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WELCOME 
 

Welcome and Bienvenue to the 59th Petersen Asphalt Research Conference (PARC) onsite and online!   
 
Wonderful to gather once again in our unique city of Laramie, while still providing this 
conference online for those who cannot make the trip to Wyoming. From the wealth of 
abstracts submitted, the number and quality of participants, sponsors, and exhibitors who 
registered, we are confident this year will be a “grand cru” for exploring cutting edge ideas 
and discovering new approaches in our field of asphalt materials, as well as for networking 
and making new friends.  
 
PARC 2022 presenters from across the continent and around the globe are on their mark to 
share their recent findings. A gamut of stakeholders including scientists, engineers, and 
manufacturers are exploring new ways to bring research from the lab into production and 
construction to improve the performance of infrastructure, public, commercial and residen-
tial engineered products for pavements and roofing. From 55 abstracts that were submitted, 
39 were selected for presentation on a 2 ½ day format! 
 

But this is not all: for the first time, PARC will set the stage by offering a dedicated session on “the Future of Asphalt”. Invited 
experts representing most stakeholders, from road owners to contractors, suppliers and researchers will share their view on 
what is going to happen or impact their business on the route to net zero.  As THE widely recognized forum for research ad-
vancements in progress, PARC 2022 edition will continue with presentations on Asphalt Binder Chemistry - Aging, Analysis, 
& Testing, Asphalt Material Physical Evaluation - Mixture & Pavement Evaluation, Asphalt Material Modification - Polymer, 
Rubber, Reactive Chemistry. At the end of the day never forget that “Chemistry Matters” as Dr. Claine Petersen, the confer-
ence founder, used to say.  
 
Home to the University of Wyoming, Laramie enjoys an atmosphere of “thinking out of the box” as the university motto says 
“The World Needs More Cowboys.” This year’s conference offers a range of opportunities to explore new territory to bring 
fresh ideas and innovative solutions closer to reality as we journey into a new brave world focused on new materials, upcy-
cling, circular economy, and environmental impacts.  
 
We are also pleased to announce that Energy & Fuels, a well-known American Chemical Society (ACS) journal, will continue 
offering the possibility for papers based on the abstracts and presentations made at the conference, providing they have the 
chemistry flavor required for an ACS publication. 
 
Before you leave Laramie make sure to take a moment and experience the beautiful western outdoors. The last afternoon will 
be partly dedicated to outdoor outings to some nearby mountains. Make sure to register for it (free).  
 
We cannot leave before offering our, and your, thanks to all of the sponsors and exhibitors who are helping to make this hybrid 
conference possible, as well as the implementation of the new conference website – we hope you enjoy it!  Your thoughts mat-
ter: please be sure to answer a brief survey that you will be sent after the conference so that PARC 2023 - THE 60th - will be 
an even more memorable experience. 
 
We look forward to interacting with you during the 2022 PARC! Thank you for attending! 
 
Jean-Pascal (JP) Planche 
Chief Executive Officer 
Western Research Institute 
Laramie, Wyoming 
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https://www.basf.com/us/en.html
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https://www.basf.com/us/en.html
https://corporate.exxonmobil.com/
https://www.imperialoil.ca/en-ca/
https://www.visitlaramie.org/
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https://www.bitumenbeyondoil.com/home
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https://www.dow.com/en-us
https://dtl.com.qa/
https://www.bitumenbeyondoil.com/home
https://www.ingevity.com/
https://ptsilab.com/
https://ergonasphalt.com/
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https://www.pri-group.com/
https://www.uspolyco.com/
https://www.nouryon.com/
https://www.netzsch.com/en
https://www.hfsinclair.com/home/default.aspx
https://mcasphalt.com/
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https://bakelite.com/
https://www.tainstruments.com/
https://www.anton-paar.com/corp-en/
https://www.basf.com/us/en.html
https://www.visitlaramie.org/
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https://www.gaf.com/en-us
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https://www.asphaltpavement.org/
https://kraton.com/
http://www.huntrefining.com/
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 Check-in at Registration Booth  

8:00AM Welcoming & Opening Remarks  

TFOA: The Future of Asphalt 

Moderator: Jean-Pascal Planche 
8:10AM STARS Conclusions & Perspectives Mike Anderson 

8:30AM Bitumen Supplier Perspectives John Brownie 

8:50AM Paving Contractor Perspectives Gerry Huber 

9:10AM Roofing Company Perspectives Laurand Lewandowski 

9:30am BREAK (Snacks & Refreshments Provided)  

10:00AM Research & Development Perspectives Jeramie Adams 

10:30AM Infrastructure Investment & Jobs Act Implementation:  
Buy America and Buy Clean   

Jay Hansen 

10:50AM TFOA Panel Discussion Q&A 
With additional perspectives from the Department of Transportation 

Michael Stanford (CDOT) 
Bruce Morgenstern (WYDOT) 

Asphalt Binder Chemistry -- Aging, Analysis, & Testing  

Moderator: Joseph Rovani 

11:35AM Exploring the oxidative mechanisms of bitumen after laboratory short- 
and long-term ageing 

Georgios Pipintakos* 
University of Antwerp 

12:00PM LUNCH (Provided)  

*Virtual Presentation 

Tuesday, July 19 
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Asphalt Binder Chemistry -- Aging, Analysis, & Testing 

Moderator: Jeramie Adams 

1:25PM Impact of Ageing on Asphalt VOC and NOx Emissions at In-Use 
Temperature: A Game Changer for Urban Atmospheric Chemistry 

Manolis N. Romanias* 
CERI EE, IMT Nord Europe 

1:50PM Laboratory assessment of water effect on the ageing of bituminous 
material 

Fayçal Lahjiri* 
VCSP 

2:15PM Spectroscopic investigation on the impact of realistic field-ageing on 
structure and chemistry of bitumen and its polarity-based fractions 

Stefan Werkovits 
TU Wien 

2:40PM Bitumen Fingerprinting and Characterization of its Real-Time Oxidation 
Characteristics using Vocus Proton-Transfer Reaction (PTR-TOF) Mass 
Spectrometry 

Anand Sreeram 
Univ. of Texas at Austin 

3:05PM BREAK (Snacks & Refreshments Provided)  

Moderator: Yogesh Kumbargeri 

3:30PM Uncovering the Role of Visible Light on Asphalt Binder Ageing Johannes Mirwald 
TU Wien 

3:55PM Influence of reactive oxygen species on the aging of asphalt binder  Kristina Hofer 
Vienna University of Tech. 

4:20PM Rheological and Chemical Evaluation of Binder Aging Resistant 
Technologies 

Faustina Keuliyan* 
Heritage Research Group 

4:45PM Using Surface Microstructures as Bitumen Variation Identifier Nazmus Sakib 
Islamic Univ. of Tech 

5:10PM DISMISS  

*Virtual Presentation 

1:00PM The Asphalt Parameter Jungle Geoff Rowe 
Abatech 

Tuesday, July 19 
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Asphalt Material Physical Evaluation—Mixture & Pavement Evaluation 

Moderator: Geoff Rowe 
8:00AM Evaluation of polymer binder on mix cracking properties using S-VECD John D'Angelo 

D’Angelo Consulting 
 

8:25AM Impact of Polymer Modification on IDEAL-CT and I-FIT for Balanced Mix 
Design 

Chen Chen 
NCAT 

8:50AM Understanding the Sensitivity of Mixture Cracking Performance Tests to 
Binder Properties and Long-Term Aging 

Michael Elwardany 
ESC LLC at FHWA 

9:15AM Balancing fracture and fatigue performance in asphalt pavements:  A 
hybrid mechanistic and statistical modelling approach 

Danial Mirzaiyanrajeh 
Tencate Geosynthetics 

9:40AM Overview and Feedback for the Reconstructed Pavement Test Facility at 
FHWA 

David Mensching 
FHWA 

10:05am BREAK (Snacks & Refreshments Provided)  

Moderator: Ramez Hajj 
10:30AM Streamlining Asphalt Mixture Performance Testing. Varun Veginati 

