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Preface 

 
 

he TRB Committees on Characteristics of Asphalt Materials and Characteristics of  
Nonasphalt Components of Asphalt Paving Mixtures jointly sponsored a workshop 

on alternative binders at the 91st Annual Meeting of the Transportation Research Board 
that was held January 22–26, 2012, in Washington, D.C. The workshop provided a forum 
for the exchange of recent research and development results among researchers, 
practitioners, and state department of transportation engineers involved in material 
characterization and field validation for short- and long-term performance of various 
sustainable asphalt pavements.  

Eight presentations were selected for the workshop. This Circular contains seven 
technical papers and summaries of presentations made at the workshop. Because some of 
the studies are ongoing projects, conclusions will be available in the future.  
 

T







Kluttz 3 
 
 

 

� It will have predictable aging characteristics. 
� It will have predictable rheological properties. 
� It will have predictable adhesion properties to aggregates. 
� It will have predictable coating behavior in a mix plant. 
� It will have predictable flow characteristics during construction. 

 
There are also many other less obvious assumptions: 
 
� It will have predictable leaching characteristics. 
� It will have predictable water solubility. 
� It will have predictable interactions with fuels, oils, etc. 
� It will have predictable environmental characteristics. 
� It will have predictable odor. 
� It will have predictable mixing with virgin binder as reclaimed asphalt pavement. 
� It will have predictable interaction with contiguous mixes. 
� It will be available in bulk quantities on demand. 

 
 
AGING 
 
A basic assumption built into the rolling thin film oven (RTFO) and pressure aging vessel (PAV) 
procedures is that asphalt will, within a narrow range, exhibit consistent aging behavior and that 
that aging will have a predictable effect on the performance in mixtures and pavements. An 
alternative binder may have significantly different aging characteristics. Consequently, RTFO 
and PAV may not adequately represent plant and field aging. 

It is suggested that experimental considerations start with determining an aging index to 
compare against conventional asphalt. RTFO should be run over a range of times and 
temperatures to see if normal time–temperature correlations still hold. The same applies for 
PAV. Run PAV at 60°C for extended times and compare the resulting behavior to the results at 
standard conditions. 
 
 
MASTER CURVE SHAPE 
 
Time–temperature superposition in rheological properties is a basic assumption of most asphalt 
binder tests. An alternative binder may give significantly different time–temperature correlations 
or it may completely break down. A clear example would be an alternative binder with a well-
defined melting point. A binder with a melting point of 73°C may be perfectly suitable for use 
for heavy traffic in a PG 64 climate, but dynamic shear rheometer (DSR) testing at a grade-
bumped 76°C will give irrelevant (melted!) results. 

An experimental plan should include development of a full master curve for the material 
covering the full range from lowest pavement temperature to mixing temperature. Does the 
master curve fit the cement aggregate mixture or other conventional master curve models? Does 
the viscous component have similar slope to conventional asphalts? Are there discontinuities that 
may indicate important thermodynamic transitions? Odd behavior should be viewed as a red flag, 
particularly for tests that include temperature shifting in its theory.  





Kluttz 5 
 
 

 

MIXTURE AND PAVEMENT PROPERTIES 
 
Mixture Characteristics 
 
Properties related to binder–aggregate interaction such as moisture damage susceptibility should 
be investigated. Compaction techniques are not a perfect mimic for field compaction. There is no 
guarantee that an alternate material will respond the same as asphalt under different shear 
conditions so different compaction methods may give different results. Suggested tests include 
the asphalt mixture performance test for modulus and flow properties, Hamburg wheel tracking 
for rutting and moisture damage, and tensile strength reserve for moisture susceptibility. Note 
that an alternative binder may have different response to freeze–thaw cycles so that should be 
included. Another key question to investigate is the interaction the liquid antistrip agents and 
lime. 
 
Pavement Characteristics 
 
Bonding between lifts is a consideration to be addressed. How well will an alternative binder mix 
bond to an asphalt mix or to portland cement concrete? Do standard tack coats work as expected? 
 
 
TRANSPORTATION AND HANDLING 
 
Logistics 
 
Logistics is an area that is often overlooked in evaluating new materials. Is an alternative binder 
stable during normal storage times and temperatures, days to weeks at 250°F to 350°F? Is the 
binder prone to phase separation or other physical or chemical changes and, if so, what 
precautions are needed? Are there any unusual safety or environmental concerns with 
transportation and storage? 
 
Mixing, Paving, and Compaction 
 
Does the alternative binder coat aggregate properly in a mixing process? Does it suffer unusual 
degradation during the mixing process? Can the mix be silo stored under normal conditions? Are 
there any issues with transporting mix such as stickiness, segregation, or blocking? Does it cause 
issues with paving? Hand work? Does it compact well using normal rolling patterns? Is it “traffic 
ready” immediately upon cooling? 
 
Economic Reality Check 
 
There is 30 million tons of asphalt used in North America annually. At roughly $500 per ton, that 
adds up to $15 billion a year, a substantial percentage of the entire United States pavement 
infrastructure spending. Money for highway construction, rehabilitation, preservation, and 
maintenance is very unlikely to increase and could potentially decrease. To be economically 
viable, an alternative binder must be economically competitive or offer substantial performance 
benefit. To be commercially viable it must be readily available on a scale of at least thousands of 
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FIGURE 6  Rheological comparison between microalgae extracts and asphalt. 
 

 

 
FIGURE 7  Mix manufactured with microalgae oil, using oedometric compaction system. 

 
 
CONCLUSIONS 
 
Through this study, the authors suggest that the design of microalgae-based road binders should 
be feasible. The isolated lipid fraction of the studied microalgae is made of a fatty acid polymer 
(commonly named algaenans) suspended in a free fatty acids oil. This thermofusible viscoelastic 
material shows rheological properties similar to those of asphalt. Moreover, a tuning of those 
properties can be achieved by adjusting the percentage of algaenans in the oil. 
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In order to determine the parameters that would produce a biobinder with the adequate 
characteristics, the two sources of rubber were used in two different percentages, 10% and 15%, 
for blending with the bio-oil. 

Applying the aforementioned parameters, four biobinders were produced: 
 
� A: 90% bio-oil plus 10% cryo rubber; 
� B: 85% bio-oil plus 15% cryo rubber; 
� D: 90% bio-oil plus 10% amb rubber; and 
� E: 85% bio-oil plus 15% amb rubber. 

 
Additionally, to assess the changes that occur in the bio-oil that were independent from 

the interaction with the rubber particles, the bio-oil was heated with agitation for 1.5 h at 125°C 
to obtain the aged bio-oil.  

After the biobinder production, a sample was taken for subsequent analysis and testing. 
The remaining biobinder was separated using a centrifuge consisting of a cylindrical cage with a 
fine meshed wire and a cloth filter (Figure 2). The binder accelerated separation (BAS) method 
was developed to separate the two phases of the biobinder, namely, the residual bio-oil (Res) and 
the swelled rubber. 

The main constituents of the separation equipment are the aforementioned filter and the 
centrifuge. The method consists in introducing the biobinder in the filter, place the filter in the 
heated residual bio-oil receptacle and centrifuge at a velocity about 2,000 rpm for 3 min. The 
centrifuged material (Res) could then be rheologically tested as well as a chemical analysis done 
and the retained material weighed to determine the rubber swelling. 

 
 

 
FIGURE 2  BAS method.  
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