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FOREWORD

This report presents the findings of a research study to determine if
methylene chleride (CH,C1,) can-be used to recover asphalts using the Abson
Method (AASHTO T 170 and ASTM D 1856), and to compare its effects on recoverad
binder  properties to those of trichloroethylene (CHC1,). This report will be
of interest tec individuals concerned with quality control testing of hot-mix
asphalt concrete.

Sufficient copies of this report are being distributed to provide one copy to
each FHWA Regional Office and Division Office and each State highway agency.

Direct distribution is being made to the Division Offices. Additicnal copies
for the public are available from the National Technical Information Service

(NTIS), U.S. Department of Commerce, 5285 Port Royal Road, Springfield,

VYirginia 22161.
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NOTICE

This document is disseminated under the sponsorship of the Department of
Transportation in the interest of information exchange. The United States
Government assumes no liability for its contents or use thereof. The contents
of this report reflect the views of the authors, who are responsible for the
facts and accuracy of the data presented herein. The contents do not
necessarily reflect the official policy of the Department of Transportation.
This report does not constitute a standard, specification, or regulation.

The United States Government does not endorse products or manufacturers.

Trademarks or manufacturers’ names appear herein only because they are
considered essential to the object of this document.
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- INTRODUCTION
1. Recovery Testing

To determ1ne the mater1a1 compos1t1on of an aspha]t paving m1xture,
solvents wh1ch can extract and allow the aspha]t to be recovered are needed
In the early 1900's, carbon disulfide was used as a solvent for extract1ng
and recovering asphalts and tars. Because of its extremely hazardous,
flammable nature, it was an unsatisfactory solvent for routine 1aboratory
use, and safer solvents of approximéte]y‘the same solvent power were sought.

Dur1ng the deve]opment of the Abson Method for recover1ng aspha]ts, many
solvents were evaluated, and benzene was chasen as the standard solvent. Gk
This solvent, o1though highly toxic and flammable, was the on]y suitable one -
found. Therefore, if an asphalt was to be recovered, benzene had to be used‘
in the extraction'procedure Carbon tetrach]or1de was the only ch]or1nated
solvent or1g1na11y evaluated during the deve]opment of the Abson Method It
1s‘nonf1ammabje,‘but was,found‘to harden asphq]ts and thus could not be used

A so]vent 1ess f]ammab]e than benZene was 1ater sought, and tr1ch1oro- S
.ethy]ene was found to be suitable for both extract1ng and recover1ng '

“" It is nonf]ammab]e and also 1ess tox1c than benzene, and thus

aspha]ts
the use of - benzene has been eliminated from extract1on and recovery test1ng
The American Assoc1at1on of State Highway and Transportat1on Officials
(AASHTO) and American Soc1ety for Testing and Materials (ASTM) procedures
for the recovery of asphalts by the Abson Method (AASHTO T 170-84 and ASTM

D 1856-79) only allow trich1oroethy1éné.Q-?

Note: ASTM D 1856 79. current1y 1nc1udes benzene but thts so1vent is to
be removed from the method in 1990 because it has been found to be h1gh1y
carcinogenic. It is current]y not allowed in extraction testing.



2. Extraction Testing

Many solvents are capab]e‘of‘extracting asphalts and aggregates if the
binder properties are not needed but the most toxic ones have been excluded
from the test procedures AASHTO and ASTM procedures for extraction test1ng
(AASHTO T 164 -86 and ASTM D 2172- 88) a]]ow the use of tr1ch1oroethy1ene
methy]ene ch]or1de, and 1,1,1- tr1ch1oroethane

By current standards,‘trich1oroethy1ene and methy1ene chloride are more
toxic than 1,1,1-trich1or0ethane; however, all three require equal safety
precautions against skin contact, eye contact, and inhalation. Maximum
allowable vapor concentrations are given in table 1. Current Federal
regu]at1ons on these solvents and their effects on health are reported
e]sewhere

Any of the three so]vents can be used .in four out of the five extraction
methods 11sted under the test procedures In the fifth method, which uses the
vacuum extractor, ASTM on]y a110ws methy]ene chloride, and a small .amount of
'denatured ethy] a1coho1 must be added to the 1n1t1a1 mixture soak1ng process.
The amount of a]coho] added is less. than 10 percent of the tota1 so]vent used
in the procedure AASHTO a]]ows a11 three solvents in the vacuum extract1on
method, and the use of denatured ‘ethyl a]coho] is opt1ona1 With the vacuum
extractlon procedure methy]ene ch]or1de may extract the aggregates faster
than the other two so]vents, and less solvent may be necessary

As'prevtous]y stated, only triChloroethy1ene‘can be used 1n,the'recovery
of asphattsaﬂ‘1;1,14trich1oroethanedcannot‘be used beoause, like carbon

| tetrachloride, it was found to harden asphalts." Methylene chloride is

not allowed in the‘AbsonVMethod,‘but‘whether it isa suitable solvent for

recovering asphalts’is unknown as tt has'not been evaluated.



o Téble«l. Maximum'a11owab1e yapor‘concentrations.

Time-Weighted Average
Concentration for 8-hour

S yent‘ 1f “f{ ff‘ S Exposure for 5-day week, ppm
A B
Benzene o o SRR , 1 “ 10
Tr1ch1oroethy]ene ‘ 50 ‘ 100
Methylene Chloride ' ' 50 500*
1,1,1-Trichloroethane - o 350 - . 350

A - Committee of the American Conference of Governmental Hygienists, 1988.
B - Code of Federal Regulations, Title 24-Labor, 1987.

* This was to be reduced, but a new 1eve1 was not ava11ab1e when this table
was developed.

Table 2. Virgin asphalts used in Phase I.

MFHNA 1D Grade Supplier
.B5603 . AC-10 Amoco, Baltimore, MD
B5851 o AC-20 ' Southland, Laurel, MS

. B5856 AC-30 Amoco, Lithonia, GA
B5891 AC-10 : Cenex, UT
B53901 ‘ AC-5" Chevron, Mobile, AL

. B5928 . . -.AC-20 “Arco, Dumfries, VA
‘B5941 : . AC-20. ‘ Exxon, Bayway, NJ
B5947 ’ 60/70 Pen Amoco, Whiting, IN
(8658 . - AC-40 . Amoco, Savannah, GA
carz24 - = AC-40 Exxon, Charleston, SC -

Table 3. Infrared (IR) spectral regions.

1

Region . Wave Numbers cm’ ‘ FEunctional Group

1 ‘1;7,,75-to 1670 o - (=0 (Carbonyl 'Stretch) |

27+ 1670.t0 1532 , - Unsaturated C=0, C=C (Olefinic Stretch)
3 ~..1180 to 1113 - Secondary & Tertiary C 0, S=0

4 “1113 to 983 ' Primary C-0, $=0

5 917 -to . 843 Po]ysubst1tuted Aromatic

6 843 to 785 Aromatic

7 785 to 687 " Monosubstituted Aromatic C- H

8 1325 to 1281 Aromatic Amine C-N

or Oxidized Nitrogen N- 0
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The obJect1ve of th1s study is to determ1ne 1f methy]ene ch]or1de (CH Cl,)
can be used to- recover asphalts by ‘the Abson Method ‘and- to compare its
effects on recovered b1nder propert1es to those of tr1chloroethy1ene (C HC1,;
abbrev1ated TCE in th1s report to avo1d confus1on) Several State highway
agencies use methy]ene chloride in the vacuum extraction method, and thus
including thisvsdlvent"in,the Abson Method would be beneficial. However,
there is no pubTTshed data concerning the suitability of this §olvent for
recovering asphalts. ASTM proposes to include methylene chloride in the
Abson Method in 1990,