ESC LLC at FHWA 

10:55AM Laboratory and Field Evaluation of Balanced Mix Design Approach to 
Designing High RAP Mixtures with Rejuvenators 

Nam Tran 
NCAT 
Hassan Tabatabaee 
Cargill 

11:20AM Reducing Compaction Temperature of Asphalt Mixtures by GNP 
Modification and Aggregate Packing Optimization 

Tianhao Yan 
Univ. of Minnesota TC 
 

11:45AM LUNCH (Provided)  

  *Virtual Presentation 

Wednesday, July 20
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1:00PM Evaluation of asphalt mixture air voids content for performance prediction Joyce Kamau 
Iowa State University 

1:25PM Highlights from the 1st International Data Science for Pavements 
Symposium (DSPS22) 

David Mensching 
FHWA 

Recycling—RAP, RAS, Rejuvenators, Plastics 

Moderator: Fan Yin 
1:50PM Assessing the Environmental Impact of Post-Consumer Recycled Plastics in 

Asphalt Pavements 
Bill Buttlar 
Univ. of Missouri 

2:15PM Investigation of laboratory techniques for evaluating rejuvenator 
effectiveness and dosage 

Ramez Hajj 
Univ. of Ill. U-C 

2:40PM Study of the Impact of the manufacturing temperature on the selection 
criteria of rejuvenators in recycled asphalt pavement: Application to cold 
mix asphalt technologies 

Frederic Delfosse 
VCSP 
Safa Sammouri* 
Univ. of Limoges 

3:05PM BREAK (Snacks & Refreshments Provided)  

Moderator: Kristina Hofer 
3:30PM Increasing the efficacy of recycling agents with simultaneous addition of 

antioxidants 
Muhammad Ahmad 
Univ. of Neb.-Lincoln 

3:55PM Analyzing the Effects of Rejuvenators in Balanced Mix Design with High 
Percentages of Recycled Asphalt Pavement 

Amanda Jo Mullins* 
Boise State Univ. 

4:20PM Effects of Rejuvenator Application Method and Marination on the Quality 
Characteristics of Reclaimed Asphalt Pavement (RAP) for High Recycled 
Asphalt Mixtures 

Mariah Langan 
Auburn University 

4:45PM Laboratory Evaluation of Rejuvenated Cold Recycled Mixtures Elizabeth Turochy 
Auburn University 

5:10PM DISMISS  

5:30PM BANQUET AT LARAMIE RAILROAD DEPOT   

  *Virtual Presentation 

Wednesday, July 20
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Recycling—RAP, RAS, Rejuvenators, Plastics (continued) 
Moderator: Joseph Rovani 

8:00AM Rejuvenation of Asphalt Shingles for Production of Polymer Paving Grade 
Binder 

Ana Luiza Rezende 
Rodrigues 
Iowa State University 

8:25AM Insight into the compatibility behaviors between various rejuvenators and 
aged bitumen: Molecular dynamics simulation and experimental validation 

Shisong Ren* 
TU Delft 

Asphalt Material Modification—Polymer, Rubber, Reactive Chemistry 
Moderator: Graham Wilson 

8:50AM Understanding the Principles for Storage Stability in Ground Tire Rubber 
Modified Binder 

Brittany Hallmark-Haack* 
Iowa State University 

9:15AM Development of a GPC Chromatograms Decomposition Method for 
Identifying and Quantifying the Degradation of SBS Polymer Modified 
Bitumen 

Peng Lin 
TU Delft 

9:40AM The Use and Benefits of Isocyanate Modified Asphalts in Emulsions for 
Pavement Preservation 

Arlis Kadrmas 
BASF 

10:05am BREAK (Snacks & Refreshments Provided)  
Moderator: Toni Newsome 

10:30AM Modification of asphalt by reactive polymer systems: mechanisms and 
development of thermo-rheological properties 

Brett Lambden 
Cenovus Energy 

10:55AM Phase behavior study of epoxy asphalt binders with differential scanning 
calorimetry 

Panos Apostolidis 
TU Delft 

11:20AM Determining Optimal Mixing for Reduced Reaction Time of Reactive-
Isocyanate-Based Asphalt Modifiers with Computational Fluid Dynamics 

Paul Lewandowski 
BASF 

11:45AM BOX LUNCH (Provided)  

12:00PM Recycling agents from upcycling end-of-life wind turbine blades and other 
waste thermoset resin composites  

Jeramie Adams 
Yogesh Kumbargeri 
WRI 

12:25PM Hydrogen Sulfide Abatement in Asphalt Compositions Patrick Hamilton* 
BASF 

12:50PM Asphalt Vapor Volatile Organic Compound Fortification Standard Method 
Development 

Todd Tambling 
DOW 

1:15PM CLOSING REMARKS  

2:00PM WRI Sponsored Activity  

  *Virtual Presentation 

Moderator: Joseph Rovani 

Thursday, July 21 
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                Abstracts 

Session 1: Asphalt Binder Chemistry -- Aging, Analysis, & Testing  
The Asphalt Parameter Jungle 

Geoffrey Rowe | Abatech 

Over the recent years a number of parameters have been suggested as specification parameters. For example, the Rheological 
Index (R), Cross Over Modulus (Gc), Delta Tc (�Tc), Glover‐Rowe (G‐R), Phase angle at a given modulus, etc. Many of the parame‐
ters are interrelated but are poorly defined and understood. Some parameters are “point” parameters, whereas others can be best 
defined as “shape” parameters. Many of the linear‐visco‐elastic parameters define the shape of the master curve in a critical stiff‐
ness range. In some cases, for unmodified binders a upper and lower limit is suggested by workers implying a “sweet‐spot” for 
master curve performance. Other parameters could potentially, with modern rheometers, suggest that testing can be simplified 
or meaningful definitions can be made. This presentation will demonstrate the difference and commonality in these binder pa‐
rameters, and how they can be best defined for the asphalt industry as we move forward. 
 
 
 
 
 
 

Exploring the oxidative mechanisms of bitumen after laboratory short‐ and long‐term ageing 

Georgios Pipintakos | University of Antwerp 

Understanding the fundamental mechanisms of ageing in bitumen is considered crucial to take steps towards more durable bind‐
ers able to tackle distresses related to this phenomenon. This presentation focuses on the identification of the intermediate and 
final oxygenated products after short‐ and long‐term laboratory ageing. Three binders were investigated, two straight‐run binders 
originating from the same wax‐free crude source, while the third was obtained via visbreaking and from a crude source containing 
natural wax. Infrared spectroscopy demonstrated a clear increase of the sulfoxide and carbonyl functional groups upon ageing for 
all the binders. Electron Paramagnetic Resonance spectroscopy showed an increase of the organic carbon‐centred radicals after 
short‐term ageing, whereas these radicals remained constant in the two wax‐free binders after long‐term ageing. Proton Nuclear 
Magnetic Resonance spectroscopy reported differences in the relative distribution of protons between the binders in the virgin 
state, and minor changes after both ageing steps regardless of the binder’s crude source and distillation. Finally, the results of 
Time‐of‐Flight Secondary Ion Mass Spectrometry revealed that SOx‐ and (OH)x‐containing compounds are produced after long‐
term ageing in both wax‐free binders. All in all, this work provides significant experimental support to the hypotheses regarding 
the ageing mechanisms in bitumen. 
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Session 1: Asphalt Binder Chemistry -- Aging, Analysis, & Testing  
Impact of Ageing on Asphalt VOC and NOx Emissions at In‐Use Temperature: A Game Changer for Urban Atmospheric 
Chemistry 

Manolis Romanias | IMT Nord Europe, Univ. Lille Center for Energy & Environment 

Outdoor air pollution is a major cause of chronic illnesses, and of mortality, with an estimated 4.5 million deaths every year. Its 
effects are amplified in cities, where 50% of the global population lives today; this number is expected to grow to 70% by 2050. 
Asphalt‐covered surfaces represent 40% of urban areas. Although their emissions of pollutants have been investigated at deposi‐
tion temperatures (120‐160°C), data on emissions of asphalt at in‐use temperatures are lacking. 
In the present work, we characterize and quantify in the laboratory asphalt emissions of Volatile Organic Compounds (VOCs) and 
nitrogen oxides (NOx) with GC‐MS/FID, PTR‐ToF‐MS, and a NOx analyzer, under simulated atmospheric conditions of tempera‐
ture, relative humidity, and light irradiation. The impact of asphalt aging on VOC and NOx emissions is assessed. We show that 
asphalt surfaces significantly contribute to urban pollution, and therefore urgently need to be included in emission inventories, 
and taken into account by models. Emissions are shown to be key in terms of ozone (O3) and Secondary Organic Aerosol (SOA) 
formation potential in urban areas to account for observations of urban air pollution. 
 
