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Compositional and analytical evaluation
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Agenda

1. Background on use of Recycling Agents
2. Assessing of the Impact of Rejuvenation
3. State of RA Implementation through BMD
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Background on

Recycling Agents




ngineered Solution

A goodrecyclingagentreverses

the impactof aging on asphalt,
reactivating the asphalt, to restore

performance, and durability.

estores cracking resistance, maintains rutting performance

Improves workability, compaction, and appearance

the

) Improves aging susceptibility of the pavement
Impact u. -

9

Provides predictable and reliable results
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How are Rejuvenators Used?

Typically, 1-3% wt. of the binder or 0.05-0.15% wt. of the mix, added via:

1. Inline into virgin binder using additive pump 3. Injection into pugmill or mixing drum
2. Treatment of RAP (at collar or during processing) 4. Pre-blended into virgin binder (least common)
Drum Plant Example Batch Plant Example )
Gases to
Emissions Control
St RECYCLING AGENTDOSING

Parallel drum Dosers
Intermediate silo  (asphalt granulate)

Dosers
(new aggregate)

Storage silo Mixing tower Drying drum

Hot Mix
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First Impressions: Improved workability

* Rejuvenation significantly improved the Compactability, even after a 20%
increase in RAP content.

— Alarge improvement in compaction temperatures achieved
— No over-compaction at hot mix temperatures.
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Defining Rejuvenation vs. Softening
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https://youtu.be/uwfYjy4PHDU

Assessment of

Impact of Rejuvenation




How to Assess Effectiveness of Rejuvenation Impact?

» The difference between “Rejuvenation” and “Softening” is in the ability to
“‘compatibilize” asphaltene-association structures in asphalt.

 Directly measuring asphalt compatibility is not easy. However:
— We know that long term-aging decreases the compatibility of asphalt
— We can measure the change in properties as a result of aging.

« Examples of property changes compared after long term aging:
— Measuring the change in Analytical indices (e.g. “Colloidal Instability Index”, AFM structures)

— Measuring change in Miscibility thermal analysis (i.e. Tg properties)
— Measuring the change in BBR m-grade or ATc
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Measuring Change in Rheological Properties
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* Rejuvenating power of additives compared through ability to maintain ATc with aging.

* Relative value of ATc at a single aging level can be misleading (example: PMAS)
— The change in ATc with aging is the differentiator, not the value at a given condition.
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Measuring Change in T, and Miscibility/Compatibility

* Miscible blends show a single combined T,. The more clearly defined Tgs, the less miscible.
« Bitumen aging increases intensity of secondary Tgs (e.g. TyB)

- Increased area fraction of T8 (and decreases % area of T0)
— Broadens overall transition width a multiple Tgs become more resolved

* Proper rejuvenation reverses these trends.
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State of Implementation of

Recycling Agents using BMD




Implementation: High RAP-Rejuvenated Design

Check if RA meets basic safety / physical
requirements (ASTM D4552-20) _
Performed By_< For commercial or
' Private Pavements
Su PP lier Establish dosage using binder properties
(e.g. Low Temp. PG with aging)

Performed By

Contractor Perform Balanced Mix Design using Ad_d itional _TeStS for
— Reliable Test High-service Level
— (e.g. rutting, cracking, moisture resistance) Pavements

Performed By |

Agency - Quality Management
Standard material test + surrogate
performance test (e.g. IDT)

~——
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Step 1. Recycling Agent Categorization - ASTM D4552-20

Assesses basic safety, thermal stability, storage stability, and compatibility property for use in asphalt plants.
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Step 2: Initial RA Dosage Determination (By Supplier)

m RAP samples are extracted, graded and rheologically fingerprinted for initial dosage determination.

/ Dosage Determination Report \
for Target Mix Designs
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Mix Design (By Producer)

* Recycling agents have been used to modify performance
attributes in a mix.