PHASE I - VIRGIN ASPHALTS
1. Materials and Test Procedures

The 10 virgin paving grade asphalts identified in table 2 were selected
and the fo]}owﬁng'tests were performed before and after recovering the
asphalts from-so1ution in either trichloroethylene or methylene chloride:

. Penetration at 77 °F (25 °C), (100°g, 5 s), (AASHTO T 49 and ASTM D 5).@%
- Absolute Viscosity at’ 140 °F (60 °C), .(AASHTO T 202 and ASTH D 2171).%%

. Kinematic Viscosity-at 275 °F (135 °C), (AASHTO T 201 and ASTM D 2170).%%
. High Pressure Gel Permeation Chromatography (HP—GPC).f?b’

« Infrared (IR} Spectra] Analysis.®

Five samples of- each aspha]t were poured into 3 fluid ounce tin
‘conta1ners, each samp]e be1ng approx1mate1y 75 ¢ in weight. The difference
in penetration between the h1ghest and lowest values for any of the five
replicates was 1 dmm. One sample was used to determine the properties before
recovery;‘another:samp1e.was dissolved and recovered using Fisher Scientific
reagent grade methylene chloride, ghd another using Fisher_Scientific reagent
grade trich]oroethy1ené. The.reméjning two samples were réserVes.



The"ABéon-Méthod-for recovering aSpha]ts (AASHTO T 170 and ASTM D 1856)
was performed accordfnéftd the standardized procedure with no deviations.
Each-neat asphalt sémp]e”to be recovered was first dissolved and hand stirred
' in 500 ml of so]vent at room temperatufe. This was performed over a 2-hour
period, which is usua]lj the maximum amount of time an asphalt may be in the
solvent during and affer extraction. The primary distillation operation,
which is used to conténtraté the solution to about 200 ml, was included in the
procedure. The asphalt properties previously listed were compared before and
affer recovery to determine whether there were any changes in chemical or
physical properties. Most Abson recoveries did not need more than the 15-
minute minimum time period kequired by the method while the flow of carbon
dioxide is 900 ml/min. ’

Rheological properties were measured by standardized penetration and

viscosity tests,¢?3

" The HP-GPC technique was used to obtain the percentages of large molecular
size (LMS), medium molecular size (MMS), and small molecular size (SMS)
contents at 113 °F (45 °C).“®) A Waters Associates 600F system controller,
990 Photodiode Array Detector,uand three columns connected in series (Watefs
Associates, Ultrastyragel éd]umhs 1000 °A, 500 °A, and 100 °A) were used to
obtain these size contents. Tests were performed.in. duplicate and tHe data
averaged. ' - o

An IR spectra1 ana]ysfs was used to detect the amount of infrared
absorbance in eight spebtral regions, defined by the ranges in wave numbers
in table 3.9 A1l organic materials absorb infrared radiation at various
infrared wave numbers, or energies, according to their molecular structure
or functional grbup_tomppsition. The spectrum for each asphait was obtained
at 77 °F (25 °C) usfhg'a‘Nicolet 390 FTIR Spectrometer and by plotting the
fraction of infrared absorbance versus the wave number (number of waves per
éentimeter; em'). Ten scans of a sample Were‘taken ana the data averaged.
An example of a spectrdm is shown in‘figure 1:‘
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For IR spectral anaTySes;:thé*aSbhalts were applied as a film to a KBr
plate using a spatu1a bearing the neat hot asphalt. Sample scans were
obtained by d1rect1ng ‘the " 1nfrared rad1at1on ‘through the films. Because
absorbance is a funct10n of film~ thlckness, the thickness was adjusted S0
the peak'at a wave number of 2926.6.cm™’ fell between 0,80 to 0.90- absorb-
ance. This infrared region reflects the presence of strong C-H stretching
groups which are common to all aspha]ts Absorbance in this: reg1on is more
strongly affected by film thickness than absorbance in the other regions, and
thus it is assumed that a similar absorbance from aspha]t to asphalt in this L
region is indicative of a uniform thickness, which is needed to compare
asphalts. This region ts not shown in figure 1. |

The areas under the peaks for each region, as shown by the hatched areas
in figure 1, are roughly proportional to the concentration of the given
functional group. An infrared datum reported in this study for a given region
is the ratio of the hatched area in'that region to the total hatched area.'
It is assumed that changes in the total area from sample to sample are due
to m1nor variations in asphalt film th1cknesses and that using a ratio
accounts for these ‘variations. Thus the reported data are relative. A
negative datum 1nd1cates a, va]]ey 1s between the pa1rs of wave numbers

The rheological tests required the aspha]t samples to be heated to a
maximum of - 275. °F-(135'°C)‘ “This may-have'had a minar, unknown effect on the
recovered aspha]t propert1es The HP GPC technique and the IR Spectra1
analysis only requ1red a minor amount of heating to soften the samples.

2. Te;t Results

Penetrat1on and V1scos1ty data are given in table 4; HP GPC data are g1ven |
in table 5, and IR data are g1ven in tables 6, 7, and 8. ‘

Student’s. pa1red t- tests at a 95 percent confidence 1eve1 and 11near
regression ana}yses were used to analyze the data. The pa1red t-test
determines whetner or not two data sets are significantly different when



: ‘,]*%ébTe 4:‘1Pehétbatfbn‘andﬁﬁiscbsity data. -

FHWA -~ “Penetration, 25 °C . Viscosity, 135 °C . . Viscosity, 60 °C

ID _ .(100‘9, 5 s),‘Ohl mm . ‘Centistokes

Before CH,C1, TCE  Before CH,Cl, TCE

. Poise

Before CHCl, TCE

BS603 . 126 .. 129 © 122 - 245 252  .270.

975 1006 1121

B5851 74 75 68 501 510 5060 2229 2210 2181
B5856 .62 66 68 617 634 685 3559 3554 4065
B5891 85 82 76 290 315 312 1259 1334 1397
B5901 - 147 149 155 226 237 234 580 632 576
B5928 67 67 76 - 432 477 418 2281 2398 1845
B5941 71. 73 79 416 431 439 1996 2079 2005
B5947 . . 70 75 B84 302 311 322 1270 1351 1278
C8658 ‘ 54 © 60 51 675 695 680 4346 4496 3928
8724 . 67 - 67 70 614 648 657 3570 3860 3348
Avg = - 82 - 84 85 432 451 452 2207 2292 2174
Std Dev = 60 - 60 61 331 340 346 2517 2598 2425
Before = Before Recovery ‘ ‘
CH,C1, = Recovered from Methylene Chloride
ek ° - Recovered from Trichloroethylene -
© Table 5. Gel permeation ghromatography (HP-GPC) data.
S . Percent . Percent. . Percent
FHWA =~ -large , Medium ‘ Small
[D - Molecular Size - Molecular -Size - Molecular Size

- Before CH,C1, TCE ~ Before CH,C1, TCE Before CH,C1, TCE
B5603 - 17.1  18.2 17.3 49.8 49.0 50.0 33.1 32.8 32.8
B5851 - 26.4 26.5 27.3 47.6 47.4 46.9 26.0 26.1 25.8
B5856 . 24.3 - 23.7 '26.8 '49.8 50.1 47.5 259 26,2 25.8
B5891 13.0 14.4 - 14.4 44,8 44.4 445 42.2 41.2 41.0
B5901  17.0 16.9  17.1 = 49.7 49.7 .48.9 - 33.3. 33.4 34.0
B5928 '20.2. 20.6 21.4 48.8  48.1 47.9 31.0 31.3 . 30.7
B5941 .~ 20.5  -20.8 . 20.9. 49.1 48.8 48.5 30.4 30.4  30.6
85947 . -15.3 - 16.3 ° 15.8 50.0 50.1 49.5 34.8 33.7 34.8
€8658 22.5 .26.6 25.8 51.3 49.1 49.4 26.2 24.3 24.8
C8724 25.5 28.1 26.9 50.1 46.6 48.1 24.4 25.2 25.0
Avg = 20.2  21.2 21.4 49.2 48.3 48,1 30.7 30.5 30.5
Std Dev = 9.1 . 9.6 10.1 3.6 3.6 3.2 10.9 10.4 10.7



Table 6. IInfrared (IR) data pf“thefaspha1;s‘before‘recovery.

