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The objective of the present project is to 
introduce the DSC technique as a 
complementary tool for the study of 
precipitation behaviour of different aluminum 
and magnesium alloys through electrical 
resistivity measurements. 

Objective 



Background – Age Hardening 

The enhancement of mechanical properties can be achieved through 
the process known as precipitation hardening.  
 

Precipitation or age hardening  Heat treatment technique which 
allows an increase of the yield strength of the material by the 
formation of precipitates. It involves three fundamental steps: 
o Solution heat treatment 
o Quenching 
o Aging 



Background – Age Hardening 

Figure 1. Hypothetical phase diagram for a precipitation-
hardenable alloy of composition C0 [1]. 

Figure 2. Microstructural development with aging time [2]. 



There are many methods used to measure and determine different properties in a material 
(matter transitions, chemical composition, physical and mechanical properties, etc.).  
 
Electrical resistivity has been used to observe the aging phenomena in different systems. 
 
It indicates how strongly a material opposes the flow of electric current. It is independent 
of the specimen geometry and related to the resistance of the material through which the 
current passes. The units are ohm-meters (Ω·m).  
 
In terms of the applied voltage V and the current I, the electrical resistivity can be 
expressed as: 
 
 
  
 

Background - Electrical Resistivity  



The total resistivity of a metal is the sum of different parameters: impurities, thermal vibrations and 
plastic deformation.  
 
Many experiments show that the resistivity rises with the increase of temperature. This behaviour is due 
to the increase in thermal vibrations and lattice irregularities, which serve as electron-scattering 
centers. A similar behaviour is observed during the addition of impurities (i.e. aging treatment). In this 
case the precipitates act as scattering centers and increasing their concentration results in an 
enhancement of resistivity. Also, the resistivity increases nearly linearly with concentration of the 
alloying elements in solid solution. 
 
According to Matthiessen’s rule, the electrical resistivity has the following form: 
 
 
 
where  
            = temperature dependent resistivity of the metal matrix.  
 
            = resistivity contribution from the alloying elements with a concentration ci in solid  
 solution. 
 
            = resistivity contribution from the alloying elements with a concentration ck out of 
 solution (precipitates). 

Background - Electrical Resistivity  



Background - Electrical Resistivity  

Figure  3.  Variation  of resistivity  increment  with  concentration  of  ( a )  zinc,  ( b )  
lead  and   ( c ) thorium  ( 0 )  and  neodymium  ( 0 )  dissolved in  magnesium [4]. 

Figure  4. Electrical resistivity at different heating rates of AZ80 alloy, solution treated  at 420°C [10]. 



Due to the resistivity of alloys is influenced by their microstructure, it can be an indicator of the alloy 
condition during heat treatment.  
 
Measurement of the electrical resistivity requires only a simple procedure, applicable over a range of 
temperatures (i.e. four point measurement technique). 
 
Electrical resistivity can be calculated theoretically and experimentally, however this may be 
complicated in commercial alloys where more than one element is precipitating from solution during 
heat treatment or to predict the behaviour in new systems. 
 
It has been observed that the knowledge of the exact metallurgical state of an alloy is very important 
when studying its electrical resistivity characteristics. Therefore, it is recommended to work with a 
complementary technique that could provide more information about the thermodynamic behaviour 
of the system. 
 
In this case, Differential Scanning Calorimetry technique is used as complement of the electrical 
resistivity measurements during aging hardening. 
 
 
 
 

Background - Electrical Resistivity  



DSC is particularly useful for precipitation reactions in light alloys used for structural applications, 
where successive solid-state reactions of precipitation and dissolution can be analysed at increasing 
temperatures [5].   
 
This technique measures the energy necessary to establish a nearly zero temperature difference 
between a substance and an inert reference material, as the two specimens are subjected to identical 
temperature regimes in an environment heated or cooled at a controlled rate. 
 
It´s called “differential scanning” because scans the temperature at a specific rate. It can also perform 
a test at a constant temperature and in this case  it´s called “isothermal calorimetry”. 
 
 
 
 
 
 
 
 
 
 
 

Differential Scanning Calorimetry  

Figure  5.  Schematic of DSC system [6].  



Differential Scanning Calorimetry  

Figure  6.  Determination of DSC curve for melting transition [7].  



Figure  7. DSC curve for melting transition [7].  

Differential Scanning Calorimetry  

Time  Isothermal calorimetry 
Temperature  Differential 
scanning calorimetry 



DSC can provide useful information on the starting conditions of the 
material and hence on the structure modifications on heating. It can 
give also information on the stability of the phases and on the kinetics 
of the decomposition processes [8]. 
 
Also, it is possible to record Continuous Cooling Precipitation 
diagrams with the DSC method because it supplies a measure for the 
amount of precipitates via the amount of released heat in dependence 
of cooling rate. 
 
 
 
 

Differential Scanning Calorimetry  



Differential Scanning Calorimetry  

Figure 8. DSC curve obtained at heating and cooling rate 20 °C/min up to 500 °C for casted and homogenized Al-5 % 
Cu alloy [5]. 

Example: Precipitation sequence in Al-5%Cu alloy 
 α0 → α1 + GP zone 
→ α2 + θ’’ → α3 + θ’ 
→ α4 + θ 



Differential Scanning Calorimetry  

Figure 9. Specific precipitation heat and Vickers-hardness (HV-1) after aging as a function of the cooling rate [9]. 

Example: Determination of cooling rate for AW-6005A alloy  



Differential Scanning Calorimetry  
Example: Relationship between electrical resistivity and DSC data  

Figure 10. ER (a) and DSC (b) of aged AZ80 alloys (heating rate is 5 ◦C/min) [10]. 



Differential Scanning Calorimetry  
Results of N9045B8 alloy (magnesium alloy):  

Figure 11.  DSC  of “as quenched” N9045B8 alloy solution treated at 400°C (heating rate is 20 °C/min). 



Conclusions 

DSC is a useful tool to understand the behaviour of a sample 
during age hardening. 
 
It can provide helpful information for the improvement of 
the heat treatment/quenching process. 
 
 
* An isothermal calorimetry test could be performed to Mg 
samples in order to observe precipitation. 
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