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Agenda

* Recycling Agents: What? Why? How?
* RA Implementation: Best Practices

 RA-BMD Spec. Implementation Examples
 Why This Matters




Recycling Agents

“Rejuvenation” is an inaccurate, but popular term for Recycling Agents.
* Rejuvenators do not undo oxidative aging!!!

A Recycling Agent reverses the impact of aging on asphalt, reactivating the asphalt,
to restore performance, and durability.

A “Rejuvenating” Recycling Agent reverses the impact of aging by:
« Restoring cracking resistance, maintain rutting performance
« Improving workability, compaction, and appearance
« Improving aging susceptibility of the pavement
« Providing predictable and reliable results
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How are Rejuvenators Added to Asphalt?

Typically, 0.3-3% wt. of the binder or 0.015-0.15% wt. of the mix, added via:

For both RA and WMA: Only for RA:
* In-line into virgin binder using additive pump
* Pre-blended into virgin binder (mostly for WMA)

Gases to

*  Drum Plant Example 9 Procesgiags Control Batch Plant Example

pment

* Injection into pugmill or mixing drum

RECYCLING AGENT:

Parallel drum Dosers
Intermediate silo  (@asphalt granulate)

Bhodhy

Dosers
(new aggregate)

Batch balance

Storage silo Mixing tower Drying drum
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First Impressions: Improved workability

* Rejuvenation significantly improved the Compactability, even after a 20%
increase in RAP content.
— A large improvement in compaction temperatures achieved
— No over-compaction at hot mix temperatures.
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Role of Recycling Agents in Mix Design

* Recycling agents have been used to modify performance attributes in a mix.
« The following general impact trends can be expected:

Cracking Resistance Improve

=

High Temperature Stiffness

Moisture Resistance Typically, None
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RA Implementation:

Best Practices




What is the process for producing High-RAP mixes?

1. Check and meet the fundamentals:
- Can the plant reliably handle more RAP? (Capacity, belts, flights, dryers, etc.)

- Do | have a way to introduce rejuvenators into my mix at the plant? (e.g., a liquid antistrip
system or similar additive setups)

- Do | have enough RAP?

2. Implementation:

A.  Forimplementation in commercial mixes: Work with rejuvenator supplier on the appropriate
dosage to produce higher RAP mixes with quality consistent with normally supplied mix
designs. Step up RAP QC frequency.

B.  Forimplementation in agency “spec” mixes: Fundamentally the same, but also requires a
framework that provides transparency and reliability for all stakeholders.

© 2021 Cargill, Incorporated. All rights reserved.



Step 1- RA Properties via ASTM D4552-20 (By Supplier)
(Published July 2020)

This step ensures that rejuvenator meets basic requirements for safety, thermal stability, storage stability,
and compatibility to be used in Hot Mix Asphalt production.

Most Bio-oils Most Petro. oils
L T = mm g mmm—, =
ASTM RA 0 RA1 RA5 N RA25 RATS RA 250 RA 500 :
Test Yoot { \ Example Bio-based
Method | Min Max l Min Max | Min Masx |Min Max Min Max Min Max Min Max .
Viscosity « 60°C D2170 10 49 50 175 . 176 900 901 4500 4501 12500 12501 37500 37501 60000 Rejuvenator
(140 i} I | |
mm-='s
Flash Point, COC, °C D92 |219[4251 219 L 219 219 219 219 219
A [ | s | 25 Jé2s) (425) [425) 425) >290°C
Saturates, ut. %" D2007 [ - 30 30 30 30 30 30 30
Tests on Residue D2872 | | |
from RTFO I
163 °C 325 °F1 I | I
Viscosity Raliof I 3 3o 3 3 3 3 3 1.05
‘ Wt Change, =, % “ | 4 I 4 4 IJ 3 3 3 3
ggsgﬂ[% :era]vnyat D70 0900 1100 © 0900 1100 | 0so0 1100 'o00 1100 090 1100 o090 1100 0900 1.100
L} L) 0'
bi2es | \ / J 0.94

N o e e e - o

Vi uBatlo = Viscosity of Residue from RTFO Test at 60°C [140°F]
mmmm) ViscosityRatio = Original Viscosity at 60°C [140°F]
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Step 2: Initial RA Dosage Determination (By Supplier)

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

/ Dosage Determination Report \
for Target Mix Designs

(Amm‘wnnmrnamsum J Ca’@ll

i

Estimated Blend Low Temp PG (°C)

AAAAAAAAAAAA

Extraction & Grading and

\_ Recovery / \ Analysis /
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Step 3: Balanced Mix Design (By Producer)

Volumetric Design with Performance-Modified :
Performance Verification Pnrforman'co Design

Select a trial gradation; ensure aggregate blend properties. .
0)
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Quality Management Support

Supplier:
* Product delivered with verifiable Certificate of Analysis

* Support producer with periodic material sampling and verification
throughout season.