Spectral Region

B5603- -0.002° 0.418 . .0.009 0.058 -0.102 0.099" 0.293 0.024
B5851- -0.004" 0.283  0.018 0.113 0.105 0.107 0.347 .0.031
B5856 - -0.026 0.503 0.045 -0.052° 0.042 0.103 0.351 '0.033
B5891 -0.047 0.395 0.008 0.106 0.133 0.105 0.276 0:025
B5901 -0.038 0.344 0.010 0.149 0.101 0.090 0.317 0,027
B5928 -0.042 0.440 0.018 0.067 0.100 0.097 0.294 0.025
B5941 0.014 0.367 0.020 0.039 0.091 0.089 0.347 .0.034
B5947. -0.052 0.400 -0.016 0.101' 0.118 0.094 0.330 0.026
C8658 -0.103 0.504 0.050 0.003 0.058 0.112  0.345 0.031
8724 -0.048 0.454 0.020 -0.013 0.081 0.105 0.372 0.029.
Avg = -0.035 0.411 0.018 0.057 0.093 0.100 0.327 0.028
Std Dev' = 0.066 0.138 0.037 0.127 0.054 0.015 0.062 0.007
Table 7. Infrared (IR) data of asphalts recovered from
' methylene chloride (CH,C1.).
Spectral Region
FHWA o
ID 1 2 3 4 5 6 7 8
B5603 0.020 0.396 0.023 0.111 0.093 0.102 0.235 0.021 ~
B5851. -0.014 0.2%4 0.025 0.107 .0.106 0.122 0.328 0.032
B5856 -0.051 0.497 0.037 0.000 0.855 0.109 0.327 0.025
B5891 -0.035 0.387 0.0I1 0.077 0.121 0.101 0.311 0.027
B5901 -0.052 0.388 -0.003 0.067 0.134 0.100 0.333 0.033
B5928 -0.020 0.421 0.023 0.056 0.097 0.093 0.303 0.026
B5941 -0.007 0.387 0.020 0.076 0.110 0.097 0.287 0.029
B5947 -0.050 0.394 -0.003 0.072 0.124 0.106 0.330 0.028
€8658 -0.104 0.492 0.046 -0.028 0.069 0.116 0.377 0.031
c8724 -0.013 0.480 0.039 -0.032 '0.039 0.094 0.361 0.034
Avg = -0.033 0.414 0.022 0.051 0.095 0.104 0.319 0,029
Std Dev = 0 0.124 0.033 0.104. 0.063 O 0.079 ©

.068

.019

.008



Table 8:

“Iﬁfféféd?(iR)'data of éspﬁa1t recovered

from

trichloroethylene (TCE).
: ‘Spectral Region :
FHWA : .
1D 1 2 3 4 5 6 7 8
B5603 0.030 0.428 0.025 0.064 0.067' ¢.108 0.254 0.024
B5851 -0.003 0.268 0.027 0.126 0.101 0.123  0.327 0.031]
B5856 -0.024 0.454 0.052 -0.008 0.055 0.099 0.344 0.029
B5891 -0.038 0.394 0.013 0.087 0.124 0.105 0.291 0.024
B5901 -0.034 0.355 0.016 0.093 0.111 0.099 0.330 0.030
B5928 -0.006 0.439 0.021 0.035 0.076 0.100 0.307 0.027
B5941 0.013 0.368 0.022 0.053 0.105 0.114 0.300 0.026
'B5947 -0.060 0.408 -0.014 0.126 0.128 0.105 0.282 0.025
(8658 -0.087 0.486 0.053 -0.021 0.062. 0.107 0.371 0.029
'€8724 -0.009 0.452 0.042 0.010 0.027 0.117 0.330 0.032
Avg = :0.022 0.405 0.026 0.057 0.086 0.108 0.314 0.028
Std Dev = - 0.069 0.126 0.040 0.105 0.066 0.016 0.067 0.006
the

Table 9. Statfgtical results comparing the asphalts recovered from
, solvents to the asphalts before recovery.

~ Methylene Chloride -

10

Trichloroethylene

' to Before Recovery to Before Recovery
Test r2 Slope  t r?  Slope t

Pen 25 °C 0.99 0.99 2.215 NS~ 0.93 0.98 0.994 NS
Vis 60 °C ©1.00 1.03  3.059 I 0.95 0.94 -0.363 NS
Vis 135 °C 1.00 1.03 4.927 1 0.8 1.04 2.862 1
LMS 0.91 1.01 2.404 I 0.96 1.08 3.832 1
MMS 0.60 0.77 -2.044 NS 0.78 0.78 -3.777°D
SMS 0.98 0.95 -0.961 NS 0.98 0.97 -0.939 NS
Region 1 0.67 0.85 0.345 NS 0.77 0.92 2.432 1
Region 2 0.91 0.85 0.411 NS 0.94 0.88 -0.982 NS
Region 3 0.71 0.75 1.121 NS 0.89 1.00 3.5821.
Region 4 0.55 0.61 -0.482 NS 0.76 0.70 -0.061 NS
Region 5 0.58 0.86 0.264 NS 0.52 0.89 -1.024 NS
Regicn 6 0.31 0.69 1.517 NS 0.09 0.32 2.581 1
Region 7 0.33 0.74 -0.760 NS 0.36 0.65 -1.476 NS
Region 8 0.13 0.44 0.073 NS ~ 0.23 0.36 -0.753 NS

tyos = 2.262 toos = 2.262



the data are paired. or related.” If the absolute value of the t generated
from the data is greater than the t at the 95 percent confidence Tevel,
defined as t; ., then there is a sjgnificant difference between tHe two data
sets. In the tables of this report, "NS" means there was no significant
difference between two data sets. In analyses comparing aépha]ts recovered
from solvents to asphalts before recovery, "I" indicates the recovery process
increased the property,land “D";%ndicates the recovery process decreased the
property. In analyses comparﬁng%aspha1ts recovered from methylene chloride to
asphalts recovered from trich]ofbethy}ene, the data for the asphalts recovered
from trichloroethylene are used as the reference data because this is the
standard solvent. Thus the analyses give the effect; of changing from
trichloroethylene to methylene chloride.. The regressjons'indicate whether or
not the two sets of data correlate.

