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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.



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.

e (TR had received a quote from Thermo Fisher Scientific for the XRF instruments,
instrument cradles, and consumables.

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

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

e 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.



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:

e Heating and pouring binder into a sample cup.

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

e Placing the XRF gun in the test stand.

e Starting the XRF gun and the initiation sequence to prepare the gun for analysis.
e Placing the sample in the analysis zone of the test stand.

e Entering identifying information into the gun operational software.

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

e Reading the zinc content of the sample.

The video can be found at:

https://doi.org/10.18738/T8/GX7HOY
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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.

12



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.

30

25 y = 0.0048x
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- R = 0.9998
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10
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Figure 1. Calibration Plot for XRF SN = 97393 and Binder Supplier = Wright Asphalt

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

Percentage of Tire Rubber [%]

MATERIALS CTR Brownwood | Lufkin | Odessa | MTD | Average | StDev

Lab 1 Lab 2 Lab 3 Lab4 | Lab5
Supplier 1 - Blind A - S1 15.2 15.3 14.9 15.3 15.2 15.17 018
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 4.91 011
Supplier 1 - Blind B - S2 4.8 4.9 4.8 4.7 5.0
Supplier 2 - Blind #1 - S1 4.8 49 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 5.6 555 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:

X + +2.262 (a//n), 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:

X + + 2365 (a/4/n)

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

Blind A =15.17 +/- 0.13.

14



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.

15



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.

16



Appendix A — Proposed Tex-553-C

Dereraawarion oF Re-rermen Encive On. Botroms,
Povveroserorc Aco, Tiee Russer ano Trnchioroethylene Cowmenriv TxDOT DesianaTion: TEX-552-C
Aspra T Biwoers Usis X-rav FLUORESCENCE SPECTROSCOPY

Test Procedure for

DETERMINATION OF RE-REFINED ENGINE OIL EOTTOMS,

POLYPHOSPHORIC ACID, TIRE RUBBER, AND d-
TRICHLOROETHYLENE CONTENT IN ASPHALT BINDERS USING
X-RAY FLUORESCENCE SPECTROSCOPY k_

TxDOT Designation: Tex-553-C
Effective Date: Draift

¥ SCOPE

141 This test method covers the procedure for defermining the Re-refined Engine Qi Botioms (REOE],
Polyphosphoric Acid (PPA), and Tire Rubber (TR) content in asphalt binder samples using X-Ray
Fluorescence [(XRF) Spectroscopy. In the case of oblaining asphalt knder sample from extraction
process usng Trichloroethylene (TCE), this fest procedurs can also be implemented to quantify the
effect of TCE concenfration in the asphalt binder residue on its mechanical properties such az
stifiness and performance grade (PG).

12 Calibration curves are created for each addifive using different asphalt binders and measuring the:
intensity of elements including calcum (Ca), zinc (Zn), molybdenum (Mo), phosphorous (P), silicon
{51, sulfur (5), vanadium [V}, and chiosine (Cl) as the amount of additive added to the zsphait
binders iz varied.

13 In unknown samples, the concentration of all the elements necessary to estimate REOB, PPA, TR,
and TCE content; can be meazured in one analysis using XRF. However, each additive content to
be estmated should have separate calibration curves as outlined in the method.

14 Using XRF Specirometer to measure additive content in asphall binders requires pacsing safefy
and technical fraining and following the test procedure provided in this document.

15 It iz highy recommended to always wear a dosimetry finger ring on the hand that will be closest to
the device, when uzing a handheld XRF, to quantify potential radiation exposure. Follow all
radiation safely and cafety precaufions set out by the X-Ray instrument manufacturer and the
testing facility.

16 The values given in parentheses (if provided) are not standard and may not be exact mathematical
conversions. Use each system of units separately. Combining values from the: two systems may
result in nonconformance with the standard.

2. MATERIALS

21 Taperad Aluminum Briquetting Cup (Pelet Cups) with a minimum diameter of 25 mm and a
rmimirnunn height of B mm for precenting samples to e XRF.

MATERTALS AND TESTS DIFTSION 1-3 L 45T REVIEWED: DIRAFT
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DeTERMNATION OF RE-RERNED Engive O BoTToMs,
Paovverosproric Aco, Tiee Ruseer aso Trichiomoethyfene ConTenT v TxDOT DestchaTioN- TEX-553-C
Aspra T Bipers Usms X-ray FLUORESCENCE SPECTROSCOPY

22 Oven capable of maintaming temperature at 160 £5°C.

2.3 Mytar Thin-Films with 2.5 micrometer thickness and 6.35 em diameter (precut circles).

2.4 ZRF Analyzer; handheld, benchiop, or floor top.
Hote 1 - [f floor or benchiop XRF ks uzed, the instrument will need to be able fo operate in 2 helum
atmosphere; otherwize, the sample may be pulled from the sample cup.

25 Clazs G2 Balance (according to Tex-301-K), with a capacity of 2,000 g.

26 Sample mixing can, 1-guast (1-liter).

27 Heafing Mantle or Heating System, that can maintain the blending temperature of asphalt binder at
160 + 5°C of a 1-quart {1-Eter) sample mixng can.
Hote 2 - For TR additive, the blending temperature may be increased up to 130°C.

