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In current work, thermal conductivity, enthalpy of fusion, specific heat, and thermal diffusivity of the Al-8.8La-1.2Ni 
cast alloy has been investigated. Chemical element analysis of the studied alloy was determined with X-Ray Fluorescence 
Spectrometer (XRF) and SEM microscopy with Energy Dispersive X-Ray Spectroscopy (EDS). Thermal conductivity of as-
cast Al-8.8La-1.2Ni alloy was measured using comparison cut bar method in the temperature range of 308–773 K. Thermal 
conductivity  values decreased gradually in the studied alloy with the increase of temperature. The thermal temperature 
coefficient was calculated from the thermal conductivity-temperature graph. The heat flow-temperature curve was obtained 
by performing Differential Scanning Calorimetry (DSC) analysis. Enthalpy of fusion and specific heat values were also 
determined. Thermal diffusivity values were calculated as a function of temperature using the relevant equation. It was 
determined that the thermal diffusivity values increased with increasing temperature. 
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1 Introduction 
Along with durability in many engineering fields 

such as automotive, aircraft and aerospace 
engineering, the main trend is to improve engine 
efficiency and fuel economy. Therefore, it is very 
important for these sectors to produce new materials 
with improved thermal and mechanical properties. Al-
based alloys with superior special strength, high 
plasticity, low and high temperatures have formed the 
main structural materials of such sectors1-4. 

In order to better understand the thermal behavior, 
three basic parameters that affect the thermal 
properties of materials can be mentioned; 

These thermal parameters are thermal conductivity 
(), specific heat (Cp) and thermal diffusivity (.
These three parameters have very important effects on
many thermal processes such as cold working,
extrusion, and welding. While measuring the thermal
conductivity of materials, there are methods used in
different temperature ranges suitable for the type and
size of the materials5-19.

In this study, “the comparative cut bar process” 
was chosen for our alloy. This process is commonly 
used especially in scientific research and development 
studies. The positive and negative aspects of this test 
procedure have been discussed in some studies 20-22. 

In this context, many researchers have done 
numerous works, especially in improvement of the 
thermal properties of metallic alloys (hot forging, cold 
working, chill casting, extrusion, heat treatment, 
hybrid alloying etc.)19-27. The thermal properties of the 
Al-8.8La-1.2Ni ternary alloy, which is known for its 
good glass-forming abilities through liquid state rapid 
quenching28 and hydrogen storage capabilities in solid 
state29, were preferred to study. These alloys are 
potential candidates for technological applications due 
to these aforementioned properties. Although the 
Al-8.8La-1.2Ni ternary alloy has a commercially 
important place, there are hardly any studies in the 
literature describing some of the thermal properties of 
its alloy depending on the temperature. For Al-based 
alloy systems, some studies have been carried out 
showing the variation of thermal conductivity 
depending on ambient conditions or temperature in a 
narrow temperature range23-27. 
 

Pariona et al.26 investigated the thermal 
conductivity of Al-1Ni alloy in the narrow 
temperature range of 910-937 K under different heat 
treatment conditions. They reported that the thermal 
conductivity decreased from 202 to 82 Wm-1K-1 with 
increasing temperature. 
 

It is known that the growth rate of solidified 
materials has a significant effect on the microstructure 
and mechanical properties. In this context, to 
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investigate whether the growth rate has a possible 
effect on thermal conductivity, Al-32.5Cu-1Ni alloy 
was directionally solidified at constant G and different 
V by Bayram et al.27 using Bridgman type furnace. 
Then, the thermal conductivity of these samples for 
each growth rate at room temperature was measured 
using the longitudinal heat flow apparatus technique. 
They found that the thermal conductivity decreased 
from 235.64 to 195.92 W/Km with the increase in the 
growth rate. Determining the thermal properties of the 
alloy we have chosen by examining our sample, 
which is in the as cast without mechanical or thermal 
treatment, in a wide temperature range (~308-773 K) 
makes us different from other studies. Therefore, the 
aim of this study is to determine the ,  and Cp of the 
studied alloy the temperature-dependent in a broad 
temperature range. In this context, studies were 
carried out in three stages. Firstly, the thermal 
conductivity change of Al-8.8La-1.2Ni samples were 
measured using the “comparative cut bar method” in 
the temperature range of ~ 308–773 K. Secondly, the 
heat flow-temperature curve was obtained using the 
DSC technique and the fusion enthalpy (H) and Cp 
values were determined from this curve. In the third 
stage, these thermal data obtained were used in the 
related equation and  values were calculated as a 
function of T.  
 
