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1. Preface

The Dutch bitumen market is currently experiencing changes influenced by geopolitical events,
sustainability initiatives, and quality considerations. The evolving refinery landscape, driven by
economic and regulatory factors, has raised concerns regarding the quality and consistency of
bitumen. Recent geopolitical events have caused disruptions in global oil prices and supply chains,
indirectly affecting the availability and pricing of bitumen in Europe. Additionally, the blending of
crude oils, refining processes, and additive treatments have become common practices, leading to a
diverse range of compositions for asphalt binder. Whereas, existing specifications are inadequate in
accurately predicting the performance of complex bituminous binders.

Besides, sustainability initiatives have prompted a shift towards using higher quantity of reclaimed
asphalt pavement (RAP), necessitating higher demand for additives to revitalize the old binder from
RAP and improve workability during production. The increasing use of additives i.e. rejuvenators,
has led to the emergence of complex bituminous binders. These developments highlight the
significant influence of binder properties on asphalt performance in road engineering. To address
recycling challenges and environmental requirements, there is a need to enhance understanding of
how different sources and processes of binders affect asphalt performance properties.

The 'Characterization and Evaluation of Asphalt Binder Properties (CEAB)' project, part of the KPE
program, aims to evaluate bitumen properties in response to current trends and changes in the
bitumen market. Its goal is to gain a better understanding of how these changes impact the properties
of asphalt binder.

To achieve this, as a continuation of previously organized workshop, TNO and TU Delft organized
the 2nd International workshop-CEAB on December 8, 2022 in Delft. The workshop focused on
discussing the changes in bitumen properties and exploring a set of characterization tools that can
accurately predict asphalt binder properties. By bringing together academia, research organizations,
industries, and road authorities, the workshop provided a platform to address the challenges
associated with asphalt binder properties.

The workshop featured six presentations involving a wide range of stakeholders. Here is a brief
overview of the presentations.

Dr. Sandra Erkens, Dr. Xueyan Liu and Dr. Sayeda Nahar addressed the welcome note and
presented some highlights of the 1st international workshop from the previous year.

The first speaker, Jeroen Besamusca presented a recent study focusing on performance related issue
of the binder during a road construction in the Netherlands. Investigations revealed that the problem
stemmed from the presence of non-bituminous component in the binder without the knowledge of
the contractors. This was identified as a broader problem by the road authorities, which necessitates
more research. Further investigations highlighted similarities to issues reported in the US in 2014.
The presentation explores the differences and similarities between the Dutch and US investigations.
Dr. Sayeda Nahar and Dr. Peng Lin have presented the progress of CEAB project highlighting the
set-of chemical and physical characterization tools used to identify and fingerprint bitumen and
additives, leading to some rheological and chemical indices to distinguish performance properties
of bitumen.

The study presented by Dr. Hassan Tabatabaee focused on assessing the compatibility of complex
bitumen compositions, which are increasingly used in asphalt applications. Next to conventional
methods of evaluating compatibility: i.e. rheological parameters and solvent-extracted fractional
ratios, the study proposed a new approach based on the number of glass transition occurrences in
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bitumen/ blends. By analyzing the modulated differential scanning calorimetry (MDSC) response,
a quantification method was developed. The analysis of different types of bitumen demonstrated the
potential of the proposed parameters and analysis framework to serve as an analytical measure for
assessing compatibility of bituminous binders.

The presentation of Dr. Jeramie Adams highlighted the changes of bitumen production since the
SHRP Superpave studies due to economic, technical, and environmental factors. He introduced
different programs in the US such as ‘the Asphalt Industry Research Consortium’ (AIRC) and the
NCHRP 9-60 addressing these issues sharing scopes with CEAB. He discussed insights gained from
studying a large number of binders using various techniques such as rheology, black Space analysis,
SAR-ADTM, ABCD, DSC, Waxphaltene Determinator, FTIR, and GPC/SEC. These methods of
characterization highlight their potential for diagnosing different binder compositions, modifiers,
and assess potential failure i.e. cracking characteristics.
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4 Workshop Program

13:00-13:30 Walk in & coffee
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14:00 - 14:15
Sayeda Nahar-TNO, Sandra Erkens & Xueyan Liu-TU Delft
Session 1
moderator: Xueyan Liu-TU Delft
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14:15-14:45
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14:45 — 15:15 | Properties: approach and preliminary results
Dr. Sayeda Nahar, TNO
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moderator: Sayeda Nahar-TNO
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16:30—17:00 | Asphalt Industry Research Consortium (AIRC): An Innovative Approach for
Binder Understanding
Dr. Jeramie Adams, Western Research Institute (WRI)
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5. Workshop discussion

Quality Problems in Dutch Roads (Online) Jeroen Besamusca — Kuwait Petroleum Research
and Technology B.V.

KEYWORDS - REOB: Re-refined Engine Oil Bottom, additive used in asphalt binders. XRF: X-
ray fluorescence, AT.: A binder parameter that characterizes relaxation properties in relation to
aging and additives. KPE: Knowledge-based Pavement Engineering project from TU Delft. Tc:
Performance parameter.

SAYEDA NAHAR — What [ was curious about what you said in your comments that REOB is one
side of the problem. There are also bitumen that are produced from different processing techniques
or sources, which shows challenging properties; which doesn’t contain REOB. Do you think AT,
parameter can be also a useful tool to characterize and distinguish the performance of these binders
as well?

JEROEN BESAMUSCA — Good question, I hope so. At this moment if we look at the results
actually what I try to say is that I don’t think we should aim at one specific test method, I think we
should at least have several indications if a bitumen is well performing or not, and one of the things
we have to be very careful about, modified binders are actually the most important products, but
modified binders are nothing else than a Pen-Grade binder with a modification, but if the Pen-Grade
is not of the proper material, then you actually lose anything when you put in anything in the
modification so to my understanding we should aim to have as good as possible specification around
the PEN grade binder to make sure that if you put in a modification, you at least start with something
that is good, and if we can find a test that can discriminate [to find something that fits certain criteria].
The problem with this is that from previous experience, we see that some people claiming to have
found an additive that boosts that specific test but performs poorly in others. My whole point is that
we should establish several tests (2 or 3) to have different discriminators to obtain a better idea of
what is good or bad.

SAYEDA NAHAR —Yes great, I think my presentation in later parts of this conference show some
additional tools that could be potentially be used to characterize and assess bitumen.

LAURENT POROT (31:44): One question, you stress that there are many problems between the
policies in the European Union and the use of REOBs in asphalt pavements. Do you think that
banning the use of REOB would be a solution? Or creating a set of rules for the use of REOB is a
good idea? Introducing the categorization of REOB-modified binders using a CAS number could
be useful, given that in Europe REOB-modified bitumens have no additional labelling requirements?
JEROEN BESAMUSCA - To control REOB in the asphalt industry, yes, a CAS number could be
enough, but also in my presentation I highlight that the use of REOB is not the only problem. So, at
this moment, we should focus on the discriminating tests that dictate performance of the binders
instead of looking back and trying to withhold REOB from being used. However, I do agree that a
CAS number can absolutely help, and I think that for contractors it would be very good know if
somebody put REOB in their material which they buy [at this moment, they do not know].



Characterization and Evaluation of Asphalt Binder Properties: Approach and Preliminary
Results Dr. Sayeda Nahar — KPE-CEAB Project, TNO

KEYWORDS - REOB: Re-refined Engine Oil Bottom, additive used in asphalt binders. DSR:
Dynamic Shear Rheometer. KPE: Knowledge-based Pavement Engineering project from TU Delft.
JOHAN (TIME 55:04) — You started one of the last part, in the info, you said that the environmental
part is very important, that we are all concerned about the world, so I wonder... it’s very important
to know what we are dealing with, but I think we are missing something we are looking at
performance, we are looking into all kinds of mechanisms, but one important factor is what are we
going to do with these in the future? We know that there is going to be a shortage of bitumen in the
future, and that we will be shifting into other types of ‘greener’ binders... so in this research we
should also implement the measurement of the impact of these new alternative binders (and
materials used) in the health and environment because we are all focused in something problems of
the present and not actually measuring whether the new materials may have a detrimental impact in
the future. What we see now is that bitumen is being mixed with all sorts of things, and bitumen is
becoming a material with dangerous pollutants without us noticing. We keep on mentioning its
recyclable, it is a clean material, but what we are doing now is making something now that could
be detrimental in the future, because we aren’t measuring the impact of these materials now. We
should create a standard that measures the impact of the newly used materials.

SAYEDA NAHAR - Thank you for this important message. Let me go a bit back, while I was
trying to collect bitumen samples, I actually had trouble finding a so called ‘bad binder’, which
poorly performs and also creates concerns in emissions which is a threat to health and safety. But
no supplier was volunteered to provide a ‘bad’ binder. It was a difficult topic to discuss even, but
the thing is, what you said, people are not registering/ recording these possible detrimental
characteristics/ issues in a structural manner because there is no consensus on this topic to reporting
possible flaws in the bitumen characteristics. The market itself and the people should be more open
and bring this forward. The idea is that when there is a deviation in bitumen performance property,
then this information can be made public.

JOHAN - The problem also lies in how the government sets objectives. They put emphasis in how
we should become a circular, greener society, with zero carbon emissions, but if we don’t have the
technology yet to achieve that, then the only way to do it is to modify our mindset, which, is a good
start, but I think we should focus on being more open so that we can attain the necessary skills faster.
MARTIN VAN DE VEN (TIME 1:00:26) — I want to react on what was just said, of course you
are right, but we are also very busy. Yes, sure, we can label the product [bitumen] with what are the
possible ‘environmental loads’ of using it, but we don’t have the time to properly achieve it.
However, we are on the right track already, maybe not as desired, but we are all concerned with the
environmental impact, and doing our best to manage and use alternative material which are known
to cause the least impact to the best of our abilities.

SAYEDA NAHAR - Indeed Martin, we did not include a Health and Safety mark into this project
but it’s a dynamic process after all, so we can shift our approach and progress to address the
relevance of these points.

JIAN QIU (1:02:27) — I have two questions. The first: You shared a lot of information, is this
presentation (and all of its data) to be shared or not?

SAYEDA NAHAR - Yes, the content will be made public as a published proceedings.

JIAN QIU — And the second is related to the practice. It’s good that you test bitumen obtained from
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their source and age them all from the same degree, but what happens when recyclable binders start
making themselves into the labs and aged materials are going to be considered ‘fresh’ again? How
are you going to tackle this issue, and perform the tests so that all bitumen tests are standardized?
SAYEDA NAHAR - The KPE CEAB project is divided into two sections actually, one that focuses
on testing of bitumens that are obtained directly from crude oil sources, and one that focuses on the
characterization of bitumen samples that come from recycled asphalt mixtures. Maybe next year we
will start implement a way to combine these results and obtain a consistent way to test these
materials.

