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Abstract: 

The oxidation of Al-Li base alloy containing small 
amounts of rare earth (RE) oxides such as Y2O3 and 
Nd2O3 particles has been studied at temperatures 
between 300°Cand 550°C. The lithium is selectively 
oxidized in Al-Li alloys and the parabolic rate 
constants for the growth of the resulting oxides layer 
Li2O, LiAl5O8, Li2CO3 and Li5AlO4 are about an 
order of magnitude higher than those for growth of 
oxides on alloy (Al-Li) with RE oxides. Alloys used 
in this study were prepared by melting and casting in 
a permanent steel mould under controlled 
atmosphere. 
     It was found that 0.2%Y2O3 containing alloys 
possess the lowest oxidation rate and show great 
improvements in oxidation resistance compared to 
the base alloy. 
     Oxides found on base alloy are subjected to 
cracking and spalling during thermal shock at high 
temperature i.e. 500°Cand 550°C. Identification of 
oxidation kinetics was carried out by using weight 
gain measurements while scanning electron 
microscopy (SEM) and x-ray diffraction analysis 
were used for microstructural morphologies and 
phase identification of the oxide scales.  The weight 
gain measurement results suggest that the oxidation 
kinetic of all studied alloys follows the parabolic law 
in most experimental tests under the different 
temperatures except at 300°C oxidation kinetic 
follows almost a logarithmic rate law.  
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1. Introduction. 

Al-Li alloys offer attractive combination of properties 
for an extensive use in aircraft structures, reducing the 
density and increasing other properties like stiffness, 
fatigue resistance. These properties could already lead 
structural weight reduction of up to 15% on 
commercial airliners [1-3]. However these alloys 
undergo severe oxidation at high temperatures 
approximately an order of magnitude higher than the 
Li-free Al-base alloys. This tendency creates serious 
problems during high temperatures processing such as 
solution heat treatment , homogenization ,forming and           
aging [4-6]. 
Procedures for minimizing oxidation and lithium 
depletion during processing of Al-Li alloys are 
discussed elsewhere. Some workers Bakri et al, 
1992[7] and Haidary et al, 2000 [8] also reported 
those trace element additions of (Y, Ge, Te) known to 
inhibit oxidation in certain Al-alloys. The rare earth 
element (REE) is now well known to improve the high 
temperature oxidation of stainless steel. Many authors 
have proposed theories about this beneficial effect [1-
4]. The use of RE oxide coating has the advantage of 
not affecting adversely the mechanical properties of 
the alloy and it has also the potential of being used on 
surfaces of metallic components exposed to high 
temperature oxidizing environments [9,10] due to their 
excellent oxidation resistance and improve the 
resistance to scale spallation. The RE elements can be 
added to heat resistant alloys either in elemental form 
or as oxide dispersion [10, 11] .The RE can also be 
introduced into the surface by ion implantation 
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techniques or applied superficially by a variety of 
techniques.  
In this research the RE oxides Nd2O3 (0.2%) and 
Y2O3 (0.2%) introduced  into the base alloy (Al-Li-
Cu-Mg) by a casting method using mechanical stirring 
to disperse Y2O3 and Nd2O3 particles in the molten 
base alloy and pouring the melt in steel  molds. The 
present paper is concerned with the effect of RE 
oxides Nd2O3 and Y2O3 on the oxidation behavior 
and oxidation rate constant (Kp) of a solution 
hardened alloy (8090) at temperatures (300-550)°C.  

2. Experimental procedures     

Alloys were prepared by melting and pouring the melt 
in a permanent steel mold under controlled 
atmosphere by passing argon gas through an orifice in 

the cover of graphite crucible where the meting occurs 
and the RE oxides of Nd2O3 and Y2O3 (0.2wt% for 
each one )with size distribution of (3-10)µm were 
added and dispersed in matrix of base alloy A(Al-
2.4% Li-1.2% Cu-1.0% Mg- 0.15%Zr ),and obtained 
alloy B and C which contain 0.2% Nd2O3 and 0.2% 
Y2O3  respectively . The prepared alloys were 
homogenized in dry air at 530°C for 18hr followed by 
hot rolling up to 50% reduction .The solution heat 
treatment has been done at 530°C for an hour and 
water quenching then aging at 190°C for 10hr for all 
specimens. The chemical composition analysis of the 
base alloy A (Al-Li-Cu-Mg) was carried out by using 
spectral analysis device of spectrometer type ARL. 
Results of the analysis with the standard value for 
each element and density are shown in Table (1).  