28 Plastic squeeze boitle or syringe for adding Byuid additives.

29 High Shear Mixer, capable of midng 1-quart (1-iter) can of asphalt binder.

2.10 Vanous spatulas and sample holders for acphalt and additves

3. SAMPLE PREPARATION FOR XRF ANALYSIS

31 Prepare containers (pellet cups) to powr the samples:
*  make sure they are new, dry, clean, and dust-fres, and
*  |absd outzide wall and botiom of pellet cups.

32 Heat the acphalt binder in an oven get at 160 = 5 °C untdl it becomes liquid enough o be easily
poured.

33 After heating, sfr the sample with a metal spatula to ensure the sample iz homogenized.

34 Powr the sample into an aluminum pelet cup. Completely fill the cup without overflowing or having
excess material on top of the confainer.

35 If needed, strike off the sample with a hof spatula to remove excese matenials from the top and o
ensure a flat surface for festing.

36 Allow the sample to cool to room termperature for 30 = 5 min. To avoid contamination, cover the
camples and prevent any contact with the swrface of the cample.

3T Once the sample has cooled to room temperature, place a ciean Mylar Thin-Film over the binder
sample, awvoiding air entrapment (bubble) and wrnkling of the film.

MATERIALS AND TESTS DIVISION -3 L45T REFIERED: DRAFT
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3.8

I necessary, etretch the film to remove any air bubble or wrinkle. if zome air bubbles o wrinklies
remain on the surface of the specimen, avoid thess spots when conducting the test, as these could
affect XRF readings.

411

4.1.2

4.1.3

42

421

422

423

424

DEVELOPING CALIERATION CURVES

Uge the XRF o develop mdividual calibration curves using blends of known concentration of Re-
refined Engine Oil Bottome (REOBE), Polyphosphornic Acid (PPA), or Tire Rubber (TR). Use
concentrations both above and bedow the limit of interest to allow for interpolation rather than
extrapolaton.

For REQE, analyze binder camples for calcium (Ca), zine (Zn), molybdenum (Mo}, sulfur {S), and
vanadium (V). Since current specifications do not aiow REOEB, create standards for 0, 1, 2, 3, 5,
and 10% RECB. Since binders and REOB may both contain S and V, use binders with varying S
and V contents; such that multiple sete of binders can be used to generate calibration curves. For
example, s=t 1 has a S and V content of xs and xv while sef 2 has a S and V content of ys and yv.

For PPA, analyze binder samples for phosphorus (P). Since curent spedfications allow a
maxEmum of 0.5% PPA, blend standards for 0,01, 0.25, 0.5, 0.75, and 1.0% PPA.

For TR, analyzs the binder sample for zinc (Zn) and molyedenum (Mo). Since cument
gpecifications requine a mimimum of 5% TR, create ctandarnds for 1, 3, 5, B, and 10 % TR.

In order to quanify the effect of TCE on the PG grade of asphalt binders, see Section 6.
HNote 3 - Calibration curves are asphalt binder sounce and XRF device dependent.

Blend a Calibrafion Standard.

Heat sufficient azphalf binder in a single can in an oven sef at 160 = 5°C for the mingmum fimes
necessary for it o be sufficientiy fluid to powr. Avoiding overheating the material.

Thoroughty £fir the acphalt binder with a clean metal spatula and powr xB grams of the heated
binder (approximately of 400 g) info a 1-quart mixing can.

Hote 4 — Approximately 400 g of asphalt & sufficient for REOB and TR, while approximately 700 g
of acphalt is cuggected for PPA because of the emall amounts of PPA needed.

Immediately tranzfer fhe cample to the mixing assembly comprising 2 heating mantle and a high
shear mixer and heat to a mixing temperaturs of 1860 £ 5°C.

For TR additive, the mixing termperature may be increased up to 180°C.

Determine the amount of additive needed 1o blend the callibration concentration desired. (Additive
concentration ic bazed on the weight of the blend.)

Uge the formula:
xA = (AC - xB) ! (100 - AC)

MATERIALS AND TESTS DITTSION i-3 L 45T REVIEWED: DRAFT
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Where:
x4 =weight of additive fo be added for xB weight of binder
xB = weight of binder wsed

AL = percentage of additive to bensed (1e., 0.1, 1.0, 5.0, ete)

425 ¥While mantaining the binder temperature at the mixing temperature, gradually add xA grams of the
additive, such that the additive content of the mixture becomes the percent by total weight for the
calibration standard, i.e., xB = 380 g binder and xA = 20 g for 2 5% standard.

Mote 5 —Add liquid additives by the drop from a sgueeze botle or syringe, and back weigh the
botie or cyringe for the weight of addifive used. For colid polymers, weigh the appropriate amount
into @ container and add about a third of the matenal at a time, allowing fe additive to disperss for
a few s=conds between addifions.

426 Blend the mixture with a high shear mixer for a minimum of 30 minutzs. TR additive may require up
to 2 hours of blending fo encure 3 emooth, uniform biend.

427 Fepeat 4.2.1 through 4.2 6 to prepare all standard at the concentrations for the additive of intersst.

43 Generate calibrafion curves.

431 Prepare XRF samples for analysiz according to Section 3.

432 Uge the XRF according to the manufaciurer's instructions, anaiyze the slandards for the clements
of mercst according to the additive of mterest shown in Section 4.1.

