Comparison of the Physical Properties of Recovered Asphalts Using
N-Propyl Bromide as an Altermative Solvent to Trichloroethylene

By

Mark Popik
Graduate Research Assistant
14 Tortoise Court
Brampton, Ontario, Canada, L6T 3Z8
Phone: 1-905-794-1141
Email: mpopik@ufl.edu

Dr. Mang Tia
Professor of Civil Engineering
P.O. Box 116580
University of Florida
Gainesville, FL 32611
Phone: 1-352-392-6784
Fax: 1-352-392-3394
Email: tia@ce.ufl.edu

Dr. Bouzid Choubane
Florida Department of Transportation
2006 N.E. Waldo Road
Gainesville, FL 32609
Phone: 1-352-337-3132
Email: bouzid.choubans@dot.state.fl.us




ABSTRACT
With increased awareness of health safety in the work place and environmental
protection, great efforts are currently put forward to research safer alternatives for
chemicals deemed toxic or carcinogens. Trichloroethylene (TCE) is a chemical solvent
currently used by the Florida Department of Transportation and many other state highway
agencies for the separation of asphalt from the aggregates in asphalt paving mixtures, and
has recently been identified as a carcinogen and proven to contribute to ozone depletion.
This paper presents the results from the second year of a two-year study on an N-Propyl
Bromide solvent as a safer alternative for TCE. The first phase included the evaluation of
binders extracted and recovered from plant mixtures using TCE, EnSolv (the trademark
name for the N-Propyl Bromide used), and reclaimed EnSolv. The second phase of the
study included an evaluation of the effects of these solvents on the physical properties of
virgin asphalt binders. The additional test results in the second phase of the study
reinforce the conclusions that EnSolv and reclaimed EnSolv can be used as a suitable
replacement for TCE, for the purpose of extraction and recovery of asphalt from asphalt
paving mixtures. When a virgin binder is dissolved in EnSolv and recovered from it, a
significant aging effect on the asphalt was noted. However, this effect was not noted
when EnSolv was used to extract and recover an asphalt binder from an asphalt mixture,

which has already undergone some hardening during mixing.
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INTRODUCTION

Background
The extraction of ashalt binders from mixtures is a vital component of quality control and
assurance for production of recycled asphalt paving mixtures. Unfortunately one of the
components of the extraction and recovery procedure includes the use of the solvent
trichloroethylene (TCE), which has been identified as a carcinogen [1]. Exposure to high
concentrations of TCE has been proven to pose a severe health risk for the people
working with the solvent, as well as contributing to the depletion of the earth’s ozone
layer. With greater concern being placed on health safety in the workplace and
environmental protection, the Florida Department of Transportation (FDOT) felt the need
to replace TCE with a different solvent that can reduce health and environmental hazards
and yet be able to maintain present testing methods.

In recent years, an alternative solvent for TCE with the tradename of EnSolv has
been introduced. EnSolv, whose primary component is n-Propyl Bromide, has been
found to contain no significant toxicity at moderate concentrations (100 — 400 ppm) and
it contains no chlorinated solvents or carcinogens in its inhibitor package [2]. Unlike the
effects of TCE, EnSolve has not been known to cause death or respiratory failure. The
use of EnSolv has however been found to cause skin, eye, and lung irritations, headaches,
dizziness and nausea, as many chemicals do, and should be used in a well-ventilated area.