Table (1):

 

Analysis chemical composition and density of the basealloy A( Al-Li-Cu-Mg) 

Element 
(wt%) 

Li Cu

 

Mg

 

Zr Ti Fe Si Rem

  

(g/cm3)

 

Measured 
value 

2.4 1.2

 

1.0

 

0.15 0.03 0.03 0.03 Al 2.561 

Standard 
value(8090) 

2.2- 
2.7 

1.0-1.6 0.6-1.3 0.04-
0.16 

0-0.10

 

0-0.30

 

0-0.2

 

Al 2.554 

  

Oxidation specimens were cut from ingot after 
homogenization as discs in dimensions of 15mm 
diameter and (2-2.5)mm thickness. These 
specimens were grounded with water by using 
emery paper of SiC with different grits( 220, 320 
,500 and 1000).Polishing process was done by 
using diamond paste (grade 1µm) with special 
polishing cloth and lubricant. They were cleaned 
with water and alcohol and dried with hot air. The 
specimens were oxidized at temperature range of 
300°C to 550°C in static air at atmospheric 
pressure in a vertical tube furnace with uniform hot 
zone. The temperature of the hot zone is controlled 
by thermocouple type K. The oxidation kinetics 
were determined by the weight gain method with a 
microbalance of an accuracy of 0.1mg ,where the 
specimen was placed into the hot furnace after 
reaching the required temperature ,each specimen 
was hung using pt-wire. 
Upon completion of the kinetic measurements the 
oxidized specimens were examined optically to 
evaluate their surfaces topography .Standard x-ray 
diffraction techniques were employed for phase 
identification of the alloy and the oxidation 
products, using Philips 1830 x-ray diffractometer 
with Cu.K radiation (1.547A ).  

3-Results and Discussion  

3-1 Microstructure of prepared alloys 

All alloys were fabricated by a method of melt 
stirred composing and pouring the melt in steel 
mould. Figure (1) shows the microstructure of 
prepared alloys (A, B and C) after casting and 
deformation and solution heat treatment 
respectively. The micrographs of the base alloy A 
(Al-Li-Cu-Mg) ,alloy B and alloy C with the RE 
oxides Nd2O3 and Y2O3 particles uniformly 
distributed in the matrix of alloy.  

3-2 Oxidation behavior of alloy (A) 

Isothermal oxidation measurements revealed 
weight gain increases with time. At temperature 
300°C, shown in Figure (2) indicates that the 
weight gain ( W/A) increases until reaching 
certain values, it becomes roughly constant value 
of ( W/A) at (60hr). This is due to formation of 
protective oxide layer of alumina (Al2O3) on a 
base alloy (Al-Li-Cu-Mg).  
Previous studies [3 ,4] with Al Li base alloy have 
shown that during the initial period of oxidation 
both Li2O and Li2CO3 are formed on the surfaces 
of specimen and as oxidation continues the oxide 
layers become continuous separating the Al2O3 
from the alloy. The variation of the shapes of the 
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weight gain change vs time curves for alloyA are 
also due to the increase amount of oxide layers that 
are formed on the surface of these specimens. 
Show Figures (3, 4, and 5). 
The results obtained for alloy(A) show that the 
oxidation kinetic of this alloy is controlled by 
interdiffusion of lithium through Al2O3 scale, and 
the oxide /gas interface reaction which involves the 
formation of different oxides Li2CO3 scale , -
LiAlO2 , LiAl5O8 and -Li5AlO4 in addition to 
the Al2O3 scale as shown in x-ray diffraction 
analysis ( see appendixes A & B ). 
Data for oxidation of an alloy (A) (Al-Li-Cu-Mg) 
at 550°C are also included for comparison and it is 
obvious that the oxidation rate of alloy A  in terms 
of weight gain is greater than that for RE-
containing alloys at this temperature. Similar 
results were obtained at other temperatures within 
the interval of oxidation of (60hr). 
The oxidation kinetics for alloy (A) obey a 
parabolic law (relationship) at the weight gain 
( W/A) measurement. However such a oxidation 
rate law was approached for specimens oxidized at 
400°C, 500°C and 550°C after (60hr) of oxidation 
time.   