Expected RA Impact

Cracking Resistance Improve

High Temperature Stiffness Decrease

Moisture Resistance Typically, None

<
@

Cracking Performance
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Examples of Current or Considered BMD Systems

Agency: DOT

. Owerlay
Cracking Test Tester
Rutting Test APA
Binder None
Specification
Trial Strip +
QC Process performanc
e test
State of Active as
Implementation of 2018

New Jersey

Chicago
DOT

DCT

Hamburg

Extracted pass
PG XX-22, ATc
>5

Extracted
PG

Active as
of 2018

lllinois
Tollway

DCT +
IFIT

Hamburg

None

Trial Strip +
Performanc
e test

Active as
of 2018

lllinois
DOT

IFIT

Hamburg

None

TBD

Active as
of 2019

City of
Janesville

DCT +
IFIT

Hamburg

Extracted
pass PG
XX-16

Performanc
e test

Active as
of 2017

Virginia
DOT

IDEAL-CT

APA

None

Surrogate
tests, TBD

Trial spec
as of 2019

City of

Columbus

IDEAL-CT

HWT

Extracted
pass
climate PG
+6

IDEAL-CT

Implement
ation in
2022

ODOT
(QED)

IDEAL-CT

HWT

Extracted
pass
climate PG
+6

IDEAL-CT

Trial in
2021

City of
Phoenix
(Trial)

IFIT

HWT to
approve
RA

Meet \virgin
grade of
70-28

Basic VMD
QC

Trials in
2021
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Field Evaluation Projects

NCAT: Warm Climate MNROAD: Cold Climate

+ 30% RAP (24% ABR); PG64-22 Binder + Anova®

* 25% RAP (20% ABR); PG58-28 Binder

Warm Mix Additive
: - » 45% RAP (31% ABR); PG5828 Binder + Anova®
. 45% RAP (38% ABR); PG64-22 Binder + Anova Rejuvenator
Rejuvenator

» Aggregates and RAP were supplied locally in Minnesota

* Aggregates and RAP were shipped in from Virginia for for the project

the project

Chemical Anova® A bio-based non-hazardous liquid warm mix additive, design for impact at low dosage without changing the
Warm Mix 1501/1503 bitumen grade

Recycling Anova® An engineered bio-based oil, based chemical modification of vegetable oil for bitumen compatibility and
Agent 1815/1817 oxidative stability

© 2021 Cargill, Incorporated. All rights reserved. 19




MNROAD High RAP Rejuvenated Project

Designs were done
using BMD system
under consideration by
MNDOT at the time
(DCT vs. Hamburg)

Rejuvenation of the high
RAP mix achieved
comparable passing
performance compared to
the Low RAP control mix.

700

600

500

400

300

200

100

Rutting Resistance - MnROAD

mmm Hamburg Wheeltracking Test  ===12.5mm
FAIL P
PASS
’ "
Control HiRAP +Anova

Thermal Cracking Resistance - MnROAD

m Disc Compact Tension (DCT) -
20°C

PASS 1
FAIL J

Control HIiRAP +Anova

IFIT Flexiblity Index - MNnROAD

Control HiRAP +Anova

Reflective Cracking Resistance - MnROAD

= Overlay Tester =200 Cycles
PASS 1
FAIL J,
Control HiRAP +Anova
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MNROAD Proven performance. With Anova® Rejuvenator.

To demonstrate performance against
the typical 25% RAP mix, Cargill built a
test section on the MNROAD track
using 45% RAP and Anova®

Rejuvenator.

After 2.5 million loadings,

fully meeting performance
expectations

About 800,000 ESALs of loading per year since 2018.
No cracking beyond expected reflective cracking from base course observed,

equivalent to control.

Sections showing good rutting performance. Anova sections have slightly lower

permanent deformation.

Smoothness has remained consistent since construction. This especially clear on

the sufficiently long sections.