2 Materials and Methods 
 

2.1.  Sample preparation 
Al, La and Ni metals with 99.99% purity were used 

in the production of the Al-8.8La-1.2Ni alloy 
(compositions of alloys attributed in this study are 
given as weight percent). After adjusting the Al, La 
and Ni metal amounts, they were inserted in a 
graphite crucible and melted in a vacuum melting 
furnace. Graphite crucible was preferred in our 
experiment system because it is better than alumina 
and it can be processed more easily on a lathe. After 
manual stirring of the melt at certain time intervals to 
obtain a sufficiently homogeneous melt 
(approximately 50-60 K above the melting point of 
the alloy), the molten alloy was poured into 
cylindrical alumina crucibles (4x7x200 mm) pre-
placed in the casting furnace (Fig. 1) by means of a 
graphite funnel. Later, alumina crucibles filled with 
the molten alloy were mixed with a thin alumina rod 
to prevent possible air bubbles. Details of the sample 
production process are given in a previous study by 
the authors30. 

2.2. Measurement of thermal conductivity  
In “the comparative cut bar process”, a test sample 

of unknown thermal conductivity (Al-8.8La-1.2 Ni 
casting sample) is sandwiched between two reference 
materials (pure Al) materials with known thermal 
conductivity. Thermal grease is used to ensure good 
contact and minimize interfacial resistances. 

Fourier conduction equation; 
 

dx

dT
AQ   ... (1) 

 

where, Q is power,  is the thermal conductivity, A is 
the circular cross-sectional area of the test sample and 
dT/dx is the temperature gradient of the region where 
the temperature is measured. 

A schematic diagram of the “comparative cut bar 
process” is shown in Fig. 2. As shown in Fig. 2b, a 
test sample of unknown thermal conductivity (s) was 
placed between two reference samples (pure Al) with 
well-known thermal conductivity (r). Temperature 
measurements measured three times from the red dots 
at steady state (for statistical reliability). The heat flux 
through the reference and test samples in the 
sandwiched state can be calculated from the 
expression: 
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The axial heat flow furnace (as seen in Fig. 2) 
consists of three main parts. These are hot zone, cold 
zone and driver system. The drive system is located at 
the bottom of the axial heat flow furnace and ensures 
that the samples are in the proper position. In order to 
obtain a stable longitudinal heat flow, the samples in 
contact are effectively cooled from the bottom by the 
water cooling system. A refrigerating water 
circulation system is used to ensure effective cooling 
of the sample from the bottom, thereby achieving 
sufficiently large temperature gradients (Fig. 2 (b)). 
Lateral heat losses are reduced as much as possible by 
using suitable insulation materials.  

As can be seen in Fig. 2(a), the experimental 
measurement system was fed with argon gas at 
reasonable flow rates to avoid any oxidation Such 
measurements16 are also not recommended as vacuum 
can increase their thermal contact resistance. The 
radial heat loss of the samples can sometimes be more 
important than the longitudinal contact resistance of 
the samples. In particular,  these should  be  taken into 
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account. Therefore, argon with lower conductivity was 
chosen in this experimental process. The axial heat 
flow furnace was heated in 50 K steps from RT to 
approximately 800 K. A high precision temperature 
controller (±0.05K) was used to avoid temperature 
fluctuation as much as possible inside the axial heat 
flow furnace. For each temperature step to be 
measured, the samples were kept at the desired 

temperature for at least 120 minutes in a steady state 
condition. In the steady state condition, the 
temperatures of the test and reference samples (red 
dots, see Figure 2(b) were measured with a 0.5 mm 
diameter K-type thermocouple. A well-equipped 
computer was used to record all temperature data 
during the experiment. During these measurements, the 
experimental error was found to be approximately 5%. 