 
 

Laboratory assessment of water effect on the ageing of bituminous material 

Fayçal Lahjiri | Vinci Construction Services Partages 

Thermo‐oxidative ageing is one of the main concerns when it comes to the evaluation of asphalt mixes’ durability. To face the 
ambitions of increasing RAP use in recycled asphalt mixes, and more particularly in high rates recycling scenarios, as well as to 
better qualify bitumen behavior through its lifespan, one must understand how ageing affect these materials. In that regard, it is 
well documented how difficult it is to obtain a direct and universal correlation between field and laboratory aged samples. One of 
the reasons behind this is that ageing should not be reduced to the sole effect of thermo‐oxidation but should integrate other en‐
vironmental factors such as photo‐oxidation and water aggressions. These are even more important to consider as recycled as‐
phalt mixes include more and more additives that might be sensitive to those aggressions. The objective of this work is to better 
identify and describe the effects of thermo‐oxidation alongside with water effect, to narrow down the complex environment faced 
by bituminous products that cannot always be considered as hydrophobic. This study suggests innovative experimental methods 
to pinpoint how this described environment can affect such materials, allowing one the anticipate potential failure due to thermo, 
photo and water ageing. 
 
 
 

Spectroscopic investigation on the impact of realistic field‐ageing on structure and chemistry of bitumen and its polarity‐
based fractions 

Stefan Werkovits | TU Wien, Institute of Materials Chemistry, Christian Doppler Laboratory for Chemo‐Mechanical Analysis 
of Bituminous Materials 

Bitumen is an important construction material applied in rooftops and as binding material in roads. Due to its organic roots, it is 
prone to environmental influences. Those induce changes from the molecular‐ up to the mechanical level. In this study the chemi‐
cal impact on 5‐years field aged asphalt was analyzed by looking at structural changes of the extracted bitumen. Unaged and field
‐aged bitumen samples were separated into saturates, aromatics, resins and asphaltenes (SARA fractions). Elemental analysis 
provided insights in oxygen uptake, changes in sulfur and nitrogen distribution and variations of the H/C‐ratio with ageing. The 
analysis of heteronuclear single quantum coherence (NMR) spectra showed decreasing aromaticity and other distinct structural 
changes. Furthermore, the ageing sensitivity of molecular classes within the aromatics and resins was revealed using Fluorescence 
spectroscopy. The use of infrared spectroscopy provided evidence of quinolone decrease in the resins during the ageing process. 
Finally, the nature of apparent OH‐ and NH‐bands in the infrared spectra was analyzed using 31P‐NMR spectroscopy, revealing 
low abundancies of carboxylic acids, amides, and alcohols. The outcome of this study shall provide insights in the ageing process‐
es of bitumen and show new ways to use and combine analytical methods for proper ageing assessment. 
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Session 1: Asphalt Binder Chemistry -- Aging, Analysis, & Testing  
Bitumen Fingerprinting and Characterization of its Real‐Time Oxidation Characteristics using Vocus Proton‐Transfer Reac‐
tion (PTR‐TOF) Mass Spectrometry 

Anand Sreeram | University of Texas at Austin 

This study explored the first use of the Vocus proton transfer reaction time‐of‐flight (PTR‐TOF) mass spectrometer for the high‐
resolution chemical fingerprinting of asphalt binders along with the observation of their real time oxidation dynamics. Three 
different binders were selected to examine the sensitivity of this technique under different gas blankets namely nitrogen, volatile 
organic compounds (VOC) free air and ozone‐enriched VOC free air. Hierarchical clustering revealed differences in the degree of 
chemical expression of various molecules in different binders, which could be attributed to their unique primary differences and 
chemical transformations. The results also indicated that even higher intensities of molecules could be observed under the ozone‐
enriched blanket and increased temperatures indicating that this environment contains reactive precursors which could promote 
oxidation. Finally, real‐time oxidation characteristics of binders were explored through factor analysis (FA) which elucidated possi‐
ble pathways for binder oxidation, for example, through benzylic routes. Overall, the work conducted in this study points to the 
remarkable potential of this novel analytical technique to fingerprint asphalt binders at a high time and chemical resolution. Fu‐
ture work is being conducted to understand asphalt binder composition and multi‐scale transformations, inspiring a database of 
chemical fingerprints related to macro‐level properties. 
 
 
 

Uncovering the Role of Visible Light on Asphalt Binder Ageing 

Johannes Mirwald | Christian Doppler Laboratory for Chemo‐Mechanical Analysis of Bituminous Materials, Institute of Trans‐
portation, TU Wien 

Asphalt binder ageing is a complex process that researchers are still trying to fully uncover. Various laboratory studies have tack‐
led ageing parameters like temperature, moisture, reactive gasses or UV light. While UV light exhibits the highest photo energy 
and oxidation potential, its limited availability on earth’s surface could lead to a lower degree of ageing on the pavement surface. 
However, light in the visible range is present at a much higher percentage, as it is not absorbed as much by our atmosphere com‐
pared to UV light. This study shows the impact of UV‐visible light in the range of 365 – 770 nm, where the lights intensities were 
adjusted to mimic the conditions on earth’s surface. Performing Fourier‐Transform‐Infrared (FTIR) spectroscopy on the aged bind‐
er surfaces revealed a unique and characteristic oxidation profile, where blue light in the region of 405 nm and green light in the 
region of 525 nm induced a significantly higher formation of oxidized species. Furthermore, differences in the ageing products 
formed can be linked to specific ageing parameters. These first results should act as a basis to better understand how different 
ageing parameters contribute to field ageing and how to address them in the laboratory. 
 
 
 

Influence of reactive oxygen species on the aging of asphalt binder 

Kristina Hofer | Vienna University of Technology, Christian Doppler Laboratory for Chemo‐Mechanical Analysis of Bitumi‐
nous Materials, Institute of Transportation 

The aging of asphalt binder is one of the main causes for asphalt pavement failure, which is why realistic laboratory aging meth‐
ods are crucial to ensure long‐time durability. However, certain aging‐inducing environmental factors, e.g. humidity, solar radia‐
tion and reactive oxygen species (ROS), are disregarded by current standardized aging methods. Especially, the interaction of the 
binder with nitrogen oxides (NOx) or ozone (O3) is mainly unexplored. This study focusses on the reactivity of individual ROS (NO, 
NO2, O3) in regards to the long‐term aging (LTA) of three unmodified binder. The LTA is performed with an adapted version of 
the Viennese Binder Aging (VBA) method and Fourier‐Transform‐Infrared (FTIR) spectroscopy and the Dynamic Shear Rheometer 
(DSR) are used for analysis. The results show, that NO as the only oxygen source present did not induce aging, but NO2 caused 
significant aging to occur. The impact of NO2 was especially strong in combination with another oxygen source, whereby NO2 is 
believed to work as an oxidation accelerator. The effect of O3 was less severe, causing no additional aging for two investigated 
binder. This study proves the crucial impact of ROS on asphalt binder aging and the importance of incorporating them in laborato‐
ry aging simulations. 
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Session 1: Asphalt Binder Chemistry -- Aging, Analysis, & Testing  
Rheological and Chemical Evaluation of Binder Aging Resistant Technologies 