Standard deviations (two sigma ) of'the data sets are also 1nc1uded

sample
as supplementary information. Diff;:ences in standard deviations between the
before and after recovery test data may indicate that a solvent is affecting
the data, but the standard deviations were primarily included to‘determine
the sensitivity of each test property to changes in the grade of‘aspha]t, and
whether this sensitivity could affect the conclusions of the other‘stafistica]‘
analyses. Ninety-five percent of the dataifor the entire pqpu]ation of
asphalts should fall within the average value plus and minus this standard

deviation.
a. Results of the t-tests

Statistical results for the data comparisons between fhe:samp1és recovered
from the solvents and the samples before recovery, are giveﬁ in table 9.
Methylene chloride had no significant effect on the penetrdtions but slightly
hardened the asphalts according to both viscosities. The HP-GPC data showed
an increase in the LMS content, which complemented the changes in the Vis-
cosities. No corresponding significant decreases in the other two HP-GPC
sizes were obtained. The IR data provided no significant differences, and
thus did not explain the'changes in the viscosities and LMS content.
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Tr1ch1oroethy1ene had no effect on the penetrations or viscosities at
140 °F (60 °C), but slightly harderied the asphalts according to the
viscosities at 275 °F.(135 °C). As with methy]ene.ch1or1de, there was an
increase in LMS content. This'compTementéd the increases in viscosities at
275 °F (135 °C), but not the data for the two other rheolog1ca1 tests. The
1ncrease in the LMS content corresponded to a decrease in. the MMS content

The IR data for the asphé1ts recovered from trichloroethylene showed
1ncreases in reg1ons 1 (C 0 Carbony] Stretch), 3 (Secondary and Tertiary C-0
and $=0), and 6 (Aromat1c) No correspond1ng significant, decreases in the
other regions were found. ‘Increases in these regions, a sign of aromatic
molecules being oxidized. could be ‘expected based on the hardening shown by

the . viscosity at 135 °C and the HP-GPC data.

Tab]é 10 shows the statistical resu1ts‘comparing the'aspha]ts recovered
from the two solvents. fhe only differences between the asphalts were in IR
spettra]'regjons 1 (C=0 Carbonyl ‘Stretch) and 5 (Polysubstituted Aromatic),
whjch'medns that in génera] the solvents affected the asphalt properties
,5im11ar1y The d1fference in reg1on 1 was ma1n1y related to the use of
trich]oroethylene. ‘Table 9 indicates that this solvent increased the re]at1ve
area in this region whereas methylene chloride had no effect. The significant .
difference in region 5, whére the samples recovered from methylene chloride
had a higher rejative area, appeared to be related to minor effects produced
by both solvents as neither‘$o1vent showed a significant effect in table 9.
Although these differences in the IR data were found, there were no‘dif-
ferences in the rheological or. HP-GPC data. o

b. Results of the Regressions and Analyses of the Standard Deviations

The coefficients of ‘determination (r?) for the regression analyses are
also shown in tables 9 and 10. Meanings app11ed to these coeff1c1ents in ‘
this study are given in table 11. For high coefficients, the slopes in tab]es
9 and 10 generally approached one, indicating that either the solvent had no
effect (where the t-value is NS}, or the effect was similar from asphalt to

12



‘Table 10. Stat1st1ca1 resu]ts compar1ng the aspha]ts recovered from methy]ene
i ch]or1de (CH C12) to the aspha]ts recovered from tr1ch10roethy]ene (TCE)

Test r Slope t
Pen 25:°C 0.94  1.00 -0.266 NS
Vis 60 °C 0,93 1.11 1.091 NS
- Vis 135 °C 0.97°  1.02 -0.148 NS
LMS 0.94  1.02 -0.441 NS
MMS 0.63 1.43 0.646 NS
SMS 0.99 1.02 -0.328 NS
Region 1 0.90  1.04 -3.065D
Region 2 0.85 1.06 1.057 NS
Region 3 - 0.83 0.92 -1.471 NS
Region 4 . 0.68 1.20 -0.598 NS
Region 5 0.89 1.00 2.671 [
.Region 6 ~ 0.09 3.57 -1.129 NS
Region 7 0.70 1.33  0.817 NS
Region 8 ~ - 0.57 1.82 1.077 NS
| to.os = 2-262
‘ Tab1e‘111 Meanihés for regression enalyses.
.Reqre551oni,r t-test ~ Conclusion
* High, > 0.81 NS Data are similar.
High, > 0.81 I (or D)
: correlated manner.
Low, < 0.81 NS
to asphalt.
I (or D)

Low, < 0.81

Data has increased (or decreased) in a
A slope of one
indicates a parallel shift of the data.

Effect of solvent varies from asphalt

Data has 1ncreased (or decreased) overall
but the effect varies from asphalt to

”aspha]t
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Tﬂfaspha]ts recovered fro;;methylene ch10r1de appears to match a v1sua] ana1ys1s-ﬁln‘h"

w“of the data - By exam1n1ng tab]e 4 the penetrat1ons for the aspha]ts
‘recovered from methy]ene ch1or1de appear to. be s11ght1y c1oser to the
penetrat1ons of the aspha]ts before recovery than those recovered from
"tr1ch1oroethy1ene ‘ '

As shown by tab]es 9 and 10 penetrat10n, both v1scos1ty tests,“t'

B content, and. the. SMS. content CO"S‘Ste"t1y provided the highest coeff1,1enﬂ oo

The MMS content had 1ower coeff1c1ents Th1s was attributed to the small
‘var1at1on in the MMS - content from aspha]t to aspha]t, as’ “shown by the
standard dev1at1ons 1n tab1e 5. ~ This 1ow var1at1on 1nd1cates that . the.
‘usefu1ness of the MMS content for compar1ng aspha]ts may be very 11m1t

' Spectra1 reg1ons had h1gh to 1ow coeff1c1ents Many of the 1ow coef-'»
f1c1ents a1so appeared to be the resu]t of very 11tt1e var1at1on in the data
~from aspha]t to aspha1t Tab]es 6 through 8 show that reg1ons 6 (Aromat1c)
~and 8 (Aromat1c Am1nefC N. or 0x1d1zed N1trogen N- 0), in. part1cu1ar, had sma11 L
'”f“standard dev1at1ons e e v ‘ R j

Overa11 the data 1nd1cated that methy]ene ch]or1de can. be used 1n; o}
recovery process ‘as this so1vent performed as well as tr1ch10roethy1en

‘lmost effects on aspha]t propert1es were e1ther 1ns1gn1f1cant or s11ght

‘3;.tRepeatabi1ttv‘Studylgﬁﬂoﬂ}ftfn»i~,! -

a. Reserve‘Asphalts-ff,‘ ¥
| 11'The:two'reservehsamp1es:of'each'aspha1t were not needed in the previous
~ part of the study, so it was decided to”determine‘the'repeatabi]itv.of‘the |
recoveryfprocess by recovering the reserve samples for five out of the ten
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asphalts. The objectiﬁe of this part of the study was to compare the
properties of these_asph31t$-after recovery to thé properties previously found
after‘recovery.. Both solvents were used.

Renetratiqn and viscosity results afe given in tables 12 and 13. In
these tab]es,'both the data for the reserve samples after recovery, and the
data previously measured after recovery and reported in table 4, are given.
HP-GPC and IR results for the reserve asphalts after recovery are given in
tables 14 through”16."HP-GPC‘and IR data pYevioUs]y measured after fecovery
are given in tables 5, 7, and 8 and were not recopied.