 
 

Fig. 1 — (a) Graphite cage and holder,  (b) Top view of alumina crucibles, and (c) the casting furnace. 
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Fig. 2 — (a) Schematic view of the experimental design (b) Comparative cut bar design for thermal conductivity measurement (enlarged
view). 
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The temperature dependence relation for  of the 
solid phase of the material can be expressed as:  
 

  oTTCo TT   1  ... (3a) 
 

and the thermal temperature coefficient, αTTC, is 
expressed as10 
 

T

K

TT ooo

o
TTC 











 1
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 ... (3b) 

 

where, o is the thermal conductivity at the To (RT). 
 
2.3. Determination of H, Cp and thermal diffusivity 

DSC analysis was done using Netzsch STA 449F3 
Jupiter device and heat flow curve was obtained. The 
Cp value is determined using this curve and is 
expressed by the following equation. 
 

dt

dQ

dt

dT
mCp   ... (4) 

 

The melting temperature was determined with an 
accuracy of ±0.2 K, and the enthalpy value was 
determined with an error of approximately 5%. 
Thermal diffusivity ( is defined as how fast heat 
can transfer from hot region to cold region.  has a 
very effective role on the heat dissipation kinetics. 
The response of materials with high  to temperature 
changes is quite quickly. This situation indicates low 
thermal inertia. 

The  value can be calculated with the Eq.5 given 
below. 

pC
   ... (5) 

 

where,  is the density (kg/m3). Density, which varies 
with temperature, was calculated using eq.(6). 
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where,  is the thermal expansion coefficient, and 
TRT is the room temperature. 
 

3 Results and Discussion 
 

3.1. Determination of compositions 
X-Ray Fluorescence (XRF) technique is used for 

long-term chemical analysis of alloys. This technique 
allows the quantitative identification of the elements 
present in alloy. In Table 1 gives the compositions 
obtained for the alloy examined by XRF using a 

Panalytical/Zetium model device. The composition 
amounts of Al, La, Ni, and other impurities (as seen in 
Table 1) were found to be 90.06, 8.62, 1.08, and 0.24 
%, respectively. In addition, energy dispersive 
spectroscopy (EDS) / mapping analysis of the test 
sample (as-cast) have been performed (Fig. 3). As 
shown in the EDS spectrum (Fig. 3(b)), the 
composition values for Al, La and Ni were 
determined as 89.16, 9.64 and 1.21, respectively. 
These composition values largely agree with both the 
nominal composition values of the test sample and the 
composition values obtained from XRF analysis on 
the bulk sample. There is an almost homogeneous 
distribution in terms of components in the test sample, 
since no significant microsegregation occurs  
(Fig. 3(c-e)). The homogeneity of the test sample is 
one of the most important indicators showing that 
thermal conductivity measurements are reliable. 
 
3.2 The temperature dependence of the thermal conductivity 

The variation of the  values of pure Al 31 and the 
studied alloy with temperature is shown in Fig. 4. In 
this figure,  values decrease with increasing 
temperature. In Fig. 5, the changes in  values of 
related pure metals, studied alloy and other Al-based 
alloys compiled from the literature with temperature 
are given collectively. While the  values of pure 
Al31, pure Ni32, studied alloy and some Al alloys23-27, 

33-36 decrease with increasing T, the  values of pure 
La 31 increase with increasing T. Figure 5 shows that 
the  values of all the studied aluminum alloys in the 
literature are much lower than that of pure Al. The  
values decreasing with T for Al-8.8La-1.2Ni alloy are 
fairly below the line of  variation with T for Al-
6.1Zn-2.3Mg-1.9Cu23, Al-5.6 Zn-2.5 Mg-1.6 Cu24, 

pure Al31, Al-1 Mg alloy33, Al-5Zn34, and Al-0.7Mg-
0.4Si35. In addition, the  values obtained for the 
studied alloy were slightly higher than those obtained 
for Al-3.25 Zn-1.9Mg-1.8Cu alloy25, pure Ni32, 
7075/AlN Composite36, and Al-5.5Zn-2.5Mg37. 

