pp. 94–198 (in Polish). 

16. Wu Y., Hagihara K., Umakoshi Y.: Improvement of cyclic oxidation resistance of Y-containing 
TiAl-based alloys with equiaxial gamma microstructures. Intermetallics 13 (2005), pp. 879–884. 

17.  Król S., Małecka J., Zemčik L.: The effect of niobium on the kinetics oxidation behaviour of γ-
TiAl. Protection against Corrosion 11s/A (2007), pp. 124-128 (in Polish). 

18. Shemet V., Tyagi A.K., Becker J.S., Lersch P., Singheiser L., Quadakkers W.J.: The formation of 
protective alumina-based scales during high-temperature air oxidation of γ -TiAl alloys. 
Oxidation of Metals 54 (2000), pp. 211-235 



24                                                ADVANCES IN MATERIALS SCIENCE, Vol. 13, No. 4 (38), December 2013 
 
 
 
19.  Małecka J., Grzesik W., Hernas A.: An investigation on oxidation wear mechanisms of Ti–

46Al–7Nb–0.7Cr–0.1Si–0.2Ni. Corrosion Science 52 (2010), pp. 263-272. 

20. Małecka J., Król S., Zemčik L.: The influence of selected parameters on the course of cyclic 
oxidation of Ti-46Al-7Nb, Advances in Materials Science Vol. 7, No 4/14 (2007) pp. 57-62. 

21. Małecka J. , Krzak-Roś J.: Preparation of SiO2 coating by sol-gel method, to improve high-
temperature corrosion resistance of a γ-TiAl phase based alloy. Advances in Materials Science 
Vol. 12, No 4/34 (2012), pp. 5-12. 

22. Swadźba L., Moskal G., Hetmańczyk M., Mendala B., Jarczyk G.: Long-term cyclic oxidation of 
Al-Si diffusion coatings deposited by Arc-PVD on TiAlCrNb alloy. Surface and Coatings 
technology 184 (2004), pp. 93-101. 

23. Kumpfert J.: Intermetallic alloys based on orthorhombic titanium aluminide. Advanced 
Engineering Materials 3 (2001), pp. 851–864. 

 

 

 
 