Faustina Keuliyan | Heritage Research Group @ The Center 

Aging causes asphalt binders to stiffen and embrittle, making them more susceptible to cracking and affecting the long‐term per‐
formance of asphalt pavements. This study assessed the ability of five innovative technologies to decelerate the binder aging pro‐
cess: a biosynthetic and petroleum‐based oil blend; an epoxy‐based polymer modifier; a sub‐epoxidized soybean oil; a hybrid 
blend of styrenic block copolymer and recycling agent; and a hybrid blend of ground tire rubber and Rheopave® additive. Each 
additive was blended with two base binders from different crude sources. Rheological and chemical characteristics of base and 
modified binders were evaluated before and after long‐term aging simulated in the Pressure Aging Vessel (PAV) at 20 and 60‐hour 
cycles. The rheological parameters selected for this study included ΔTc from Bending Beam Rheometer; strain tolerance from the 
Linear Amplitude Sweep test; and the Glover‐Rowe parameter from frequency sweep test. Chemical testing included Attenuated 
Total Reflectance‐Fourier Transform Infrared (ATR‐FTIR) spectroscopy, Differential Scanning Calorimetry, Gel Permeation Chro‐
matography, and SARA (saturates, aromatics, resins, asphaltenes) fractions. Rheological and chemical test results showed that 
the technologies, through different working mechanisms, reduced the detrimental effects of aging, decreasing the stiffening and 
improving the cracking resistance of base binders. 
 

Using Surface Microstructures as Bitumen Variation Identifier 

Nazmus Sakib | Islamic University of Technology (IUT), Bangladesh 

Bitumen surface microstructure (commonly referred as ‘bees’) is known to be dependent on chemistry as well as thermal and tem‐
poral history. Current study utilizes optical microscopy to analyze 64 bitumens (fresh and aged) from 12 different producers of 
southern USA. The objective of this study is to evaluate the potential of optical microscopy as an investigative tool for bitumen 
modification tracking. Additionally, correlations are sought between chemistry, strength and rheological parameters with micro‐
structural parameters such as ‘bee density’ and ‘bee size’. Results indicate that (1) the ‘bees’ remain similar after short‐term aging, 
(2) bitumens from same source exhibit comparable microstructures despite having different grades, and (3) chemical, rheological 
and strength parameters of bitumens (of different grade and aging) from same producer correlate well with microstructural obser‐
vations but correlations are weak or inconsistent when different producers are considered. Presence of modifiers were identified 
through clear change in microstructure. It can be deducted that ‘bees’ are unlikely to be bulk phenomenon as strength and rheo‐
logical properties do not corroborate well with microstructure parameters. Additionally, it can be inferred that an alteration in 
bitumen source or type, such as different producers’ bitumen or modification of bitumen, can be identified rapidly by microstruc‐
ture ‘fingerprints’. 
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Session 2: Asphalt Material Physical Evaluation — Mixture & Pavement Evaluation  
Evaluation of polymer binder on mix cracking properties using S‐VECD 

John D’Angelo | D’Angelo Consulting, LLC 

The use of ΔTc to evaluate the cracking potential of binder has increased significantly, with several DOT’s including it in specifica‐
tions. It is known that the addition of polymers in the binder typically improve the mixtures cracking properties making them less 
crack prone while having negative effects on the binders ΔTc results. This is a significant contradiction which indicates differences 
between binder and mix properties need to be resolved. In this study several binders, neat and polymer modified with both good 
and poor ΔTc values were evaluated in a mixture using Simplified Visco‐Elastic Continuum Damage (S‐VECD). The various binders 
were tested in the same mixture to evaluate cracking. Using the Federal Highway Administrations S‐VECD Flexmat software the 
mix properties were evaluated under different climate and loading conditions. The effects of polymer modification and binder 
grade in relation to climate are compared to better understand the relation of binder and mix properties. The effect of binder 
grade and climate can be clearly distinguished in the results. 
 
 
 
 
 

Impact of Polymer Modification on IDEAL‐CT and I‐FIT for Balanced Mix Design 

Chen Chen | National Center for Asphalt Technology (NCAT) 

Existing studies with the IDEAL‐CT and I‐FIT testing have shown that PMA mixtures do not always show better cracking resistance 
than unmodified mixtures, which contradicts their existing field performance. Two hypotheses were proposed to explain this un‐
expected trend; one was related to the lack of binder content optimization for Superpave mixtures and the other was due to limi‐
tations associated with the test procedures. The objective of this study is to evaluate the impact of polymer modification on the 
IDEAL‐CT and I‐FIT results through testing the two proposed hypotheses. Two Superpave mixture designs were tested with IDE‐
AL‐CT and I‐FIT at three binder contents and six virgin binders, which included two unmodified binders and four PMA binders with 
SBS or RET modification. Both tests were conducted at 25°C and an equivalent modulus temperature (T=G*) determined based 
on the Torsion Bar Modulus test. Preliminary results showed that for both mixture designs, the PMA mixtures didn’t have signifi‐
cantly better cracking resistance than the unmodified mixtures at different binder contents and test temperatures. This demon‐
strates that the lack of discrimination in the IDEAL‐CT and I‐FIT results between PMA and unmodified mixtures could not be ad‐
dressed by solely adjusting the binder content or the test temperature. 
 
 
 
 

Understanding the Sensitivity of Mixture Cracking Performance Tests to Binder Properties and Long‐Term Aging 

Michael Elwardany | ESC LLC. @ FHWA 

The asphalt community is focused on the paradigm shift in mixture design from the volumetric process to an optimization proce‐
dure based on performance tests. In this so‐called balanced mixture design (BMD), laboratory performance tests are being as‐
sessed for their relation to binder properties and cracking performance in the field. However, current BMD practice does not ac‐
count for long‐term oven‐aging (LTOA). This gap limits the appropriateness of thresholds and the potential of BMD to improve 
pavement performance. This three‐phase study was designed as follows: Phase (I) focused on comparing seven proposed perfor‐
mance tests at intermediate temperature after short‐term aging, while Phase (II) focused on highlighting the sensitivity (or lack 
thereof) of common laboratory mixture performance tests. Phase (III) is the validation phase, in which loose mixture collected 
from four different states (Montana, Vermont, Ohio, and Florida) were subjected to LTOA. The Indirect Tensile Cracking, Illinois 
Flexibility Index, dynamic modulus, and uniaxial cyclic fatigue tests were employed after two proposed LTOA conditioning meth‐
ods. Additionally, extracted binders were tested using the dynamic shear rheometer and the double‐edged notch tension test to 
further understand the impact of binder properties on mixture performance indices. Results illustrate that long‐term aging is criti‐
cal for a comprehensive BMD framework, and thus, more efforts are needed to revise some of the testing protocols, indices, and 
thresholds before incorporating LTOA in BMD framework.  
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Balancing fracture and fatigue performance in asphalt pavements: A hybrid mechanistic and statistical modelling approach 

Danial Mirzaiyanrajeh | Tencate Geosynthetics 

This research is developing a cracking balance design diagram (CBDD) for comprehensive asphalt mixture cracking properties 
evaluation, considering both crack initiation and propagation phases based on simplified viscoelastic continuum damage (S‐
VECD) and fracture mechanics theories. The Sapp was selected to be used as a fatigue performance index based on the direct ten‐
sion cyclic fatigue (DTCF) test in this work. Fracture energy (Gf) values obtained from the low temperature disk‐shaped compact 
tension (DCT) testing were utilized to represent asphalt mixture fracture properties. Several statistical analysis methods were 
used for prediction model development, such as self‐validation ensemble modeling, artificial neural network, boosted trees, ran‐
dom forest, support vector machine, and regression models. The prediction models were formulated in terms of typical influenc‐
ing mixture properties variables that are available during the mix design process. A web‐based prediction model platform was 
developed for both fatigue (Sapp) and fracture (Gf) properties using prediction models with the best predictability performance. 
The Sapp model was then combined with a developed Gf prediction model to form the CBDD. The developed CBDD in this work 
can be used as a predesign tool to investigate mixture cracking properties. 
 
