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SBS polymer (powder)
SBS polymer (Pallet)

enhance the performance

SBR (Styrene-Butadiene-Rubber) latex
EVA (Ethylene-Vinyl-Acetate)

Crumb rubber and Elvaloy
Sulfur, Otherhydrocarbon materials

SBS (Styrene-Butadiene- Styrene)
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physical and rheological properties of the
MSCR test
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SBS polymer structure

Benefits of SBS Polymer in Asphalt Binder
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v Reduces rutting and improves fatigue and thermal cracking resistance of the pavement

v’ Tri-block network increases the bonding strength of the base binder
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improves aging

v Adedeji et al., 1996 — transmission electron microscopy (TEM) — constitute a macro

Importance of Knowing SBS Content

network at a low concentration

v'Wang et al., 2017 — Multiple stress creep recovery test — shows more elastic behavior
resistance (compared to EVA)

v’ Singh and Kumar, 2019 — FT-IRS and Scanning electron microscopy (SEM) —

v High cost of SBS polymer

v’ Thermal Decomposition
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v’ Spectra remains unaffected by the sample amount placed on the sensor

v’ Chemical analysis of asphalt binder considering

v' A rapid, field portable and non-
v" Has corrosion and scratch
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Quantify SBS in field
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» MicrolLab

'~ caarch

 Open the ‘Microlab
Lite’ icon on the PC

 Insert the password
and press ‘login’
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Advanced Features

‘MY18313001°

Previous Results

NETETCTICE TPIETITouwr mimoTr

About to Synchronize with the Mobile Device

_{ Do you want to Synchronize with this device?

Starting Synchronization

Binder092718
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Methods
Reference Methods
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memory will be transferred to
the hard dive of the PC

 Press ‘yes’ wait till
synchronization is done
J Press ‘Previous Result’ to see the

synchronize the data
1 The spectra saved in the FT-IRS

It will automatically ask to
spectra data files
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Lowest
wavenumber
value

Number of Rows

Resolution

G-H-I-RAP_01_2019-11-21T10-07-55 - ...
Edi

E
File

3999.43349933624
658.428452594757 <«———
1
0.8263852904299345
0.826710683401847
0.8273085726526858
B.8274787656768398
0.826957725597%681
0.8263444858752784
0.826363221817852
0.8266181885778947
0.8270092278089232
0.82768318764788084
0.8276878368614815
0.8276224918275776
0.8279586714233484
0.8277481764145751
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J Importing the
data file to excel
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0.02638529
0.0267106032
0.027368573
0.027470766
0.026957726
0.026344486
0.026363222
0.026618109
0.027069228
0.027683108
0.027687836
0.027622492
0.027958671
0.027748176
0.027220268
0.027502487
0.027937341
0.027584303
0.115602557
0.113334027
0.108820699
0.105525139
0.108125975
0.111138329
0.113612854

Absorbance

3999.43
3997.57
3995.71
3993.84
3991.98
3990.12
3988.25
3986.39
3984.52
3982.66
3980.80
3978.93
3977.07
3975.21
3973.34
3971.48
3969.61
3967.75
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659.74

657.88

656.01

654.15

652.28

650.42
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3999.433
1.8636

The number of rows will vary if the scanning

1798 -1

3999.433 -650.420

range or rate is changed. During the study, the

resolution was kept fixed to 4cm-1

Value of last row of the data set = 650.420
[ Creating another column with heading

Value of first row of the data set
Number of rows = 1798

‘Wavenumber’
Increment
text file to excel
any anomaly in the shape of the spectra

‘Absorbance’
[ Plotting the scatter diagram to check if there is

O Creating a column in Excel with the heading
[ Copying the absorbance value directly from the
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v'SBS modified spectrum was superimposed on the unmodified spectrum

v'Characteristic functional group due to modification was identified

[ The absorbance intensity in terms of peak height or peak area is directly
proportional to the concentration (Beer’s law)

 Two analysis method

1 Qualitative analys
 Quantitative analys
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Absorbance Spectra

—Spectra
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Peak Height Method
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SBS Quantification

provide repeatable measurements

ability to el

v’ Peak height and area method
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Peak Area Method