GEORGIOS PIPINTAKOS (1:04:40) — Hi, my name is Georgios Pipintakos, from Universiteit
Antwerpen, the presentation is quite nice, especially how it presents different values... I was just
wondering if you are trying to come up with another metric, no just one that is based on human
interpretation, like one that processes the image from the samples as a whole. This comes because
many studies report an increase or decrease in different factors (in microscopy) but they are all
subject to interpretation. Maybe there is a more sophisticated technique, let’s say a image processing
technique, to back the claims made before?

SAYEDA NAHAR - Indeed, one point is that when capturing micrographs, we are talking about
an area of a few microns in size, which forces us to capture micrographs at several locations of the
single to provide an overview of the binder morphology and less room for interpretation. But indeed,
these could benefit from more sophisticated imaging post-processing techniques, whereas it is good
to keep in mind that AFM is a local characterization technique.

GEORGIOS PIPINTAKOS (1:06:00) — Yeah, one of the cool features of the Optical Laser
Scanning Microscopes is that it allows us to cover much larger areas by taking several pictures... it
can cover squares of side length equal to 50 or even 100 microns, and therefore see a very diverse
representation of the bitumen sample. This technique could reduce this (local) issue and help us
reach more objective interpretation of these images because we are looking at a much larger picture
that can somehow tell us the story of the whole sample.

MILLIYON WOLDEKIDAN (1:07:19) — I have one question, in one of your slides you show us
two AFM pictures, from different years, of the sample bitumen, right?

SAYEDA NAHAR - Not the same bitumen exactly...the same provider. Two batches delivered, but
not exactly from the same batch of bitumen. The grade was different as well.

MILLIYON WOLDEKIDAN - [ was just curious maybe, if you have seen some difference in the
mechanical properties, like when testing with a DSR?

SAYEDA NAHAR - I have to check, now, the DSR tests I didn’t show the data, but with two
different batches the rheological properties could also show some differences
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Multi-scale Research of Rejuvenation Mechanism Towards the Challenge of Changing
Bitumen Properties Dr. Peng Lin & Shisong Ren — KPE-CEAB Project, TU Delft
KEYWORDS - RAP: Recycled Asphalt Pavement. SARA: Saturates, Aromatics, Resins, and
Asphaltenes. FTIR: Fourier-Transform Infrared. REOB: Re-refined Engine Oil Bottom. MD:
Molecular Dynamics. PAV: Pressure Aging Vessel. KPE: Knowledge-based Pavement Engineering
project from TU Delft.

SAYEDA NAHAR - Thank you very much Peng, you nicely shown how Molecular Dynamics can
be a very useful tool in to look rejuvenation mechanisms, material compatibility, bitumen behavior
and detailed mechanisms, and some other important aspects that cannot be obtained using
conventional methods. Now, we are open for questions.

GEORGIOS PIPINTAKOS - Thank you Peng for your presentation, maybe I missed it, the binders
were aged in the Lab or were they from actual real samples?

PENG LIN - In this research, we aged our samples in the laboratory, and then we collected some
RAP to validate our results, because we all know that aging varies slightly from Lab-induced
techniques to what is found in reality.

GEORGIOS PIPINTAKOS - I ask my question because for example, I love what you did with the
solubility parameters, and maybe these parameters will be completely different for RAP binders, so
how do we differentiate between fresh binders and those that have been made using RAP?

PENG LIN (1:49:20) — I think this is a great question and a great suggestion, first in the lab aging,
we used the Hans Parameter and the Solubility Parameters, and we saw that it is consistent with the
experimental results, but as you said, if we use the field samples, maybe the results will be
substantially different, so we have to take these into account. Thank you very much.

MARTIN VAN DE VEN (1:49:20) — In order to run these simulations, we often start with the
Greenfield 12-component model... did you change the model? Did you really, for the different
binders, change the chemical composition of the molecules that are originally established by
Greenfield?

PENG LIN - Thank you for the question, maybe the time was limited during my presentation, and
I did not cover it very clearly, but actually, the models were indeed built using the 12-component
model from Greenfield, but we revised the molecule’s functional groups and molecule number ratios
for them to fit the chemical characterization results that we obtained for each bitumen sample. These
characterization techniques include the elemental analysis, SARA solubility analysis, and also a
functionals group analysis given by an FTIR run. The ratio of the SARA fractions is modified so that
it fits the SARA results, so the 12-component model is still there, but the ratio and some functional
groups are different. Different aging degrees also incur a change in the S4RA fraction, so the SARA
ratio and functional groups are also changed as aging degrees change. Bitumen, for an example,
undergo oxidation during aging, so with an increasing aging degree we increase the functional
groups: sulfoxide and carbonyl accordingly. This is done cautiously, taking care about the
thermodynamics and the kinetics so that the molecules we form are indeed plausible and realistic in
nature. All these changes are corroborated against other characterization tests to make sure that the
changes are correct and fit experimental information. That’s the process.

JIAN QIU (1:51:40) — Thank you for the presentation, I think I have a question. You talk about
different types of rejuvenators, one of them is Engine Oil, and another one is REOB. How exactly
is their composition different from one another? And how are REOBs studied given that their

consistency and composition vary immensely from sample to sample? How is this controlled in your
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research project?

PENG LIN - Thank you for your question. Indeed, in our project, we have selected five different
rejuvenator ingredients, and indeed, we are still working on how to check the influence of the
different types of REOBs and how to treat them as one (or more) materials. Our idea is to
differentiate between the engine oil samples received and a reference sample we have in the lab. We
would slowly be measuring their difference and measure their influence in the MD simulations.
After a while, we would obtain a model on which factors (present in REOBs) affect their
performance and it would tell us how to categorize them properly, but right now we are just starting
and still devising a plan to tackle these. It’s important to do so (and not just ignore them) because
REOBs have become cheap and widely available. We will keep on working on this for the time
being. Thank you for the remark and suggestion.

JAN STRUIK (1:53:30) - Thank you for the presentation, it has really nice slides. What about
considering ‘aging’ on the rejuvenator samples collected? Have you modelled these as well?
PENG LIN — Thank you, and that is a good suggestion. We haven’t tested aging on the rejuvenator
ingredients themselves. However, we have tested on Vegetable Oil, and we have found out that its
viscosity increases PAV aging, and it has helped us understand why the rejuvenation effect of
Vegetable Oil decreases so much after a while. We are still working on this, and we are going to
establish a plan on how to take rejuvenator ingredients into account (so that their aging degrees are
all the same) and do not affect the results when combined with binders. Thanks a lot for your
suggestion.

SAYEDA NAHAR - I am curious if someone from our online audience has any question? Please
feel free to ask.

JIAN QIU - First, I would like to give you a compliment for such a nice presentation. I have several
questions. First, how long did it take you to do this? Moreover, in regard to the quality of bitumen,
what is the impact of aging in bitumen samples that have been previously rejuvenated? Did you
consider this point in your research...my second question is...you present a very nice bitumen
model for measuring the diffusion of rejuvenator into different layers of bitumen, what were the
dimensions of this layer-profile column? Was it 160 mm. in depth, right? And how did you grab the
column, and sliced it into several layers in order for you to study the diffusion coefficient and
compatibility of the bitumen and the additive?

PENG LIN (1:57:24) — For the first question, the durability of the rejuvenator is one of the most
important questions that we should answer. In my presentation, I showed that the KPE-CEAB project
is divided into 5 tasks. As of now, we are in Task 2, but evaluating the durability and performance
of the rejuvenators in bitumen is expected to be studied in Task 3. This Task will involve two sections,
the first studies the durability in regard to aging, and the second evaluates the damage caused by
moisture and ultraviolet light.... you also asked how long did this take us...actually, this is
distributed among a team of researchers. Each member of the team is expected to dedicate 2 or 3
years to culminate their corresponding part.

For the second question, in order to measure the mechanical and rheological properties is, once the
rejuvenator has diffused into the bitumen sample, we insert the column into the fridge at -20 °C,
wait until its fully frozen, and then use a very hot, thin knife in order to slice it. The slices are then
put into separate containers, are heated back up until liquid, and mixed thoroughly again. This is to
make sure that the composition of the diffused component is even throughout the slice sample...we
need to make sur it is homogeneously mixed. Afterwards, the samples are then subjected to chemical
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and rheological characterization tests.

SAYEDA NAHAR (2:00:00) — Thank you very much Peng, we have got one question from Jeramie
Adams, from our US (online) audience.

JERAMIE ADAMS (2:00:06) — Did you check the oxidation of the rejuvenators themselves; we
have seen that after performing PAV conditioning in the lab, the chemical and rheological properties
of some rejuvenators drastically change... what has been done to tackle this?

PENG LIN (2:00:27) — Thanks a lot of the question. We met at the Petersen Conference and it’s
really nice to see you here again. For the question, we have already partially seen this problem
happening, as we saw how Vegetable Oil’s viscosity increases eight-fold, and its solubility in
bitumen decreases. But the full evaluation of this question will be tackled in Task 3 of the KPE-
CEAB project.

SAYEDA NAHAR (2:01:26) — Thank you a lot for the questions. Our next presenter will be Dr.
Hassan A. Tabatabaee.

YVONG HUNG (2022-12-08 4:30 PM) - Hi Peng! Nice talk! do you investigate the consequence
of rejuvenator/aged bitumen interaction in terms of molecule polydispersity and motion continuum
as we know that one of major ageing impact lead to non-equilibrium state of bitumen matrix.
PENG LIN - Hi Yvong, thank you very much for your question! I have not done analysis in terms
of molecule polydispersity and motion continuum. But I think you point out a very promising
direction for us and we will try to understand this topic from this perspective. Thank you again for

your question and suggestion!
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Glass Transition Deconvolution Method for Assessing Bitumen Incompatibilities Initially
and Upon Aging Dr. Hassan A. TABATABAEE- Global Technical Manager, Cargill, United
States.

KEYWORDS - Tg: Glass Transition Temperature. Te: Performance factor. Excel Solver: Excel’s
default built-in function to find solutions to tabled values subject to a number of constraints.
HASSAN TABATABAEE — With that, [ would certainly be happy to answer any questions, here is

my contact information < anova-asphalt@cargill.com > and also the contact information of my

colleagues in Europe, that you folks may want to reach out to.

MOHAMAD MOHAJERI (2:30:51) — How can we use these tools to differentiate between the
functionality and the quality of different rejuvenators?

HASSAN TABATABAEE — That’s a great question. Actually if you look back at this slide here
<slide 11>, there are indications that there’s differences between different types of additives in
terms of the impact that we see on the glass transition temperatures, and I think it’s important to
look at how does this further evolves as you continue to age these samples...so, I think instead of
looking at one or two points in time (in regard to primary, secondary, and tertiary transition points),
we need to look at several points during aging to see how the importance of these peaks evolve over
time. This is especially powerful when looking back into the neat (or fresh) bitumen evolution and
using additives to modify how these peaks evolve over time.

SAYEDA NAHAR (2:32:45) — Okay thank you, now for a second question.

LIZ MENSINK - Thank you for your nice presentation, I have a question that is related to the
results you showed... I see that there is a great difference between the Tc s <not to be confused with
Tg (slopes, magnitudes, positions in the plot). Is this purely incidental, or has it been correlated to
the quality and compatibility between the substances? Could 7c be used as a metric to measure what
you are trying to do, or what you show is merely coincidental?