Because the reéerve‘aspha1t samples had been stored 6 weeks {in closed
tins in the 1aboratory), it was decided to check their penetfatiohs before
dissolving and recovering them. These penetrations are also shown in table
12 under the two columns labeled "Before Recovery." A Qompafison of these
penetrations to the previous penetrations before recovery indicated that
asphalts 85603, B5891, and B5901 hardened. There were also slight differences
between the penetrations of the two reserve samples for asphalts B5603 (112
versus 118) and B5891 (71 versus 78). These discrepancies, which may have
been due in part to reheating the_aspha]ts before penetration testing, in-
dicated that thé répeatabi]ity of the methods could not be properly evaluated
using these samples, and the intended analyses were eliminated. However, the
penetration data does show that changes in properties due to reheating and
storage can be as significant as changes resulting from the use of solvents.

Becauéelthe penetrations before recovery were obtained for the reserve
asphalt samples, the penetrations after recovery could be COmbaFed to them.
Table 17 shows the effect of the solvents on penetration. As with previous
analyses, neither solvent had an effect on penetration. Regressions were
eliminated because of the limited amount of data.

The two sets of data for the reserve samples after recovery could also be

compared, and table 18 shows the statistical results. The ana]yéés indicate
that the properties were not significantly different except for the MMS
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“Table 12. Repeatab111ty Study - Penetrat1ons at 25 °C 0. 1 mm.

Samp]es Recovered 1‘ Samp1es Recovered
from . ‘ - from .
Methy]ene Ch10r1de o Trich]oroethy1ene '
" Data " Before  After - ‘- Befofe After
Asphalt Set . Recovery .. Recovery . Recovery - Recovery
BS603 . previous - 126 - - 129 126 . 122
reserve o112 114 - - 118 110
B5891  previous &5 . 8 8 76
reserve 71 15 78 : 72
B5901  previous . . 147 - - 149 f 147 155,
reserve 138 L 133 o136 134
85928 previous 67 6 61 - 16
: ©.reserve 63. . 62 64 64
C8658 . previous 54 60 .54 5]

reserve - 54 53 - 83 58
. Table 13. Repeatability Study - Viscosifies.

Viscosity at 60 °C, P Viscosity at 135 °C, Cst

Samples Recovered . - Samb]es Recovered
from : o from .
Data Methylene 'Trichloro- - - Methylene Trichloro-
Asphalt . Set Chloride ethylene - Chloride ethylene-
B5603  previous ' 1006 . 1121 . . - 252 . . 270
o .. reserve 1154 h 1268 C 265 . 284
B5891 previous 1334. 1397 315 312
‘ reserve 1610~ 1755 . 318 - 336
B5901  previous 632 576 . 237 . 234
o reserve = 694 - 744 242 252
B5928  previous 2398 . 1845 Y 418
reserve. . 2819 - 3109 ‘ ‘ " 470 - 503
(8658  previous 4496 3928 695 680

reserve 5740 5241 - 770 759
16



Table 14. Repeatability Study‘-sGe1'permeation1Chr5mafoéraphy
(HP-GPC) for the reserve asphalts recovered from the solvents.

Percent ~ Percent Percent
FHWA Large Medium Small
ID Molecular Size ~ Molecular Size Molecular Size

CH,C1, ' TCE CH,C1, TCE CH,C1,  TCE
B5603 - 20.1  20.3 47.5 47.3 32.4 32.4
B5891 14,0 14.7 4.0 43.7 42.0 41.6
B5901 18.4 18.7 48.8 48.3 32.8 '33.0
B5928 2l1.1 20.9 47.7 47.5 31.2 31.6
CB8658 29.6 29.6 45.3 44.6 25.1 25.8
Avg = 20.6 20.8 46.7 46.3 32.7  32.9
Std Dev = 11.3 10.9 3.9 4.0 12.1 11.3

Table 15. Repeatability Study - Infrared (IR) data for reserve
asphaits recovered from methylene chloride (CH,C1,).

‘ Spectral Region
FHWA o

D 1 2 3 4 "5 . -6 7 8
B5603 -0.011 0.411 0.033 0.089 0.093 0.107 0.260 0.020
B5891 -0.035 0.435 0.008 0.099 0.115 0.096 0.256 0.026
B5901 -0.074 0.373 0.022 0.102 0.112 0.105 0.330 0.030
B5928 -0.055 0.444 0.011 0.130 0.098 0.095 0.244 0.033
8658 -0.123 0.565 0.030 0.048 0.059 0.135 0.252 0.035
Avg = -0.060 0.445 0.021 0.094 0.095 0.108 0.268 0.029
Std Dev = 0.085 0.144 0.022 0.059 0.045 O 0.070 0.012

.032
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-Table 16. Repeatability Study - Infrared (IR) data for reserve
- asphalts recovered from trichloroethylene (TCE).

Spectral Region

FHWA
ID 1 2 3. .4 5 6 7 8
85603 -0.001 0.405 0.029 0.107 0.078 0.110 0.250 0.021
B5891 - -0.062 0.396 0.009 0.126 0.145 0.118 0.248 0.021
B5901 -0.037 0.359 0.011 0.118 0.111 ©0.109 0.305 0.025
B5928 -0.026 0.448 0.012 0.095 0.096 0.101 0.237 0.036
£8658 . -0.135 0.593 0.042 -0.007 0.065 0.139 0.272 0.030
Avg = -0.052 0.440 0.021 0.088 0.099 0.115 0.262 0.027
Std Dev = 0.102 0.182 0.029 0.109 0.062 0.029 0.054 0.013
Table 17. Repeatability Study - Statistical results comharing the reserve
asphalts recovered from the solvents to the reserve asphalts before recovery.

Methy]ene'Ch1or1de
to Before Recovery

Trichloroethylene
to Before Recovery

Test ‘ ot t
Pen 25 °C- -1.752 NS -0.679 NS
ty s = 2.776 toos = 2-776
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Table 18. Repeatability Study - Statistical results comparing the
reserve asphalts recovered from methylene chloride. {CH.C1,)to the
reserve asphalts recovered from trichloroethylene _TC%).

"Test | t.
Pen 25 °C . -0.121 NS
Vis 60 °C - -0.148 NS
Vis 135 °C. : -0.903 NS
LMS -1.151 NS
MMS , 13.259 1
SMS -0.765 NS
Region 1 -0.614 NS
Region 2 0.492 NS
Region 3 0.053 NS
Region 4 0.353 NS
Region 5 -0.485 NS
Region 6 -2.177 NS
Region 7 0.825 NS - -
Region 8 1.262 NS

togs = 2.776
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content, although.the difference between the MMS content avefages in table 14
is only 0.4 perceht;‘which probably has little practical significance. - There
were no changes in any of the other data, and thus the test results overall
agreed that the two solvents affected the asphalt properties similarly. "

The t-test conclusions for the IR regions 1 and 5 in table 18 are
different from those given in table 10, whereas they should be the same.
Even though some of the reserve asphalts hardened, which makes the data less
than optimal, the differences between the conclusions in these tables appear
to indicate that at least one solvent had a slightly different effect on the
IR data when the recoveries were répeated. The conclusions for the other IR
regions, rheological tests, and the HP-GPC technique, except for the MMS
content, were in agreement.

(Note: The conclusions in tabTe 10 were generated using the 10 asphalts.
However, the same {-test conclusions were obtained after eliminating the
five asphalts not used in this pakt of the study and repeating the t-tests.)