433 Create a plot for each addtive for the elements of interest using data from the appropnate senes of
ctandarde. The XRF recult chould be on the y-axic and the percentage of additive i the standard
on he x-axis.

434 Determine the equation of the best fit Bne for each element.

5. ESTIMATING ADDITIVE CONTENT OF AN UNKNOWHN SAMPLE

51 Prepare a sample for prezentation to the XRF acconding to Section 3.

2.2 Uge the XRF o analyze the unknown samiple for te additive of interest for the presence of the
elements from Section 4.1,

53 Uze the additive element calibration curve or best-iit equation to esimate the addstive
concentration of the unknown sample.

54 Feport the ectimated additive content of the unknown cample.

MATERIALS AND TESTS DITTSION 4-35 L 45T REVIEWED: DRAFT
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6. QUANTIFYING THE EFFECT OF TCE OM PG OF ASPHALT BINDERS
6.1 Use thic test procedure to quantify the efiect of Trchloroethylens (TCE) remaining in the asphalt
binder residue from the exiraction process on &z mechanical properties; e.g., stifness and
conBnuous high temperature perfosmance grade (High Temp. PG).
MNote 6 - Samgies are prepared by exfracting asphalt binder as described in test
procedure Tex-211-F, Abzon process.
6.2 Developing Calbration or Comection Curves.
6.21 \irgin binder should be exiractsd, and the exiraction procese stopped at various times tomeasure:
. the confinuous high temperatune PG of the extracted binder using 2 DER, and
. the amount of Cl in the sample using XRF wsing sampies prepared according o Section 3.
622 From tesfing according to Sections 3 and 4, plot the continuous high temperature PG of the
samples on the x-axis and the corresponding Cl content or intensity measurements on the y-axis.
623 Determine the equation of the best fit Bne for the data.
6.3 Teeting an Unknown sample.
6.3.1 Determine the Cl content in the sample using XRF according to the manuiacturer's mstructions.
632 Meazure the continuows high temperature PG of the extracied binder using a Dynamic Shear
Rheometer (DER).
6.3.3 Uze the calibration curve or best fit equabon to estimate the adjusted conBnuous high
temperature PG of the sample for the binder with no TCE.
Mote 7 - For accuracy, the above procedure showld be used to generate separate plots for
asphalt binders with different periormance grades.
MATERIALS AND TESTS DIVISION j-3 L 45T REVIEWED: DRAFT
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Appendix B — Existing Tex-553-C

DETERMINATION OF RE-REENED ENGINE OIL BOTTOMS,
PoL YFHOSPHORIC ACID, AND TIRE RUBBER CONTENT iV ASPHALT TXDOT DESIGNATION: TEX-553-C
BINDERS LISING X-RAY FLUORESCENCE SPECTROSCOPY

Test Procedure for

DETERMINATION OF RE-REFINED ENGINE OIL BOTTOMS, ‘#'
POLYPHOSPHORIC ACID, AND TIRE RUBBER CONTENT IN ASPHALT sl
BINDERS USING X-RAY FLUORESCENCE SPECTROSCOPY l;"'"_","'_

TxDOT Designation: Tex-553-C
Effective Data: Fabruary 2022

1. SCOPE

This test method covers the procedure for datermining the re-refined angine oil botboms (REDB),
Polyphosphanic Acd (PPA), and Twe Rubber (TR) conbant in asphalt binder samplas using X-Ray
Flucrescenca (XRF) Speciroscapy. In the case of obtainng asphall bindér sample from exdraction process
using Trichkaroathylene {TCE), this tast proceduna can also ba implementad o guantify the effact of TCE
concentration in tha asphall bindar residue on its mecharnscal proparties such as stiffness and parformanca
grade [Pi5).

1A Calibration cunvas are créated for aach additive using different asphalf binders and measuring the irensity of

alemants induding calcium (Ca), znc (Zn), molybdanum (Mo, phesphorous (P, silican [Si), sutfur (S),
vanadium (V). and chiorine (Cf} as the amaunt of addifive added fo the asphali bindars isvaried.

1.2 In unkmawn samples, the concertation of all the elements necessary to estimale RECB, PPA, TR, and TCE
content; can be measwrad in ona analysis using XRF. Howevar, each additive content ta be estimated should
have separate calibration curves as outfined in the method.

. | Using XRF Spactrometar fo measure additve contant in asphalt bindars requines passing safety and
fechrical rainings and follow the ies! procedure pravided in this document.

14 It i= highly recommended to akways waar a dosimetry finger ring on tha hand that will be closest to the
dewice, when using a handhald XRF. fo quantify polential radiation expasura. Follow al radiabion safety and
safaty precaulions sat out by the X-HRay instrument manufacturer and the testing facility.

1.5 The values given in parenthases (if provided) are not standard and may not be exact mathematical
corversions. Lise each system of urits separately. Combining valuwes from the two systams may rasulf in
noncanformanca with the standard.