EnSolv has recently been evaluated for its suitability as a solvent in the extraction
and recovery of asphalts and has been found to provide favorable and repeatable results
[3]. In 1998, the FDOT along with the University of Florida began a research study to

compare the solubility of asphalt binders and compare the physical properties of extracted
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asphalt binders in EnSolv with that in TCE. The study also included an evaluation of re-
using the EnSolv recovered from the recovery procedure. The findings in the first year of
this two-year study has been presented in a paper by Gracia et al. [1]. This paper presents
the results from the second year of this study.
SUMMARY OF FINDINGS IN THE FIRST PHASE OF STUDY
Solubility Testing
The standard asphalt solubility test was initially conducted to compare the solubility of
asphalt samples in EnSolv with that in TCE. Eigth asphalt cements (typically used in
Florida) were used in the testing program. These included five AC-30 asphalt binders,
one AC-20, and two rejuvenating agents. The results of the solubility test indicated that
EnSolv was not significantly different from the TCE and that it could be used as a
replacement for TCE in the ASTM test method D 2042 without modification to the
existing method.
Extraction Testing

Extraction tests were run on three plant mixtures for the comparison of the solvents. The
mix designs tested in the study included a Marshall mix, a SUPERPAVE mix and a
crumb rubber modified mix. The solvents tested in the procedure included TCE, EnSolv
and recovered EnSolv. Observations made in this testing program included time required
for extraction, ease of method and asphalt content of the mixtures. The results of the
extraction indicated that the use of EnSolv and recovered EnSolv actually reduced the
time required to complete the extraction while giving the same asphalt content. These

results led to the conclusion that both EnSolv and recovered EnSolv could be a suitable
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replacement for TCE in ASTM D 2172 Method B without modifications to the existing
method.
Rotavapor Recovery
Asphalts were recovered from the solvents using the ASTM D 5404 standard Rotavapor
recovery process. The time required for the Rotavopor recovery procedure was recorded
to see if there were any differences between the solvents. The results indicated that
binders recovered from the EnSolv and recovered EnSolv were recovered faster than
those from TCE. The results also indicated that EnSolv and recovered EnSolv can be
used as a suitable replacement for TCE in ASTM D 5404 without any modification to the
method.
Penetration Testing
The asphalt samples recovered from the Rotavapor recovery process were tested for their
penetration at 25 °C. The Student’s t-test was performed on the penetration data to
determine if the results were statistically different. The statistical analysis on the data
indicated that there was no statistical difference between the binders recovered using all
three solvents at a 95% confidence level. The differences in the results from different
solvents were within expected variation as stated in the precision statement for the
penetration of recovered binders, in ASTM D5404.
Viscosity Testing

Using the same samples as in the penetration testing, the Brookfield Viscosity test was
performed at 60 °C. Once again the means and standard deviations of the viscosity data
were subjected to the Student t-test. In all cases, there was no statistical difference

between the viscosities of any of the recovered binders at a 95% confidence level.
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Scope of the Second Phase of Study
Additional testing to evaluate the possible differences between EnSolv and TCE include
running Dynamic Shear Rheometer tests, Bending Beam Rheometer tests, and FT-IR
Spectral Analysis on all recovered binders from EnSolv, TCE and recovered EnSolv.

An evaluation of the effects of TCE, EnSolv and recovered EnSolv on the
physical properties of asphalt binders was also performed. In order to provide
comparative samples for this evaluation, 60 grams of asphalt binder was dissolved in 400
ml of solvent and recovered in accordance with ASTM D 5404. The physical properties
of the recovered binders were measured and compared with the properties of the original
binder samples. The binder tests included penetration at 25 °C, Brookfield Viscosity at
60 °C, Dynamic Shear Rheometer at 25 °C and 64 °C, Bending Beam Rheometer at —18
°C and FTIR Spectral Analysis.

EVALUATION OF RECOVERED BINDERS FROM MIXTURES
Dynamic Shear Rheometer Results
The Dynamic Shear Rheometer tests were performed in accordance with AASHTO
Designation TP5-98 at the temperatures of 25 °C and 64 °C. The DSR testing was used to
determine the rheological properties of the binder in terms of G* (complex shear
modulus) and & (phase angle). The Student’s t-test was performed on the G*Sin(0d)
results from the DSR tests performed at 25 °C. The results of the t-test, which are
presented in Table 1, indicate that, for all mixtures, there was no significant statistical
difference in the results when comparing EnSolv (and reclaimed EnSolv) with TCE at a