 
 

Overview and Feedback for the Reconstructed Pavement Test Facility at FHWA 

David Mensching | Federal Highway Administration (FHWA) 

In 1986, the Federal Highway Administration commissioned the Accelerated Loading Facility (ALF) at its Turner‐Fairbank High‐
way Research Center.  Over the last 35 years, the ALF has studied waste plastic‐modified asphalt, Superpave binders, modified 
binders, high reclaimed asphalt pavement/reclaimed asphalt shingles (RAP/RAS) sections, and the impact of increased pavement 
density.  The ALF, being rebranded as the Pavement Test Facility (PTF), is set to undergo a complete reconstruction in 2022‐23.  
The 11 new test sections will be spread across 4 test bays with varying pavement foundation characteristics, including asphalt‐
treated base and an inverted pavement.  The first bay’s experiment is focused on binders with age‐retarding potential.  The sec‐
ond bay is focused on demonstrating benefits of stone‐matrix asphalt (SMA) with moderate RAP levels, while the third bay utilizes 
very high RAP (0.6+ reclaimed binder ratio (RBR)).  The fourth bay will feature thinner asphalt lifts as part of the inverted pave‐
ment evaluation.  Pavement preservation is being designed into each experiment in consultation with relevant stakeholders.  New 
sections will be loaded under ambient conditions and the passes will be exerted by new loading machines.  Control sections with 
0.2 RBR from RAP will be in the first three bays to assess the impact of pavement foundation on performance.  This presentation 
will highlight details from the new design, which also include opportunities to study pavement resilience through flooding. 
 
 
 

Streamlining Asphalt Mixture Performance Testing 

Varun Veginati | ESC LLC. @ FHWA 

As balanced mixture design moves forward, obtaining index properties in a more efficient manner is useful to routine implementa‐
tion. This research details part of an ongoing study into streamlining performance tests so that users may make decisions on as‐
designed and as‐built material in a shorter period of time. This study is unique to the asphalt materials research community 
through its use of the Scrum methodology. Scrum is a form of Agile project management, typically used in software development 
to manage complex projects. This process can also address the intricacies of applied research, with a focus on delivering high‐
value products through an iterative procedure. A Scrum project is broken into intense work periods known as sprints. One sprint in 
this paper focuses on optimizing temperature‐frequency combinations in dynamic modulus (|E*|) tests. The analysis showed that 
the total testing time for |E*| can be reduced by half without significant changes to master curves and apparent damage capacity 
values generated under the testing sweep prescribed in the test standards. A second sprint is featured, related to conditioning 
time for commonly discussed mixture cracking tests, such as AMPT cyclic fatigue, Indirect Tensile Cracking (ITC, also known as 
the IDEAL‐CT), and the Illinois Flexibility Index Test (I‐FIT). Testing was performed at three different temperatures upon review of 
AASHTO/ASTM standards. Findings suggest conditioning time for cyclic fatigue and ITC test can potentially be reduced to 60 
minutes and 90 minutes for I‐FIT. 
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Laboratory and Field Evaluation of Balanced Mix Design Approach to Designing High RAP Mixtures with Rejuvenators 

Nam Tran | National Center for Asphalt Technology (NCAT) 

Use of higher RAP contents helps make asphalt mixtures more sustainable and environmentally friendly. Increasing the RAP con‐
tents, however, would add more oxidized binders into the mixtures, making them stiffer and potentially more susceptible to 
cracking. It is, therefore, important to develop an approach to minimizing the effect of oxidized binders on the cracking resistance 
of asphalt mixtures produced with higher RAP contents. This study evaluated a balanced mix design (BMD) approach for design‐
ing a 45% RAP mixture with a rejuvenator to improve its cracking resistance with good rutting resistance. The rejuvenator dosage 
was first determined to achieve a desired performance grade of the total binder blend. The contents of rejuvenator and virgin 
binder were then optimized based on the BMD approach to meet both mixture rutting and cracking requirements. Its cracking and 
rutting performance as well as advanced rheological fingerprinting conducted on the extracted binder at several levels of aging 
were compared with those of a control mixture with 30% RAP (no rejuvenator). The two mixtures met the performance require‐
ments specified in the Virginia BMD specifications and have shown good rutting and cracking performance after three years and 
over 11.5 MEALS of heavy truck traffic on the Test Track. 
 
 
 

Reducing Compaction Temperature of Asphalt Mixtures by GNP Modification and Aggregate Packing Optimization 

Tianhao Yan | University of Minnesota Twin Cities 

In previous research, the authors have developed two approaches for improving the compactability of asphalt mixtures: 1) addi‐
tion of Graphite Nanoplatelets (GNP), and 2) optimizing aggregate packing. This research explores the effects of these two ap‐
proaches and the combination of them on reducing the compaction temperature. A Superpave asphalt mixture was chosen as the 
control mixture. Three modified mixtures were designed, respectively, by 1) adding 6% GNP by the weight of binder, 2) optimizing 
aggregate packing, and 3) combining of the two former approaches. Gyratory compaction tests were performed on the four mix‐
tures at two compaction temperatures: 135°C and 95°C. Based on the results, the equivalent compaction temperatures of the 
modified mixtures at which they achieved the equivalent compactability of the control mixture at 135°C were calculated. The re‐
sults show that the three methods significantly reduce the compaction temperature of the control mixture. Method 3 (combining 
GNP addition and aggregate packing optimization) has the most significant effect, followed by method 1 (GNP addition), and 
method 2 (aggregate packing optimization). It can be hypothesized that any of the three methods reduce the energy consump‐
tion and mitigate the aging of binder during construction, and therefore benefit the environment and increase pavement perfor‐
mance. 
 
 
 

Evaluation of asphalt mixture air voids content for performance prediction 

Joyce Kamau | Iowa State University 

Air void content affects the pavement durability and specifically at the longitudinal joint. Pavement service life could increase by 
10% with a 1% decrease in air voids based on prior research by NCAT. The available construction and performance data can be 
used to predict the future performance of the pavement. This Research examined pavement historical data and performed a sta‐
tistical analysis on the impact of air void content and mixture content on pavement performance. JMP, a statistical software pro‐
gram, was used to analyze the available data. Air void and volumetrics distributions were determined within a project. An Analysis 
of Variance (ANOVA) shows that; aggregate size, binder content (%), VMA%, film thickness, and RAP (%) amount significantly 
affect the air void content. Immediately after construction, the air void contents are in the range of 4.2‐9.8%. The air void content‐
distresses correlations observed for the pavement sections used in this work have R‐square values below 0.20, which do not meet 
the recommended value of 0.70; this was attributed to routine maintenance. Joint air voids were high than the mid‐lane air voids. 
The research shows the method of joint construction can impact the longitudinal joint air voids and thus pavement performance. 
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Highlights from the 1st International Data Science for Pavements Symposium (DSPS22) 

David Mensching | Federal Highway Administration (FHWA) 

In March 2022, the 1st International Data Science for Pavements Symposium (DSPS22) was held at the Turner‐Fairbank Highway 
Research Center in McLean, Virginia, USA.  This presentation provides highlights of the event and thoughts to the next DSPS.  
The symposium was co‐organized by FHWA, University of Missouri, and University of New Hampshire and was co‐sponsored by 
the Transportation Research Board (TRB).  The format was built off an expansion of previous hands‐on workshops held by TRB’s 
asphalt modeling subcommittee; DSPS22’s objective was to advance data science technology in the field of pavement engineer‐
ing.  This was done by developing a call for abstracts; student data competition; roundtable focused on implementation gaps, suc‐
cesses, and strategies; vision planning session; and a hands‐on pre‐symposium workshop.  The program gathered experts from 
pavement design, materials, pavement management, and asset management areas.  The highly regarded student data competi‐
tion asked participants to use data augmentation strategies to improve a pavement condition detection model.  The roundtable 
dove into data fusion, budgetary concerns, and attracting and maintaining a talented workforce.  The vision planning session pre‐
sented numerous action items to better position the pavements community for technologies and data‐driven decisions needed in 
the future. Planning for a second DSPS has begun. 

