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ABSTRACT 
This work involved making a portable X-Ray Fluorescence Spectroscopy device available to 
district personnel and training them to use the device on a routine basis to analyze tire rubber-
modified asphalt binder for tire rubber content. The Performing Agency worked with the 
Receiving Agency and producers from around the state to develop calibration standards that can 
be used to determine the tire rubber content using the portable XRF units and conducted a round-
robin analysis of samples from across different laboratories.  The Performing Agency also revised 
test procedure Tex 553-C, “Determination of Re-Refined Engine Oil Bottoms, Polyphosphoric 
Acid, and Tire Rubber Content in Asphalt using X-Ray Fluorescence Spectroscopy” to account 
for procedures to use in the field since the device is portable. 
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EXECUTIVE SUMMARY 
Tire rubber is required in certain TxDOT asphalt binders; e.g., AC-205TR, used for chip seal 
construction. These binders are specified and used in several districts across the state. Current 
Receiving Agency Standard Specification Item 300, Asphalts, Oils, and Emulsions, includes using 
test procedure Tex 553-C, “Determination of Re-Refined Engine Oil Bottoms, Polyphosphoric 
Acid, and Tire Rubber Content in Asphalt using X-Ray Fluorescence Spectroscopy.” 

This test procedure is currently only performed at the Receiving Agency Materials and Tests 
Division (MTD). This test can be implemented in the field with a portable XRF device and test 
procedure Tex-553-C can be used in conjunction with a calibration chart to evaluate and obtain a 
quantitative estimate of tire rubber at the district level. 

This work involved making this device available to district personnel and training them to use 
the device on a routine basis to analyze tire rubber-modified asphalt binder for tire rubber 
content. The Performing Agency worked with the Receiving Agency and producers from around 
the state to develop calibration standards that can be used to determine the tire rubber content 
using the portable XRF units and conducted a round-robin analysis of samples from across 
different laboratories.  The Performing Agency also revised test procedure Tex-553-C to account 
for procedures to use in the field. 
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Chapter 1. XRF Purchase 

On October 10, 2022, the University of Texas at Austin - Center for Transportation Research 
(CTR) received final approval for initiating this project. The first order of business was the 
purchasing of three XRF systems, as this was a key event that could be on the critical path for 
project execution. This purchase had several key elements described below. 

• CTR had received a quote from Thermo Fisher Scientific for the XRF instruments, 
instrument cradles, and consumables.  

• A proprietary purchase was selected to ensure a match of the purchased items to the 
existing TxDOT system at the Materials and Tests Division.  

• On October 10, 2022, the Purchase Order for these systems (and consumables) was 
developed and entered the University of Texas Purchasing system.  

• On November 11, the purchase order was issued to Thermo Fisher Scientific. The 
purchasing process involved some legal language differences and was finally signed on 
December 27, 2022. 

Thermo Fisher Scientific initially indicated a lead time of  8-weeks for delivery. On December 
28, this was revised to a shipment date of January 6, 2023, but this would be only the XRF 
instruments as the Field Mate Test Stands were back ordered and would take 4-months to 
receive. 

CTR approved a partial shipment of the XRF instruments (guns) only, as the guns can be 
calibrated without cradles. 

CTR received the XRF gun shipment on January 6, 2023. This did not include the Field Mate 
Test stands but did include a standard mobile test stand. Field Mate Test Stands were expected 
when available. 

The next step was to assess the XRF guns and initiate a calibration process for each XRF gun 
before distributing to the Lufkin, Odessa, and Brownwood Districts.  
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Chapter 2. Review and Modify Existing Tex-553-C 
Test Procedure  

This Chapter describes the work performed for Task 3, “Review and Modify Existing Tex-553-C 
Test Procedure”. 

The project team acquired a MS Work version of the existing procedure from the Materials and 
Tests Division and reviewed the existing procedure for possible changes. 

The review resulted in suggested changes in Tex-553-C relative to XRF detection of tire rubber, 
but also suggested more global revisions. These global revisions included combining developing 
calibration samples in one section instead of being repeated in each. There were also suggested 
changes to the concentrations for calibration standards. 

The proposed version of Tex-553-C was submitted to TxDOT for review and comment. 

The proposed version of Tex-553-C is shown in Appendix A. The proposed revisions resulted in 
shortening of the test procedure by approximately one page. 

The existing version of Tex-553-C is shown in Appendix B. 

TxDOT reviewed and edited the proposed version, making minor changes. The final version as 
edited and approved for publication by TxDOT is shown in Appendix C. 
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Chapter 3. Develop Training Protocol and Train 
Districts 

This Chapter describes the work performed for Task 4, “Develop a training protocol and train 
three districts in the use of the portable XRF for determining tire rubber content in asphalt 
binder.” 