HASSAN TABATABAEE - That is absolutely true, they are not incidental. Maybe I did not show
properly during my presentation but there is a ton of corresponding rheological data that go hand in
hand with the expected evolution of the values of 7c. In general, Relaxation related parameters are
the ones that show the biggest correlation (m-values or crossover parameters) to the ratio of the
primary and secondary glass transition temperatures, so there is definitely some correlation between
those parameters. What we are seeing is that no all of the parameters seem to be moving in the same
direction with all the binders, and these correlations are not always equal, so maybe the first step
would be to evaluate which one of these parameters remains consistent among several bitumen
samples, to make this technique a more robust way to evaluate compatibility and impact of additives
in bitumen...moreover, the delta 7c factor seems to be influence by other factors as well, some of
that is well known, but generally speaking there is a very clear correlation between these relaxation
parameters and black-space related parameters with delta 7c, so work will be done to improve this
differentiation and make it a formal method for future studies.

SAYEDA NAHAR (2:35:18) — Thank you very much, we should really move on. Thank you
everyone for being in.

JERAMIE ADAMS (2022-12-08 5:05 PM) - Hi Hassan, do you see a larger spread between Tg(H)
(half-height) and Tg(I) (inflection) consistent with growth of the secondary peak in the derivative
curve, either due to source of bitumen or oxidation?

HASSAN TABATABAEE - Hi Jeramie. This is a great question. the amount difference between
the half height Tg and the inflection point reflects the strength of secondary 7gs. The stronger the
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secondary 7Tgs are, the more different the inflection point 7g will be from the half height, as the
shape of the overall Tg curve becomes less symmetrical.

SADAF KHALIGI (2022-12-08 5:06 PM) - Hi Hassan, what software you have used for this study?
HASSAN TABATABAEE - Hi Sadaf. We created our own analysis spreadsheet using Excel Solver.
SADAF KHALIGI (2022-12-08 5:10 PM) - So it means that you found peaks for initial guess
manually?

HASSAN TABATABAEE- Essentially yes. It needed an initial solution estimate to further fit.
However, in order to make this less prone to subjective we always used the unaged neat binder's

fitted results as the starting point for the next condition (e.g., further aging or modification).
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Asphalt Industry Research Consortium (AIRC): Innovative Approach for Binder
Understanding Dr. Jeramie Adams — Western Research Institute, United States.
SAYEDA NAHAR — Due to the presentation being well over, any questions that you may have must

be directed through the chat and the answers will be included in the written transcript of the
questions <this one>.

<ONLINE / WRITTEN QUESTIONS>
<Due to time limitations, no questions were asked>.

<END OF TRANSCRIPT>
Meeting ended at 2022-12-08 8:02 PM after 6h 25m 52s.
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6. Presentations

6.1 Jeroen Besamusca, Quality problems in Dutch Roads

Q8 IResearch

Quality problems in Dutch roads

TNO/TU Delft -WORKSHOP

CHARACTERISATION & EVALUATION .”A
ASPHALT BINDER PROPERTIES i‘-:.\._;g’:ll i :E"?“

',A’.:fi'ré [ \ r:
8 December 2022 b

Jeroen Besamusca
Kuwait Petroleum Research & Technology

| you ward o redusa pour tarbon
fockzmt. youl heve boget o of the
e and wrvert m arvaler wheel *

Unworkable asphalt mix with PmB binder

Fume during asphalt laying

Q839

Research

Asphalt with poor adhesion with PmB binder
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Lo o Q8 39
Un-expected additives in bitumen, 2019 Siasaich

Metal corment by s-ovy

S
T Delta Tc vs Penetration 25°C, before/after 2x PAV ageing
1a BBR 40h, 100°C ATC (- T

—r—e
a0

= 7=

Elements - Ca, Zn, P, - content

| ,
. f E E Start of project Leerruimte

SimDis - . S ST ———r

THE RISE OF REOB Research

Asphalt is produced by refining crode oil. For the most
part, it is a byproduct of oil refining rather than the intent. More hard

co mmon With the cost of oil skyrocketing in recent decades, asphalt “, s M
: additives” in
producers are constantly looking for ways to reduce costs,
Wealth O as e srressiswith the bind-  @sphalt
d _ 2 :
ers used to stabilize the product. Worn-out rubber requested softer
H recliimed asphalt, and old roofing shingles are just some 2
MagaZ|nel of the materials that have been used as binders to keep bitumen grades.

wags down.

Fa I I 20 14 Ao H cxpcnrncming with REOB/VTAE in
adding recycled engine oil to asphalt, but its nse was lim-

ited and confined to warmer climates, The binder, labeled the US: 1985

Recycled Engine Oil Bottoms, or REOB, by industrial offi- REOB in Europe:

cials, is what sinks to the bottom when waste engine oil is

re=rofirnod, e 2 s for other 1970

oducts, including engine oil. But there wasn't much T
for REOB until v was added 1o asphalt as a cheaper alter
v 10 existing binders
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ReOB/VTAE, simplified production process

p =y

GOARD WIS OB UMLTY TE TN

WIMERY IELDETOO Tade
ATMOGAERC DTLLATION wam WDACTRAING IACTEMASON
DEUANON
LEvTUmAA
o
¥
MOCLID PV oo
0w, BTN
WACLLUM OWTN
AT XA
oA VIAE

Atphalt ingtituee £-235, The vie of REOR/VTAE in asphalt, 2016

Q839
Research

USA: registered CAS
number 12893_17 0
Europe: “Bitumen”

Rocky Mountan user/Producer grous, Modo Oct 2034

ReOB/VTAE, US and Europe

© o 1ty (At (N e
UG NYRIpeEEion Of Motvend SET RN )

North Americ

Capacity = 2 Mton Oil (= 400 kton ReOB) =
GEIR website

Capacity = 1.5 Mton O

Q839
Research

il (= 300 kton ReOB)

Facilitie

U B ] "

Rocky Mountain user/Producer group, Idoha Oct 2014
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ReOB in Europe sold as Flux oil 98“|

For years this is forbidden in “Bunker Fuel”. ISO 8217, Petroleum Products - Fuels
(class F) - Specification for marine fuels, clearly state: free of Used Lubricating Oil:

Table 2 (cosinued)

Caagory ISO-F-

Charsctesistic un | Lmin | ama | 7ma | RMD | RME RMG RMK Yhot medhod

100 [ 30 | o0 [ veo | va0 | 205 [ 500 [ 700 [ 300 | s0a | 0
Abamirtern phes slicon moRg max | 2% | 40 | W0 | N L) L e h
P 501,
P>
180 10473
Used hubiicsring ods (ULOY mghg | — | The fuel shak 2o iroe fom LLO. A fuor sharl e consioaad 10 contan ULD when atnor one of the we 7.0
fotiowing conditons s mat PEN o
calcherm wd 2ie; o calcium » 30 and 300 > A% or 1P 470
cakctum ind phostons cicum - 30 and phosghons - 15 P 50

* T cutegory i beeed on & prewously Sefred detfien OVC catagory et wen descrted it 180 E2170008 Table 1. 150 52173008 hae bown witvtswwn.

b el o

" The purinase shal 2efos e meemam Sl O D ACCSESRNce e ke Sbaony Bntcrs. See 03 and Assea C

¥ Den to seanone et in Arves O, tne e a1 Sty AT Unel mach hse. T a0a0Rad vl & (reed S Duadance
* S Arres M

'

Purctumen shad ermure hat 1N Do POTE s sulatie for the a3ugrwtt on Baard aspmciatly € e WG opeEes 1 oA S

Asphalt Institute, 15-235 - 2016 Q8 3

This document is careful to define REQOB/VTAE as the non-distillable residuum from a vacuum tower in
a used oil re-refinery. Other re-refined products derived from used oil not meeting this definition are
not addressed herein, and the extent of their use in asphalt is unknown. REOB/VTAE has been used

as a blending agent to soften binders. The demand for softer binder grades has grown due to higher
levels of RAP and RAS being used in mixtures, The use of higher concentrations of hard oxidized
binder from RAP and RAS require a softer virgin binder to meet the combined blend requirements.
This factor has led to a heightened use of softening agents, which include non-asphalt blending
stocks such as REOB/VTAE.

Some research indicates REOB/VTAE has an adverse effect on the aging characteristics of the asphait
binder and in turn the cracking resistance of in-service pavements Other research indicates REOB/
VTAE blendeg T DT Bt e SNV ) to mixtures
neat asphalts of similar stiffness. The literature is largely Incansistent; with various authors
ggesting that REOB/VTAE may be innacuous while others sugp,c-g! its usage may be detrime
n [\m'nvmlr\rn nel mivinres
containing REOB/VTAE is dependent on the REOB/VTAE dosage the REOB;VTAE source and the binder
source.

T - ~e; ~ Lads
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Quality measurement, ATc (1S-240) 2019 RQ! ia"i,

Delta T (AT ) s o Serived aspbalt binder property that has been gaining attention for the last decade. It hay
become a topic of focws to both rescarchers in the asphalt binder techaical community 2od user agendes seeking
USE OF THE hysical property that will improve hot mix asphalt pavement performance. It is gonerally accepted
that AT, targets cracking betuavior that is affected by asphalt binder durabilty related to aging of the binder in

an asphalt mixtare. Meee specifically, AT, provides insight into the relaxation properties of a binder that can

D E LTA TC contribute 10 non-Joad related cracking or othor sge-related embrittloment Es2ressos in an asphalt pavoment.
1t &5 a caloulated value ysing the results of the bending beam reometer test determined on laboratory-aged

PARA M ET E R Fphait samles of samples ecovornd from paveenents, AL th time this cecumont was developed {mid-2019), ten

user agencies have of 3000 will impleosent AT, 4 part of their purchase speClication, with teo mon especting o
do 50 In the near future. in addition, several national level research projects are actively considenng AT, as part of
TO CHARACTERIZE : ; >
their stucfes. In lact, AT, was fiest hypothesized via a research project led by the Asphalt Institute
ASPHALT BINDER ’

BEHAVIOR

According to the original purpose of this study, an in-place asphalt sample could be extracted and evaluated for AT, if
that sample indicated a AT, of about 2.5°C, then it is likely that the pavement would need a preventive maintenance
treatment because cracking would be imminent. Likewise, if the sample indicated a AT, of 5°C or greater, then the
pavement was likely already exhibiting cracking and thus, a maintenance treatment more targeted to this condition
would be necessary,

9
ATcin US, 1S-240 Resaanch
» Unmodified, Polymer-modified, ReOB-modified, SDA,
FPA-moditied, Biophalt, Oxidized, Airblown, Visbroken.
H]
~%218, 410
1 I'° Q803
i °-o'1'°’.1'atz" !
g ¢ o8 186 %y 52_;*3
S0
18
§§;§§§ss S ARY 313
Figure 12. ATc (PAVA0) of Various Binders from NCHRP 9-60 R h Project Database (4)
10

21




Delta Tc the Netherlands, 70/100 bitumen, 2017 83

Research
=
e A
" .
ey
- : —- Delta Te vi Penetration 25°C, after RTFOT/PAV ageing
E ; " ]
Ll o
§ I
M LN
i
.
) :
a
i
e = " - - - - - - = 2
[A——— H
a

Softening Point vs Penetration 25°C,
befare and after RTEOT/PAV ageing

. Q839
VTAE used in the Netherlands, 2020/2021 Research

Metal content by x-ray

Fsmey ey Wiy Remember:
. ISO 8217 demands
1m free of ULO.
'Em Ca < 30 ppm
i P <15 ppm
g s Zn < 15 ppm
i
. Clearly REOB is
e used.
| [ | | | | But is it a problem?

| Il . B
R A H LR P E T H
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VTAE used in the Netherlands

Metal content by x-ray
W Calcium z-nay Phoaphara srry 2 sray

1200

Pt o [ g

LS

P EEE S P S

IS IE PP 88888 P
Al

Q839
Research

Remember:
150 8217 demands
free of ULD.