3.3 Oxidation behavior of alloys (B, C)   

     Comparison of results obtained for the 
oxidation of an alloy (A) (Al-Li-Cu-Mg ) to those 
alloys containing 0.2%Nd2O3 and 0.2%Y2O3 
(alloy B and alloyC) respectively. It was found that 
dispersion of RE oxide in matrix of base alloy (Al-
Li-Cu-Mg) improves the oxidation resistance and 
shown that the weight gain ( W/A) of alloy ( C) 
was lower than that of other alloy (A) and alloy (B) 
at all oxidation temperatures as shown in Figures 
(2,3,4 and 5). This is due to the role of Y2O3 
particles in reducing oxidation rate in the base 
alloy (A) and decreasing growth rate of Li2O scale 
and other oxide layers ,show Fig(6). Since Y2O3 
atoms improved adhesion between scale and 
substrate alloy by two mechanisms [10,13] .The 
oxide scales formed on alloy (C) are also thinner 
than the scales that are formed on alloys with 
similar lithium content but which do not contain 
dispersed yttria (Y2O3) particles Oxidation 
behavior of alloy (B) was similar to alloy(C) at all 
temperatures (300-550)°C, show Figures(7 and 8).. 
X-ray analysis of the oxide scale on the alloy (B) 
and (C) indicated that Nd2O3 and Y2O3  
respectively were always present in external scales. 
Since the external scales did not spall and crack 
significantly during thermal shock form high 
temperature 550°C and 500°C after oxidation time 
(50hr). In case of alloy(C), the oxide layer remains 

sound and unaffected by thermal shock. This could 
be attributed to Nd2O3 and Y2O3 atoms effect in 
reducing vacancies at the oxide /metal interface 
and modify the diffusivity and solubility of 
alloying element in alloy [13,14 ]. 
The weight gain result for alloy (B) containing 
0.2%Nd2O3 was greater than that of alloy (C) 
containing 0.2%Y2O3 for up to 60 hr of oxidation 
periods but less than that of alloy (A). This is due 
to the role of Nd2O3 particles inhibit growth of 
oxide scales at high temperatures and 
improvements of oxides plasticity and adhesitivity. 
These results agree with those of other workers 
Chevalier et at, 1998[14]  

3.4 Effect of Thermal Shock 

        The effect of thermal shocks on the 
mechanical integrating of scale was studied. The 
specimens were subjected to thermal shock by 
quenching it rapidly from the oxidation 
temperature to room temperature and then was 
returned to furnace and the weight was recorded 
again, the loss in weight indicates scale breakdown 
(spalling), Oxides formed on alloy(A) crack and 
spall largely when subjected to thermal shock after 
50hr of oxidation at 550°C as shown in Figure( 9).    

In case of alloy(B)( Nd2O3-containing alloy) the 
oxides also cracked and spalled during the thermal 
shock after 50hr of oxidation at 550°C but the 
effect of thermal shock  was less severe than that of 
alloyA as shown in Figure(10).  
   In case of alloy(C) (Y2O3-containing alloy) the 
oxides layer remain sound and unaffected by 
thermal shocks as shown in Figure (11). 
   The spalling was not detected at lower 
temperature (300°Cand 400°C). This could be 
explained by the fact that the oxide layer was more 
adhesion and protective compared to that produced 
at (500°Cand 550°C). The RE oxides are also 
considered to act as preferential nucleation sites for 
Al2O3 formation. Entrapment of RE oxides within 
Al2O3 layer has been observed. The x-ray 
diffraction analysis showed that Nd2O3, Y2O3 
particles were present in oxide scale on the alloyB 
and C respectively. 
  Proof of conclusion this has been observed and 
similar observations were presented by 
Papaiacovou and Hussey [15] for scale growth on 
ceria (CeO2) coated on Fe-Cr alloys. 
      