Z MATERIALS

21 Tapered Aluminum Briquetiing Cup (Palist Cups) with a minimum diameder of 25 mm and a mmnimum height
of B mm.

22 Spatula with approx. 15.2 -20.3 cm blade and wooden or PYC handle

23 Owen capabla of maintaining temparature at 135 £ 5 °C for 3 br.

MATERMLE AMD TESTE DHWISION 1-6 EFFECTIVE DATE: FERRUARY 2027
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24 Mytar Thin-Fims with 2.5 micromeder thickness and 6.35 cm diameter {precut circlas).

25 XRF Analyzer; handhald, banchiop, ar foor fop.
Note 1 - if fioor or banchiop XRF is wsad, the instrument will need to ba able bo oparata in a halivm
atmosphere; othanaise, fie sampla may be pulled from the sampla cup.

28 Balanca, with a capacity of 2 000 g readable to 0.1g.

27 Heating Mantle, fhat can mainain the biending bamparaiure of asphalt binder at 135 + 5"C.

23 High Shear Mixar, capable of mixing 1 pt. ta 1 gal. can of asphaf binder.

3 SAMPLE PREPARATION

ER| Prepare containars (pallet cups) to pour the samples:
= make sura they ame new dry, dean, and dusl-free, and
= |absl putside wall and bottom of pallat cups.

iz The asphait binder shauld be heated in an oven set at a femperature lower than 140°C untl & becomes iquid
anough o be easily poured.

13 Aftar heating. slowly =i the sample with a clean and dry wooden tongue daprassor ar a metal inmmer and
make sue that the sample i well homogenized.

34 Pour the sampla into an aluminwm pebat cup; complately fill the cup without cvarfiowing or having excess
matenal on fop of the containar.

15 I needad, the sampla i then struck off with a hot spatula o ramove axcass malerials from the fop and b
ensuwre a flat surface for tasting.

16 Allow the sarmpla ba cool fo room femperatens for almost 30 + 5 min. To avosd contamination, caver the
samplas and prevent any contact with the surfaca of the sampla.

a7 Onca the sample has cooled {o room temperature and nght bafore festing, place a clean Mylar thin-film over
tha binder sampla, avoading air entrapment {bubbla) and wrinkle of tha film.

1B If necassary, stredch tha film o remove any air bubble or wrinkde. if some air bubblas or whinklas remain on
tha surfaca of tha specman, avoid these spots when conducting the test: as these could affect XRF
raadings.

4. ESTIMATING REOE CONTENT
Ta astimate tha REOE contant of an unknown samgple, first calibration curves should be developad basad on
thea instructions in Saction 4.4 Than following the instructions in Sections 4.1 through 4.3, REDE contert can
be estimated.

MATERMLE AND TESTS Division 2-8 EFFECTIVE DATE: FERRUARY 2027
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DETERMINATION OF IRE-REFINED ENGINE OIL BOTTOMS,
P yPHOSPHORIC ACiD, AND TIRE RUBBER CONTENT iN ASPHALT TADOT DESIGNATION: TEX-553-C
BINDERS LISING X-RAY FLUORESCENCE SPECTROSCOPY

41

Mote 2 - Calibration curves are asphalt binder scurce and XRF devica dependent.

Lisa the ¥AF to analyze the binder sample far calicum (Ca), zinc {Zn), molybdanum (Mo), sulfur (S), and
‘anadium (V) accarding to the manufacturer's instructions.

Mote 3 - The test results are not valid i the spot chosen on fie surface of the sample for evaluaton is oo
clasa to the edga of the containar. Make every affort fo run the fest at the central portion of the sample. This
applies to samgles tested for REOB, PPA, TR and TCE.

42 Basad on the analysis of fha unknown sample, detarmine which calibration sat is dosestin 5 and V corbant
using a plot of the standards with the S result on the y-axis and the ' result on the s-axs.

4.3 LUsa the calisrabion curve for the closest matching set determined from 4.2 to estimate the % REOS presant
n the wnknown sample.

431 Campare fha calculated REOE confant basad on aach alemant and verify that thers is soma agresmant
betwean Ca, Zn, and Mo. Use the Shudent t fesl, as oulimed in 7.1.1 throwgh 7.1.3 of ASTME 178, 1o
determina if any results are oulliers.

432 Once any oulfiers have been remaved. avarage the remaining resulis ba astimale REOB condent of the
sampla.

i Developing Calibration Curves
Binders with varying 5 and W contends should be wsad along with commonly used REDB addifions; such that
multiple sats of binders can be usad to ganerate calibration curves. For example, sat 1 hasaSand W
comtent of x: and x-while set 2 has a 5 and V content of ysand y.

441 Heat 1500 = 100 g of asphalt binder n a single can al a tamparabure of 135 = 5°C in an oven unlil it
becomes fully liquid whils avoiding overheating the material.

442 Aftar thoroughly stirnng the asphali bindar with a clean and dry woodan tongue depressor of 3 metal rmenar,
pour k=grams of the heated bindar (2 manimum of 700 g) nto a mixing containar.

443 Immediataly transfar the sampda to the mixng assemily comprising a heating mantle and 3 high shaar mixar.

444 While maintaining tha binder iemparatura at 135 + 5°C, gradually add x=grams of the REOB, swch that tha
REOS contant of the mixiure becomes 5% by fotal weight, i.a., xs = T60 g bindar and x; = 40 gREQE.

