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NCHRP 9-43 EXPERIMENTAL 
APPROACH COMPATIBILITY

• Samples of SHRP asphalt AAA-1 and AAD-1 were RTFO/PAV aged 
at 100°C/20 hr and 60°C/144 hr (homemade-RAP)

• SHRP asphalts AAB-1, AAG-1, and field asphalt YNP(Yellowstone 
National Park), were mixed with Fischer-Tropes hard wax, Sasobit®
(1.5% by mass) (@130°C, 60-min, lab mixer in oven)

• SHRP asphalts AAB-1, AAG-1, and field asphalt YNP WMA 
samples were mixed with homemade-RAP at different mass 
concentrations (@130°C for an additional 60-min)

• Compatibility Testing of RAP-WAM mixtures employing the 
Automated Flocculation Titrimeter

• Estimates/measurements of maltene viscosity and asphaltene 
content were made to conduct mixture calculations



Koehler Instruments brand Automated Flocculation Titrimeter (AFT)
Schematic of a reversible AFT apparatus; a. sample circulation loop, 
flow cell housed in a UV visible spectrometer [ASTM D6703, 2008, Heithaus, 1962], 
b. metering pump, c. reaction chamber, sample vial and cap, e. stir plate, 
f. titrant dispersion assembly, back-titrant dispersion assembly . 



HEITHAUS COMPATIBILITY 
PARAMETERS

Sample % 
“RAP” pa po P

AAB-1 Neat 0 0.42 3.75 6.44

AAB-1 + 5% Wax 0 0.57 2.30 5.39

AAB-1 + 5% Wax 5 0.55 2.01 4.48

AAB-1 + 5% Wax 15 0.47 2.71 5.13

AAB-1 + 5% Wax 25 0.45 2.85 5.22

AAB-1 + 5% Wax 50 0.42 2.99 5.17

RTFO/PAV AAA-1 100 0.43 2.68 4.71

“RAP” is Asphalt AAA-1 RTFO/PAV aged , 100°C for 20 hrs



AFM topography image of a thin film of SHRP asphalt AAG-1 (thermally annealed). 



AFM profile topography scan of a WMA spin-cast thin-film coating, AAG-1/WMA(wax)
spin cast onto a glass microscope slide, which was thermally annealed 20-min, 130°C. 



EXPERIMENTAL APPROACH
WETTING

• SHRP asphalt AAD-1, RTFO aged at 60°C for 144hr (homemade-
RAP) was prepared in solution (toluene, 1g/10mL) and spin-cast as 
a thin-film (1.0 µm) on microscope slides (Borosilicate glass)

• SHRP asphalts AAB-1, AAG-1, and field asphalt YNP prepared as 
WMA samples were prepared in cyclohexane(1g/10mL) then spin-
cast onto RAP films. (i.e., a film-on-film system)

• Film-on-Film systems were imaged using atomic force microscopy

• In certain cases, films were heated in a 130°C oven for 20-30-min 
then re-imaged to observe changes in the film morphology



Projected views (photograph-to-light 
microscope-to-AFM image) of a contact 
interface between a WMA spin-cast 
thin-film coating spin cast on top of 
a spin-cast thin-film coating of a 
RAP-representative PAV-asphalt originally 
spin-cast on a glass microscope slide  



PAV Aged 
AAD-1 (RAP)

AAB-1 w/FT wax
(WAM)

AFM profile topography (left) and phase-contrast (right) 
scans of an interfacial contact line between a WMA 
spin-cast thin-film coating spin cast onto the top of a 
spin-cast thin-film coating RAP-representative PAV-asphalt 



AFM profile topography (left) , and microscopic photograph view (right) 
depicting the interfacial contact line between a WMA spin-cast thin-film coating 
(AAB-1/wax) spin cast onto the top of a spin-cast thin-film coating 
RAP-representative PAV-asphalt (AAD-1). 



AFM scans at the interfacial contact line (upper-left), at the WMA surface 
toward the center of the top film (upper-right), and the RAP film 
toward the edge (lower-left) for WMA spin-cast thin-film coating spin cast 
onto the top of a spin-cast thin-film coating RAP-representative 
PAV-asphalt after annealing films in a 130°C oven for 60 minutes . 



AFM scan at the interfacial contact line, between the WAM film and the RAP film, 
imaged after annealing the film in a 130°C oven for 60 minutes. 



Photograph image of two “WMA film-on-RAP film” 
AAB-1/WMA(wax) on RTFO/PAV-aged AAD-1
samples spin cast onto glass microscope slides, (left, prior to thermal annealing), 
(right, thermally annealed for 60 min @ 130°C). 



THOUGHTS
• New and RAP asphalts mix --- Degree?
• Is compatibility of new and RAP an issue?

– Depends
– Compatibility decreases
– Combined binder rheology will be a function of 

compatibility
• Better understanding of compatibility is needed
• If crude prices remain high, asphalt properties 

will probably change.

• Are RAP stockpiles checked for additives?
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