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Disclaimer

©2024 ExxonMobil. Unless otherwise noted, all trademarks used herein are trademarks of the Exxon Mobil Corporation or one of its subsidiaries. Imperial and
Esso are trademarks of Imperial Oil Limited. This presentation may not be distributed, displayed, copied or altered without ExxonMobil's prior written authorization.
To the extent ExxonMobil authorizes distributing, displaying and/or copying of this presentation, the user may do so only if the presentation is unaltered and
complete, including all of its headers, footers, disclaimers and other information. You may not copy this presentation to or reproduce it in whole or in part on a
website. ExxonMobil does not guarantee the typical (or other) values. Any data included herein is based upon analysis of representative samples and not actual
product shipped. The information in this document relates only to the named product or materials when not in combination with any other product or materials. We
based the information on data believed to be reliable on the date compiled, but we do not represent, warrant, or otherwise guarantee, expressly or impliedly, the
merchantability, fithess for a particular purpose, freedom from patent infringement, suitability, accuracy, reliability, or completeness of this information or the
products, materials or processes described. The user is solely responsible for all determinations regarding any use of material or product and any process in its
territories of interest. We expressly disclaim liability for any loss, damage or injury directly or indirectly suffered or incurred as a result of or related to anyone using
or relying on any of the information in this presentation. This presentation is not an endorsement of any non-ExxonMobil product or process, and we expressly
disclaim any contrary implication. The terms “we,” “our,” and "ExxonMobil" are each used for convenience, and may include any one or more of Exxon Mobil
Corporation or any affiliate either directly or indirectly stewarded.
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Where Are We and How’d We Get Here?

« Superpave™ system developed based on straight-run binders from 1980/90s
« Chemistry of today’s binders has changed, not all additive effects captured well

* Proliferation of new specifications to combat perceived shortfalls
« exBBR & DENT

° Softeners Recyclers Lube Extracts Cracked Residues
DeltaTc (20 & 40 h) y 1 N Aged
Waxes Asphaltenes
* LAS diluentx solvent structure/
+ NCHRP 9-59/60 —

saturates  aromatics (G058 asphaltenes

« What do we want to capture? P e —
REOB /1
SBS/SB/SBR

And many other additives: Bio, Plastics, Acids, WMA, Antistrips, Scavengers...
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Colloidal Stability Key to Cracking Resistance

Stable Unstable
Asphaltenes Well-Dispersed Asphaltenes Poorly Dispersed
L e, Colloidal Instability Index described
i by Gaestel (Esso France) in 1960s:
Cll = [Saturates] + [Asphaltenes]
l ‘ ~ [Resins] + [Aromatics]
.J‘
High Surface Area Low Surface Area
Lower Maltene Viscosity at Given PG Higher Maltene Viscosity at Given PG
Smaller Failure Interface Larger Failure Interface
Lower Aging Rate Higher Aging Rate
Faster Relaxation Slower Relaxation
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What is an Ideal Cracking Specification?

Differentiates good binders from poor-performing binders
1. Established on Scientific Fundamentals
2.

3.

Cost Effective (Time & Resources)
Reproducible
Simple & Accessible

Field Validated
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Shape Parameters

 Tell us about the shape of the mastercurve

Coating grades

« Shape of the mastercurve is tied to 7
chemistry 6
« Composition
* Modification
« Oxidation / Aging

log |G*|, Pa
Ea (€]

(V]

M

« Can tell us about a binder’s capacity to
relax stress in the stiffness regions where o
cracking occur

[y

> Air-rectified paving
Straight run
PG 46-34

PG 64-22
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Example Shape Parameters

R-Value
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Example Shape Parameters

R-Value
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Example Shape Parameters

R-Value
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Example Shape Parameters

R-Value
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Sample Set

Blended Binders: PG 58-28
b

D o
11 ExxonMobil Imperial



Sample Set

Base Binders: PG 46-34 @ PG 58-28
&
A
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b
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Blended Binders:



Sample Set

Base Binders: PG 46-34

Blended Binders:

PG 58-28
>
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Sample Set

Base Binders: PG 46-34

Blended Binders:
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DSRp Doesn’t Identify Poor Performers...

M| G*[sind
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...But There are Effective Tests that Do

Additive

2" e None
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...But There are Effective Tests that Do
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...But There are Effective Tests that Do
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...But There are Effective Tests that Do
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...But There are Effective Tests that Do

R-Value DeltaTc / °C
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Same (Better?) Differentiation, Much Less Time than eBBR
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Summary

Current fatigue cracking specification does not identify poor-performers
exBBR can identify poorer-performers, but is logistically challenging as a spec

A shape parameter such as phase angle at constant modulus, crossover modulus, R-
value, or DeltaTc can provide equivalent or superior differentiation in much less time
and with high repeatabillity
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