Finally, a large discrepancy was noticed in table 13 between the two
viscosities at 140 °F (60 °C) for asphalt B5928 recovered from trichloro-
ethylene (1845 Poise versus 3109 Poise). This was not related to the
hardening problem alone. The softening that occurred with the "previous"
asphalt sample and the hardening of the "reserve" asphalt sample is also
part of the discrepancy. For this asphalt, the recovery process using
trichloroethylene was not repeatable.’

b. Additional Tests

Because of the problems with the reserve samples, it was decided to
further evaluate the repeatability of the recovery processes. Fifteen samples
of the Exxon AC-20'(85941) were poured into 3-fluid ounce tin containers.
Penetrations were performed on all samples and they were then sorted into
three groups such that the groups had equal average penetrations and standard
deviations. Five samples were used to measure properties before recovery,
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five were recovered from‘methj]ene‘chloride,land five were recovered from
trichloroethylene. The data are shown in tables 19 through 23. During one
recovery, the Abson flask broke, and a "before récovery" sample was used as a
replacement. ~This Teft only four samples for this group. 'No reserve samples
had been poured from the bulk supp1y of the aspha]t, and it was felt that all
samples should be taken at the same t1me because heating is involved. One
operator performed all recoveries.

The statistical results are shown in table 24. For this data; either
a pooled formula or separate variance t-test was used, whichever one was
applicable. The separate variance formula is used when the variances of the

two data sets are not equal. The t value varies with whichever t-test

0.05
is used and the degrees of freedom‘(not given in this report).

Various significant differences were-found,‘but‘many of these differences
have little practical significance. In most comparisons, the averages were
very c1ose} but small variations in the data led to theAsignificant dif-
ferences. For example, table 19 indicates that the samples recovered from
methylene chloride had an average penetration of 72. This was statistically
less than the average pehétration of 75 for the samples before recovery.

The Targest differences between the before and after data were with the vis-
cosities, where methylene chloride provided data closer to the data before
recovery. |

Tables 19 and 20 show that methylene chloride provided lower standard
deviations than trichloroethylene for the rheological and HP-GPC data, which
indicates that the process using methylene chloride is more repeatable. Table
20 also shows that for this asbha]t, the HP-GPC technique was a very precise
technique as the standard deviations are low compared to the average values.

As with the previous analyses in tables 9 and 10, the significant changes
in table 24 for the rheoTogicaT and HP-GPC data due to the recovery processes
show hardening or increased molecular structuring. However, these changes did
not necessarily complement each other. The effect can be significant for one
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Table 19. .Penetration and viscosity data for asphalt B5941.

Penetration, 25 °C

Viscosity, 135 °C

Viscosity, 60 °C

(100 g, 5 s), 0.1 mm Centistokes Poise
Before CH,C1,  TCE Before CH,C1, TCE Before (CH,C1, TCE
76 71 79 419 439 445 1999 2227 2149
76 73 73 418 429 454 2025 2117 2243
75 72 74 422 442 463 2031 2223 2367
76 73 72 - 418 431 468 2018 2170 2457
71 71 71 L. 439 457 -- 2226 2332
Avg = 75 72 74  419 436 457 2018 2193 2310
Std Dev = 4 2 6 4 11 18 28 97 236
Before = Before Recovery
CH%612-= Recovered from Methylene Chloride
TCE =

Table 20. Ge1‘permeétion chromatography (HP-GPC)

Percent
Large

Molecular Size

Recovered from Trichloroethylene

Perc
Medi

ent
um

Molecular Size

for asphalt B5941.

Percent
Small
Molecular Size

Before CH,C1, TCE Before CH,C1, TCE Before CH,C1, TCE

18.9 19.3 18.9  49.7 49.5 49.5 31.4 31.2 31.6

18.7 19.1. 19.6. . 49.7 49.5 49.3 31.6- 31.4 31.1

18.9 19.3 18.7 49.3  49.5 . 49.7 31.5 31.3 31.7

18.9 19.4 19.5 49.6 49.4 49.3 31.5 3l.2 31.2

-- 19.6 1%9.5 - -- 49.4  49.3 -- 31.1 31.2

Avg = 18,9 19.3 19.2 49.6 49.5 49.4 31.5 31.2 31.4
0.2 0.4 0.8 0.4 0.1 0.4 0.2 0.2 0.5

Std Dev =

22
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Téb1e 21. Infrared (IR} data ofiasphalt B5941

before recovery.
Spectral Region

1 2 3 4 5 6 7 8

-0.009 0.370 0.038 0.107. 0.122 0.105 0.236 0.029

0.032 0.402 0.017 -0.031 0.135 0.110 0.308 0.025

0.019 0.379 - 0.029 0.06% 0.145 0.103 0.233 0.024

0.006 0.424 0.010 0.029 0.115 0.106 0.285 0.023

Avg = 0.012 0.394 0.024 0.044 0.129 0.106 0.266 0.025
Std Dev = 0.035 0.049 0.025 0.118 0.027 0.006 0.074 0.005

Table 22. Infrared (IR) data of asphalt B5941

- methylene chloride (CH,C1,). . .

Specira1 Regibn
4 5

recovered from

1 2 3 6 7 8

0.021 0.406 0.015 0.017 0.114 0.128 0.268 0.030

0.013 0.363 0.020 0.082 0.108 0.118 0.272 0.025

0.022 0.355 0.0l6 0.064 0.101 0.125 0.290 0.027

-0.008 0.363 0.027 0.010 0.141 0.121 0.311 0.036

0.048 0.355 0.027 0.060 0.102 0.119 0.264 0.026

Avg = 0.019 0.368 0.021 0.047 0.113 0.122 0.281 0.029
Std Dev = 0.040 0.043 0.012 0.063 0.033 0 0.039 0.009
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Table 23. Infrared (IR) data of asphalt B5941 recovered from
o - tr1ch10roethy1ene (TCE) '

* Spectral Region

1 2 3.4 5 6 7 8

0.034 0.403° 0.025- 0.083 0.120 0.100 0.220 0.015

~0.019 0.386 0.016 0.096 0.127 0.098 0.239 0.020
-0.000 0.353 0.013- 0.089 0:139 0.101 0.273 0.032

0,044 0.395 0.025 0.118 0.116 0.082 0.202 0.017

0.029 0.392 0.023 0.107 -0.104 0.096 0.230 0.017

Avg =  0.025 0.386 0.020 0.099 0.121 0.095 0.233 0.020
0.039 0.011 0.028 0.026 0.015 0.053 0.014

Std Dev = 0.033

Table 24. Statistical results for asphalt B5941 comparing the samples
recovered from the solvents to the samples before recovery,
and the samples recovered from the solvents to each .other.

Methylene Chloride -Trichloroethy1ene Methylene Chloride

to Before Recovery to Before Recovery to _Trichloroethylene
Test ot (tye) t (tgg) t (ts 05)
Pen 25 °C  -2.622 D. (2.306) . -0.589 NS (2.306) -1.231 NS (2.604)*
Vis 60 °C  7.641°1 . (2.623)* 5,471 1 (2.750)* -2.049 D (2.306)
Vis 135 °C  5.608 I (2.365) . 9.433 1 (2.661)* -~  -4.577 D (2.306)
LMS . 4.802 1 (2.365)  2.053 NS (2.642)* £ 0.499 NS (2.306)
MMS -1:176 NS (2.960)* -1.260 NS (2.365) 0.478 NS (2.623)"
SMS ~ -3.822 D {2.365) -1.098 NS (2.587)% -0.915 NS (2.306)
Region 1 0.414 NS (2.365) 1.039 NS {2.365) -0.513 NS (2:306)
Region 2 -1.667 NS (2.365) -0.549 NS (2.365) -1.349 NS (2.306)
Region 3~ -0.403 NS (2.365)  -0.504 NS (2.365) ~  0.167 NS (2.306)
Region 4 0.102 NS (2.365) 1.827 NS (3.000)* . -3.378 D (2.306)
Region 5  -1.442 NS (2.365) -0.912 NS (2.365) ~ -0.855 NS (2.306)
Region 6 6.494 1 (2.365) -2.567 D (2.365) 6.807 1. (2.306)
Region 7 0.815 NS (2.365) . -1.554 NS (2.365) 3.289 1 (2.306)
Region 8 1.403 NS (2.365) -1.383 NS (2.365) 2.360 1 {2.306)

* Separate Variance Formula
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or more measﬁreménts, but not for all measurements. There was a good agree-
ment between the rheological and HP-GPC data for the comparison between the
asphalts recovered from methylene chloride and the asphalts before recovery,
but not for the other two comparisons. ‘

Table 24 also shows that there was little agreement between the changes in
the IR data and the rheological or HP-GPC data. For example, with methylene
chloride there was an increase in region 6 (Aromatic) while for trichloro-
ethylene there was a decrease in reg1on 6, yet both solvents increased the
viscosities.