95% confidence level.
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The Student’s t-test was also performed on the G*/Sin (J) for the tests performed at 64 °C
for all three mixtures. The results, which are also displayed in Table 1, indicate that for
the Superpave and crumb rubber modified mixtures, there was no significant statistical
difference when comparing EnSolv (and reclaimed EnSolv) with TCE at a 95%
confidence level. For the Marshall mixture, a significant difference became evident in
the results when comparing TCE with reclaimed EnSolv.
Bending Beam Rheometer Results
The Bending Beam Rheometer tests were performed in accordance with AASHTO TP1-
98 at a temperature of -18°C. The BBR testing was performed to determine the
rheological properties of the binders in terms of creep stiffness (S) and the rate at which
the creep stiffness changes with loading time (m-value)[4]. The Student’s t-test was
performed on both the stiffness (S) and the m-value and the results are presented in Table
2. For all three mixtures tested, it was determined that there was no significant statistical
difference between binders recovered using EnSolv and reclaimed EnSolv to the binders
recovered using TCE, at a 95% level of confidence.
Infrared Spectroscopy

The infrared spectral analysis was performed on all recovered binders using the Fourier
Transform Infrared (FTIR) spectrometer. The FTIR analysis provides an infrared (IR)
absorption spectrum of the tested material, which can serve as a “fingerprint” of the
chemical characteristics (functional groups) of the tested material. Materials that have
dissimilar chemical compositions will show dissimilar IR absorption spectra. The IR
absorption spectrum between wavenumbers 1500cm™ and 2000cm™ is of particular

interest (and will be focused on) since it contains the absorption bands for the functional
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groups of carboxylic acids, ketones, and anhydrides, which are usually formed upon age-
hardening of asphalts [5].

The recovered binders that were tested were all dissolved in an HPLC-grade
tetrahydrofuran (THF) at a 5% (by weight) concentration. The solution containing the
THF and the asphalt was then injected into a de-mountable cell and scanned in the FTIR
spectrometer. To remove the absorption spectrums due to the THF, the cell and the
environment, a background scan was done on the cell containing only the pure THF.
This background scan was then subtracted from the total IR absorption spectrum (by
means of the software SPECTRUM used to operate the equipment) to obtain the
absorption spectrum of the recovered asphalt sample.

The IR absorption spectra of the EnSolv and reclaimed EnSolv recovered asphalts
were compared with those of the TCE recovered asphalts using the COMPARE function
provided in the software program SPECTRUM. The compare function calculates the
correlation coefficient between the two spectra being compared. A perfect match
between the two spectra will have a correlation coefficient of 1.00, while a correlation of
coefficient of zero means that the two spectra are completely dissimilar. Table 3 displays
the ranges of correlation coefficients between the IR spectra of all sample replicates, as
well as the ranges of correlation coefficients between EnSolv and reclaimed EnSolv
recovered asphalts to the TCE recovered asphalts.

The results of the FTIR Spectral Analysis indicated that correlation coefficients
between EnSolv and reclaimed EnSolv recovered asphalts and TCE recovered asphalts
were no less than the correlation coefficients between the three replicates for each

solvent.
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EVALUATION OF EFFECTS OF SOLVENTS ON RECOVERED BINDERS
Rotavapor Recovery

Two different grades of asphalts (an AC-30 and an AC-20) were dissolved in three
different solvents (TCE, EnSolv and reclaimed EnSolv). The asphalts were then
recovered in the Rotavapor apparatus in accordance with ASTM D 5404. For each of the
solvents investigated, three replicate samples were used. The time required for the
recovery procedure was observed to see if the results would compare with the recovery
times observed in the first phase of the study.

The mean and standard deviation of the recovery times, along with the Student’s
t-test results, are presented in Table 4. The analysis of the time data indicated that there
was a significant difference in the times required to recover binders from TCE as
compared with both EnSolv and reclaimed EnSolv for both binders.