https://www.nouryon.com/
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Assessing the Environmental Impact of Post‐Consumer Recycled Plastics in Asphalt Pavements 

Bill Buttlar | University of Missouri 

The use of post‐consumer recycled plastics (PCR‐P) in asphalt mixtures is currently receiving considerable attention in the US. 
However, the potential generation and measurement of microplastics from PCR‐P modified asphalt pavement is a topic of signifi‐
cant research interest. In this presentation, methods are discussed to evaluate microplastic generation potential in asphalt mix‐
tures using variants of the Hamburg wheel‐track test and a water permeability test. Using these methods, the asphalt mixture 
specimens were subjected to lab‐accelerated deformation, abrasion, and cracking, followed by water sampling. The water sam‐
ples were subjected to Nile Red staining to identify and quantify microplastics via fluorescence microscope imaging and analysis. 
It was observed that under significantly torturous laboratory conditions, asphalt mixtures generate microplastics that are about 
three orders of magnitude less than the reported tire wear particles (TWP) in field conditions, indicating the relative low impact of 
microplastics generation from asphalt pavements. Additionally, scanning electron microscopy was conducted to characterize the 
nanoscale morphology of the embedded PCR plastics. Finally, a brief discussion is included on a recent project in Missouri that 
placed three test sections with PCR plastics. The project will allow researchers to apply these methods to field‐aged mixtures and 
monitoring of long‐term pavement performance. 
 
 
 

Investigation of laboratory techniques for evaluating rejuvenator effectiveness and dosage 

Ramez Hajj | University of Illinois Urbana‐Champaign 

As recycling of asphalt concrete becomes more commonplace worldwide, so too must the use of chemical rejuvenators which can 
restore the original properties of the associated asphalt binder. However, there is a critical need for effective techniques for char‐
acterizing both the effectiveness of a rejuvenator and its optimal dosage. Using a combination of three base binders and three 
chemical rejuvenators, this research seeks to explore the fundamental considerations which must be made when utilizing a reju‐
venator‐binder combination. To do this, rejuvenation was performed based on restoration of low PG, restoration of chemical 
spectra, and restoration of ductility as measured using the poker chip test. The research revealed that the test and method used 
for selecting an optimum rejuvenator content are very critical, and that both optimum dosages and fundamental mechanisms of 
rejuvenation are affected by rejuvenator type, base binder selection, and aging level of the binder. ∆Tc was also explored, which 
revealed that the restoration of low PG by rejuvenation does not always correspond to a similar restoration of ∆Tc, indicating 
some of the limitations of single temperature PG to capture the extent of rejuvenation. Recommendations for smart use of rejuve‐
nators are presented. 
 
 
 

Study of the Impact of the manufacturing temperature on the selection criteria of rejuvenators in recycled asphalt pave‐
ment: Application to cold mix asphalt technologies 

Frederic Delfosse | Vinci Construction Services Partages 
Safa Sammouri | University of Limoges  

Nowadays, the incorporation of higher percentages of reclaimed asphalt pavement (RAP) in pavement construction is becoming 
more widespread due to its numerous environmental and economical merits. Extensive research has been carried out on the reju‐
venation of bitumen and the blending between virgin and RAP binders in hot recycled mix asphalt. However, there is a lack of 
clear technical guidelines and in‐depth studies concerning the incorporation of high RAP ratios in cold mix asphalt techniques. 
One of the major challenges of cold recycling is the poor blending at the RAP/virgin binder interface which results in the “black 
rock” phenomena and an overall compromised structure with poor adhesion properties and aggregate coatability, higher sensitiv‐
ity to moisture damage and susceptibility to low temperature cracking. Hence, the addition of rejuvenators becomes highly im‐
portant. In this study, the remobilization potential of three bio‐rejuvenators with similar polarities and different viscosities were 
evaluated and directly compared with a commercial rejuvenator commonly used in hot mix asphalt techniques. Various tests in‐
cluding absorbance ultraviolet‐visible spectroscopy, dynamic Shear Rheometer (DSR) and an infrared spectroscopy imaging tech‐
nique were used to evaluate the diffusion of the recycling agents in the RAP binder.  
Results showed a direct impact of the chemical properties of the additives on their rejuvenating potential. A detailed methodolo‐
gy was established for the selection of rejuvenators for cold mix asphalt. 
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Increasing the efficacy of recycling agents with simultaneous addition of antioxidants 

Muhammad Ahmad | University of Nebraska‐Lincoln 

The use of agriculture‐based oils as recycling agents (RAs) has gained popularity in recent years since they can recover the proper‐
ties of the aged asphalt binders in the reclaimed asphalt pavement. These RAs are environmentally ‘green’, very effective, and 
lower cost alternatives to petroleum‐based modifiers. However, there are some concerns about the effect of agriculture‐based 
oils on the long‐term performance of asphalt binders. To address these concerns, we hypothesize that simultaneous addition of 
antioxidants and agriculture‐based oils increases the long‐term efficacy of these RAs by enhancing their resistance to oxidation. In 
this study, two antioxidants, namely Zinc diethyldithiocarbamate (ZnDEC) and Dilauryl thiodipropionate (DLTDP), were added to 
a control binder (35% virgin binder + 65% RAP binder) modified by an agriculture‐based oil. The resultant binders were then aged 
through one cycle of Rolling Thin Film Oven (RTFO), and either one or two cycles of Pressure Aging Vessel (PAV). The rheological 
properties of asphalt binders were characterized using Dynamic Shear Rheometer (DSR) and Bending Beam Rheometer (BBR). 
The test results and analyses revealed that the addition of ZnDEC effectively improved the aging resistance of RA‐modified bind‐
ers, whereas DLTDP was found to be ineffective. 
 
 
 

Analyzing the Effects of Rejuvenators in Balanced Mix Design with High Percentages of Recycled Asphalt Pavement 

Amanda Jo Mullins | Boise State University, Idaho Asphalt Supply Company 

Recycled Asphalt Pavement (RAP) inclusive mixes are becoming more widely used due to the environmental and economical ben‐
efits from replacing virgin material with recycled material. However, when including a high concentrate of RAP (more than 30%), 
the long term durability of the mixture, especially the cracking and rutting resistances, could be negatively impacted. Rejuvena‐
tors have been used to revitalize pavement characteristics. This study evaluated the performance of two rejuvenators (Bio‐based 
and Petroleum Based) on restoring mix properties at high RAP percentages (25%, 50%, and 70%). The properties of the mixes 
were evaluated based on balanced mix design (BMD) concepts on rutting and cracking resistances via the Hamburg Wheel Track‐
ing Test (HWTT) and Indirect Tensile Asphalt Cracking Test (IDEAL‐CT). The gradation of all mixes was kept consistent in order to 
eliminate variation due to the aggregate structure. The dosages of the rejuvenators were selected to restore the RAP to the same 
high temperature grade as the virgin binder. FTIR was used to determine the changes of chemical structures of the blended as‐
phalts at different RAP levels. The properties from virgin mix were used as the base line to evaluate the effects of different RAP 
contents and different rejuvenators. 
 