Ca < 30 ppm
P <15 ppm
In< 15 ppm

& Binders with high
content of one or all
off the 150 2017
components.

PmE 10D; PmB 24D;
A PmB; O PmE; P Bit
85; G Bit 15MG

13

T

Is VTAE a problem
PAV 40h, delta T,
I HH T
Di!::i!::i!-:ulu-.-n-L...-:'I_-.u:
4’ N = e - - - " u"
1Tk TR
g 1 oM
i ! H H
o i ; :
] i AN
e ! i -
;
) j
-5

Q839

Research

Proof of 3 binders:

PmB 10D; ; B
; P Bit 85; G Bit 15MG

Delta Tc

And the others?
PmEBE 26D; B PmB; F PmB;
D PmB

14
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VTAE used in the Netherlands

PAV 40h, delta T, ITFaged - T‘unaged}

L LR

Q83

Research

Proof of 6 binders:
Work in progress

F ; APmB;
O PmB; P Bit 85;

DSC —Tg value

And the others?
B PmB

15
VTAE used in the Netherlands Q839
Research
. T v Proof of 6 binders:
m ~ T~ Work in progress
Pl : DA
R B PmB; ; PBIt85; G
;' 5. Bit 15MG
E
¥
P=
E Cross-Over Temperature
And the others?
B PmB;
"ss9sesaafRzig]118ssatszs FPmBDPmB
se=EESalfCEESSL ] Workin progress
16
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VTAE used in the Netherlands Q8 I
Research
Penetration vs Softening Point for PEN grade bitumen Proof of pen binders:
O
E d Iy
Pen betare Ageryg O Pen after Ageing |
:..:,",.. T Modified binder =
ke ooy s zE® S oS T T PEN bitumen + additive
Perwertion [10ieg 7]
17
In Canada, they use special stickers to slow cars. Qa é
T ; s Research
= Ramg Grip on asfalt:
« # ﬁ’ CRE Start in September
A
Contin ua_tlon - . 2022 till December
after project 2023.
Leerruimte i In the Netherlands we use 3D techniques Discussion TC 336
= ' v WG1:
*Ban “used oil” ?
*Introduce ATc ?
18
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Thank you for your attention.

-

[
g

Q8 IResearch

19

6.2 Sayeda Nahar, Project- KPE-CEAB Characterization and Evaluation of Asphalt Binder

properties: approach and preliminary results

~

KPE-CEAB: CHARACTERIZATION AND EVALUATION OF
ASPHALT BINDER PROPERTIES:
APPROACH AND PRELIMINARY RESULTS

Sayeda Nahar
2" Workshop- Characterization and Evaluation of Asphalt Binder properties, Dec &, 2022

26



) SOURCES OF CHANGE IN BITUMEN INDUSTRY
INSERT SECOND TITLE HERE

y General trend: upgrading of refineries

¥ Closure of bitumen production in some refineries
¥ 34 party blenders: blending outside the refinery
v Awide variety in crude cocktails

+ Change in legislation, paolicy: IMO 2020

' IMPACT OF CHANGE IN BITUMEN PROPERTIES
BITUMEN/POLYMER MODIFIED BITUMEN

) Viscosity and workability

1 Temperature sensitivity

I Adhesive, cohesive strength
Moisture resistance
Durability

Low temperature properties
Fhase behavior and stability
Storage stability (PmE)
Recyeling of bitumen

Health and safety aspects

27



» OBJECTIVES .

+ To develop an evaluation methodology by introducing a set of characterization tools to reliably assess bitumen
properties and durability for asphalt applications.

} To relate bitumen properties to potential damage mechanisms i.e. raveling in porous asphalt.

) SELECTIONOFBITUMEN
INSERT SECOND TITLE HERE

Composition:
1 Bitumen produced from different nature/ origin of crudes or crude cockiails
+ Bitumen having different sulfur content
+ REQE coentsining bitumen

Production process: Bitumen produced and obtained from different refining processes
1 Straight-run
v Cracking, Vis-breaker
b Solent de-asphaltens unit

Bitumen grades:
+ PEN: 40,60, 70,100, 20,30, 160,220
' PmB

28



Bitumen suppliers

Vital Group - 2 grades
NordBit- 3 grades

TOTAL energies- 1 drade
ADNOC Refining - 2 grades
{Abu Dhabi National Oil Company)

RILEM TC-PIM- 2 grades

_Nmas— Antwerp (cld)- 3 grades

Federal Highway Administration
(FHWAJ- 2 grades

» OVERVIEW OF THE BITUMEN SAMPLES

Remark

Straight run process
PDA unit
PDA unit

Tao provide two samples from RILEM- TC PIM-TG- for fingerprinting

purpose and discussion.

o Bitumen PEN 35,50

o Bitumen PEN 33/50+ 8% REOE blend
Straight run process

* Bitumen containing 3% REOB
+ PmB

29

TNO T
' PERFORMANCE PROPERTIES
CHARACTERIZATION TOOLS

I Eituman I Agphel
I o= el Subimy,  Lowievgeitus I . . Sy o
I %‘_";E:‘ ) ?;mm& mnﬂr & il m’:.ﬂfah I hm:u‘h. m:::a, :’-:Hhu.hﬁ ielngaien vl

. - " Sroms traw Imizas Frpte e TEIST Imsia or scoaciud
I :-_EEJ:;:E':“.D .n %m ;{EZL- g ;?lé‘t I :ﬁ':rw'zl E{_\_“E&E T;d'l:"‘:& 2‘#::":’
I 5 ::l:a.aa; E ;E ;g P I srzw
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' VISCO-ELASTIC PROPERTIES OF BITUMEN
MASTER CURVES

} The frequency sweeps were performed at different
temperatures ie -10. 0, 10, 20, 30, 40, 50 and 60°C.

+ reference tempersture of 20°0

1000000

100000 4

10000

Fhases hift angle ()

1000 «

Complex shear modulus (P a)

10

fun kit B e e B Ikt Bkt Bk it Bkl Mo Bk |
1010 107 167 107 107 10" 10" 10 107 10° 10° 10° 10"
Reduced angular frequency (radis)

BLACK SPACE DIAGRAM CROSS-OVER MODULUS
CROSS-OVER MODULUS & AGEING INDEX

¥ The susceptibility to ageing is studied from the viscoelastic
response of the bitumen.

¥ As ageing progresses, black space curves shift towards lower
phase angles; suggesting more hardening.

¥ The curvature is reduced with ageing towards a more straight
lime.
VAl , ageing indey of rore
{,M| reah

Alcyy =
M CMiaged

modulus will be calculated

Complex shear modulus (Fa)

Here, CMg,ep. &nd CM,g,, are the crossover modulus of fresh and
aged bitumen, respectively

¥ Al ageing index incresses with ageing

0w @ 5 @ W ow @
Fhas= shiftangle 7}
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» 1ICP- OES
A TOOL TO ANALYSE TRACE ELEMENTS IN BITUMINOUS MATERIALS

1 REOE is an oily black residue that is liguid st room temperaturs. :"
It contains the remains of the additives such as- polymers, zinc ca 317822
dislkyidithiophosphates | calcium phenate, and molybdenum f: ;:;?D’q
disulfide that are originally present in the source engine-oil. m ey

1 Characteristic elements in these additives—calcium, copper, zing, :I" :gfjj:
and malybdenum—can be used as indicators for REQE F 213817
identification. = 45181

v 292,484

+ ICP-0ES technigue can be applied to characterize trace elaments 2 :::-:E:
and to evaluate presence of any secondary streams (i.e. REOE) intemal ’
in bitumen. standard)

1 ICR-0ES has low detection limits and can characterize multiple
elements with limited spectral interferences. It has good stability Ao 2001CR0ES
and low matrix effects.

TND

» ELEMENTAL ANALYSIS OF REOB CONTAINING BITUMEN
FINGERPRINTING REOB

! Elemental analysis on CEAB samples

! Characteristic REQE elements can be identified with
ICP-DES and are highlightad in the table below:

1 Trace elements of interest in bituminous materials
te be characterized by ICP-DES

Elements Chemical Origin of the Elements MP1023-A MP1025-B
symbaol elements. {pom) MP1029-A+ 8%

Caleium Ca RECE RECE
Phosphorous P RECE {ppm)
Copper Cu REQE [ 112.30 058.8
Molybdenum o RECE Ca .02 3442
Zinc Zn RECE P 0.47 12.81
Puotassium K RECB Cu 0.00 31.81
Sulphur 5 REOE & Bitumen Mo 0.00 128683
‘Vanadium W Biturnen Zn a.72 10532
Iron Fe Biturnen 3 4.63 343
Mickel i Biturnen Fe o500 )

W 848.02 B3B8
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o o e o ol

FTIR RESULTS

reference Eroup

TN
C=0 lf \ 5=0

| _:J t-\;}I (_)

-
~ s [
— LS
’ ¥ FTIR results on fresh bitumen and after short and long term labarstory ageing

for MP 1028-5 birumen fresh, TROT, PAY 20h, 40h and S0h.

nnnnn b

Functional groups of interests are earbomy (C=0) and sulfoxide (3=0),
Carbomyl [C=0) ares is the band around the 1880 crr* pesk, the sulfodde ares is the band sround 1030 cme.

The sliphatic group (svmmetnc snd ssymmetnc bending vibrations sround 1480 and 1378 cr?, respectively) i= commonky used ss s
reference group.

C=0 and sulfoxide 5=0 p=aks increazes with progressing oxidative ageing.