SBS Quantification

lar process as the peak height

method

Simi
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Polymer Content Determi

Conclusion
samples and in field measurement was ranged from 0%-5% and 5% respectively

prediction in each field demonstration required 30 minutes (10 samples) by the

handheld FT-IRS
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A universal equation for SBS content (%) prediction was developed from peak
height measurement (R%2= 0.97)

dThe total process for sample collection and data processing for SBS content (%)
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Higher variability

Challenges

Different sources
= Lack of proper characterization of RAP

= Unknown degree of blending
" |ncreased quality control Effort

= Highly Aged Asphalt
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Use of RAP

Most recycled materials - almost 99%

Use of >30% is allowed

RAP
= Economic savings and Environmental benefi

= Average RAP use 10% to 20%
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Higher variability

Challenges

Assurance of Quality

Different sources
= Lack of proper characterization of RAP

= Unknown degree of blending
= |ncreased quality control Effort

= Highly Aged Asphalt

Potential of FT-IR
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ing mix aging

Use of RAP

Most recycled materials - almost 99%
Monitor

Use of >30% is allowed

RAP
= Economic savings and Environmental benefi

= Average RAP use 10% to 20%
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Affected by Aging

Functional Group Wavenumbers (cm)

Stretching

Vibration Type
Stretching

Wavenumber (cm™)
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which one is suitable for both binder and mix?

®
= Oxidation state and aging of RAP were not addressed

= FT-IR has been used as supporting tools

= Very few studies were performed on m
= Carbonyl and Sulfoxide concentrat
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ATR-FTIR
iX aging

Research Goal
iX using

= Development of a quick extraction process that can be easily implemented in the plant/ field

= Selection of a suitable index to quantify the binder and m
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= Determine the RAP content in the plant mix
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Plant Mix/ Bindel/RAP
[12 Different Plant Mix]

|

Y
Plant/ Field Sample
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[10 Different Sources]
| Unage
Bin

|
/ Predict the RAP Content in the Mix /
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PAV Aged
[20, 40, 60, 80 h]
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ATR-FTIR Spectra Collection Plan

PG 58-28 (TX)
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Laborat%)ry Sample

Extracted Mix
Age at 135°C
[2.4,12,24 h]

Binder
RTFO Aged
[1,2, 4,8 16,24 h]

PG 52-34 (LA)
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Field Distress Survey

100 °C Pressure
20, 40, 60, 80 hours

Pressure Aging Vessel (PAV)

Temperature
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Laboratory Binder Aging

Rolling Thin Film Oven (RTFO)
PG 52-34 (LA)
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Peak at 2920
2900
Wavenumber

—Spectra
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— Spectra
hl

——Baseline

35

0.30
v 0.25
5 0.20

o)
Q0

Peak at 1695

Wavenumber

Q0
=
Q0
<C
=
(O
-
Q.
V)
<
-
O
2.
2
=
(40
C
<
(O
i’
(O
QO

Wavenumber

Absorbance Spectra

R A1t LA A s s e

T
s
e
e
AR A, R AR, R AR, R AR, R AR, R AR, R AR,




S O S O S O S S S S S S S S o
e e
e LA EeLE LA LEEALEEA LA LELA LA LELA LA LELELELELELE LELELELE LELELELE LELELELALELALELALELA LR LA LR LA AR LA LR LA LELELELRLELELELELELAE
B

S S S S S S S

Based on Peak Height

Areaunder Wavenumber af fected by Aging

Peak Heightat Wavenumber af fected by Aging
Areaunder Wavenumber unaf fected by Aging

Based on Area Under Spectra

Peak Height,: wavenumber unaffected by Aging
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Functional Group Wavenumbers (cm-1)
CH, and CH,

Functional Group

Vibration Type
Stretching
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Vibration Type

Bending vibration
Asymmetric bending
Symmetric bending
asymmetric stretching
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W Pk Ht Ratio at 1375
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Pk Ht Ratio at 2920

Normalized Carbonyl Index Based on Peak Height
Pk Ht Ratio at 1456

M Pk Ht at 1695
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Based on Peak Height

Carbonyl Index = Peak Height ¢ 1695

Carbonyl Index
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Normalized Carbonyl Index Based on Area
B Area Ratio at 1375