445 Blend the mixbure wifh a high shear mixer for 30 min.

445 Repaat 4.4.1 through 4.4.5 fo pregane standards that contan 10%, 20%, and 25% REOS.

447 Analyze the standards for calcium (Ca), zine (Zn), molybdanum (Mo). sufur (5], and vanadiem (Vjusing
XRF according to the manufachurer’s mstruchions.

448 Creala a plot for each elemant (Ca, Zn, Mo} analyzed by XRF. The XRF rasull should be on the y-axis and
fhe % RECB in the standard on the x-aes.

449 Datarming the eguation of the bast fit ine for aach element.

MATERMLS AND TESTS Dnvision i-8 EFFECTIVE DATE: FERRUARY X127
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4 ESTIMATING PPA CONTENT
To asbmate tha PPA conbant of an unknown sample, first calibrabion curves showld be developed jollowing
the instructions in Section 5.3. Then following the instrucBions in Sections 5.1 - 5.2, PPA content can be
astmaled.

Moe 4 - Calibration curves am asphalt binder source and XRF devica dependent.

51 Lksa the XRF bo analyze the binder sample for phosphorus (P according to the manufacturar’s instuctions.

52 IUsa the calibrabion cune ganerated in 5.3 1o estimabe the PPA contant of an uninown sample.

53 Developing Calibration Curves

531 Heat 1500 = 100 g of asphalt binder in a single can &t & tamparature of 135 = 5°C n an oven wril it
becomeas fully liquid while avoiding overheabing the material

532 Aftar horoughly stiring the asphalt bindar with a clean and dry wooden tongue depressor or a metal tnmmer,
pour x=q af tha heated binder (3 minsmum of 700 g} into a mixing containar.

533 Immeadiataly transfar the sampia o the mixing assembly comgrising a heating mantle and a high shaar mixar.

534 While maintaining the binder iemparature a1 135 + 5°C, gradually add xrg of tha PPA, such that the PPA
content of the midure becomes 0.25% by tolad weight, i.e., xz = 798 g binder and x» =2 g PPA.

535 Blend the mixture with the high shear mixer far 30 min.

536 Repeat 5.3.1 through 5.1.5 fo prepare standards that contain 0.5%, 0.75%, 1%, 125%, 1.5%. and 1.75%
PPA

537 LUsa the XRF to analyze the standards for phaspharus {P) according io the manufacturer's instructions.

5318 Creata a plot for P analyzed by XRF. The XRF result should be on the y-axis and the % FPA in the standard
on the x-axis.

539 Datarming the equation of the bast fit ina.

6. ESTIMATING TR CONTENT

Tao astimate tha TR content of an unimown sampia, firs calbration curvas should be davalapad fallowing the
instructions in Sachon 6.3. Then following the instructions in Sectons 6.1 throwgh 6.2, TR conberd can be
astimaled.

Mote 5 - Calbration curves ame asphalt binder source and XRF devica degendent.

6.1 LLksa the XRF 1o anafyza the bindar sample fior zinc (Zn) and molybdanum (Mo} according o the
manufacturer’s instructions.

6.2 Usa the calbibration curve ganerated, following Saction 6.3, fo astimate the TR conband of an unknaown
sampla.

MATERMLE AND TESTS Division 4-8 EFFECTIVE DATE: EERRUARY X027
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Maoite § - if no molybdenum (Mo) is found in the sampla, then the measurad zinc (Zn) concentration is solaly
fram the addition of bre rubber.

6.3 Developing Calibration Curves

.31 Heat 1500 = 100 g of asphalt binder in a single can at a temparature of 135 = 5°C in an oven wrtil it
becoemas fully liquid whils avoiding overheating the material.

632 Aftar horoughly stiring thea asphalt bindar with a clean and dry wooden tongue depressaor or a metal trimmar,
pour xzg of the heated binder (a minémum of 700 g} info & mixing container.

6.33 Immediataly fransfar the sample fo the mixing assembly comprising a heafing mantle and a high shaar mixar.

6.34 ‘Whila maintaining the binder iemparature at 135 + 5°C, gradually add xrg of the TR such that the TR
content of the mixure becomas 5% by fotal weight, i.e., xs = T60 g binder and x; = 40 g TR.

6.5 Blend the mixture with the high shear mixer for 60 mén. while the sample sits on & hat plate.

.36 Fepaat 6.3.1 throwgh 6.3.5 o prepare standards that contam 10%, 15%, and 20% TR.

63T Usa the XRF o analyze the standards for znc (£n) and molybdanum (Mo} acconding bo the manufacturer's
mstructions.

638 Creala a plot for each elemant analyzed by XRF. The XRF rasult should be on the y-axs and tha % TR in
the standard an the x-axis.