The results of the recovery method indicated that the binders recovered using
EnSolv and reclaimed EnSolv were consistently faster than the binders recovered using
TCE, for all binders tested. These results support the conclusions made in the first part of
the study, that the use of EnSolv and reclaimed EnSolv provides a significant reduction
of recovery time as compared with the use of TCE.

Penetration Results
The penetration test on the recovered asphalts from the various solvents was performed in
accordance with ASTM D 5, at a temperature of 25 °C. The mean and standard deviation
of the results, along with the results of the Student’s t-test performed on the data, are
provided in Table 5. The results of the statistical analysis identified significant difference

between the virgin binder and both the EnSolv and TCE recovered binders, as well as
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between the TCE recovered binders and the EnSolv recovered binders, for the AC-30
graded asphalt. For the AC-20 graded asphalt, the results identified a much closer
comparison with a significant difference being found in the comparison between the
virgin binder and the reclaimed EnSolv.
Brookfield Viscosity Results
The Brookfield viscosity test was performed at 60 °C on all binder samples and the mean
and standard deviations of the viscosity data, along with the results of the Student’s t-test,
are provided in Table 6. Comparisons using the Student’s t-test were conducted between
the recovered binders and the virgin material, as well as between the TCE-recovered
binders and the binders recovered using EnSolv and reclaimed EnSolv. The results of the
t-test performed on the AC-30 material identified significant differences between all
comparisons, with the exception of the virgin-TCE binder and the TCE-reclaimed EnSolv
samples. For the AC-20 binder, significant differences where identified when comparing
the virgin binder to the EnSolv recovered samples, as well as comparing the TCE
recovered samples with the EnSolv recovered samples.
Dynamic Shear Rheometer Results

Following the same procedure for the Dynamic Shear Rheometer, as in the evaluation of
the recovered binders from the mixtures, DSR tests were performed on the virgin and all
recovered binders at both 25 °C and 64 °C. The Student’s t-test results for both testing
temperatures and both binders are presented in Table 7. The results of the t-test indicate
that there was a significant difference between the virgin binder and the binders

recovered using EnSolv. This difference was consistent for both binders and both
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temperatures tested. The remaining two solvents (reclaimed EnSolv and TCE) were
found to provide statistically similar results when compared to the virgin binder.
Bending Beam Rheometer Results
The BBR tests were once again performed at —18 °C, following the same procedure as
outlined in the evaluation of recovered binders from mixtures. The Student’s t-test was
performed on both the stiffness (S) and the m-value, and the results are presented in
Table 8. For all binders tested, only one comparison was determined to be statistically
different from its virgin binder. The comparison of the m-value, for the AC-30 binder,
between the virgin material and the EnSolv recovered binders was found to be the only
one that is significantly different at a 95% confidence level.
Infrared Spectroscopy Results

The infrared spectral analysis was performed on all binders following the same procedure
outlined in the preceding sections. The IR absorption spectra for all recovered binders
were compared with those of their replicates, as well as to the replicates of the virgin
binders. The ranges of the correlation coefficients are presented in Table 9. The results
of the correlation coefficients identify correlations between all spectra to be over 75%,
which signifies good correlations between all binder samples tested. The results also
show that correlations between the virgin binder replicates provide higher coefficients
with less variability when compared with the solvent-recovered samples. As for the
binders recovered with the various solvents, the ranges of correlations overlap closely

between themselves, which identifies similarities between the spectra.
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CONCLUSIONS
The use of EnSolv and reclaimed EnSolv for the purpose of extraction and recovery of
asphalt mixtures has been found to perform equally to TCE. No significant difference
was found in the binder properties tested between samples recovered using TCE and the
samples recovered with EnSolv and reclaimed EnSolv, although a significant reduction in
time was observed.