 
 

Effects of Rejuvenator Application Method and Marination on the Quality Characteristics of Reclaimed Asphalt Pavement 
(RAP) for High Recycled Asphalt Mixtures 

Mariah Langan | Auburn University 

Although RAP is widely used in asphalt mixtures due to its economic and environmental benefits, higher RAP contents could re‐
duce mixture cracking resistance and durability. To mitigate these performance issues while increasing the RAP content, rejuve‐
nators could be added into high RAP mixtures to restore the rheological and chemical properties of the RAP binder. Traditionally, 
rejuvenators are pre‐blended into the virgin binder prior to mixing, which could limit the direct interaction between the rejuvena‐
tor and RAP. Therefore, alternative methods of adding rejuvenators by pretreating RAP prior to mixing should be considered to 
potentially enhance the rejuvenating effectiveness of these products. In this study, three methods of pretreating RAP with a reju‐
venator were explored: spray‐on, emulsion, and foaming. Effects of each pretreatment method on RAP properties were character‐
ized through workability evaluation, durability assessment, and greyscale distribution‐based image analysis. From these results, 
the best‐performing pretreatment method was used to explore the impact of marination of RAP quality via the same characteri‐
zation techniques. Furthermore, the extracted RAP binders at various marination conditions were tested for rheological and 
chemical characterization. Test results indicated that RAP quality significantly improved with pretreatment with the rejuvenator, 
but marination did not enhance the rejuvenating effectiveness of RAP. 
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Laboratory Evaluation of Rejuvenated Cold Recycled Mixtures 

Elizabeth Turochy | Auburn University 

Cold recycled (CR) pavements, the combination of reclaimed asphalt pavement (RAP) and a recycling agent (foam or emulsion) at 
ambient temperatures, can provide a more cost‐effective and environmentally friendly option for roadway rehabilitation, mainte‐
nance, and construction. However, to utilize CR pavements as an equal alternative to a typical asphalt base mixture or surface 
course, additional materials such as rejuvenating agents may need to be added. This research details the mix design and initial 
construction findings of three different CR mixtures, along with the results of IDEAL‐CT and HOT‐IDT testing. The three mixtures 
consist of 100% RAP with each having a different added recycling and/or rejuvenating agent, resulting in the following designs: 
Foamed asphalt with active filler (cement), anionic emulsion dosed with a bio‐based rejuvenator, and a CR rejuvenator. Test re‐
sults showed that the foamed asphalt and emulsion mix designs performed above the minimum strength requirements and 
showed low moisture susceptibility. The mixture containing the rejuvenator designed for CR failed the dry strength requirements, 
however, it significantly surpassed the conditioned strength requirements and showed improved strength when conditioned ver‐
sus dry. Ongoing research includes the recovered PG grade for all mixtures, mechanistic performance testing, and field perfor‐
mance. 
 
 
 

Rejuvenation of Asphalt Shingles for Production of Polymer Paving Grade Binder 

Ana Luiza Rezende Rodriguez | Iowa State University 

Air void content affects the pavement durability and specifically at the longitudinal joint. Pavement service life could increase by 
10% with a 1% decrease in air voids based on prior research by NCAT. The available construction and performance data can be 
used to predict the future performance of the pavement. This Research examined pavement historical data and performed a sta‐
tistical analysis on the impact of air void content and mixture content on pavement performance. JMP, a statistical software pro‐
gram, was used to analyze the available data. Air void and volumetrics distributions were determined within a project. An Analysis 
of Variance (ANOVA) shows that; aggregate size, binder content (%), VMA%, film thickness, and RAP (%) amount significantly 
affect the air void content. Immediately after construction, the air void contents are in the range of 4.2‐9.8%. The air void content‐
distresses correlations observed for the pavement sections used in this work have R‐square values below 0.20, which do not meet 
the recommended value of 0.70; this was attributed to routine maintenance. Joint air voids were high than the mid‐lane air voids. 
The research shows the method of joint construction can impact the longitudinal joint air voids and thus pavement performance. 
 
 
 

Insight into the compatibility behaviors between various rejuvenators and aged bitumen: Molecular dynamics simulation 
and experimental validation 

Shisong Ren | Delft University of Technology 

The compatibility potential of rejuvenators plays an important role in improving the blending degree of rejuvenated bitumen. This 
study aims at estimating the efficiency of molecular dynamics (MD) simulation in predicting the compatibility between rejuvena‐
tors and aged binders, and exploring the influence of rejuvenator type, aging degree of bitumen, and temperature on the compat‐
ibility potential. The thermal stability of rejuvenated binders is evaluated to validate the compatibility prediction, and the underly‐
ing mechanism for the thermal stability difference between rejuvenators and aged bitumen is explained with the atomic‐scale 
parameters. The results revealed that the ranking on predicted compatibility and experimentally measured thermal stability for 
four rejuvenators is the same as AO > BO > NO > EO. The thermodynamic parameters of solubility parameter difference Δδ, Flory‐
Huggins parameter χ, and mixing free energy ΔGm are efficient to estimate the compatibility potential of various rejuvenators 
with aged bitumen. Moreover, the separation index (SI) parameters based on rheological and chemical indices are available to 
assess the thermal stability of rejuvenated bitumen. At the molecular scale, the compatibility and thermal stability issues between 
rejuvenators and aged bitumen are complicated and related to different aspects of the intermolecular interaction, dispersion de‐
gree, and molecular mobility. 



PARC | 43 | 2022 

https://www.basf.com/us/en.html


PARC | 44 | 2021 

Abstracts             

Session 4: Asphalt Material Modification — Polymer, Rubber, Reactive Chemistry 
Understanding the Principles for Storage Stability in Ground Tire Rubber Modified Binder 

Brittany Hallmark‐Haak | Iowa State University 

Ground tire rubber (GTR) is a sustainable, cost‐effective addition to binder that improves the resilience of the road as well as its 
viscoelastic properties. However, GTR has not been widely utilized due to its difference in density with that of binder that causes 
separation if not continuously stirred. At Iowa State University we have developed a method to stabilize GTR in binder. This meth‐
od reacts GTR with a polydiene additive using simple mechanical compounding techniques. Preliminary storage stability (ASTM 
D6930 – 10), softening point (ASTM D 36 – 0), and separation index (measured by G*/sin(δ)) have demonstrated that the modified 
GTR is stable in the binder. The aim of this research is to further characterize the interaction between the GTR and the polymer in 
the compounded pellet (such as rheological properties, SEM, and density). Additionally, we utilized Computerized Tomography 
(CT) scans to visualize and quantify the degree of separation of the GTR particles in the blended and reacted binder samples. This 
characterization will accelerate, facilitate and increase the understanding of how the GTR and polymer interacts with binder to 
improve storage stability. 
 
 
 

Development of a GPC Chromatograms Decomposition Method for Identifying and Quantifying the Degradation of SBS Pol‐
ymer Modified Bitumen 

Peng Lin | Delft University of Technology 

SBS polymer modified bitumen (SPMB) can notably improve the performance of asphalt pavement and is widely employed on the 
surface layer of pavements. However, SBS polymer is sensitive to ageing and its degradation evolution is difficult to be quantita‐
tively characterized due to the overlapping of GPC chromatograms. In this research, a chromatogram decomposition method 
(CDM) is proposed based on a combination of experimental quantitative analysis and mathematical deconvolution methods, 
which target simultaneous identification and quantification of degraded SBS polymers in SPMB. According to the experimental 
and analysis results, the overlapped chromatograph peaks of 24 different SPMB binders (different SBS contents, base bitumen 
types and ageing levels) were successfully decomposed and the degraded SBS polymer was quantitively analyzed by the CDM 
method. Meanwhile, the CDM analysis parameters of SPMB binders demonstrated a good correlation with the rheological charac‐
terization results, indicating the validity of the proposed CDM method. These results revealed the degradation process of SBS 
polymer during the aging of SPMB, and also provide a promising analytical strategy for the polymer modified bitumen with over‐
lapped GPC chromatograms. 
 