Producer:

* Maintain appropriate frequency of RAP analysis (often binder
content and gradation control.)

« Maintain RAM processing protocols and consistency
* Mix performance verification as needed.

Owner/Agency (in development across country):
* Per agency specification
*  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

= Cargir
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For Questions Please Contact: Hassan Tabatabaee, PhO.
Direct: 763-577-3053 | mobile: 763-203-2258; Hassan_tabatabaee@cargill com

) Ga@ll“’

1A7/033

RAP High Temp PG Low Temp PG
Jun-20 Sarmple 1 4.50% -137 -153 -4.4 ErE
Jun-20 Sample 2 4.91% -230 -159 -0 mo 7
Sep-20 sample 3 4476 210 -166 4.3 w7
Feb-21 Sarnpled 4.3 -200 -15.5 -4.1 e
Feb-21 SampleS 3624 -A6 -l68 -4.8 =g 7
Feb21 sarmple 6 5226 26 -17.8 28 =o 7
Feb-21 Sarnple 7 4.08% -210 -17.2 -38 EE
Feb-21 Sample 8 4.77% -2 -186 -32 20 "
Febz1 sarmple s 4,086 23 -124 45 2 "
Feb-21 Sample 10 4.11% -40 -216 24 25 4
MWay-21 Samplell 4,39 o7 171 -36 = 7
MWiay-22 sample12 ,91% =3 -120 4.4 =1 "
MWiay-22 sample13 5536 -zl 2.0 L1 27 7
May-22 Sample 14 4.6%% 2.9 161 5.7 ny 7
Jun-22 Sample 15 S5.6% -236 -a4.8 -L8 53
Aug-22 Sample16 4.55% -a7 -180 -17 Pt :
Oct-22 Sample1? 5.83% =277 -26 -L1 okl
Oct-22 Sample 18 3084 -1 -54 -7 a3 7
Mew Jul-22 Sample 13 4.80% -7 -2.0 -37 =7 7
Mewr Sep-22 Sample 20 5. 206 -8 -132 -76 w2 "
* Binder 6 1EnT from SoNERt eXta cion. Mo corEction 1o applied
Average 4.9% 86.1 - 220 ~18.8 -30 8.1 -188
Max 5.58% . 915 -12.3 -15.2 4.2 319 -15.2
Min 3 08% 75.1 -277 -26.8 -7.0 203 -26.8
yiyaes | Design RAP From QCReport 5.7 .7 -161 46 %9 161
HMA High Temp PG Lovr Temp PG
SampleDate Plant Bindes Contert* SGrade  m Grade fars Int. PG
Jun-20 HiA - S0% 5.22% 22 -A2 -223 -lL8 20
Sep-20 HW4 - 50% 4.93% B3 -271 -22.3 -4.8 a7 7
Noy-20 Hi4 - 40% 5.48% 23 -5.8 -6 -23 as 7
Dec-20 Hild- 0% 5,566 674 Rz -5 0s na 7
Apr-21 HW4 - 50% 4.91% B0 -2l -233 -09 235 4
Ilay-21 Hi4 - 40% 5.40% “e -A7 -A2 -05 as "
MWiay-Z1 Hivid- 50% 5.11% 761 -z5 2.0 15 55 |
Aug-21 HIIA - 45/5 5.06% 2 -279 -5.4 -25 no "
Sep-21 Hul4- 305 5.58% 073 -Z20 -8 09 2 "
Sep-71 Hivid - 0% 5.2 6.7 -6 A5 09 2s "
Sep-21 Hu - 403% 5.2%9% @l -0 -236 -05 23 7
Sep-21 Hi4 - 50% 3924 33 -2 -8 o1 Al v
oct-21 Hivid- 30% 4,75% @6 -6 -R3 03 21 7
Nov-21 Hu - 403% 4.80% 733 -5 -2359 -20 »ns 7
Mow-21 HilA- 30% 5.3 727 -3 -HS5 28 [CER
MWiay-22 Hivid - 0% 5.41% 773 ;%2 -A.0 22 2s "
Iay-22 Hu - 60% 4.47% B3 -4 -2.3 -32 =5 7
May-22 HilA- 30% 6.01% 734 -B5 Bk 27 s "
Jun-22 HW4 - 50% 5.21% 4 -229 -2.2 -L6 ny 7
Jul-22 Hu - 403% 5.43% 70 -5.6 -238 -lL8 s "
Hewr | Jul-22 Hia- 3054 5.3%6 o1 278 -] 21 no 7
MNewr Sep-22 HivA - 40% 5.55% M5 -55 -1 -l4 zno "
* Binder e ntent from solveat ext ction. Mo corection fircror applied
Average T s 2.7 ;9 -Ba -L8 25 733 |
Mo T o 859 225 210 09 59 210
Win T oaam 646 -28.3 -254 48 192 254