Area Ratio at 1456 MW Area Ratio at 1601

M Area Ratio at 2920
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Based on Peak Area

Carbonyl Index = Area ; 1695

Carbonyl Index
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sources and Ten sample of each
binder are tested

between binder grade and the
Carbonyl as well as Sulfoxide Index
are Not Statistically different

= Four different binder grade, Three
No visible trend is observed

= Carbonyl Index of unaged binders

CO Peak Height Ratio
SO Peak Height Ratio
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3PAV  4PAV

SO Index for Five Binder
1PAV ~ 2PAV
Inconsistent change in Sulfoxide Index

Unaged
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CO Index for Five Binder
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* Indices are calculated based on Peak Height Ratio at wavenumber 2920 cm!
0.00

= Both the indices are changing because of aging

Carbonyl Index Changes consistently with aging duration

R A1t LA A s s e
s
s
e
e
++.+.+.¢.+.+.+.+.+.+.+.+.+.+.¢ ¢.+.+..h.ﬁ.ﬁ.ﬁ.ﬁ.ﬁ.ﬁ.ﬁ ¢.+.+..h.ﬁ.ﬁ.ﬁ.ﬁ.ﬁ.ﬁ.ﬁ ¢.+.+..h.ﬁ.ﬁ.ﬁ.ﬁ.ﬁ.ﬁ.ﬁ ¢.+.+..h.ﬁ.ﬁ.ﬁ.ﬁ.ﬁ.ﬁ.ﬁ ¢.+.+..h.ﬁ.ﬁ.ﬁ.ﬁ.ﬁ.ﬁ.ﬁ ¢.+.+..h.ﬁ.ﬁ.ﬁ.ﬁ.ﬁ.ﬁ.ﬁ




S O S O S O S S S S S S S S o
e e
e LA EeLE LA LEEALEEA LA LELA LA LELA LA LELELELELELE LELELELE LELELELE LELELELALELALELALELA LR LA LR LA AR LA LR LA LELELELRLELELELELELAE
B

S S S S S S S

SO Index-RTFO Aged Binder
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= Sulfoxide can be decomposed to Sulfones resulting to reduced Sulfoxide Index
= Sulfoxide Index for RTFO aged binder NEVER equals the Index of PAV aged binder

= Sulfoxide index starts to decrease after certain duration of aging
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= Carbonyl Index is not affected by the fines
= Sulfoxide Index is influenced by the fines
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80-hour PAV

RTFO aging
* Changein I, is NOT Linear
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l.o=0.0296
l.o=0.0254

= Aging at higher temperature creates higher rate

= 12-hour aging at 135 °C
* Changein /., is NOT Linear

= 120-hour aging at 85 °C
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Carbonyl Index of the mix

Example of Determination of RAP content from
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Ico (Unaged bInder) " 100

Carbonyl Index and RAP Content

inder content can be determined from known Carbonyl Index
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1695 to 2920
= 34Y%

Normalized RMSE

RAP Content (%)

Peak Height Ratio
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Suitable Index for Mix

RAP is added to the mix at different ratio
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Outlet of Mixing Drum and Truck
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30 minutes is enough to determine the RAP percentage in the field
Work Step

FT-IRS of 3 Replicates (1 Extracted HMA w/ RAP)

FT-IRS of 3 Replicates (1 Extracted RAP)
Data Transfer and Analysis

FT-IRS of 3 Replicates (1 Binder)

RAP Extraction
Mix Extraction
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in FT-IR.

ing in

IX aging

Quality Control of RAP Mixture

Conclusions

Sulfoxide index is not adequate to conclusively determine the aging of asphalt
RAPs possess much higher carbonyl index than that of the laboratory aged binder or mix

A quick extraction process can produce enough binder from the mix for test
The amount of RAP can be determined by spectral analysis of fresh mix
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Objective

Use of Rejuvenator
* To quantify the amount of rejuvenator present in asphalt binder by analyzing

absorbance spectra
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= Aromatic Oil and Bio Oils are two widely used rejuvenator
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Materials

Analysis Method

: SBS

PG 58-28

Petroleum-based aromatic oil (0%, 15, 35% of total binder)

Plant-based bio oil (0%, 5%, 15% of total binder)