A second asphalt (Chevron AC-5, B5901) was also evaluated, but only the
penetrations and viscosities were measured. The data are given in table 25
and the statistical resu]télin table 26. The aspha]ts recovefed from
methylene chloride provided data closer to the data before recovery and
lower standard deviations; therefore, it was the better solvent. The t-test
conclusions are biased because of the unequal standard deviations provided
by the three groups. For example, the samples recovered from methylene
chloride had an average penetration of 151. This was statistically less than
the avefage penetration of 156_for the samples before recovéry. The samples
recovered from trichjoroéthy]ene-had an average penetration of 149. This was
not statistica]]y less than the average penetration of 156 for the samples
before recovery Again, the s1gn1f1cant changes 1in the rheo1og1ca1 data due
to the ‘recovery processes show harden1ng

Data from this repeatability study indicated that methylene chloride was
the better solvent. Both solvents tended to harden the asphalts slightly, but
methylene chloride showed less hardening and more repeatéb1e results from
replicate to replicate. |
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Table 25. Penetratidn and'Viscosity‘data for aspha]t'BSQOI.

Penetration, 25 °C =
(100 g, 5 s), 0.1 mm

Viscosity, 135 °C

Centistokes -

Before CHCl, TCE  Before CHCl, TCE

Viscosity, 60 °C

Poise

Before CH,CI, TCE

158 - 155" 167 -

223 230 230

545

. 576 553

156 149 - 149 222 231 239 550 587 622

156 150 137 223 233 251 547 590 696

156 151 144 222 230 246 549 584 665

152 151 146 221 229 247 547 578 666

Avg =. . 156 161 149 222 231 243 548 583 648

Std Dev = = 4 5 22 2 3 17 4 12 111

-Before = Before Recovery

CH C]Z = Recovered from Methylene Chloride
TC% - = Recovered from Trichloroethylene

Table 26. Stafistfca1 fesu1ts for asphalt B5901 comparing the samples
recovered from the solvents to the samples before recovery, ‘
and the samples recovered from the solvents to each other.

Methylene Chloride
‘1o Before Recovery

Trich]orbethy]ene

Methylene Chloride
to_Trichloroethylene

to Before Recovery

Test - t ’ (t0_05) T t . (t0.0S) t (t0.05>)

Pen 25 °C- -3.111 D (2.306) -1.372 NS (2.703)* 0.509 N§ (2.703)*
Vis 60 °C  12.708 1 (2.306) 3.735 1 (2.776)* -2.299 NS{2.750)*
Vis 135 °C 10.844 {2.306) 5.492 1 (2.750)* -3.193 D (2.703)*

* Separate Variance Formula
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PHASE II - HARDENED ASPHALTS
1. Materials and Test Procedures -

The 11 materials identified\ﬁn table 27 were used to determine the
suitability of methylene chloride to recover hardened asphalts. Methylene
chloride was found to be aiSUitab]elso1vent‘1n Phase I; however, because most
asphalts to be recovered are hardened in the mixing plant and inservice, this
phase was deemed necessary. -

Two of the asphalts used in Phase I were aged using the thin film oven
(TFO) procedure (AASHTO T 179 and ASTM D 1754). These two asphalts, along
with another asphalt used in Phase I, were aTso.used in the three plant-
produced loose mixtures, which were obtained from State highway agencies for
another FHWA study.‘®’ -Cores from three aged pavements and three coating
grade roofing asphalts were also evaluated.

For loose mixtures and cores, only properties after recovery can be
obtained. The properties of the asphalts before recovering them from the
mixtures are unknown and can not be obtained. Where differences in properties
after recovery are found, there is no basis for choosing which solvent has
less of an effect on .the property, except if the HP-GPC or IR methods provide
an unusual result or indicate a solvent was not completely removed from an
asphalt. ‘

The tests and statistical analyses used in Phase I were also used in this
Phase. The asphalts were extracted from the loose mixtures and cores using
the centrifuge method (Method A of‘AASHTO T 164 and ASTM D 2172). The
mixtures were first placed in solvent for one-half hour. The effluent was

. removed and the aggregates were washed with 200 ml of solvent until the

extract was clear. This required four to five washings depending on the
mixture. The number of washings did not vary with the type of solvent.

27



FHWA_1D

C8658
C8724

£8658
£8724
B5928

B5965
B5966
B5967

B5950

B5951

B5952

- Table 27. Materials used in Phase II.

Type of Materia]

TFO Asphait

- TFO Asphalt

Loose Mixture
Loose Mixture
Loose Mixture

Pavement Core
Pavement Core
Pavement Core

Coating Grade
Roofing Asphalt

‘ Coatiﬁg Grade

Roofing Asphalt

‘Coating Grade
Roofing Asphalt

Comments

Asphalt used in Phase I

Asphalt used in Phase I

Asphalt used in Phase 1
Asphalt used in Phase [
Asphalt used in Phase I

US-30, NE (6 years old)
[-270, MD {19 years old)
Gaithersburg, MD {Local Road, 2 yrs)

GS Roofing Products Co. Plant,
Ennis, TX (from Gulf States
Refining Co., Houston, TX) .
GS Roofing Products Co. Plant,
Shreveport, LA (from Berry Refining
Co., Tuscaloosa, AL) o
GS Roofing Products Co. Plant,
Peachtree City, GA {from Hunt 0Qil’
Co., Stevens, AR)

Table 28. Percent asphalt content by weight of the total mixture.

Percent

Percent
Asphalt Content Asphalt Content
using using
FHWA 1D Methylene Chloride Trichloroethylene
£8658 7.20 7.19
C8724 6.84 6.85
'B5928 5.56 5.68
B5965 6.09 6.08
B5966 7.75 - 7.82
B5967 6.59 6.73
Avg. 6.67 6.73
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2. Test Results for the Aged Paving Grade Asphalts

The asphalt contents for the six extractions (three loose mixtures and
three cores) are shown in table 28. These data do not -clearly show that
one solvent is more effiCient'for‘removing asphalt than the other. This
efficiency was not thoroughly evaluated and it was not the intent of this
study to do so. However, the efficiency of a solvent to remove an asphalt
could affect the properties after recbvery if, for example, one solvent was
better able to remove strongly adsorbed polar asphalt groups. Additional
information on the suitability of methods to determine asphalt contents has
been reported elsewhere.‘® '

Penetration and viscosity data are given in table 29; HP-GPC data in table
30, and IR data in tables 31 through 33. The data for the coating grade
roofing asphalts were not included in these tables because their properties
were radically different from those of the paving grade asphalts. Paired t-
tests, regression analyses, and standard deviations were again used to analyze
the data. |