As shown in Fig. 5, the values of  decreased from 
240, 185 and 92 W/m K to 213, 143 and 60 W/m K 
with increasing T for the pure Al31, Al-8.8La-1.2Ni 
and pure Ni32, respectively. However, with increasing 
T, the  value of pure La31 has increased from 11.7 to 

Table 1 — The chemical element analysis with XRF of the 
studied cast alloy 

Element  La Ni Si Fe Na other Al 

(Wt.%) 8.62 1.08 0.12 0.07 0.03 0.02 Balance 
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14.8. Considering the -T curves given for different 
Al-based alloys, we can make the following 
comments. 
 

The total decrease in is approximately 23 % for 
studied alloy (Al-8.8La-1.2Ni). Smith35 investigated 

thermal behaviour of the sintered Al-0.7Mg-0.4Si 
alloy and reported that decreased from 228 to 222 
W/m K in the range of temperature 373-523 K. 

Erol et al.34 examined the variation of the  of  
Al-5Zn alloy with increasing T. Using the radial heat 

 
 

Fig. 3 — Elemental mapping images showing the distribution of chemical elements in the Al-8.8La-1.2Ni cast sample, 
(a) microstructure of the cast sample, (b) elemental spectrum, and (c, d, e) distributions of Al, La and Ni elements, respectively. 
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flow technique for this alloy, they reported that the  
 values decreased from 182 to 144 W/m K as the  
T increased from 373 K to 823 K. Murthy et al. 25 
produced Al-3.25 Zn-1.9 Mg-1.8 Cu alloy with stir 
casting technique and then applied hot forging to this 
alloy. They reported that values reduced from 127 to 
122 W/m K in the range of temperature 323-523 K. In 
another study, Huang et al.33 calculated the values of 
Al-1Mg alloy by CALPHAD method. They reported 
that values decreased from 208 to 195 W/m K in the 
range of temperature 600-900 K.  

The  values obtained by us a wider temperature 
range were lower than the  values obtained by Smith35 

and Huang et al.33 for various Al-based alloys, but it is 
slightly higher than the values obtained by Murthy  
et al.25 and Çadırlı et al.37. 

As can be understood from these present results, 
not only T has an effect on , but also minor additions 

of elements, heat treatment and mechanical 
processing are highly effective. 

TheTTC values of pure metals and studied alloy 
were calculated from Eq. 3(b) with the-T curves 
seen in Fig. 5. As shown in Table 2, the TTC values 
for the pure Al, pure La, pure Ni and studied alloy 
were calculated as -2.25x10-4, 17.2x10-4,-10.7x10-4, 
and -4.86x10-4 K-1 in the 308-773 K temperature 
range, respectively. 
 

The major factors that affect the  values of the 
alloy were the presence of intermetallic compounds 
(IMCs), the grain size and the solute atoms in the 
matrix. In common, the solute atoms dissolved in the 
matrix can decrease the  values of the alloys. In a 
previously study 30 of the authors, α-Al, Al11La3 and 
Al3Ni IMCs were observed in XRD analysis for the 
studied alloy. If the diffusion in the solid was not 
neglected during the experimental process, both the 
dissolved atoms and the IMC phase number increased 
with the increase in T and played an important role in 
the decrease of the  values of the alloy studied. 
 
3.3 Determination of H, Cp and  

The thermal properties of Al-8.8La-1.2 Ni alloy 
such as Tm, H and Cp were determined from the 
heat flow-T curve obtained using the DSC analysis 
technique. The variation of the heat flow with T for 
studied alloy sample is given in Fig. 6. This DSC 
curve shows the main transition point (Tpeak) at around 
939.2 K. This peak (sharp peak) has been occurred 
during the completely melting process. For the alloy 
studied, melting started at 914.7 K (Tonset) and melting 
completely occurred at 939.2 K (Tpeak). As a result of 
the calculations with the help of this curve, H and Cp 
were determined as 280.9 J/g and 0.422 J/g K during 
the solid-liquid transformation, respectively. 

Figure 7 shows the T dependence of Cp for the 
pureAl38, studied alloy and other Al-based alloys24, 35, 

37, 39-41. As shown in this figure, the Cp values of these 
materials increased with increasing T. 

In Table 3, the empirical relationships42, 43 used in 
the calculation of the Cp for liquid and solid phases of 

 

 
 

Fig. 4 — The change of versus T for Al-8.8La-1.2Ni alloy, and
pure Al. 
 