=
)
©
£
0
)
(%]
©
0
@)
o+
©
)
©
©
()
S
)
©
£
0
(W
<
o
X
o
S
o0
(@)
)
©
©
S
O
)
| -
>
o+
(1°)
S
)
o
5
T
4+
e
oD
L

®
®
Area Under the Spectra

Binder
Rejuvenator
Polymer
RAP

Peak Height

R A1t LA A s s e
s
s
e
e
++.+.+.¢.+.+.+.+.+.+.+.+.+.+.¢ ¢.+.+..h.ﬁ.ﬁ.ﬁ.ﬁ.ﬁ.ﬁ.ﬁ ¢.+.+..h.ﬁ.ﬁ.ﬁ.ﬁ.ﬁ.ﬁ.ﬁ ¢.+.+..h.ﬁ.ﬁ.ﬁ.ﬁ.ﬁ.ﬁ.ﬁ ¢.+.+..h.ﬁ.ﬁ.ﬁ.ﬁ.ﬁ.ﬁ.ﬁ ¢.+.+..h.ﬁ.ﬁ.ﬁ.ﬁ.ﬁ.ﬁ.ﬁ ¢.+.+..h.ﬁ.ﬁ.ﬁ.ﬁ.ﬁ.ﬁ.ﬁ




B e e e e e
e e e e e e e e
e o )

s e e s e e
]

|

Cat 1601

C=

—Bio Oil
0 at 1744 ]7

E

= Aromatic Oil

Wave Number (cm-?)

PG 67-XX Binder
-C-O at 1162

0.20

< 0.15
0.10
0.05

Identification and Quantification is Possible ¢ oo

]
(8]
&
8 0.25
S
o
(7]
Q

ing

ing
O Stretch
ic

-
Q
o
=
a8
O
-
(O
-
O
i’
(O
3
>
=,
Q
oc
(T
O
(O
)
O
()
Q.
V)
C
O
)
O
-
O
Ty
O
<

C Aromat

Aromatic Oil

Bio Rejuvenator

-C-O Stretch

-C
C

Bio Rejuvenator add new peaks in spectra

1162
1744
1601

R A1t LA A s s e
s
s
e
e
AR A, R AR, R AR, R AR, R AR, R AR, R AR,




S O S O S O S S S S S S S S o
e e
e LA EeLE LA LEEALEEA LA LELA LA LELA LA LELELELELELE LELELELE LELELELE LELELELALELALELALELA LR LA LR LA AR LA LR LA LELELELRLELELELELELAE
B

S S S S S S S

tor (%)

gjuvina

Bio R«

.- Linear (PMB+BR)

— = = Linear (UMB+BR)
- -----Linear (20%RAP+UMB+BR)

® 20%RAP+UMB+BR
¢ 20%RAP+PMB+BR

m PMB+BR
A UMB+BR
- . — Linear (20%RAP+PMB+BR)

Absorbance Area at 1744 (1/cm) with Bio Rejuvenator
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-----Linear (20%RAP+UMB+BR)

Presence of RAP reduce the absorbance value but does not affect the quantification process

Presence of polymer does nor affect the quantification process

Absorbance Height at 1744 (1/cm) with Bio Rejuvenator %
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Conclusion
Quantification of rejuvenator is unaffected by added polymer or RAP binder
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FT-IRS can identify Bio Rejuvenator

Rejuvenator does not
Area method provides better correlation to quantify the rejuvenator content
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Overall Recommendations

10 rejuvena

o Excessive usage of RAP, & extremely oxidized RAP usage
Identifying b

o Detect segregation of polymer
o Presence of rejuvenators

o Degradation of polymer
o Polymer content determination

o Quality control of RAP mixture

®
= Viability of extensive usage of handheld FT-IR spectrometer in various applications should be studied
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= Forensic analyses can be performed to find the possible causes of premature failure

= FT-IR method has the potential to be used for pavement maintenance purposes
= Potential use of FT-IRS for identifying cracking susceptible extremely aged surface

" |mmediate implementation of FT-IR spectrometer is recommended
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Field Implementation of Handheld FTIR Spectrometer for Polymer Content
Determination and for Quality Control of RAP Mixtures
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