MF 1025 BEEDT | T 1

MF10ZSBEED | T T

DIZ0W

MP 10250 | | | |
ueozse | I

uezn0 [ I

Sarmple aoda

ueozsa | ]

wPrezst | ]

MP 0251 I T

MF10295 | | | |

|
|
|
|
|
MP0Z5N [ T 11
|
|
|
|
|

MP10ZS-K-1 | 1]
MFA0Z5-1 [ 111

e ez [ T
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, REFINERY UPGRADING & INFLUENCE OF SECONDARY
STREAMS

Secondsry blend stream (outside refinery) may introducs a
new fraclion of maltens, i.e. saturates, aromatics of different
propertes;

i Laong term compatibity of the secondary streams;

ha
=

E i Special sttention to low and high temperature properties.
o
E
]
] -
[} m upgrsding process
l-:;:“‘ o lowers H/C ratio
0.5 T man v
0.0

Malecular weight/ polarity

» H/C ATOMIC RATIO .
Li]

MF 102 BEE02 ]
Weight percent hydrogen WP 102 285504 | 1
i i |
) HIC atomic ratio=—Trrorr et o e | i
Atomic weight carbon R | |
, MElEso | |
‘é MF10ZSN 1
2 MPiIOEmM ]!
:;j MFI0ZRL 1 :
MF 10251 | i
M 10295 ] i
ME0ZSH-1 | |
MFI0Z51-1 ] [
MPESA | !

oo 0z o4 1z 14 18

HIC alomic ratio
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» PHASE BEHAVIOUR: AFM STUDY
DIFFERENCE IN CRUDE OIL FEEDSTOCK & PROCESS

Refinery-1

Refinery-2

0oy

[

Relinery-3
~
-
| M K=l
Topography Fhane

30x30 m? AFM micrographs of nest bitumens of PEN 70/100, obtained from different refineries.
Source: PD thesis- Seyeda Nahar: “Phase separation stics of and their reistion 10 damege nealing” PN e %™

' PHASE BEHAVIOUR: AFM STUDY
MP 1029-L

Toooitali
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) PHASE BEHAVIOUR: AFM STUDY

MP 1029-G: NEAT

) One source of bi showing unique phase morphology

) The change of phase behaviour due to oxidstive sgeing is
studied using AFM : sgeing conditions were TFOT, PAV 2Ch,
40h and &Ch.

' PHASE BEHAVIOUR
MP 1029-G: TFOT
e 1 C S . 1100 nm 175 nm
Lo beo
§ 50
&0
40
40 30
20
0
o o Topography
35.0deg 38.0deg
|300 00
250 1250
200 200
150 150
100 100
00 oo THE58,
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) PHASE BEHAVIOUR
MP 1029-G: TFOT+ 20H PAV

) PHASE BEHAVIOUR
MP 1029-G: TFOT+ 40H PAV

| [130n0m

36



» PHASE BEHAVIOUR

MP 1029-G: TFOT+ 80H PAV

718.0 nm
160
140
120
100
8o
60
40

oo Topography

[220deg
200

150

' CHANGE OF PHASE BEHAVIOUR DUE TO AGEING
MP 1029-G- AFM PHASE IMAGES

Neat  mmp TFOT  wmp  TFOT+20hPAV mmp TFOT

o 22084

0
00 -
%0 150
200

150
0o
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) COMPARISON OF PHASE BEHAVIOUR BETWEEN DIFFERNT
BATCHES
MP 1029-G- AFM PHASE IMAGES
5 odep 350deg 350deg
300 L
e r
" 3 20 MP 1029G
“ 150 %0 (patch 2021)
we 100 240
o 00 200
38.0 deg 20.0 deg 14.0 deg
350 180 gt
30.0 MR 100
140 MP 1028-G-
3.0 120 &0 supplier
.o (batch2019)
s 10.0
18.0 80 a0
— 20h PAV mssssssm) 40 hPAV
O
) GPC RESULTS
PRILIMINARY ANALYSIS
3000 I I + Mhw - weight sverage molecular weight:
I correlstes with properties such as mel
. —_———— viscosity
I_ I I I + With increasing Mw brittleness, viscosity
ml II______I increases
I I + Win - number average molecular weight
5‘m| || |
| I I | o
ol I i |
| I |L _____ I
= —,b—‘.p—+ g & & P
. g o & o q
§& oo F f &.9 &£ & F
e &
“ﬁ; ¥ sﬁ Jf ¥
TND T
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) GIPC RESULTS (CONTD)

150

3.00

+ Polydispersity index (GPC):

Mw/Mn Polydispersity index
characterizes the shape of the
distribution
) oydmpesy ey | 1722 Moderate distribution
+ > 2: Broad distribution
0,00

égfr" °1"'1ﬁ"e e{?l‘kczfq"‘z“_gf'b;s“ g
&

?
\.

-o@ @" c-
%»*” Ce e

Polydispersiy (MasMn)
- - o F
] 2 8 2

a
2

6.3 Peng Lin & Shisong Ren, Multi-scale research of rejuvenation mechanism towards the

challenge of changing bitumen properties
Multi-scale research of rejuvenation
mechanism towards the challenge of
changing bitumen properties

Workshop:
KPE-CEAB
8 Dec 2022
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) BACKGROUND

CHANGE OF BITUMEN VARIOUS REJUVENATORS

Changes in the Rejuvenation Methodology
High RAP content in new asphalt mix

Changes in the Biftumen Industry

* Refineries are in transition

= Changes in fuel demand Changing of recycling methods of RAP

= Closure of bitumen production in refineries around this region Evolution of rejuvenstor types and spplication

- Change in legislation: IMO 2020 metheds
- Variation in refinery feedstocks Use of sustainable/recycled sources of raw
materials
c}u
Production e

Refinery ransitions
SOUICES

RECB/ Re-
refined .F
R;;Tcﬁun?smp:ifr’i‘n Engine Oil U DEIft
marine fuel Bottom

» BACKGROUND
INTERACTION DIFFERENT BITUMEN AND REJUVENATORS

.
Molecular dynamlc simulation

Mechanisms at the molecular-level H a

s1] &
|| E
g -
S H &
Change of bitumen ola _ | Various Rejuvenators
Experimental Characterization "IfU Delft

Walidation at macro-level
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» BACKGROUND
CHALLENGES IN MOLECULAR DYNAMIC SIMULATION

No Accurate No Representative
Bitumen Model Rejuvenator Model
How represent different type How to represent reuvenator
of itumen 3¢ different aging fraction with simple molecular
level? structure?

Simulation to g ;@. Simulation to
Engineering Properties .~~~% Rejuvenation Mechanism

How to calculate the engineering Sow

relative propertes based on MD 3 v rejuvenation mechanism from MD
A b

'fU Delft

' BACKGROUND
RESEARCH SCHEME

[ t ﬁ E- Step 1: Select representative bitumen and rejuvenators

Aged Bilumen Rapavenatar
ﬁ?ﬁ&mﬁ Otabsis ﬁ m‘ Step 2: Establish the molecular model
Mplscular madsts i
levestigation s i | ]

Ty

‘.Prma oIF B
- e

= e

diffusien and

il % | @ Step 3: Diffusion between bitumen and rejuvenator
ity capsiy & B g

JJ-Pre-conditions for eficeent rejuvenstien

Multi-scali perfiem, ) i
m:mn-: -vﬂ:ﬂgg i1 ;:::H. = % Step 4: Compatibility between bitumen and rejuvenator
of rejovesated bitumen _Lf—" - “‘

) Fram bulk ta intarfacial systams
— T
-pnu_t-rnemm_:az“ S "“,'i""%j " Step 5: Prediction the rejuvenation effect on rheology
adbesion and maisture u-m.be

seasitivity behaviers

'FU Delft
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» STEP 1: SELECT REPRESENTATIVE BITUMEN AND REJUVENATORS
SELECTION OF BITUMEN

* 4 Continents
Bltumen collection

* { Countries

* 17 Types of bitumen

ADNOC 70/100 [ Riten PIM TG1 [ Noragit 707100 Vitol 4060 | Total Aqualt 70/100 Nypave 815 | FHWA-1
ADNOC 4060 [ Riem PIMTG1 [ NoraBit 20730 [ Vitol 160220 | Nypave B190 | [ FHWA2

s
y
-

Elemental Analysis " ‘ " Lk )
TNO 5o TUDelft

» STEP 1: SELECT REPRESENTATIVE BITUMEN AND REJUVENATORS
CHARACTERIZATION: ELEMENTAL ANALYSIS  Refative Standard Deviation (RSD)

A
Al G s g pa e oo

RSD-131%%

RSD=13.05%

RSD=3017%

TNO " FUDelt
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» STEP 1: SELECT REPRESENTATIVE BITUMEN AND REJUVENATORS
CHARACTERIZATION: ELEMENTAL ANALYSIS

* Bitumen 1 (5=1.3%)
Bitumen 2 (5=3.5%)

Bitumen 3 (5=4.3%)

STEP 1: SELECT REPRESENTATIVE BITUMEN AND REJUVENATORS
SELECTION OF COMMERCIAL REJUVENATOR

Commercial or Industrial
Rejuvenators

Kra'ton Ca:g ill BMI-.Eaha Tc.:tal L.ate‘xlalt
. I T ——
KRATON Cargilr == [es T

* Problem: Commercial rejuvenators are combination of different ingredienis.
* Purpose: Understand the rejuvenation mechanism of individual ingredients

Select three representative bitumen:

TNO 22 FUDelft

UDelft
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STEP 1: SELECT REPRESENTATIVE BITUMEN AND REJUVENATORS
SELECTION OF REJUVENATOR INGREDIENTS

Selection Criteria:

« Raw material that is widely applied in commercially available rejuvenators.

» Chemical structures that are consistent and representative.

* Molecule that shows different rejuvenation effects.

Rejuvenator collection

i

Engine oll Aromatic: oil Maphthenic oil Vegetable o Tall oil

'?u Delft

» STEP 1: SELECT REPRESENTATIVE BITUMEN AND REJUVENATORS

CHARACTERIZATION: GC-FID
Engine Oil Select five rejuvenator ingredients:
Aromatic Oil
Rapeseed Oil . .
Naphtentic 0il | * Engine oil
Tall Qil
; * Aromatic oil
& * Vegetable oil
* Naphthenic oil
+ Tall Oil
5 1 IU 1 IS ZIU 2I5 3II2I 3I5 40
Retention Time (min) 'fU Delft
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Fardaes

» STEP 2: ESTABLISH THE MOLECULAR MODEL
ESTABLISH BITUMEN MOLECULAR MODEL

Aanchatooes

» STEP 2: ESTABLISH THE MOLECULAR MODEL
ESTABLISH BITUMEN MOLECULAR MODEL

45

'?U Delft

Analysis

Cramctedze tre warent o
agec St e
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» STEP 2: ESTABLISH THE MOLECULAR MODEL
01 PREPARE BITUMEN AGING CONDITIONS

Bitumen Aging
= |
—
S
4 By ==y
[V ] [Sessonyror]  [oeswmzerns]  [Ladwmsnpn] - [Sondiem o]

LAB20 LAB40 LABSO

vB SAB

'?U Delft
» STEP 2: ESTABLISH THE MOLECULAR MODEL
02 TLC-FID: SARA FRACTIONATION ANALYSIS
g
'?U Delft
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» STEP 2: ESTABLISH THE MOLECULAR MODEL
03 ELEMENTAL ANALYSIS