630 Dabarming tha aguation of the bast fit ine for sach ekement.

A GUANTIFYING THE EFFECT OF TCE ON PG OF ASPHALT BINDERS
In casa of ablaning asphalt binder sample from exiraction procass using Trichloroethylana (TCE), thes test
procadura can be implemantad to quanity the efiect of TCE remaming in the asphalt binder residue on its
machanical properties; a.g., shifnass and high famperature of padormanca grade (High Temp. PG). This
wauld be halphul in accaunting for soffening effect of TCE remaining in fhe extracted asphalt binder rasidues,
laading bo a comect or adusted asbmation of asphall binders High Temp. PG. Ta this end, first calibration or
correciian curves should be developed following the instruchions in Saction 7.4, Then fallowing the
mstructions in Sacfions 7.1 through 7.3, adjusted High Temg. PG of the asphalt binder. with no TCE, can ba
eshmated.
Mot 7 - Samplias ane prepared by extracting asphall binder as dasaibed in lest pracedure Tex-211-F
Abs=on process.
MNote B - Calibration curves ane asphalt binder source and XRF device depandent.

71 Detarmine tha Cl conent in the samgple w=ing XRF according bo the manulacturers instruchions.

7.2 Measure the continucus high bemperature PG of the extracted bindar using a Dynamic Shear Rhaometar
{DSR).

73 Estimaie the adusted continuous high femperature PG of the sample wsing the aquation obfainad in 7 4.3
and cansidaring tha binder with no TCE

MATERMLE AND TESTS Division 5-6 EFFECTIVE DATE: FERRUARY 2027
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T4 Devaloping Calibration or Correction Curves
741 ‘irgin binder shauld be extracked, and the exirachan process stopped at various Bmes bomeasure:
s the confinucus high lemperature PG of the extracted binder using a DSR, and

=  the amount of Cl in the sample using XRF accordng to the manufacturer's mstructions.

742 Plot the continucus high femparatura PG of the samgles from 7.4.1 on the x-axis and the corresponding Cl
contant or intensily measurements on tha y-axis.

743 Daterming the eguation of the bast fit ine for the data.
Mote 8 - For accuracy, the above procadure should be used fo ganarale saparaie plods for asphali bindars
with diffarent perfarmance grades.

MATERMLE AND TESTS Dnision G-6 EFFECTIVE DATE: FEERUARY 2022
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:_:.: . SPHALT TXDOT DESIGNATION: TEX-533-C
Teat Procedurs for
DETERMINATION OF RE-REFINED ENGINE OIL BOTTOMS, d .
POLYPHOSPHORIC ACID, TIRE RUBBER CONTEMNT, AND T
TRICHLOROETHYLENE IN ASPHALT BINDERS USING X-RAY l".."'..:'_.

FLUORESCENCE SPECTROSCOPY

TxDOT Designation: Tex-333-C
Effective Date: Saptembar 2023

£

SCOPE

This {252 method covers the procadure far detemining the re-refined engine ol bofioms [RECE), Potyphoszhanc Acd
(PR, and Tire Rubber [TR) comant in asphait binder samples using X-Ray Fluorestence [XRF) Specroscopy. Inthe
£asa of obisining a5pNak binder sampie fom extacion process wsing Thchioroethyiens [TCE), this 125t procedurs can
ais0 b implemened b quantiy the efactof TCE cancenraion in the asphat binder residue on is machanical
peoperties such a5 perfamance grade [PGL

Calibration cumvas ane crested for each addifve using difierent aspnalt binders and measuring The imansity of elemens
including cakcium (&), zing [Zn), makybdanum [lAo), phosphorous [F), sufur (3], wenadium (W], and chionna (CI) a5
fhe amiour: of sddive added o the asphait binders isvaned

r Unknown samples, T2 concestion of sl e dements necessany o esimate RECE, PPA, TR, snd TCE content;
&N be measwed N one enalySE using MRF. Howswer, each sddifve comant 1o be estmated should have separate

calibraian curies as outined in the method.

\Using XRF Spectometer o messure sddifve content n a5phak binders requines passing safety and fechnical
rainings and folow the 25t procedure provided in this document

1= highiy recommandad 10 ahwsys wear 3 dasimetny dnger ring an the nand that wil b2 cheest 10 he instrumsnt,
whan using 3 handhald XRF, 10 guanify potential radiaton exposure. Folow al radisdon sssely and safety precauions
et out ey the: X-Ray nstrument manufacturer and the tasting facity

The valuges given in parenthesas (if provided) ane nod standand and may not be exact mathemaical conversions. Usa
2ach systam of unis separaiely. CoOmBning waluas from Me Wi SySEmS may resul in nonconfmmance with he
slendand

11

MATERIALS
¥FF Analyzer; handhald, benchicp, or Aoar op.

Hode 1 - HAaor or benchiop XRF & used, the instnumant wil need %0 be able to operate in 3 Helium simasphere;
oiheraise, iz sample may b2 pulled fom the sample cup.

Tapered Alminum bnqueting cup (Palet Cups) with 5n spprox. dismeter of 25 mim and height of & mm.

¥FF manufacirerrecommeandad peept thin polymer fims such &= the Mylar fims with 2.5 micrometer hickness and
BL35 cm dismeter [precut cirlas).

28
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24 \arious wooden ar metsl spatulss and sample hoders for 25pnak binder and additves.

