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XRF and FTIR Spectroscopy

• XRF Measures Elements 
– REOB, Phosphoric Acid, GTR, Glass Beads, Road Marking 

Paints, Paint Films, Asphalt Binders

• FTIR Looks at Molecules
– Lime, Polymers, Vegetable Oils, Asphalt Oxidation Products
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Important Spectroscopy Rules

• Be Sure you know what you are looking at
(It will lead you to the wrong conclusions if you don’t)

• Spectrometers are Dumb
(You have to tell it what you know – Calibration)

• Spectrometry is Very Powerful
(Can be extremely useful in Forensic Investigations)

• It Does Not Do Everything



ALF High Density Experiment
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Lane Grade Cont. PG D m-s 
RTFOT

D m-s 
PAV

1 64-22 68.3 1.8 -1.1
3 64-22 68.3 1.7 -0.8
4 64-22 66.3 1.5 -1.7
5 64-22 66.3 1.5 -1.1
6 64-22 66.4 2.4 -1.9
8 58-28 62.1 1.2 1.7
9 64-22 65.1 2.9 -2.3
11 58-28 65.1 -2.4 0

Two Asphalt Binders
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Lane Grade Cont. PG D m-s 
RTFOT

D m-s 
PAV

REOB 
%

1 64-22 68.3 1.8 -1.1 0
3 64-22 68.3 1.7 -0.8 0
4 64-22 66.3 1.5 -1.7 0
5 64-22 66.3 1.5 -1.1 0
6 64-22 66.4 2.4 -1.9 0
8 58-28 62.1 1.2 1.7 9
9 64-22 65.1 2.9 -2.3 0
11 58-28 65.1 -2.4 0 4

One Asphalt Binder ?
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Lane Grade Cont. PG Vanadium 
ppm

Nickel 
ppm

1 64-22 68.3 899 100
3 64-22 68.3 903 101
4 64-22 66.3 209 67
5 64-22 66.3 445 70
6 64-22 66.4 181 63
8 58-28 62.1 896 95
9 64-22 65.1 875 93
11 58-28 65.1 695 85
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Lane Grade Cont. PG Vanadium 
ppm

Nickel 
ppm

Asphalt

1 64-22 68.3 899 100 A
3 64-22 68.3 903 101 A
4 64-22 66.3 209 67 C
5 64-22 66.3 445 70 B
6 64-22 66.4 181 63 C
8 58-28 62.1 896 95 A
9 64-22 65.1 875 93 A
11 58-28 65.1 695 85 D

Four Asphalt Binders ?
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Ultra Thin Bonded Wearing Course

Asphalt Bleeding 
to the Surface
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We Cut the UTBWC into Slivers and Recovered the Binder
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Binder Content Varied with Depth
Research Plan: Forensic Evaluation of Ultra-thin Bonded Wearing Course from EFLHD (Phase II)�
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Several important observations can be made from the binder extraction results.  Both cores were 
found to have a variation of binder content with respect the depth.  The samples at the top 
surface of the cores showed binder contents close to the JMF value (5%).  At deeper regions of 
the UTBWC, the binder content was found to be higher, reaching a maximum in the tack coat 
region.  This maximum was expected since the interfacial region between UTBWC and the old 
asphalt concrete should have high contents of binder due to the presence of the tack coat.  
However, the binder content in this region for the field samples was significantly higher than the 
JMF targeted value.  In particular, a value of 7.90% of binder in the tack coat region of the 
FHWA-13-0598 may possibly explain the flushing phenomenon.  This would imply that the 
excess of tack coat may have migrated up to the surface of the pavement. 
 

Density,�g/cc 1.04
Binder�Content,�% 40
Application�Rate,�gal/yd2 0.14
Tack�Coat�Thickness�mm/m2 0.63

Density,�g/cc 2.41
Binder�Content,�% 5

Density,�g/cc 2.32
Binder�Content,�% 5
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Old�Asphalt�Concrete
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Figure 3.  Comparison of binder profiles 
between FHWA-13-0598 and -0599 cores 

and theoretical UTBWC design. The 
dotted lines are provided to depict the 

approximate region of the tack coat and 
are not to scale.

Table 5.  Characteristics of the 
Emulsion and UTBWC Mix Design
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Tack Coat Emulsion Run off
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Figure 11.  Comparison of profile of iron and vanadium concentrations with depth in River Road 

pavement core (FHWA-13-0598) and Gatlinburg bypass core (FHWA-13-0599) UTBWC layer 

against original binder and extracted binder from tack coat region performed in phase I of a 

current study [10].  The dotted lines are provided to depict the approximate region of the tack 

coat and are not to scale. 

 

Figure 11 offers a closer examination of the trends in the iron and vanadium concentrations with 

depth in the unabraded River Road pavement core (FHWA-13-0598) and the abraded Gatlinburg 

bypass core (FHWA-13-0599) UTBWC layer.  Concentration profiles of vanadium and iron 

based on data from the XRF analysis of original UTBWC binders and the tack coat extracted 

from a thin sliver of the tack coat region of a core have also been included for the sake of 

comparison.  As mentioned previously, these samples were analyzed in Phase I of the current 

study [10].  The most important observations were that the vanadium and iron concentrations 

exhibited a distinct trend with depth of the pavement.  For the unabraded River Road pavement 

core, the vanadium concentration was found to gradually increase with depth of the UTBWC 

layer to a maximum in the tack coat region and then drop with depth in the old asphalt concrete 
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Asphalt Bleeding to the Surface
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XRF Spectrometer – Weighs 500lbs.
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Thank You 