Elemental compasition of Total Bitumen

w3 Hpwesg oWt Hiwtag) £ g
s4.08 1080 0815 Q80 552

o

= 5572 1058 1004 a8l 51
55.28 1075 1s52 Q82 548
&3.02 1048 2115 a.88 555
a214 1010 3512 a8l 554

'?U Delft

» STEP 2: ESTABLISH THE MOLECULAR MODEL
04 FTIR-FUNCTIONAL GROUPS ANALYSIS

T —E
—— SR
= LAR}
pxl —Lamm
== LARSD
g . 7
N Il
Z Bt "o ' Hﬁ(%f! )
+ == Il | CHy 4 Ha
HE. S HE,, e, HE. e
E L g e CH i "':\I
2 Tremesramea o OH
Lamanec Dy reactant
S E—
o __=:=$4
A 3500 i 1500 T 1500 (L] Bl

‘Wavenumber (em”)
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» STEP 2: ESTABLISH THE MOLECULAR MODEL
05 MOLECULES MODEL BUILD AND VALIDATION
Molecular structures: o
1 Ly .,r' . { . ! Eu
~ I 7 O . - i.”
. .:‘ 1 -_\':| G "-':'m s
- ) ) _ fuDelft
Validate the molecular model based on physical parameters.
» STEP 2: ESTABLISH THE MOLECULAR MODEL
01 GC-MS: MOLECULAR FRAGMENTS
= == :: [%] Mﬁ&{fc
legetable oil 1| T i 'O_)j:' gf’ ' Naphthenic oil
e ) ot ¢ | | AR
L] | "1 ‘ Lo
1w - AR e H\ :m ~ :
pres Y - {1{ 17 rw
wol ] ml.u:: l | AN tw QT. AR
A e fupeift



Absorbance

» STEP 2: ESTABLISH THE MOLECULAR MODEL
02 FTIR- FUNCTIONAL GROUP

920 Bio il
0.3% Engine oil
— Maphthenic il
o3 b 56— Aromatic ail
L . 745
sk B
s68 !
16840
0.0 - Hal b
01s 1030
0.10 7
005 ToaT (]
) J
0.00 1235
3500 3000 2500 1000 1500 10on S0
Wavenumber (cm™”)

Functional groups revelation

STEP 2: ESTABLISH THE MOLECULAR MODEL
03 VAPOR PRESSURE OSMOMETER- MOLECULE WEIGHT

'ifu Delft

i
o & .‘I‘
! 3 R
w00 L_:,.- o X .
Tab Eemril
arr .
b
_,.H' Naphthenic
) 30
- i oll_~ Table 3
240 - The VPO parameters and average malecular weight of various rejovenators,
-
200 L _‘: Rejuvenntors Bio-ail Engine-oil Naphthenic-oil Arcmatic-oil
50

e (21 D654 00577 0,1234 0.0710

we b B mg (g} 21.8250 23,0800 22 4384 11,6334
wie a0 Lan 3T 350
¢ (mal/kg) D026 DOO7ES 00157 0.01463

" X JL00THS | LOIO2G L gsT X Mn {z/mol) 286,43 31648 357.06 A0 55
0,5 o wins 0.020

Concentration ¢ (mal'kg)
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» STEP 2: ESTABLISH THE MOLECULAR MODEL

Table 2

Elemental compositions in various rejmrenamrs.
Rejuvenators N% C% H% 5% 0% H/C o/C
Bio-oil 0,15 76.47 11.96 0.06 11.36 1.88 01114
Engine-oil 0.23 85.16 14.36 013 01z 2,02 0.0011
Naphthenic-oil 012 86,24 13.62 0.1 ol 1.90 0.0009
Aromatic-oil 0.55 88,01 10.56 0.48 0.4 1.44 0.0034

"IfU Delft
» STEP 2: ESTABLISH THE MOLECULAR MODEL
05 MOLECULE MODEL AND VALIDATION
Average Molecular Model
(a) Bio-oil (b) Engine-oil (c) Naphthenic-oil (d) Aromatic-oil
The average molecular structure of various rejuvenators
'ifU Delft

50



» STEP 2: ESTABLISH THE MOLECULAR MODEL
05 MOLECULE MODEL VALIDATION

W28°C MD simulation (b)80°C MD simulation
oA Experiment 0% wuk Experimest

0911

o

[ L] e s (X (-4
— ~ : T
Eox E osp
= s
a7 = 0rp
s 0.6
s
BO O NO A0 1o o NO A0
Chemical and p Rejuvenator Rejuvenator
Rejuvenators Bo-all Engine-od Naphthenic-ail Aromatic-ail
Appearance Pale-yellow liquid Brown Transparent-liquid Dark-brown
Bqusd half-solid

250 Densaty (glcm”) 09 0833 0575 0994
60 Density (glem”) 0.899 0814 0852 0978
25'C viscasity (cP) 50 60 130 63,100
Hash point ('T) > 250 >225 > 230 > 210
Carbon C (%) 7647 85.16 8624 8801
Hydrogen H (%) 11.96 1436 1362 10.56
Oxygen O (%) 1136 oz 010 0.40
Sulfur § (%) 0.06 013 010 048
Nitrogen N (%) 0.15 023 oz 055
Mn (g/mol) 28643 31648 357.06

» STEP 3: DIFFUSION BETWEEN BITUMEN AND REJUVENATOR
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STEP 3: BETWEEN BITUMEN AND REJUVENATOR
MD SIMULATION OF DIFFUSION

Rejuvenator
layer

Aged-bitumen
layer

08

s &
= =

=
in

Mass density of bio-oil molecules [p’m’}
-
=

(a) Bio ail-aged bitumen

Fig. Different rejuvenator-aged bitumen diffusion molecular models

» STEP 3: BETWEEN BITUMEN AND REJUVENATOR
MD SIMULATION OF DIFFUSION

e 244
he
£l N
b %
L iy oy ol N R
%
(b) Engioe ofl-aged bitumen () Naphthenic oll-aged bltumen (d) Aromatic oil aged bitumen

(2)

| ——— s

=
k™

(%3 ]

Aged bitumen phase=—

— s

Distance Z (A)

Fig Mass density profile of rejuvenators in bHayers system
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» STEP 3: BETWEEN BITUMEN AND REJUVENATOR
MD SIMULATION OF DIFFUSION

G010

-

g

H
3

Diffusion coefficient D (m’/s)

0.0

Aged bitumen layer

20500 F

()

ZATE-id

15

BAGE-11

1)

Aged bitumen layer

4.37E-10

A29E-10
J82E-10

3.28E-10

L.74E-10

130 140 160 150 200
Temperature T (*C)

Predicted Diffusion Coefficient D based on MD simulation

» STEP 3: DIFFUSION BETWEEN BITUMEN AND REJUVENATOR
EXPERIMENT VALIDATION OF DIFFUSION COEFFICIENT

Rheological

53

'ifU Delft
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» STEP 3: DIFFUSION BETWEEN BITUMEN AND REJUVENATOR
EXPERIMENT VALIDATION OF DIFFUSION COEFFICIENT

sx10°

X (e) Bio-oil
Rejuvenator laver ax10° F —&— 2 days
—&— 4 days
—b— & days
3x10°
=
&
L3 o
O 2x10
1x10° |
. _— 0 1 L 1 1 1 1 1
Aged bitumen layer 10 20 30 40 50 60 70
Distance (mm)
Measured Diffusion Coefficient based on Experiment '?U DElﬁ

» STEP 4: COMPATIBILITY BETWEEN BITUMEN AND REJUVENATOR

o e e s s e e e e e s e s e a»a

'?U Delft
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» STEP 4: COMPATIBILITY BETWEEN BITUMEN AND REJUVENATOR
SIMULATION OF COMPATIBILITY BETWEEN BITUMEN AND REJ

b BO

(c) LAB20 (d) LABYO (¢) LABSG

'FU Delft

» STEP 4: COMPATIBILITY BETWEEN BITUMEN AND REJUVENATOR
SIMULATION OF COMPATIBILITY BETWEEN BITUMEN AND REJ

Molecule Model of Rejuvenated Bitumen '?U Delft
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» STEP 4: COMPATIBILITY BETWEEN BITUMEN AND REJUVENATOR
SIMULATION OF COMPATIBILITY BETWEEN BITUMEN AND REJ

Total cohesive energy density " LAB20

Econ  Evaw + Eete —*— LAB4D
CED ==/ ="y A LABSO
Solubility parameter

8 = VCED = /82, + 8% AO

Lower Ad indicates better compatibility,
Less risk in segregation.

The solubility parameter difference A5 between rejuvenators and aged binders .?U D9|ft

» STEP 4: COMPATIBILITY BETWEEN BITUMEN AND REJUVENATOR
SIMULATION OF COMPATIBILITY BETWEEN BITUMEN AND REJ

@ Potential .
vam der Waak .
b ors Eleetrostatic L]
I
7 1
. =
L

Intermolecular binding energy

Ebinding = —Ea’ntef = _{Elulal - EB - ER)

AE lku!-'mnlj

Higher Ehinding indicates better compatibility,
Less risk in segregation.

IFI0E IFIRE TP P10
Rejuvenated bitumen

Binding energy Ey;y;,y values of various rejuvenated bitumen .?U Delft
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» STEP 4: COMPATIBILITY BETWEEN BITUMEN AND REJUVENATOR
EXPERIMENT VALIDATION OF COMPATIBILITY

Hot storage
£ o £
g ' g
s S
= =
— P

25-40 mm 25-40 mm

'?U Delft

» STEP 4: COMPATIBILITY BETWEEN BITUMEN AND REJUVENATOR
EXPERIMENT VALIDATION OF COMPATIBILITY

2win®
( ) 2P 108 {a) 2P10B B::;.ﬂom
180007 . r aisin
Loxin” = " RM,% 5571
[T
F Lo =

R
=
X[

a0u0'

2o ,
Middle

(]

Bt Middhe Tap

Characterize the compatibility of rejuvenated bitumen based difference in rheological properties. '?U DEIﬁ.’
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» STEP 4: COMPATIBILITY BETWEEN BITUMEN AND REJUVENATOR
EXPERIMENT VALIDATION OF COMPATIBILITY

(a) 2P10B i . lu,mn
| LAB40
030 Bottom 30 - ARSI
= Middle 26,22
0.25 Top sp
=
z F ulb
Z 0w L .
5 ? 15 in
2 2
2 = 1151
T
7.
5
1 L L 1 1 L L '}
3300 3000 2700 2400 2100 1500 1500 1200 900 600 0 . - s e

Wavenumber (cm"] Rejuvenators

Characterize the compatibility of rejuvenated bitumen based difference in functional group.
It was found that there is a good correlation between experiment and simulation results.

'?U Delft

» STEP 4: COMPATIBILITY BETWEEN BITUMEN AND REJUVENATOR
COMPATIBILITY PREDICTION BASED ON MD SIMULATION

?U Delft

MD Simulation predict A3, which is difficult to be characterized with experiment.
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) FUTURE WORK
ESTABLISH METHODOLOGY FOR ENGINEERING APPLICATION

In progress

*» Reflect the influence of bitumen and rejuvenator change on the rejuvenation
mechanism and efficiency.
* |mprove the MD methodology in evaluation and engineering application.