In the evaluation of the effects of solvents on pure asphalt binders, it was found
the solvent-recovered binders had higher variability than the original binder did. This
increase in variability was anticipated since dissolving an asphalt in a solvent and
recovering the asphalt from it would add another source of variability. It was also
observed that the use of EnSolv on virgin material caused significant aging of the binders
tested. However, interestingly the use of reclaimed EnSolv displayed very little sign of
binder hardening. Although the use of EnSolv was seen to have a hardening effect on the
virgin material, EnSolv had been observed to be no different from TCE when it was used
to extract and recover binders from an asphalt mixture. It was postulated that the use of
EnSolv has a hardening effect only on unaged binders. When EnSolv is used to extract
and recover a binder from an asphalt mixture, which has already undergone some
hardening during plant mixing, there is no significant difference between EnSolv,

reclaimed EnSolv and TCE.
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DISCLAIMER
The opinions, findings and conclusions expressed in this paper are those of the authors
and not necessarily those of the Florida Department of Transportation or the U.S.

Department of Transportation.
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TABLE 1: Student's t-Test Performed on DSR Results on Binders Recovered from Mixtures

tCritical for

Tested Test Mean | Standard o Significantly
Mixture Temperature Solvent (Pascals) | Deviation tCaleulated 93% Different
Confidence
+ +
) TCE 1.24E+06 | 1.41E+05 0.306 2 776 NO
25°C EnSolv | 1.21E+06|7.39E+04
(G*Sind) TCE | 1.24E+06]1.41E+05| 5 776 NO
Marshall RE* | 1.40E+06 |1.51E+05 ' '
Mixture TCE 6483 717
2.298 2.776 NO
64 °C EnSolv 5236 608
(G*/Sind) TCE 6483 717
RE* 4375 680 2.819 2.776 YES
TCE 1.49E+06 | 1.21E+05
1.277 2.776 NO
25°C EnSolv |1.34E+06| 1.65E+05
G*Sino TCE 1.49E+06 | 1.21E+05
(G*Sind) 0.558 | 2.776 NO
Superpave RE* 1.41E+06|2.23E+05
Mixt TCE 421 2
e ) ¢ 6 320 0514 | 2776 NO
64 °C EnSolv 6125 946
(G*/Sind) TCE 6421 320
RE* 5757 706 1.485 2.776 NO
TCE 8.60E+05|1.35E+05
0.789 2.776 NO
25°C EnSolv |7.97E+05|2.72E+04
(G*Sind) | TCE |8.60E+05|1.35E+05
Crumb Rubber RE* 8.71E+05| 6.28 E+04 0.118 2.776 NO
Mixture TCE 4025 131
.52 2.
64 °C EnSolv 4115 265 0.529 776 NO
(G*/Sind) | TCE 4025 131
RE* 4381 629 0.961 2.776 NO

Note: RE* denotes the use of reclaimed EnSolv
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TABLE 2: Student's t-Test Performed on BBR Results on Binders Recovered from Mixtures

o] gt | b | v | S| SR St
Confidence
Stiffness EES(])EIV 12; 176 0.099 2.776 NO
MP
Marshall . ;EE 12; 196 1.510 2.776 NO
Mixt TCE 0335 | 0.007
o m - value E?i(])le gggz 88(1)2 0.426 2.776 NO
RE* | 0324 | o003 | 202 | 2776 NO
Stiffness EES(])EIV 15; 292 0.219 2.776 NO
MP
Superpave M ’II;EE 122 292 1.093 2.776 NO
Mixt TCE 0325 | 0.002
o o aiue |EnSolv [ 0326 | 0.015 0.114 2.776 NO
TCE 0325 | 0.002 150 e ©
RE* 0332 | 0.010
Stiffness Ezg(])zlv 33 g 0.548 2.776 NO
MP
Crumb Rubber . EEE 33 g 0.320 2.776 NO
Mixt TCE 352 .
ixture - E¥§(l)glv §§g §§§z 0.859 2.776 NO
RE* | 0348 | 0004 | O77° | 2776 NO

Note: RE* denotes the use of reclaimed EnSolv




Popik, Tia

TABLE 3: Ranges of FTIR Spectra Correlation Coefficients Between Different Recovered Asphalts