Summary: BMD High RAP-Rejuvenated Design

Performed By __|

Supplier

Performed By __|
Agency

—

—

Check if RA meets basic safety / physical
requirements

A4

Establish dosage using binder properties
(e.g. LT PG or change in ATc with aging)

4

Perform Balanced Mix Design using
Reliable Test
(e.g. HWT vs. DCT or Overlay Tester)

A4

Quality Management
Standard material test + surrogate
performance test (e.g. IDEAL-CT)

<L\STM D4552-20

< NCHRP 9-58

NAPA RA Guide

© 2021 Cargill, Incorporated. All rights reserved.



Field Implementation

NCAT & Other Examples




Examples of Current or Considered BMD Systems

City of

New Jersey Chicago Illinois Illinois City of Virginia City of ODOT

DOT DOT Tollway DOT Janesville DOT Columbus (QED)] D

(Trial)

Cracking Test [IERAthas DCT IO IFIT pcT+1IEm PEAN pEAL-CT  IDEAL-CT IFIT
Tester IFIT CT
HWT to
Rutting Test APA Hamburg Hamburg Hamburg Hamburg APA HWT HWT approve
RA
Binder Extracted pass Extracted EX“:SC ;ed Extr:t:;ed Meet virgin
T None PG XX-22, ATc None None pass PG None P P grade of
Specification >5 climate PG climate PG
XX-16 70-28
+ 6 +6
Trial Strip + Trial Strip + .
Extracted Performance  Surrogate Basic VMD
QC Process performance PG Performanc TBD test tests, TBD IDEAL-CT IDEAL-CT Qc
test e test
State of Active as Active as Active as Active as  Active as of Tn:lssoaec m;?ilgmim Trial in Trials in
Implementation of 2018 of 2018 of 2018 of 2019 2017 2019 2022 2021 2021
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Field Evaluation Projects

ll‘{.luzx_uxruw - e ,,

TEST  SECTION
- NUMBER N-3

MNROAD: Cold Climate

- 30% RAP (24% ABR); PG64-22 Binder + . 25% RAP (20% ABR): PG58-28 Binder
Warm Mix Additive 45% RAP (31% ABR); PG5828 Binder + Rej t
. M ; Inder + Rejuvenator
. 45% RAP (38% ABR); PG64-22 Binder + Rejuvenator 6 RAP (31% ABR) _ e
* Aggregates and RAP were supplied locally in Minnesota for

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

© 2021 Cargill, Incorporated. All rights reserved. 18



NCAT High RAP and WMA Project

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

* Rejuvenation of the
high RAP mix
achieved comparable
passing performance
compared to the WMA
mix.

* Both the RA and WMA
mix outperform the
high-RAP control mix.

14

12

10

540

520

500

480

Rutting Resistance - NCAT

m Hamburg Wheeltracking Test ~ ===12.5 mm

Med. RAP + WMA HiRAP +Anova

DCT Fracture Energy

mmm Disc Compact Tension (DCT) -12°C =500 J/m2

PASS 1

B l

Med. RAP + WMA HiRAP +Anova Control

IFIT Flexiblity Index

H Control EHIiRAP +Anova M HiRAP

Mea RAP HIRAP +Anova Control

Reflective Cracking Resistance - NCAT

mmm Overlay Tester ===200 Cycles

PASS 1
FAIL

Med. RAP

+ WMA HiRAP +Anova
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NCAT Field Performance

TEST  SECTION
| NUMBER N-3

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

with Cargill Anova® Rejuvenator.