'?U Delft

» CONCLUSIONS

O MD simulation methodology is established based on relatively accurate bitumen and
rejuvenator molecular model.

O The MD simulation can predict diffusion and compatibility parameters, which are consistent
with experimental results.

O The MD simulation methodology can partly decrease the experiment amount which were
traditionally applied for rejuvenator evaluation.

O MD simulation enhances the understanding of rejuvenation mechanism at the molecular level.
(i.e. AD and Bo can penetrate into the asphaltene cluster, while EO and NO is mostly

dispersed in the aromatic/resin and saturate phase.) 'F/U Delft
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6.4 Hassan Tabatabaee, Glass Transition Deconvolution Method for Assessing Bitumen

Incompatibilities Initially and upon Aging

Glass Transition

Deconvolution Method
for Assessing Bitumen
Incompatibilities Initially
and upon Aging

Presented by:
Hassan A. Tabatabaee, Ph.D.
Global Technical Manager

Co-authors:
Tony Sylvester, Professional Chemist
Cristian Calcanas, Associate Chemist

Tobotabaee H.A, Sylvester T, Colcanas, C.; “Phose-compatibility of Bitumen defined through Deconvolution of Cargill ==
MMWWMW’W#WWWW Vienna, June 2021.
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A Global Leader in Asphalt Chemistries Gafrﬁﬂ':.."‘:-'-

To empower a more sustainable life and 155,000 155 "’"?*,‘é“" $114,6 billion
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Glass Transition, DSC, and Asphalt

Glass transition occurs when upon cooling, the

molecular structure of amorphous matenal is SHRP-A/UFR-02-612 "
locked into a rigid and brittle arrangement. s ™ :Eﬁ:m-

There is a long history of analyzing asphalt binder _/—"—"-
via thermal analysis and glass transition. . E -
Tools have come along way since some earlier

studies.
— Differential Scanning Calorimeters (DSC)

have been leading fool for Tg determination

— Modulated D5C has made a significant

rement in the ability to discretize clearer
ransitions.

SHRP research in the 90s, and years of research
by WRI in following years has shown that asphalt
Tg is the sum of multiple glass fransitions.

Z0ZZ Cargll, Incorporaied. Al rights nesensed
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Tag and the Impact of Aging

+ Analysis of modulated Tg curves in prior studies has . Unaged o 1 Lo
shown that additional Tgs form as a result of . " Sy v
oxidative and physical aging. E yd -
+ Kriz et al. (2008) showed differences in derivative !: ' Liverposl, 26 of February, 2014
peaks based on binder source and perceived ) .
compatibility r .
A ;. N L& 'I.Isd“z
|f \ P{nze.tal m él.l .'plrL"\.lp -.IJ""'./’- wl;
.l'.r \\ 2. T
& w \ i ©
2l T~ R e Lo "

a2 I \". Ee L ;f iz
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& 02T Cary recovporated. All righis reseraed.

Summing it Up: DSC, T, and Miscibility/Compatibility

* Miscible blends show a single combined Ig The more clearly defined I@ the less miscible.
* The Derivative of DSC heat flow (“¥/ 4 ) or heat capacity is often used to detect underlying T@

* Quantification of the impact of various factors on formation of multiple VT\ﬁ,remains agap.
- Deconvoluting the dervative of DSC response is a great way fo analyze miscibility!
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= 2022 Cargll, Incorporated. Al rights resened
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T, Deconvolution Method in this Study

« A Gaussian (Normal) distribution was
assumed to describe the I&derivaﬁve.

* The number of underlying T, visually defined.

— Typically, 2 or 3 main overlapping Isgv

» Minimization of sum of sguared errors used to fit

distributions to experimental curve.
— Indices can be defined based on results.

f(z) = —

oy 2w

Flz) & probatslity denaity function

ey

== e Peak SUMs ——— QHMdT = = = Tgfereress Tgu
2.0E-04
LEE-04 _ &
16604 Pa Y AH
14004 Ty Wideh =
12604 W = B0

1.0E-04
BOE-05

6.DE-05

Darivative of Reversible Heat Flow

4006
L.0E-05

DOEHD T e e
-60.00 4000 20,00

000 2000
Temperature {C)

al/ - AC#1 Progression of Aging ...and Rejuvenation

* Bitumen aging increases intensity of secondary ﬁa{e.g. ﬁﬁ}l

- Increased arsa fraction DFIQIL {and decreases % arss o‘fT!ni

- Eroadens gversll ransition width & multiple Tgs become more resolved
* Proper rejuvenation reverses these trends.

—ACRY Unaged — AL ATFO + PRV — Al RTFO + Sl —— ACE] JPANV v A P PRAN v WA JaRA
Fropedic ACK] ALl r 1
Fenetratin () 3l 46 Mare aging
Seficeing Poiel °C) G a48
Perfmmnce e | poge s | pGed-1n
(PG
Centisiiiis PG PGa6-28 | PG es-20
AT ot Dk PAY -
gy (1 Akl -4 —Tgf s —Wh —Wa —Tk N L Tgs WE  Wa
ATe ol 40k PAY [ -
e (€1 A8 B —_| | Decraasing area under T,n Reveraing aging impact
~,
I |
1
—
“{____.___,_._:7-«—\"'—‘7Y\ e | .
Increaaing area ungar 7.8
20EE Cargll, Incorparatnd. Al rights resaned
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al/ .: AC#2 Progression of Aging ...and Rejuvenation

* Bitumen aging increases infensity of secondary ﬁa{e.g. ﬁﬁ)

— Increased area fraction DFIEB {and decreases % arsa ofTEur

- Eroadens gversll transition width & multiple Tgs becoms more resolved
* Proper rejuvenation reverses these trends.

— ALK Unaged —AEED BaFAY —ALED SRRV ALY = ZAPAN + Rk - —{acn - fuban + B+ Bt
Propetiies ALK ACgs |
Penchrain ) 51 46 More aging
Seflering Puiel (°C) S04 TR ."':
Palmmnze e | pGaean | PG ed-n ™,
1Pii) Y. \
Comtieuous PG | PG 6625 | PG 6820 - -~
Te at Tokm Py
B l.\':,q, e A2 -4.7 —ud e —ud . 1 Tea r — B Ta % 't
AT at 4ohos FAY 1
. : 44 A6 Reversing aging Impact
Ayiey 1) Decreasing area under T,a 1l ) b
— 1 *.
i '.\'-._
AN
Increasing area under T,p
022 Cawg rcorporaied. Al rights resened L]
dH 11 7
/qar: RAS Glass Transition Analysis...
» Bitumen aging increases infensity of secondary ha{e.g. ﬁﬁ)
- Increased area fraction DFI‘EB (and decreases % area efTEur
- Broadens overall fransition width & multiple Tgs become more resolved
—_— . — P,
— e TP ALHERTFO » SaPi AN PN
Peectention e} EJ 3 Paving AC
(5x PAV Aged)
Sofieming Pein (0 et 114
Perfimancs Grak 14845 P
o] PO ) gang
Cilinuns Pl PGIASHS | BGLASEEY
.\T:I:;I!{:I;?E_l:ul" 364 478 —nus Tga —Tgd Tga )
.\T:l:;-ll‘l;ﬂm_l:nv WA NiA
FOEZ Cang neoiporaied. Al rights resenrsed -]
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What to Do with all of this?

FPotential exists o create criteria for aging and rejuvenation

impact. s ACHL o ACH1+RA
100%
- ACEL - RONY = RA = ACHT = ACHT + RA w AR o AlW] « WA = ALY = ACHT « WA m
S0%
- - .k
E W L ! oI o A
B o Jena g T oo
E £ ] 2
E brs ; % R T E L
-E [ - £ r g 50%
= o s
& o 40w
& o
b 3% * 0%,
o m 40 ) B0 100 [ b in & £ 1o
PAY Aging Tisne (b} M Aging Time {hrs] 0%
5000 600 o &0 00 1000
_ AHg Tg Region Wdith = ATg + 0.5 w, + 0.5w,
a = Total Tg Region Width (°C)
T AH
Tied 1 [
Neat
Other Examples Bitumen

= The DSC Deconvolution method seems to provide
some discrimination power when modifying bitumen
with different additives.

+ Aromatic + Bio-based (Veq) + Paraffinic
Distillate Rejuvenator Distillate + REOB
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Conclusions and Next Steps

100%
* Degree of bitumen phase compatibility - . ]
can be observed through DSC Tg 9% . * AtHl
analysis. F ACHL + RA
- . - £ Ao w » ACHZ
* Potential exists to create criteria for = ks B
aging and rejuvenation impact. g T > *
® ACHE
* Method can be used as analytical a 2 - o Rapel
verification for rheological and 2 s N
performance indices believed to be = o Rap
related to bitumen compatibility. = o 4 . 4 RASFL
& 4 % RASAZ
. o > Linear (ACAL)
* Further s’r_utlles_undema'_.' 1n_creat& o Linear (A€A3)
such relationships and practical 0.0 @on 00 o w0 1900 3 tinear (ACH3)
compsatibility test specifications: Total Tg Region Width [C)

Project in Progress: AN INNOVATIVE PRACTICAL APPROACH TO ASSESSING BITUMEN
COMPATIBILITY AS A MEANS OF MATERIAL SPECIFICATION
»  Pi: University of New Hampshire (Praf. Eshan Dave), Co-Pi: Cargill

Questions? Cargill ==

wsnwcargill

anova-asphalt@c

8 e é

Hassan Jan Struik Hans Moolenaar Ewald Melken Magdalena

Tabatabaee, PhD Business Development EU Commercial Leader Business Developrment Machura

Global Technical Leader Manager, EL hans moolenzar, Mansger, EU Business Development

hassan_tabatabace [an_ stk @eargill.com ewald nelken Manager, EU

Ecarpill.com. @eargil com @eargdl.com mandalena_machura
@carpill.com

6.5 Jeramie Adams, Asphalt Industry Research Consortium (AIRC): An Innovative Approach for
Binder Understanding
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Asphalt Industry Research
Consortium (AIRC): Innovalive
approach for binder understanding

Jeramie Adams, Jean-Pascal (JP) Planche, Yogesh Kumbarger,
Joe Rovani

TNO/TU Delft - Workshop- Characterization and Evaluation of
Asphalt Binder properties, Dec 8, 2022

WesternResearch

I H 58 T I T WUTE

WesternResearch Context - “360” Industry Changes

L Drivers: economics, geopolitics, societal, regulatory
+ Changes in crude oils & processes - Y
* World of additives & modifiers
* New chemistries, more biomass origins...
+ Changes to product specifications
+ Asphalts and heavy fuels (IMO 2020)
Market changes
» WMA, RAP, RAS, PMA, GTR, Plastics...
Environmental footprint of asphalts
* EPD’s, LCA, LCCA
IARC classification - asphalt fumes :
Base Asphalf vs. PMA performance,
Product Regulation - for Importing Chemicals Von Quintus ef Al 2005
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WesternResearch Asphalt/Bitumen production process

"""""" (US/Europe)
Gas, . but ~
as, propane, butane o other -
3 refinery units
Cosoling (incl. Coker) .
£ F.ercsen |I :
£ = ! Additive(s)
E Gas J_E g :
g oil J i - xidized Asphal )]
Crude| £ |Fueloils | 55 < [y FH4THI-9 34+ 5
Oil | & |{ heawy | g 3 ] B
—_| E [fueloils | g 25 - [
ocascc| 2 > 2600
T "J Solvent mr Ly
i b #| Deanphoening |- Blender
. 23 \
e mospheric & E : >
{ Adapted from | Fesidus EX sphalt CAS# 8052-42-
S 4
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WesternResearch
--------- Consequences of the Changes

UUnconventional binders not captured by Superpave specs

+ PG specs and test methods, from the 90's for asphalts from the
20’s, not for today’s and tomorrow’s binders

<+ Binder quality impacts pavement performance
* Note: mix design / construction... tool Cltinderthe NCHRP 5-£0 project
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WesternResearch WRI Partnerships

Inception-
% Tools and knowledge (with FHWA) 2007-.