3-5Results of oxidation kinetics 

        Results of oxidation of base alloy (Al-Li) are 
given in terms of weight gain ( W/A) presented in 
kinetics curves ,show Figures(2,3,4 and 5 ). Weight 
gains were recorded for kinetic of oxidation in dry 



 

NUCEJ    Vol.10, NO.1 Rare Earth Oxides 40 

air at temperature range (300°C-550°C) for up to 
60hrs. 
For the parabolic oxidation kinetics, the rate 
equation takes from: 

( W/A) = Kt 0.5 1 

A plot of square weight gain ( W/A) vs time

 

( t 
)gives a line, the slope of which is the     parabolic 
rate constant ( Kp ) as the following equation: 

( W/A)2  = Kpt 2 

To give Kp in units (mg2.cm-4.sec-1). The Kp for 
three alloys (A, B and C) at temperatures 400°C, 
500°C and 550°C are calculated and the liner lines 
represent the  squares curves fitting as shown in 
Figures (12, 13 and 14) . The parabolic oxidation 
rate constants ( Kp) for alloys are listed in Table ( 
2). The oxidation kinetics for alloy(A), alloy (B) 
and alloy(C) obey a parabolic law ( relationship) at 
the weight gain ( W/A) measurements

 

, however 
such oxidation rate law was approached for 
specimens oxidized at 400°C  ,500°C and 550°C 
after (60 hr) of oxidation time. 
From experimental data plot of Log Kp vs (1/T), 
an activation energy(Q) was calculated from least 
square fitting (R2=0.98) of the observed data in the 
temperatures range from 400°C to 550°C to be 
(169.86, 166.85 ,168.44) KJ/mol for alloys(A, B 
,C) respectively as shown in  Figure (15).   

Kp that obeys an Arrhenius - type equation of the 
following [16]: 

        

Kp = K0 exp( 

 

Q/ RT) 3 

  

  where Kp is the parabolic oxidation rate ,  K0  is the 
pre- exponential value , Q is the activation energy , 
T is the temperature and  R is the universal gas 
constant  

[8.33 (J/ K )/mol)] or 1.987 cal /K /mol. A linear 
regression analysis of the equation (3) results in the 
following relationships for Kp as a function of 
temperature :  

Kp = 4*10 7 exp( -20392/ T) 4 

 
AlloyA 

Kp = 1*107   exp( -20031/ T) 5 

AlloyB 

Kp = 5*106 exp( -20222/ T) 6 

AlloyC 

      The weight gain ( W/A) data for each 
temperature test is plotted as shown in Figures (2,3, 
4 and 5) as the evolution of the mass gain ( W/A) 
of the sample  as a function of oxidation time. The 
initial kinetic is rapid but the rate of ( W/A) 
gradually decreases at longer times the kinetics can 
be described by examining the growth rate time 
constant or n-value which is found as the exponent 
in the following equation:  

( W/A) = K t n 7 

 

Log ( W/A) = n log t + C1 8 

 

   The slop of a log-log plot gives the n-value , the 
growth rate time constant which provides an 
indication of the mechanism controlling oxidation 
and C1 is a constant represent the intersect  point 
of the curve with y-axis as shown in Figures (16, 
17 and 18)  
         At 500°C, the n-value is about 0.5, i.e. 
parabolic behavior is found. Another  
   n-values are shown in the Table (2). When the 
value of (n) is greater or lower than 0.5 then 
oxidation kinetic does not fall in the simple 
parabolic behavior and this implies faster or lower 
oxidation rate .For example, for n > 0.5 it is an 
overparabolic , while for  n < 0.5 there is 
underparabolic (sub 

 

parabolic)[17] .Results have 
shown that the subparabolic may be found because 
of grain boundary ( short circuits ) mechanism 
[18].  Deviation from theoretical value of n = 0.5 
can be explained by an oxide layer cracking 
,leading to a sudden increase of the surface area in 
contact with oxygen and thus to an acceleration of 
the oxidation kinetics.  