Tested Mixture Ranges of Correlation Between Same Solvents
TCE EnSolv Reclaimed EnSolv
Minimum | Maximum | Minimum | Maximum | Minimum | Maximum
Marshall 0.9138 0.9785 0.7284 0.9570 0.9253 0.9462
Superpave 0.8928 0.9109 0.6319 0.8867 0.8618 0.8934
Crumb Rubber Modified 0.7131 0.8123 0.8887 0.9298 0.7261 0.8952
Ranges of Correlations Between two Different Solvents
TCE and EnSolv TCE and Reclaimed EnSolv
Minimum | Maximum Minimum Maximum
Marshall 0.8480 0.9320 0.8937 0.9613
Superpave 0.7351 0.9239 0.8013 0.9010
Crumb Rubber Modified 0.7803 0.9144 0.6707 0.8888
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TABLE 4: Student's t-Test Performed on Recovery Times for Each Solvent

teritical fOr {0 .
Tested Mean | Standard o Significantly
Material Solvent (Minutes) | Deviation fealeulated 93% Different
Confidence
TCE 83.3 7.64 6.423 2.776 YES
AC30 EnSolv 53.7 2.31
) TCE 83.3 7.64
RE* 550 0.00 6.416 2.776 YES
TCE 78.3 1041 4.481 2.776 YES
AC-20 EnSolv 51.0 1.73
) TCE 78.3 10.41
RE* 57 X5 4.140 2.776 YES

Note: RE* denotes the use of reclaimed EnSolv
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TABLE 5: Student's t-Test Performed on Penetration Results on Recovered Binders

el | e | M| Sandard || ST Sty
Confidence

grigilli :gz 8:23 20.662 | 2.776 YES
Vﬁfl“ :z:g (1)23 0.431 2.776 NO

AC-30 VTerg];n 2?2 (1)23 3210 | 2776 YES
Eﬂgflv gég (1)23 13.397 | 2.776 YES
;%E 451:32 123 2.154 2.776 NO
g;ggol& Zgé (3):22 0.141 2.776 NO
VﬁrEg;n 223 (1)28 3.482 2.776 YES
Virgi 69.2 0.50

AC-20 | SE e 1723 | 2776 NO
Eﬂgflv Z;Z ;ZZ 1.184 2.776 NO
IT{(];E ;23 ?23 0.495 2.776 NO

Note: RE* denotes the use of reclaimed EnSolv
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TABLE 6: Student's t-Test Performed on Viscosity Results on Recovered Binders

J::;reiil Solvent (%?saens) S?}l};izgi _— tcrigtiga(% for Si%rillicgizﬁtly
Confidence

e s—{ 26091 | 2776 | vES
vlirs;n :Ziz 18733'i 8.796 2.776 YES

AC-30 VTerg];n :Zi? 1??582 1274 | 2776 NO
Eﬂgflv ggéé 1216565.‘22 4897 | 2776 YES
IT{;E 23; 1117535.42 0.187 | 2.776 NO
grigillri ?;7% 32022'?2 3.350 1 2776 YES
V;]“Eg;n ijg 1252:2 0.674 2.776 NO
Virgi 2442 | 223

AC-20 Tlgg];n 2500 s | 0886 | 2776 NO
Eﬂgflv i;gg iﬁig 3266 | 2776 YES
REe Tt s ] 105 | 276 | o

Note: RE* denotes the use of reclaimed EnSolv
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TABLE 7: Student's t-Test Performed on DSR Results on Recovered Binders

Tested Test S Mean | Standard tcriﬁca(l for Significantly
. olvent .. tCalculated 95% .
Material | Temperature (Pascals) | Deviation Different