No Rutting

——— 1400’ Control West a0

mm

== = 200" ANOVA Wast

InfMi

=~ 200" Conurol East
1100° ANOVA East

a0

20

o e mou B

Maintaining Smooth Ride

S Short (2007)
sections
— 1 400" Control West
- 00" ANOWVA West
—_—/’a-:\—__ﬁ = = 200" Control East
—— - e 1400° ANOVA East
Long (1400")
sections

2019 2019 2019 2020 2020

=
Survey Date
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NCAT High RAP and WMA Project

» Designs were done
using BMD system
under consideration by
VADOT at the time
(IDEAL vs. APA)

Rutting Resistance - NCAT IFIT Flexiblity Index

mmm Hamburg Wheeltracking Test ~ ===12.5 mm M Control EHiRAP +Anova M HiRAP

14

12

10

* Rejuvenation of the

high RAP mix : L ’
achieved comparable ° , ° Med RAP .
. Med. RAP + WMA HIiRAP +Anova + WMA HIiRAP +Anova Control
passing performance
Compared to the WMA DCT Fracture Energy Reflective Cracking Resistance - NCAT
miX = Disc Compact Tension (DCT) -12°C =500 J/m2 mmm Overlay Tester  ===200 Cycles
' 580 350
560 T 300
* Both the RA and WMA onss 1
mix outperform the ” Ly |
high-RAP control mix. pass e
FAIL 100
4380 D 50
460 0
Med. RAP + WMA  HiRAP +Anova Control Med. RAP HIRAP +Anova

+ WMA
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NCAT Proven performance. With Anova® Rejuvenator and WMA

TEST  SECTION
NUMBER N-3 [’

To demonstrate performance Cargill
built a test section on the NCAT track
using the typical 30% RAP mix with
Anova® WMA, and 45% RAP with the

Anova® Rejuvenator.

After 10 million loadings,
zero cracks appearedin
the test section

* Data provided and measured by NCAT using plant produced mix.
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Conclusions and Summary

* Implementation of high RAP + Rejuvenator by BMD is highly practical today, with millions of tons
produced everyyear.

— MNROAD and NCAT monitored sections are great examples of practical utility of such products.
+ We can assess rejuvenation through its impact on the compatibility of asphalt as it ages.

— For example: Measuring the change in BBR m-grade or ATc
* Processrequires a framework that provides transparency and reliability for all stakeholders:

— Step 2: Initial dosage determination based on rheology, led by supplier
— Step 3: Balanced Mix Design (BMD) process, led by producers
— Step 4: Robust quality management practices by all parties

Project in Progress: AN INNOVATIVE PRACTICAL APPROACH TO ASSESSING BITUMEN
COMPATIBILITY AS A MEANS OF MATERIAL SPECIFICATION
*  PI: University of New Hampshire, Co-PI: Cargill

© 2021 Cargill, Incorporated. All rights reserved. 24



Cargill

Helping the world thrive



Examples of High RAP Design

Specifications

Characteristic

Test

Resistance

Rutting Stability and Moisture Damage

Hamburg Wheel Tracking Test Passes to failure

Stripping Inflection Point (SIP)

© 2021 Cargill, Incorporated. All rights reserved.
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RAP/RAS QC Report - All Wisconsin- '18-'20

-
O — . . . - - .. . 0 ASTM D7175, Aged w/ ASTM D6521
oo * Support producer with periodic material sampling and verification ' —
S g throughout season. o ——— e B
S = D o= onowowo»om
® £ 7| Producer: - EEEE-E N
e @ . : o
L2 * Maintain appropriate frequency of RAP analysis (binder content T o)
=) : in Sare s o i a0 me o
>_§_ 3 and gradation control.) T R T
Q S . . RAS
58 + Maintain RAM processing protocols and consistency A —
% el R X
* Mix performance verification as needed. i EEEEREERE
Owner/Agency (in development across country): R R
3/11/2020 [__Design RAS 2ass% 7 1467 233 72 405 366 w2 ]|
« Peragency specification RAP - Low Temperature PG
*  Frequent Quality verification of mix composition/volumetrics

*  Full mix design performance verification on first plant production of
a specific design

* Periodic simple/surrogate mix performance verification
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