3.1. Calibration Standards 
The calibration standards were acquired from multiple producers. These were specific blends of 
the base binder and tire rubber used by each producer. In most cases, these blends were provided 
by the producer to TxDOT. 

The project team used the calibration standards to develop calibration curves for each of the XRF 
guns purchased for the three districts, and the existing XRF guns at MTD and CTR. These 
calibration curves were included in a consolidated spreadsheet. The consolidated spreadsheet, 
usable by all XRF guns, requires inputs of the specific XRF gun serial number, binder producer, 
and zinc content derived from the XRF analysis of that specific sample. The output is tire rubber 
content for that sample. 

3.2. Training Video 
Instead of a written layperson’s procedure for the complete analysis, a video was developed for 
training. This video includes a demonstration of key steps: 

• Heating and pouring binder into a sample cup. 

• Applying a mylar film on the sample (after cooling). 

• Placing the XRF gun in the test stand. 

• Starting the XRF gun and the initiation sequence to prepare the gun for analysis. 

• Placing the sample in the analysis zone of the test stand. 

• Entering identifying information into the gun operational software. 

• Initiating the analysis (depressing the trigger and analysis time). 

• Reading the zinc content of the sample. 

The video can be found at: 

https://doi.org/10.18738/T8/GX7H0Y 

https://doi.org/10.18738/T8/GX7H0Y
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The zinc content of the sample is used in the calibration spreadsheet (knowing the gun serial 
number and binder supplier) to calculate the tire rubber content. 

Trips were organized to deliver the XRF guns to districts and conduct training using a district’s 
delivered XRF gun.  

3.3. Training Program 
Each district training program involved delivering the XRF gun [with unique serial numbers 
(SN)] and other consumable materials (sample cups and mylar film) and watching the video. 
Then district personnel demonstrated pouring a sample in a sample cup (if the district had an 
oven and binder available) and applying the mylar film. CTR staff had several pre-made samples 
for testing (in the interest of time) and the district personnel demonstrated running XRF on these 
samples and putting the zinc content in the calibration spreadsheet to calculate tire rubber 
content.  

On May 19, 2023, CTR staff traveled to the Brownwood District. They delivered an XRF gun, 
test stand, and testing consumables to district personnel and conducted training. Brownwood 
received XRF SN 133080 

On June 1, 2023, CTR staff traveled to the Lufkin District. They delivered an XRF gun, test 
stand, and testing consumables to district personnel and conducted training. Lufkin received 
XRF SN 200125 

On June 5, 2023, CTR staff traveled to the Odessa District. They delivered an XRF gun, test 
stand, and testing consumables to district personnel and conducted training. Odessa received 
XRF SN 200129. 

CTR already had XRF SN 97393. 

MTD already had XRF SN 100062 

3.4. Correction and Update of Calibration Standards and 
Spreadsheet 
Soon after distribution several districts reported what they believed to be significant errors in the 
TR content of some samples. Upon investigation, at least one supplier had made mistakes in 
mixing the calibration standards supplied to CTR. This necessitated having some new standards 
shipped to CTR. In addition, calibration samples were acquired for another supplier that had not 
submitted standards previously. 
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These new standards were shipped to the three districts and they and CTR retested them. A new 
calibration spreadsheet was developed with the new calibration standards and distributed to the 
districts. 

Calibration data was plotted for all XRF SN – Binder Supplier combinations to determine the 
best line fit for the data, by XRF SN and Binder Supplier. An example is shown in Figure 1. 

Figure 1. Calibration Plot for XRF SN = 97393 and Binder Supplier = Wright Asphalt  
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Table 1 shows the summary of calibration slopes determined for each XRF SN and Binder 
Supplier combination. The spreadsheet allows the selection of XRF Serial Number (each district 
has one), the binder supplier, and the zinc reading (ppm) from that  XRF gun for a sample from 
the chosen supplier. The spreadsheet uses the zinc reading and multiplies it by the slope of the 
calibration curve for that XRF gun – Binder Supplier combination to calculate the TR percentage 
of that sample. Martin Batch 1 was replaced by Martin Batch 2 

Table 1. Calibration Slope for XRF SN and Binder Supplier. 

XRF SN Wright Polyco Ergon Jebro Waco Martin Valero Houston 
200129 0.00488 0.00233 0.00434 0.00295 0.00271 0.0046 
133080 0.00474 0.00239 0.00427 0.00295 0.00272 0.00446 
200125 0.0049 0.0023 0.00432 0.00294 0.00273 0.00448 
97393 0.0048 0.00273 0.00435 0.00292 0.0026 0.00445 

100062 0.00500 0.00288 0.00454 0.00307 0.00279 0.00466 
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Chapter 4. Develop Round Robin 

This Chapter describes the work performed for Task 5, “Develop Round Robin.” 