Confidence
Virgin 2329 37
10.483 2.776 YES
EnSolv 3566 201
64°C Virgin 2329 37
(G*/Sin d) RE* 2432 68 2304 2776 NO
Virgi 2329 37
T‘Zg};n voc | iog ] 0198 | 2776 NO
AC30 Virgin | 8.62E+05 | 1.70E+04
irgin |8. .
3.652 2.776 YES
EnSolv |1.21E+06 | 1.64E+05
25°C Virgin |8.62E+05 | 1.70E+04
(G*Sin®) | RE* |8.176105|3.09E+04] ~ ' 2776 NO
Virgin |8.62E+05 | 1.70E+04
1.740 2.776 NO
TCE |[8.13E+05[4.61E+04
Virgin 1231 11 4119 5776 VES
EnSolv 1765 224 ' ’
64°C Virgin 1231 11
(G*/Sin d) RE* 1249 37 0803 2776 NO
Virgin 1231 11
1.053 2.776 NO
AC-20 TCE 1335 170
Virgin | 5.90E+05| 2.68E+04 3,657 2776 VES
EnSolv | 8.34E+05| 1.12E+05 ' ’
25°C Virgin | 5.90E+05| 2.68E+04
(G*Sin 9) RE* 5.92E+05| 6.82E+04 0.057 2776 NO
Virgin | 5.90E+05| 2.68E+04
0.386 2.776 NO
TCE | 6.14E+05| 1.02E+05

Note: RE* denotes the use of reclaimed EnSolv
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TABLE &: Student's t-Test Performed on BBR Results on Recovered Binders

teritical fOr |, .
Tested Test Standard o Significantly
Material |Parameter Solvent Mean Deviation {Calculated 95% Different
Confidence
Virgin 184 1
EnSolv 193 T 1.464 2.776 NO
Stiffness | Virgin 184 1
1.479 2.776 NO
(MPa) RE* 173 13
Virgin_| 184 1 2200 | 2.776 NO
AC-30 TCE 166 14
Virgin 0.359 0.004 3934 2776 VES
EnSolv 0.346 0.006 ) '
Virgin 0.359 0.004
-val 1.304 2.
MVaUe TTREF | 0364 | 0.005 30 776 NO
Virgin 0.359 0.004
0.352 2.776 N
TCE 0.361 0.009 77 O
Virgin 251 15 0.568 5 776 NO
EnSolv 260 23 ’ '
Stiffness | Virgin 251 15
1.658 2.776 NO
(MPa) RE* 232 13
Virgin 251 15
1.309 2.776 NO
AC-20 TCE 227 28
Virgin 0.379 0.013 0.785 2 776 NO
EnSolv 0.370 0.015 ) '
Virgin 0.379 0.013
-val 1.26 2.776 N
PR TREr [ 0391 | 0.010 ! " 0
irgi ) .01
Virgin 0.379 0.013 1483 > 776 NO
TCE 0.396 0.015

Note: RE* denotes the use of reclaimed EnSolv
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TABLE 9: Ranges of FTIR Spectra Correlation Coefficients Between Different Recovered Binders

Tested

Ranges of Correlations Between Replicates

Material Virgin Binder EnSolv Reclaimed EnSolv TCE
Minimum | Maximum | Minimum |Maximum |Minimum| Maximum | Minimum | Maximum
AC-30 0.9013 0.9224 0.8663 0.8882 | 0.8343 0.9136 0.9072 0.9510
AC-20 0.9200 0.9513 0.8502 | 0.8619 | 0.8300 | 0.9203 0.8474 0.8953
Ranges of Correlations Between the Virgin Binder and Recovered Binders
Virgin and EnSolv Virgin and Reclaimed EnSolv Virgin and TCE
Minimum | Maximum Minimum Maximum Minimum | Maximum
AC-30 0.8171 0.8822 0.8051 0.9095 0.8021 0.8742
AC-20 0.7967 0.8929 0.7583 0.8637 0.7914 0.9134
Ranges of Correlations Between the Recovered Binders
TCE and EnSolv TCE and Reclaimed EnSolv
Minimum Maximum Minimum Maximum
AC-30 0.7156 0.8082 0.8481 0.9434
AC-20 0.8016 0.8550 0.7009 0.8111
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