After 10 million loadings,
zero cracks appeared in
the test section

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

Maintaining
Smooth
Ride

0 Cracking

No Rutting

i 200
4 150 oo * P00%% o
22 100 -ed 90 O0% ePP0 Bogome o ¢ emsgtmpt STV 0w * g
o E ® ¢go00cee 000emtoon ®
g E 50 © © 00000 00000 000 ® Wy 00 00 g0 000000900 o ¢ 20000tV G0 0TNe 000" ‘0 a0 quhy
Z 0
0 2,000,000 4,000,000 6,000,000 8,000,000 10,000,000
Traffic Loading (Equivalant Single Axle Loads, ESALS)
20%
g 15%
o 10%
8T 5%
%‘E:{ 0% © ©00es0e 000000000 0 D 00 000 0NOO o0 om0
o § 0 2,000,000 4,000,000 6,000,000 8,000,000 10,000,000
4]
[ Traffic Loading (Equivalant Single Axle Loads, ESALSs)
14.000
2e
£ E 9.000
g =
c & 4.000 -0
é ‘3’ 1000 ~oeceee ccoene®® o pned 88 08g% o0 googs, o ° WINPT ST opls § ‘““'
’ 0 2,000,000 4,000,000 6,000,000 8,000,000 10,000,000

Traffic Loading (Equivalant Single Axle Loads, ESALSs)

® 30% RAP + WMA ® 45% RAP + RA
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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.

11

o

700

600

500

400

300

200

Rutting Resistance - MnROAD

mmm Hamburg Wheeltracking Test  ====12.5 mm

FAIL T
PASS

]

Control HiRAP +Anova

Thermal Cracking Resistance - MnROAD

W Disc Compact Tension (DCT) -
20°C

PASS
FAIL 4

Control HIiRAP +Anova

IFIT Flexiblity Index - MnROAD

Control HIiRAP +Anova

Reflective Cracking Resistance - MnROAD

mmm Overlay Tester ==—=200 Cycles
PASS 1
FAIL &
Control HIiRAP +Anova
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MNROAD Field Performance

To demonstrate performance against
the typical 25% RAP mix, Cargill built a
test section on the MNROAD track
using 45% RAP and Cargill 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. Cargill Anova sections have slightly
lower permanent deformation.

Smoothness has remained consistent since construction. This especially clear on
the sufficiently long sections.

No Rutting Maintaining Smooth Ride
11
® -] ™ > ~. ’r”
Short (200°)
£ 1200 Control Wess % sections

e e 300" ANOVA WSt

In/Mi

= = 200" Control East = o o 200" ANOVA West

1400 ANOVA East E = = == 200" Control East

o Long (1400’)
sections

Jun ul Sep . Nowv 2019 2019 2019 2020 2020
Jun sut Sep Oct Nov

e 14007 Control West

e 1400 ANOVA Earst
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Balanced Mix Design for Delaware:
DelDOT Approved Mix

1. Plant samples were prepared based on Cargill dosage recommendations and HMA producer’s mix design.

2. DOT directly sampled plants and carried out Laboratory performance tests.

3. Binder extraction tests were conducted on lab samples by Cargill. _ _
Overlay Cracking vs. Rutting

o All Data ™ 40%RAP + Anova @ 40%RAP Add AC
» 25% RAP + 4%RAS + Rejuvenator vs. Control: 25% RAP | High Resistance to Cracking | .
' & Low rutting '
* 40%RAP + Rejuvenator vs. Control: 25% RAP e 5 ’
o o el ! 20%RAP

— AC% optimized by VMD, standard densities E.,,‘ 1600 | 40%RAP o

2 " + Rej \ :
— Performance checked with Overlay Tester, IdealCT and Hamburg S | . :

- :_ 10%RAP —» o ]

o TTTTTTTTTTTTTTTT T T T T

E 800 . =

o

Description Extract AC% | HTPG | LTSPG |LTmPG| ATc a00

25%RAP + 4%RAS Rej 5.58% 82.5 -22.4 -22.2 -0.2 0 ; , .
35%RAP + 5%RAS Rej 5.91% 73.9 -23.6 -26.6 2.9 Rut Depth (mm)
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Why this Matters!

https://www.asphaltpavement.org/climate
NAPA i

— CAVEMENT

AEBOUT NAPA EXPERTISE PROGRAMS MEMBERSHIP NEWS & RESOURCES
— . 25SOCIATION

CUMATE HOME INDUSTRY GOALS WEBINARS 8 EVENTS

The Road @y

- Y/
i vwwar C

A Vision for Net Zero Carbon Emissions
for the Asphalt Pavement Industry
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Conclusions and Summary

» Today rejuvenation technology has been used successfully for years in millions of tons of
HMA.

« Implementation of High RAP + Rejuvenators in both “non-spec” commercial mixes and
spec’d Agency mixes can be highly practical and feasible today:

— Work with rejuvenator supplier on the appropriate dosage to produce higher RAP mixes with guality
consistent with normally supplied mix designs.

 The NCAT and MNROAD studies demonstrated that even for high-performance and high-service
pavements a framework can be used that provides transparency and reliability for all stakeholders:

— Step 1: Recycling Agent Property Certification (e.g. through ASTM D4552-20) - by supplier
— 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

© 2021 Cargill, Incorporated. All rights reserved. 26
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