Table (2):

 

Values of n-value and Kp 
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Alloy

 
Temperature °C n- Values Kp  (mg2.cm-4.s-1) 

Alloy 
A 300 -- --- 

 
400 0.426 2.40E-06 

 
500 0.547 1.97E-04 

 

550 0.425 5.02E-04 
Alloy 

B 300 -- --- 

 

400 0.326 1.10E-06 

 

500 0.549 1.06E-04 

 

550 0.407 1.94E-04 
Alloy 

C 300 -- --- 

 

400 0.437 4.00E-07 

 

500 0.498 2.74E-05 

 

550 0.529 8.44E-05 

   

4. Conclusions 
1-The oxidation kinetics for all investigated alloys 

did obey to the parabolic law at temperature 
400C , 500°C and 550°C expect at 300°C 
oxidation kinetic follows almost a logarithmic 
law. 

2-The oxidation rate constant (kp) for alloys 
containing RE oxides (Y2O3 & Nd2O3) was 
lower than that of base alloy at all oxidation 
temperatures. 

3-The Y2O3 and Nd2O3 particles dispersion in 
matrix of the base alloy (Al-Li) improve the 
oxidation resistance of this alloy at high 
temperatures ( 500°C and 550°C ). 

4-The presence of RE oxides in the base alloy (Al-
Li) decreases the growth rate of LiO2   and 
Li2CO3 scales. 

5-The Y2O3 and Nd2O3 particles improve the 
adherence of protective oxide even after 
extended periods of oxidation. 

6-The RE atoms block Li-atoms diffusion along 
grain boundaries and consequently the Li-
oxides on RE oxide containing specimens are 
considerably thinner. 

7- X-ray diffraction analysis of the oxide scale of 
specimens shows the presence of Y2O3 and 
Nd2O3 particles in external scale and 
uniformly distributed in matrix of base alloy.    
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Alloy C 
Figure (1) Microstructure of the prepared alloys after casting , deformation and solution heat 

treatment 
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Figure (2) Weight gain/ unit area with time for oxidation of the alloys(A,B,C) at 300°C 
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Figure (3) Weight oxidation of the alloys gain/ unit area with time for (A,B,C) at 400°C 
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Figure (4) Weight gain/ unit area with time for oxidation of the alloys(A,B,C) at 500°C 
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Figure (5) Weight gain/ unit area with time for oxidation of the alloys(A,B,C) at 550°C 

  

Figure (6) Morphology of growing oxide formed  on alloy(A) after oxidation at 550°C 

  

Figure (7) Morphology of  oxide layer formed  on alloy(B) after 60hr of oxidation at 550°C 
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Figure (8) Morphology of  oxide layer formed  on alloy(C) after 60hr of oxidation at 550°C 

  

Figure (9) Cracking and large spalling of external oxide layers on alloy (A) when subjected to thermal 
shock after 50hr of oxidation at 550°C 

   

Figure (10) Small spalling of oxide layers  on alloy(B) when subjected  to thermal shock after 50hr of 
oxidation at 550°C 
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Figure (11) Growing  oxide layers  on alloy(C) remains sound and intact when subjected  to thermal 
shock after 50hr of oxidation at 550°C 

  

Figure (12) Square of the weight gain/ unit area vs time for alloys(A, B and C ) oxidized at temperature 
400°C for up to 60hrs 

  

Figure (13) Square of the weight gain/ unit area vs time for alloys(A, B and C ) oxidized at temperature 
500°C for up to 60hrs

   

Temp 500C 

0

5

10

15

20

25

30

35

40

45

0 10 20 30 40 50 60 70

Time (hr)

( W
/A

)̂
2

 (m
ĝ
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Figure (14) Square of the weight gain/ unit area vs time for alloys(A, B and C ) oxidized at temperature 
550°C for up to 60hrs

   

Figure (15) parabolic rate constants for the oxidation of alloys (A, B and C) as a function of temperature 
for up to 60 hrs in dry air

   

Figure (16) Typical log-log plots of oxidation weight gain data for alloy (A) at temperatures range 
400°C-550°C for up to 60hr in dry air
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Figure (17) Typical log-log plots of oxidation weight gain data for alloy (B) at temperatures range 400°C-
550°C for up to 60hr in dry air

   

Figure (18) Typical log-log plots of oxidation weight gain data for alloy (C) at temperatures range 
400°C-550°C for up to 60hr in dry air
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Appendix A : x-ray diffraction analysis of alloy A   

         

Appendix B : x-ray diffraction analysis of alloy B   
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