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Abstract 

Steric hardening is the hardening of bitumen over time at room temperature.  It occurs 

after bitumen is melted and it often leads to poor reproducibility in standard testing.  

Modulated differential scanning calorimetry shows that asphaltenes order when bitumen 

is cooled from the melt and that this phenomenon is time dependent.  This 

communication establishes the link between the ordering of the asphaltenes in bitumen 

and its steric hardening. It is suggested that at least 24 h elapse between the melting and 

pouring of bitumen and its subsequent testing by standardized methods. 

Introduction 

When bitumen is heated and poured, it often hardens over hours or days.
1,2

 This 

makes for difficult characterization and poor reproducibility in viscosity and ductility 

measurements.
3
 The time dependency of hardening has been referred to as steric 

hardening since it was first associated with a sol-gel transformation
4
 and then related to 

asphaltenes in bitumen.
2
  Fundamental studies of the phenomenon have been lacking, and 
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as a result it is often simply said that steric hardening results from molecular 

restructuring.
5
  The nature of this restructuring remains unclear, however. 

Recently, it was shown by modulated differential scanning calorimetry (MDSC) that 

when bitumen is melted, the asphaltenes blend with the maltenes, and that upon cooling 

from the melt to room temperature the asphaltenes segregate and form an independent 

mesophase.
6,7

  The segregation being time dependent, it was suggested that the formation 

of the mesophase was responsible for the steric hardening of bitumen.  This 

communication provides evidence of this relationship. 

Experimental 

The bitumen studied contained 10, 52, 22 and 16 wt. percent of saturates, aromatics, 

resins and asphaltenes, respectively, as measured by thin-layer chromatography-flame 

ionization detection.
8
 The ordering of the asphaltenes in the bitumen was assessed from 

the non-reversing heat flow obtained by MDSC between –100 and 150°C after the 

sample had been cooled rapidly from room temperature.  The heating rate was 3°C/min, 

the modulation 60 s, and the amplitude ±0.47°C.
6,7

  Bitumen strain was measured at 25°C 

between 8 mm parallel plates with a Paar-Physica dynamic shear rheometer model 

MCR500.  Strains were measured on 0.5 mm films upon the application of a 1 kPa load 

for 1 min. The strains were measured after 0, 1, 2 and 16 h of annealing after bitumen 

was heated to 100°C and cooled to 25°C. 

Results and Discussion 

A typical result from the MDSC analysis of bitumen is shown in Figure 1.  The total 

heat flow, which is the standard (non-modulated) DSC signal, is deconvoluted into 

reversing and non-reversing heat flows.
9,10

 In the simplest case, the reversing heat flow 
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arises from amorphous material.  This signal was used to identify several Tgs in bitumen.
6
 

In contrast, the non-reversing heat flow arises from ordered and partially ordered phases 

(mesophases).  In bitumen, this signal was used to differentiate the ordering of the 

saturated segments and of the asphaltenes.
6
  Upon heating bitumen, the isotropization of 

the mesophasic asphaltenes is revealed by a broad endotherm centered at 50°C.
6,7

  The 

size of this endotherm depends on the annealing time at room temperature; it is close to 

zero in freshly melted bitumen and it grows to >80% of its full size, in the as-received or 

fully annealed sample, in about 16 h (Figure 2). 

The presence of an isotropization endotherm in the MDSC non-reversing heat flow 

curve indicates that asphaltenes segregate out of the melt upon cooling.
6
  This 

phenomenon is reminiscent of unstable binary mixtures that show an upper critical 

solution temperature (UCST)
11

 where the initial mixture of composition φ segregates into 

two phases of composition φ’and φ” upon cooling as determined by a spinodal curve 

(Figure 3).  With bitumen, the two phases are the maltenes and the asphaltenes, and what 

the MDSC non-reversing heat flow effectively shows (Figure 2) is the rate at which the 

asphaltenes segregate out of the maltenic phase to form the asphaltenic mesophase.
6
  

Given the isotropization of the mesophase at 40-50°C and the steric hardening below 

60°C,
3
 a UCST is likely close to 60°C.  It would be below this UCST that asphaltenes 

would order into a mesophase, possibly due to nucleation and growth,
11

 and that steric 

hardening would arise.  This would lend credence to an early suggestion of Brown et al.
2
 

that steric hardening arises from asphaltenes, but thus far the rate of steric hardening has 

not been correlated to the rate of ordering of the asphaltenes, which would be conclusive 

evidence linking steric hardening to the segregation and ordering of the asphaltenes.   
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The hardening of bitumen over time can be illustrated by the change in strain upon 

the application of a load (Figure 4).  The strain depends on the annealing time at room 

temperature, and it approaches an asymptotic value in 16-24 h, like the endotherm in 

Figure 2. The decrease in strain over time and the increase in the size of this endotherm 

show a good linear correlation (Figure 5), which demonstrates that steric hardening arises 

from the time-dependent formation of asphaltenes into a mesophase.  

Conclusion 

Steric hardening in bitumen was correlated to the ordering of its asphaltene fraction 

by means of modulated DSC and strain measurements. The process occurs to a large 

extent within one day.  To maintain good reproducibility with standard test results, it is 

therefore suggested that at least 24 h elapse between the melting and pouring of bitumen 

and its testing.  Of more fundamental interest is the effect of bitumen aging and polymer 

modification on the association of the asphaltenes in solid bitumen and the rate of steric 

hardening.  These issues will be the subject of future publications.   
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Captions 

Figure 1.  Typical MDSC results for bitumen. From ref. 6. 

Figure 2.  The non-reversing curve between 0 and 100ºC for bitumen.  The shaded 

area helps to view the growth of an endotherm at 40-50ºC.  Adapted from reference 6. 

Figure 3.  Typical phase diagram for a binary mixture with a UCST and spinodal 

curve delimiting the 1- and 2-phase regions.  TR is the room temperature, φ the initial 

volume composition, and φ’ and φ” the compositions of the segregated phases. 

Figure 4.  Creep strain curves for bitumen annealed 0, 1, 2 and 16 h at room 

temperature.  

Figure 5.  Correlation between the maximum strain and endotherm size from Figures 

4 and 2, respectively.   
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Figure 2.  The non-reversing curve between 0 and 100ºC for bitumen.  The shaded 

area helps to view the growth of an endotherm at 40-50ºC.  Adapted from reference 6. 
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Figure 3.  Typical phase diagram for a binary mixture with a UCST and spinodal 

curve delimiting the 1- and 2-phase regions.  TR is the room temperature, φ the initial 

volume composition, and φ’ and φ” the compositions of the segregated phases. 
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Figure 4.  Creep strain curves for bitumen annealed 0, 1, 2 and 16 h at room 

temperature.  
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Figure 5.  Correlation between the maximum strain and endotherm size from Figures 

4 and 2, respectively.   
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