< “Fingerprint” project : Proof of concept - Inifial Trials (with 201 3_:
Eurovia)

< Validation - Indusfrial Perspective (Asphalt Industry Research 2015-
Consortium #1)

< Proposed Specifications & Formulation Guidelines (NCHrRP - 2014-
&0 - Agencies’ Perspective)

< Further Validation & Applications (AIRC #2) 2018-

4 Proposed Specifications Framework validation (NcHrp 7-60) 2022-
<+ Evolutions: PMA/ Recycling /Alternative binders (AIRC #3)
< Others... 5

WesternResearch

......... Asphalt Indusiry Research Consortivm AIRC

O Launched in 2016
3 2 iterations successfully completed, currently 3™ iteration beginning
O Partners worldwide: Road administrations, Contractors, Additive and Asphalt suppliers

UMore partners welcome to join!

0 @ o =
Y oo = 4

3 =, Université
)e(

Biturmen w EURDVIAH Gustave Eiffel
G’ uuuuu e
r_ 9

L5 Depoxrmrers of Tonssonason

Federel Mighwary Adminisiratien TotalEnergies gl EIFFAGE EF% -: REPFOL
WesternResearch

IN S TITUTE

#100+ asphalt binders included in the matrix (from worldwide sources)ll 6
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WesternResearch AIRC

O Started out as fingerprinting (iteration -1)

O Now beginning iteration-3 AIRC
SAR-AD™ Charactertmtion o .
e S_:a?::_f Iteration #3
ol J S, ~
yg| Saturebei ___w{‘.["""""
] CyCE b . i
_I "'*' )\J MY LT .,
%'» Fingerprinting
o ~_
-,
o~ A Py
[ - " RAP Recycling Durability: Polymer
11 Alternative Binders Agents Madificafion
O Advanced Characterization S S S
T
WesternResearch
Exp: Binder Matrix, 100+ Binders AIRC """

5.0

55.0

15.0

5.0

450

Confinvous PG temperatures (0}

prorpitintl
|nuuHHHHHHHHHH
% Heavy crudes, waxy crudes
Air Blown
Solvent deagphalted
Conversion
RAP blends
Soft, hard, multi-grades
Additives - combinations

X
n
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-
=
=
o
»
m
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AIRC Binder Matrix - Performance Grade Mapplng CC)
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Exp: Binder Matrix, 50 binders,

WesternResearch

"""""" half with field data, from NCHRP 09-60
[ Low PG Ranking after PAV20h-Aging from BBR (31 binders, here)
¥ Unmodified, Polymer-modified, ReOB-madified, , , Biophalt,
Oxidized, Airblown, Vishroken

10

| | |
| |

2 FET-1T 4 I I

g 25 2020 1
g 2628 07 070707
g 2530 31 2233

s =224 F-15_3F 9§

w J.’p_a'.’»_;_l._.\'_l,__\._,ﬂ - L]

- 47
3i333355085333823721835283843333
%;z:zgggzgg gégjg”g%g;gggggggg

(Ehwardany, Planche, and King, C&BM 2020) 9
WesternResearch Exp: Testing Program
AIRC 9-60
LElemental Analysis o
OSaturates, Aromatics, Resins, and Asphaltene v v
Determinator (SAR-AD™)
OWaxphaltene Determinator (WD™) o o
Olinfrared Spectroscopy (FT-IR) o v
OSize Exclusion Chromatography/Gel Permeation e
Chromatography (SEC/GPC)
UDrterential Scanning Calonmetry Resulis (DSC) o v
OSuperPave Performance Grade ./ v
OBlack Space Diagram s e
ORheological LVE Parameters (AT, & GR) v W
OMultiple Stress Creep and Recovery Test (MSCR) v W
OAsphalt Binder Cracking Device v e
UMachine Learning/Regression 7 v 10
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WesternResearch

Chromatography + solubility separations

fo uvnlock the continuum

|||||||||

g x: Asphalienes
i gy Ee
] f From saturated to highly aromatic and polar asphaltene molecules
g i : aoms ] : l_: o
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v . Baprhrd AT o gt anm Bk st e i
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WesternResearch

Differentiation of hydrocarbons

HC from various origins / processes
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WesternResearch SAR-AD 2G with multiple detectors

Leerrrere to unlock the chemistry and associations
SEC of maltenes of AAG-1 and AAM-T. Fluorescence SpE.'ChDSCO-p? of AAD-1 and AAM-1
— - fractions
. - £ -
_; " M L | ._‘_‘_‘-b
ELS:] S:O Flm 35:' I—Im . o " Lo -] 18 LT 1500

SEC with ELSD and VYWD at 500 nm and 350 nm .
for 4 bitumens before (A_FR) and after field aging FTIR of fractions after aging showing

(A_TP, NB3T and MBIT) — [5AF 2022, Siroma et al the sulfoxide region 13

WesternResearch

Asphalt structure and properties AIRC "

UComplex asphalts from the real world

—wRia [ e |

_EE _
;?. . Asphaltene feathering W oosn :::Ei /ay 5232 masl
L] Airblown AAF-1 E _l."-.lF;IIJ' EDZF AACL
- preceibidE E 105
2 e T W0 b w07 e
& = WRICH = AAFL
= IB& = WHRIOE = - N
= - WRIOE . o 50 A AAML
EEs JIMRIDE  WWax feathering e E . VY
= -wRios  Waxy AAM-1 R A T yog )
E 1B+ = WRIDT » e, 2 r
= - ARIOE o E I' /
= < WURICS " (LR
g 18 WRID E E:i 30 \ /

1E+2 (] .f'r

o 10 | W 4 M ex T = i
Pha s Angle () 30 s /4o LS 50 55 GO GBS
Time [min] MW
. .
%+ Rheologically complex A Pt
P 4+ Airblown asphaltene association

<+ S3AR-AD CIl from 0.26 to 0.6 2High molecular weight maltenes.

* “Gel” structures

# Phase transitions 14
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WesternResearch
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WesternResearch Binder colloidal Instability... and Alc
"""""" From NCHRP 9-60

[ correlations between AT, {from BBR or DSR 4mm]) and ClI

¥ Unmodified, Polymer-modified, ReOB-modified, . | Cli= (Sat+Asph)/[Arom+Res) |
, Biophalt, Oxidized, Airblown, Special binders

—_ *0 o (> Unconvertional binders
= T ’g’ii‘.ég%g medified 7o Wy
SO -6 f o -ui 2 FRa-modified - Thermally converted
= z (d; R - High gsphalienss
;.‘: -12 F ’,.-.-.‘ B - o Incompatible PMA's
U:% -18 F =/ 0 s
== M RCOB-modified 6% 58S
g0 24 o incompafible
5 _3n LY =-50.91x2 + 37 11x - 540 e Blend
F= =084 [ p
-3 i ¢ 4 amSpecial bindears "') |
] 0.25 05 0.75 1
Colloidal Instability Index (PAV40h) o AlG - 8Cod
(Elwardany et al_, C&BM 2020) 17

*VALIDATION
‘Examples

18
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MSCR, % Strain Recovery

WesternResearch

I W& F 0T WUTE
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r— = Strain recovery: function of polymer and stiffness
x — " Temperature dependency of crystalline modifiers EvA
and some waxes
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HSCR - % Strain Recovery at 3.2 kPa and 70°C (%)

Rheological Parameters, DSR ATc
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<+ HC: heavy crudes I lr
ap L% AB: Airblown e
% $G, HG, MG: soft, hard, multi-grade Low ATc: unbalanced binders
250 Y < PMA and XL (based on SEC) - = Oxidizable / High MW Waxy / Airblowns / PMA's
§ <+ Waxy, RAP blends -*lﬁlﬂlﬂol High ATc: balanced binders 3
=FE == # %% 2w Heavy crudes / soft grades / PMA's

LYE Parameters - Comected AT Parameter based on HCHRP 09-60 Project Database (°C)
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WesternResearch Sumn'ICH‘y

|||||||||

# Huge changes in asphalt binders since SHRP

# Most production/formulation have their own chemical, structural
and mechanical features

> Specifications do not always capture performance
> Specification additives not always performance additives i

» Quality inconsistency can lead to early field damage, storage
issves...

# Compatibility and oxidation sensifivity are main issues ’
# Coping with changes needs right approach and tools
a Innovative Tools + Fingerprinting + Database
+ Machine learning = Guidelines
+Useful to industry for research, smart formulation and control

2

WesternResearch PerspECHVE‘S

nnnnnnnnn

U Alternative binders and modifiers are coming
»Thermo-reversible gelled systems - supramolecular systems
»Aging retardant
»3elf healing
»Packages of additives - like in the lubricant industry
»From petroleum or non-petroleum origins (biomass, coal, wastes...)

U For various applications — paving and roofing new frontiers
=Will increase changes in production and application processes

U New approaches
»Failure (NCHRP 7-60 outcomes) and other properties
»Machine learning to understand relationships

> STAY TUNED! ”
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New Testing:

WesternResearch
""""" Failure Properties from ABCD - combined with BBR/D5R
1 Ranking after PAV40h »Unmodified, Polymer-modified,
= 5 ReCB-modified, . .
£ 2 '“'*H" BRI T T ieeresnsannnses “U | Bioohalt, Oxidized, Airblown, Special
:L o —.-‘—". I u fa ...IJ..!......................................Et.:.;i ............ Qrﬁd&s [\"’Isbroken,MUlﬁfHurd]
5§ o —
53 :
E;‘E la&: TcS (BBR) - Ter (ABCD)
=S N ]
2% | P
SO 2 Best
23
60th Petersen
Asphalt Research
Conference
Online/Onsite
July 17-20, 2023
Laramie, Wyoming
Thank You! - Questions?
Jeramie.adams@uwyo.edu
iitanche @ uwvo o WesternResearch
ykumbarg@uwyo.edu I NS TITUTE 24
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