After Task 4 was completed and calibration standards were corrected for those suppliers that had 
made incorrect calibration samples, samples were analyzed for a round robin. Five blind samples 
at different TR concentrations were distributed to districts for analysis. These were from three 
different binder suppliers and were developed in the CTR lab. Samples were sent to all five labs 
and each sample was sample was evaluated twice. The round-robin data is shown in Table 2. 

Table 2. Blind Round-Robin Samples 

MATERIALS 
Percentage of Tire Rubber [%] 

Average StDev CTR Brownwood Lufkin Odessa MTD 
Lab 1 Lab 2 Lab 3 Lab 4 Lab5 

Supplier 1 - Blind A - S1 15.2 15.3 14.9 15.3 15.2 15.17 0.18 
Supplier 1 -  Blind A - S2 15.2 15.4 15.2 14.8 15.2 
Supplier 1 - Blind B - S1 5.0 5.0 4.9 5.0 5.0 4.91 0.11 
Supplier 1 - Blind B - S2 4.8 4.9 4.8 4.7 5.0 
Supplier 2 - Blind #1 - S1 4.8 4.9 n/a 4.9 4.9 4.86 0.05 
Supplier 2 - Blind #1 - S2 4.8 4.9 n/a 4.8 4.9 
Supplier 3 - Blind #2 - S1 5.0 5.0 n/a 5.0 4.8 4.95 0.18 
Supplier 3 - Blind #2 - S2 5.0 5.0 n/a 5.2 4.6 
Supplier 1 - Blind #3 - S1 5.6 5.5 n/a 5.5 5.6 5.55 0.05 
Supplier 1 - Blind #3 - S2 5.6 5.5 n/a 5.5 5.6 

Since each asphalt sample was run twice, each measurement will be treated as a sample we have 
either 10 samples or 8 samples (Lufkin’s XRF instrument failed, and they could not analyze the 
last three unknown samples). Using a two-tailed, 95% t-distribution: 

For degrees of freedom (df) = number of observations (10) minus 1 = 9. From tabulated t-
statistics, t = 2.262. Then the calculated 95% confidence intervals is: 

𝑋𝑋 + ± 2.262 (𝜎𝜎/�𝑛𝑛), and  

For degrees of freedom (df) = number of observations (8) minus 1 = 7. From tabulated t-
statistics, t = 2.365. Then the calculated 95% confidence intervals is: 

𝑋𝑋 + ± 2.365 (𝜎𝜎/�𝑛𝑛)  

Then applying these to the data, the variation can be estimated as: 

Blind A = 15.17 +/- 0.13. 
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Blind B = 4.91 +/-  0.08 

Blind #1 = 4.86 +/- 0.04 

Blind #2 = 4.95 +/- 0.14 

Blind #3 = 5.55 +/- 0.04 

Some materials produce more repeatable results than others, and is likely dependent on the base 
asphalt and type of tire rubber used. Any changes would require developing a new calibration 
curve. 
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Chapter 5. Summary/Conclusions 

This chapter provides a summary of the work performed and conclusions. 

Work performed on this project included: 

• CTR purchased three portable XRF analyzers and their operation was verified in the CTR 
lab.  

• Calibration standards were acquired to develop a calibration spreadsheet for all 
instruments. Calibration is instrument specific. 

• CTR revised test procedure Tex 553-C, “Determination of Re-Refined Engine Oil 
Bottoms, Polyphosphoric Acid, and Tire Rubber Content in Asphalt using X-Ray 
Fluorescence Spectroscopy” to improve the test method and allow for the use of portable 
XRF in the field. 

• A training program (video) was developed for the operation of the XRF analyzer to 
determine TR content in asphalt according to Tex-553-C. 

• Three TxDOT Districts were supplied with a portable XRF analyzer and trained in its 
operation. 

• New calibration standards were acquired for some suppliers to modify the calibration 
spreadsheet, which was then supplied to the three districts to replace the original 
spreadsheet. 

• A round robin on a blind sample from one producer showed that the accuracy of the 
output (with rounding up and only calculating to the nearest 0.1% TR) to be 
approximately +/- 0.1 % TR to +/- 0.2% TR. This equates to the multi-lab D2S that is 
published by AASHTO to indicate the repeatability between labs. Within lab accuracy is 
generally higher. Usually, thirty 30 data points or more are desired to get a better 
standard deviation.  

Measurement of TR content can be accomplished with a portable XRF analyzer. One must use a 
calibration model unique for each instrument (XRF gun), using standards at various TR contents, 
that accounts for each base asphalt (producer) and TR combination that will be supplied. Any 
change in the source of the ingredients will necessitate developing a new calibration for that 
material. 
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Appendix A – Proposed Tex-553-C 
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Appendix B – Existing Tex-553-C 
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Appendix C – Tex-553-C Approved for Posting 
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