23 Fiasic squesze bofle or syringe for adding iguid aocitves.

15 CvEn capable of manisining lempersture & least ip Io 175°C

17 Cless G2 Balence [soconding o Tex-004-40), with & capecity of 2,000 0.

23 M=l care, 1-quart o 1-gal.

23 Hagtng Mantes, that can mainisin the blending emparsture gt = 5°C of the tSmet value.

2.1 High Shear Mixer, capabiz of blanding 1-guart % “-gal can of asphak binder.

3 SAMPLE PREPARATION FOR ESTIMATING RECE, PPA AND TR CONTENTS

3.1 Frepare coniaingrs pelet cups) o pour the samples:

*  maie sure they sre new dry, cl2an, 310 dustdres, and
v label cutsica wal and botiom of pelle: cups

31 Heat fe a=phak bindar in an oven 3t 163 + 5 "C umil it becomes iquid encugh o be easily poursd
Mote 2 — For high TR content, the blanding tempsrature may be increased up 1o 175°C.

31 i ha sample Wit @ ciesn and dry spENuE and ek sure that the sampie 5 wel hamogenzed.

34 Frour e sampie info an aluminum pefiet oup; comziziely fil e cup without cverdowing or hawing excess material on
fop of the container.

53 f nesded, strike off the sample with & hot spafula o remove excess matenals from the top Gnd i enswe 3 &t surface
for teesting

34 Aliow fhe sample 1o cool w0 roam i2mperstune for @most 30 £ 5 min. To swoid contaminghion, cover the sampies and
prevent any conkact with the surface of the sampie

i Onoa e sample Nas codled o mom Emperaies and beie testing, place 3 clesn XRF manufscuna-racommened
il (such s Mylar Tin fim) over ha asphal binder sample, sw0iding 3T enfrapmean (bubble) and winkle of the dim

38 f necassary, streich the fim fo remave amy 5ir bubble or wiinikle. |F some 3 bubbles orwenkies remain an e surfsce
oF thie specimen, Fwoid Tese 50t when canducisg The fest 35 these could aSect MRF readings.

4, EZTIMATING RECE, PPA OR TR CONTENT

i Lize the XRF o develop individual calibralion curves using biends of known cancenraton of RECE, PPA, o TR Use
concantations boin above and below The limit ofinznest 1o dliow for interpolaton rather fan extrapolaton.

i For RECQE, prepare calibrabon standards with st e minimum 0.0, 5.0, 15.0 and 25.0% RECE and anakza Ca, Ma,

Zn, 5, and W ponienis, Sinca asphai tinders and RECE may both contsin 5 énd W, use ssphak bindars with vaning 5
& W camants; such that muline St of 3sphait Bnders can be used 10 ganarsie calibesion curves. For edsmpie, set
1 haz 8 5 and W camant of g 8nd oowhile 568 2 has 3 5 and W confent of Jh and g

e DSy mi_e o I -
ETS DWiaio -3 EFFECTIVE DU TE: Sepeambar 2075
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LR For PPA, prapare calitestion standards with & tha minirmum 0,00, 025, 0.50, 0.75, and 1.00°% PPA and anshze 5, W
and P coment.

413 Far TR, prepane caliorston siandands with st the minimum 0.0, 1.0, 25, 5.0, 7.5, 10.0, 15.0 and 25.0% TR and analze
3, % and Zn comient
Mots 3 - Calibration curvas are ssphalkl binder source, sddive source, and XRF instrument depandent. Itis
higniy recomimendad % prepare calibration standards using muRipie asphalt bnder and additive sourcas. When
mers is 3 changs in XRF insrument, the same calioration standands can be used to create calinration curves far
mat instrument.

11 Prepare a Calibrafion Standard.

821 Haat 1500 + 100 g of asphait Dinder in 3 single can 31 3 lemperaiwe of 163 = 575 in an oven untl it becomes fully
liguid 'whiie avoiding ovemhesiing e maierisl.

Lzz Thonoughty str thie asphak binder with & clesn snd dry spaiula and pour ggorams of the heated asphat bnder (3
minium of 400 g inko a Blending cEn.

Mote 4 — Aporoeimately 200 g of asphalt binder is suficiant for RECE, whike higher than 400 g of asphalt binders
mright b= 3acad for FRA and TR 10 allow beter teending.

423 Immediaiely ransfer he sampke 10 e biending assembly comprising 3 heating mantis and a nigh shear mixer and
manisin @ biznding tEmperstune of 165 + 5°C for REOQE and PPA blends. For TR sddidve, the blending i2mpemsiune
miay be incressed up o 1757C.

L24 Diztarming the amoun of addifve needed to prepaes calibration standard ot desied concantration. (Adcits
concanmtraton 5 basad on e waghtof the Hend. )

LIse the formula:

¥4.= KG. B4 (100 - p&)

WWhera:

£A.= Waignt of anditive to ba aoded,

EE.= weight of aspha binder, and

od, = dasired percentage of additive [swch as 0.0, 5.0, 15.0, and 25.0% REQE)

125 ¥\Fille maintaining Te Hiending temperstuee, gradusly 533 g4 grams of the adidifue of imarest, such that the sddidve
contentof fie midws mests the target percent by tolsl waight, Le., 32.= TE0 § of asphat binder &nd g4 = TR0 X5 185
= 40 g of additve for 3 5.0% caliration standand.
Mots 5 —For igued additives, sdd them by the drap from 3 squesze boflle ar syTinge, and back weigh the botile or
Syhinge for the weight of additive used. For solid polymears, weigh their appraprisie amount imo & comsiner and
add about 3 third of the matenal &1 8 ime, alioaing the additive 1o disperse fir & faw seconds betwesn aodifons.