 
 

The Use and Benefits of Isocyanate Modified Asphalts in Emulsions for Pavement Preservation 

Arlis Kadrmas | BASF Corporation 

The use of reactive isocyanates to modify asphalts can provide benefits over traditional modifiers, especially to improve the adhe‐
sive nature of the binder.  The adhesion improvement can help the performance of the residue of the asphalt emulsions in many 
pavement preservation techniques.   
This presentation will go over the ability of the reactive isocyanate based modified asphalts to make a quality emulsion.  This will 
be shown through the particle size change of the emulsion over time using a variety of formulations.  The residual properties will 
be evaluated using high and low temperature recovery techniques for comparison in traditional testing and DSR.  It will be shown 
that traditional residue testing may not be adequate to quantify performance of new polymer or additives for pavement preserva‐
tion techniques. 
An example of the adhesive improvements of the reactive isocyanate modification will be shown in sweep testing results. 
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Modification of asphalt by reactive polymer systems: mechanisms and development of thermo‐rheological properties 

Brett Lambden | Cenovus Energy 

The new class of reactive polymers was developed to modify asphalts through chemical reactions with asphalt components. Due 
to the complexity of such systems, and the long experience with “classical” thermoplastic elastomer SBS, the introduction of the 
new modification systems is slow. Moreover, the present specifications were designed around SBS. In case of reactive polymers, it 
will have to be accepted that we are dealing with entirely different modification systems and materials, possibly new emerging 
asphalt paving technologies. 
Presented work attempts to compare two different reactive polymer systems with the “classical” system using SBS. The impact of 
reactive polymers and SBS was studied through material properties manifested by specification tests and through their thermo‐
rheological properties in linear and non‐linear viscoelastic region. As expected, the behavior of reactive polymeric systems with 
different chemistries also differed among themselves. The available results show that the reactive polymers react with polar com‐
ponents of asphalt which leads to higher stiffness at elevated pavement temperatures and differing impact on low temperature 
behavior. The data point to a significantly improved resistance to plastic deformation of pavement, despite the fact, that elastic 
recovery‐based specification tests fail in its prediction. 
 
 
 

Phase behaviour study of epoxy asphalt binders with differential scanning calorimetry 

Panos Apostolidis | Delft University of Technology 

The glass transition parameters are used to study the miscibility, or lack of it, in polymer modified asphalt binders. In this study, a 
quantitative assessment of the contribution of thermodynamics of mixing to glass transition was conducted in a differential scan‐
ning calorimetry for four asphalt binders modified with an elastomeric epoxy system. Especially, the values of heat capacity (Cp) 
and subsequently the glass transition temperature (Tg) of all binders were determined to quantify the miscibility based on the 
entropic changes. Emphasis was also given on examining the enthalpy of mixing as a function of the composition of epoxy asphalt 
binders during curing to ensure that these binders were completely crosslinked for further analyses. In all cases, the positive devia‐
tions of Tg,mix obtained from the ideal mixing rule, or ΔT_(g,mix), led to negative values of the entropy of mixing (ΔS_mix^c), 
dictating the presence of internal repulsive forces between the asphalt and epoxy components. The soft in properties and sol type 
base binders are also associated with epoxy asphalt binders of low ΔT_(g,mix) values. Overall, the incorporation of the epoxy sys‐
tem in asphalt binders increases the Tg and decreases the amount of ΔS_mix^c, and such performance imposes the formation of 
phase‐separated binders. 
 
 
 

Determining Optimal Mixing for Reduced Reaction Time of Reactive‐Isocyanate‐Based Asphalt Modifiers with Computation‐
al Fluid Dynamics 

Paul Lewandowski | BASF Corporation 

With the functional improvements reactive‐isocyanate‐based modifiers provide to asphalt mixes alongside the developing 
knowledge of the kinetics of liquid asphalt binders, it is important to understand the functional variables in the modification reac‐
tion process. Improving the processing time of the modification step is key. Unlike polymer modified asphalts, reactive‐isocyanate
‐based modifiers exhibit mass transfer limitations which increases the importance of well‐developed mixing profiles. Shorter resi‐
dence times allow for uninterrupted loading schedules at asphalt terminals and reduction in cost. Computational fluid dynamics 
(CFD) models were used to understand flow patterns, mixing power, shear rate, and mixing time for different impellers in a com‐
mercial scale molten asphalt reactor. For asphalt modification, pitched blade turbine (PBT) impellers are typically used. By analyz‐
ing quantitative mixing behaviors in the simulations, key performance differences were identified between the following impeller 
arrangements: a single PBT, two PBT’s, a flat blade turbine and PBT, a ribbon, and an anchor. These attributes show how a ribbon 
impeller can reduce the reaction time to 3 hours versus 12 hours with a PBT impeller. Ultimately, the interplay between axial and 
radial flow patterns and shear rate gradients proved to be most critical to optimizing reaction time with the best impeller arrange‐
ment. 
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Recycling agents from upcycling end‐of‐life wind turbine blades and other waste thermoset resin composites  

Jeramie Adams | Western Research Institute 
Yogesh Kumbargeri | Western Research Institute 

Renewable energy from wind is rapidly growing in the United States with more than 71 thousand wind turbines currently installed, 
and many more wind farms on‐shore and off‐shore scheduled in the next 5 years. Each wind turbine consists of three wind turbine 
blades (WTB). WTB are massive (up to 115 ft long, and up to 30,000 lbs long) thermoset resin (often epoxy) fiber composites that 
are typically replaced every 20 years. At the end of their life, these highly engineered composites end up in landfills, as they are 
difficult to recycle. It is estimated that by 2030 there could be as many as 100,000 tons of WTB produced each year. Under the 
WRI’s Waste Re‐engineering Initiative, a thermochemical method was developed to use renewable carbon reactive solvents to 
breakdown the thermoset resins and produce an oxidatevely stable oil that works well as a recycling agent for oxidized asphalt. 
This thermochemical method has also been demonstrated to work on other resin systems such as carbon fiber composites and 
waste printed circuit boards (e‐waste). In this presentation, the oxidative stability will be demonstrated compared to a commercial 
bio‐based recycling agent. The performance will also be demonstrated in different aged asphalt bases which are “difficult bind‐
ers”. These binders consist of one that is very oxidation sensitive with a very high rate of deterioration of low temperature proper‐
ties, an air blown asphalt and a high molecular weight highly waxy asphalt.      
 
 
 

Hydrogen Sulfide Abatement in Asphalt Compositions 

Patrick Hamilton | BASF Corporation 

An industrial problem with handling asphalt is the potential evolution of hydrogen sulfide gas. B2Last is a reactive isocyanate 
based additive for the asphalt industry that has been shown to improve the physical properties of modified asphalt and could po‐
tentially reduce the hazard potential by eliminating evolved hydrogen sulfide gas. A series of samples from different areas of the 
United States were collected and modified with B2Last and monitored for hydrogen sulfide evolution over a range of conditions. 
The first study quantified hydrogen sulfide as a function of time isothermally at a temperature of 350°F. Samples containing 200‐
1700 ppm of hydrogen sulfide could be reduced to less than 10 ppm hydrogen sulfide approximately 30 minutes after treatment. 
The second study also sought to quantify hydrogen sulfide release and reduction, but as a function of temperature over time from 
250°F to 550°F. Under the studied higher temperature conditions, asphalt compositions could reduce hydrogen sulfide with no 
negative impact on rheology with B2Last. Samples after treatment resulted in less than 10ppm of hydrogen sulfide when held up 
to 450 °F, with samples treated at 550°F being reduced from 4000‐6000 ppm to 30‐100 ppm of hydrogen sulfide detected. 
 
 
 

Asphalt Vapor Volatile Organic Compound Fortification Standard Method Development 

Todd Tambling | The Dow Chemical Company 

Recycled polyethylene (PE) plastomers compatibilized with a Reactive Elastomeric Terpolymer (RET) for modified asphalt binders 
have been successfully used in several field projects. The asphalt binders met AASHTO M320 specifications, and the resultant mix‐
es had balanced rutting and cracking resistance. The National Asphalt Pavement Association (NAPA) has published two white 
papers on this topic and identified several knowledge gaps to address, including if recycled plastic modified asphalt (RPMA) has 
emissions that could be of concern. This study addresses that knowledge gap by analyzing various samples, including an unmodi‐
fied binder, RET modified binder, RET + PE modified binder, and individual modifier components by a Gas Chromatography/Mass 
Spectrometry – Head Space method. The developed method was used for characterizing the material and identifying major vola‐
tile organic compounds (VOCs) present. VOCs for investigation include, but are not limited to, alkanes, alkenes, monoaromatics, 
phthalates, oxygenated VOCs (OVOCs), chlorinated VOCs (ClVOCs) and acrylonitrile from the samples. Calibration curves were 
developed with each of the component classes, and response‐concentration curves were collected based on standard addition 
methodology. Test results could potentially indicate whether adding PCR plastics via the dry process would increase the emission 
of hazardous VOCs during the production of asphalt mixtures in the laboratory. 
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