 
 

Fig. 5 — The variations of  versus T for the pure Al, La, Ni,
Al-8.8La-1.2Ni alloy, and other Al-based alloys. 

Table 2 — Determined values of the TTC of the pure Al, La, Ni 
and studied alloy in the different range of temperature 

Material TTCx(10-4) (K-1)    T range (K) 

Pure Al 
Pure La 
Pure Ni 
Al-8.8La-1.2Ni  

-2.25 31 
 17.2 31 
-10.7 32 
-4.86 (This work) 

273-900 
296-450 
302-627 
308-773 
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pure Al, Ni and La are shown. Change of Cp versus  
T for the studied alloy was calculated numerically by 
Neumann-Kopp Rule (NKR)41. As given in Table 3, 
the Cp values for the liquid phases of the alloy 
components (Al, La and Ni) are generally constant, 
but the Cp values increases with the increase in 
temperature in the solid phases. The values calculated 
from NKR41 for the studied alloy were found as 0.32 
and 0.41 J/g K for 300 and 900 K, respectively.  In 
other words, there has been approximately 30% 

increase in the calculated Cp value in the range of  
300-900 K. The Cp value (0.41) calculated from 
NKR41 for 900 K overlaps with the experimentally 
determined 0.42 value during solid-liquid 
transformation. 

The values of  were calculated by inserting the , 
, and Cp data in Eq. (5) for studied alloy. As shown 
in Eq.(6),  varies as a function of T. The  of studied 
alloy at RT has been calculated as approximately 3.08 
g/cm3. This situation has been taken into account for 
the studied alloy. Variations of the  with T for the 
pure Al44, the studied alloy and some Al-based alloys 
35, 37, 45-48 are shown in Fig. 8. 

The values of  of these materials 35, 44-48 decreased 
with increasing T. For the Al-La-Ni alloy, with the 
rise of T (from 308 to 773 K), the value of  reduced 
from 142.78x10-6 to 110.51x10-6 m2/s. In addition, 
there was a decrease of approximately 22.6% in the  
 value calculated in the range of 308-773 K. As 
shown in Fig. 8, the values obtained from our study 
are higher than both pure Al44 and other Al-based 
alloys35, 37, 45-48. Dilution of alloys may play an 
important role in the  values for alloys that close to 
each other in terms of element and content. As seen in 
Fig. 8, our values () being higher than pure Al44 
supports this statement.  
 

4 Conclusion  
Thermal properties such as , H, Cp and  of the 

studied alloy were investigated depending on the T. 
The results are summarized as follows:  
 

 The thermal conductivity values of the studied 
alloy were measured for different temperatures 
using the comparative cut bar method. T values 

 
 

Fig. 6 — Variation of heat flow versus temperature for Al-8.8 La-
1.2Ni alloy. 
 

 
 

Fig. 7  The variations of Cp versus T for the pure Al, Al-8.8La-
1.2Ni alloy, and other Al-based alloys. 
 

Table 3 — Specific heat of the pure Al, La and  
Ni metals 

Material Cp (liquid)  (J/g K) Cp (solid) (J/g K) 

Pure Al 
Pure Ni 
Pure La 

1.18 42 
0.63 43 
0.19 42 

4.94+2.96x10-3 T 42  
7.80-0.47x10-3 T-1.33 x10-5T-2 43 
6.65-0.52x10-3T-0.45x10-5T-2 42 

 

 
 

Fig. 8 — The variations of  versus T for the pure Al, Al-8.8La-
1.2Ni alloy, and other Al-based alloys. 
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increased from 308 to 773 K, while  values 
decreased from 185 to 143 W/m K. There was a 
decrease of about 23% in the  value for this 
temperature range. The αTTC value from the -T 
graph was determined as -4.86x10-4 K-1. 

 The melting started at 914.7 K and melting 
completely occurred at 939.2 K for the studied 
alloy. The value of H and the Cp are 280.9 J/g 
and 0.422 J/g K, respectively.  

 While the Cp values calculated from NKR 41 for 
the studied alloy increase (from 0.32 to 0.41 J/g K) 
with increasing T, the  values decreased. The  
values (calculated) decreased from 142.78x10-6 to 
110.51x10-6 m2/s in the range of 308 to 773 K. 
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