£2F Biend e mixture Wil & high shesr mixar far a minimum of 30 mirutes and e sampl2 s smood snd homogeneous.
TR may require up 10 2 hours of blending 1o ansure @ smooth, unifiorm BiEng8

ez Rapagt4 2 1 thiough 4. 26 tn prepare slandards t e concantations of infzrest (zuch a5 0.0, 5.0, 15.0, and 2505
RECE).

MATERMLE AMD TESTS Dywraion -5 EFFECTIVE DWIE: Sepeambar 2025
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Frazare XRF samples for anahysis acconding o Sechon 3.
Analyze tha sEndands fr the elemens of interest using XRF soconding to the manufadunes's instuicions
Creste 3 piot for esch slement of interest [such 5 Ca, Zn, Mo in Te case of RECE) usng d&ts from the appropniste

sefies of standands analyzed by XRF. The XRF resuitshould b2 on T2 y-8xis and the perceniage of sddifve in the
standand on the ¥-a%5.

Dietzrming The equation of the best #t line & 2ach element.

on

o
ra

on
[

on
(=1

E3TIMATING REQE, PPA OR TR CONTENT

Fragiaie 3 samipie Ril Unknown percentage of addifve scoording 1o Secton 3

Use e XFF o analyze the asphak binder sampie for all elements of imenast [3, W, Ma, Ca, 2n, P)

Mote § - Tha test results ars not valid i e spot chosen on the suraca of the sample for evsluation i %o clase

%0 the sdge of tha containar. Make evary e 10 run |2 test 5t the caniral portian of the sample. This appies to
samples tested for RECE, PPA, and TR

\Use the calizeation 52t for e closest maiching set delzmined #om £.1 10 estimatk e percentof addiive of intErestin
e LRknoan sample

f e sourss of a5phal binder is known, wse ihe caliwation s=tcomesponaing 1o Tat sounce.

# the sowrse of B5pNal binder 5 unimovwn and calibrafion zets with mukiple sources of 8520t binders and addiives
=re gvailsblz, determine winich calbraion ==t is ciosestin 5 and W contents LEing & plot of he standands with the 5

pEsutan T2 y-EREs 3nd e W resul on hex-axs.

Campare the percentagas of sodifves in the unknoam sampe cacuisted basad on calbraton cure of 2ach elemant
oF imerest and verify that ere & some agresment Betwesn each oiher Fnere are mone than one elemean of imares?
(zuch 35 Ca, Mo, Zn fr RECE). Use 2 vald siEhisticsl anatysis such as e student H2st 85 oulined in ASTME 173 0
delerming if amy resuls are outiers.

Cnca any outiers have been remaved, Use T2 average of the remaining resuls o estimala e percenizge of sddiive
oF imzrestin e samplze. Apply if &y commection facies are aoplicable

Fapart the estimaizd addiive coment of the unimown sample 10 1 decimal place.

QUAMNTIFYING THE EFFECT OF TGE ON PG OF AZPHALT BINDERZ

r case of obisining aspnait binder sample #om exTaction process wEing TCE, nis test procadure can b implemamsd
0 quaniiy the efiect of TCE nemaning in the asphalt inder residus on its mechanical properties, 2.., hgh
lamparaiine of penbmance grade (High Temp. PG Trs would be helrdul in socoundng sor sofening efect of TCE
remaining in the extracied s5phak binder resdues, leading o & cormect or sdjusizd asdmation of asphait binders High
Temp. PG

Mote T - Samples are prepanad by extacting asehalt bndar a5 descibed in test procedurs Tax-211-F, Absan
proCess.
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BMDERS LG X-RaY FLUCRESCENCE SPECTROSCOFY
51 Developing Calbrafion or Cormaction Curres
5.2.1 Extract e vingin aszhat binder, and stop the axiraction process st vanous fmes 1o measure:
*  the continuous High Temp. PG of the axtracted asphall binder using 3 Dynamic Shear Rheometer

[DSR], and
*  the Clcontentin the sample using XRF accomding to the manufachrers insructions,

5.2.2 Figt e continuous high lempersire PG of the samples on the x-a05 and e comesponding I comznt or inEnsity
mEasurEmEnts on the p-axis.
6.2.3 Dilerming The equaiion of the bestdt line for 2 data.

Mode & - Calibration curves are ssphak binder source, sddine source, and XRF instnament dependent.

5.1 Teating an Unknoen asphialt bindar sampils.

6.5 Mazzure e confinucus High Tamp. PG of the axraded aspnat binder using 3 DSR.

5.3.2 Dierming T CIconient in T sample wsing XRF acconding 1o e manusscturer's insTucions.

6.5.3 Estimiate and report T acjusied continucus Nigh Empersune PG of tha sample [in 1 tecimal plece) usng the

equaion abtained in 6.2 3 snd cansidanng he ssphak bindar aih no TCE.

Mode 9 - For sccuracy, the above procedure shoud be wsed to generate saparate phots for asphat binders with
dSarent performance grades.

MATERTALE AMD TESTS DAAEION
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