The statistical results shown in table 34 indicate that the asphalts
recovered from methylene ch]oride had lower penetrations and Targer relative
areas in IR regions 3 (Secondary and Tertiary C-0 and S=0) and 7 (Mono-
substituted Aromatic C-H). Noycorresponding significant decreases in other
IR regions were obtained. These differences in the effects of the two
solvents could not be adequately explained because of the absence of test data
before recovery and the lack of agreement between the results of the tests.
For example, the viscosities and HP-GPC data agreed with each other but not
with the penetration data, although the average difference in penetration as
shown by table 29 was only 4 dmm. A further complication is that the results
in table 34 do not exactly match the results given for the virgin paving grade
asphalts in tables 10 and 18. However, for the two asphalts subjected to
the TFO conditioning, table 29 shows that the penetrations of the asphalts
recovered from methylene chloride were é]oser to the penetrations before
recovery, and therefore was the better sq1vent in thgse two cases. »
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Table

FHIWA
ID

€8658
€8724
(8658
C8724
B5928
B5965
B5966
B5967

Avg =
5td De

. Before
CH.C1
TcE 2

FHWA
1D

8658
(8724
C8658
€8724
B5928
B5965
B5966
B5967

29.

Penetration, 25 °C Viscosity, 135 °C Viscosity, 60 °C
(100 g, 5 s), 0.1 mm Centistokes Poise
Before CHJCI, TCE Before CH,CT, TCE Before CH,Cl, TCE
TFO 36 38 43 1059 1081 1110 11057 11668 11673
TFO 40 41 47 985 1032 1026 9485 10328 9777
Mix -- 36 40 -- 1152 1210 -- 13461 13185
Mix -- 36 37 -- 1149 1223 -- 13916 14149
Mix -- 32 36 -- 751 780 -- 10513 10114
Core  -- 11 18 -- 1561 1522 --. 123980 108504
Core  -- 17 19 -- 1624 1722 --  b3866 50413
Core  -- 18 21 - 1291 1299 -- 37325 34706
-- 29 33 -- 1205 1237 -- 34382 31565
vV = -- 23 23 -- 569 581 -- 79055 68687
= Before Recovery |
= Recovered from Methylene Chloride
= Recovered from Trichloroethylene
Table 30. Gel permeation chromatography (HP-GPC) data for the
- aged paving grade asphalts.
Percent Percent Percent
Large Medium Small
Molecular Size Molecular Size Molecular Size
Before CH,C1, TCE Before CH,C1, TCE Before CH,C1, TCE
TFO 31.2 31.5 32.5 44.1 43.9 43.1 24.5 24,6 24.3
TFO 30.5 32.7 32.4 44.8 43.4 43.3 24.7 24.0 24.4
Mix -- 33.8 33.7 -- 42.8 42.4 -- 23.4 23.9
Mix -- 3.0 34.3 -- 42.4 42,2 -- 23.5 23.5
Mix -- 26.2 25.3 -- 43.9 443 -- 30.0 30.4
Core -- 35.0 . 35.4 -- 44.2  43.7 -- 20.7 20.9
Core -- 30.8 30.4 -- 44.8 44.8 -~ 24.4  24.7
Core -- 30.7 30.4 -- 42.7 42.9 -- 26.6 26.7
- 31.8 31.8 -- 43.5 43.3 -- 24.7 24.9
vV = -- 5.5 6.3 -- 1.7 1.8 -- 5.4 5.5

Penetration and viécosity data for the aged paving grade asphalts.




Table 31. IhFraréd#(tRjtaatﬁfdf'the two TFO aﬁpthps before ‘recovery.

FHWA . spectral Region
n 1 2 3 4 5 6 7 8 .

8658 TFO -0.063 0.445 0.050 0.048 0.043 0.094 0.356 0.028
'C8724 TFO- -0.021  0.508 ~0.043 - 0.017 .0.030 0.081 0.315 0.028

TabTe 32. Infrared (IR) data of the aged paving grade asphalts
recovered from methylene chloride (CH,CI,).

FHWA ‘ Spectral Region
ID , 1 2 3 4 5 ) 7 8

8658 TFO -0.074 0.466 0.063 0.065 0.043 0.097 0.323 0.017
C8724 TFO -0.031 0.487 0.055 0.018 0.039 0.109 0.299 0.024
€8658 Mix -0.013 0.273 -0.005 0.520 -0.018 0.066 0.157 0.020
(8724 Mix 0.002 0.255 -0.009 0.503 -0.022 0.065 0.186 0.019
B5928 Mix- 0.067 0.318 0.024 0.209 0.084 0.089 0.190 0.021
B5965 Core 0.211 0.288 0.006 0.177 0.065 0.058 0.170 0.025
B5966 Core 0.102 0.261 0.040 0.265 0.050 0.074 0.180 0.028
B5967 Core 0.071 -0.298 -0.004 0.405 0.022 0.062 0.128 0.017
Avg = 0.042 0.331 0.021 0.270 0.033 0.078 0.204 0.021
Std Dev = 0.181 0.185 0.057 0.380 0.075 0.037 0.138 0.008
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Table 33. Infrared (IR) data of the aged ‘paving grade asphalts
: ' recovered from tr1ch1oroethy1ene (TCE).

FHWA | Spectral Region

.054

1 2 3. 4 5 6 78
8658 TFO -0.073 0.465 0.054 0:071 0.050 0.113 '0.294 0.026
€8724 TFO - -0.028 0.457 0.052 0.052 0.043 0.103 0.297 0.024
(8658 Mix -0.024 0.244 -0.011 0.574 -0.016 0.061 ©0.146 0.027
(8724 Mix 0.002 0,249 -0.015 0.558 -0.039 0.068 0.157 0.020
B5928 Mix  0.049 0.330 0.017 0.234 0.075 0.083 0.193 0.019
B5965 Core 0.211 0.297 0.008 0.142 0.063 0.061 0.193 0.025
B5966 Core 0.047 0.170 0.021 0.176 0.033 0.428 0.109 0.016
B5967 Core 0.073 0,302 -0.008 0.405 0.023 0.068 0.120 0.018

" Avg = 0.032  0.314 0.015 0.277 0.029 0.123 0.189 0.022

0.205 0 0.419 0.078 0.249 0.145 0.008

Std Dev =  0.174

Table 34. Statistical results compar1ng the aged paving grade asphalts
. recovered from methylene chloride {CH,C1,) to the aged paving grade aspha]ts
. recovered from tr1cﬁ1oroethy1ene (TCE).

Test @ Slope t
Pen 25 °C - 0.97 1.0l  -5.657 D
Vis 60 °C  1.00  1.15 1.524 NS
Vis 135 °C 0.98  0.99  -1.993 NS
LMS 0.98 . 0.90 0.072 NS
MMS 0.80  1.02 1.310 NS
SMS 0.99 0.9  ‘2.247 KS
Region 1  0.95 . 1.06 1.398 NS
Region 2. 0.89  0.95 1.370 NS
Region 3 0.96  1.07 3.052 1
Region 4 0.95 0.93 -0.363 NS
Region 5 0.94 0.99 1.171 NS
Region 6  0.01  2.40  -1.034 NS
Region 7  0.85  1.03 5.844 |
Region 8 0.29 -5.05 -0.224 NS
t s = 2.365
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The regression analyses in table 24 'indicated that all of the properties
correlated to a high degree, except IR regions 6 (Aromatic) and 8 (Aromatic
Amine C-N or QOxidized Nitrogen N-0). -As previously stated, the relative areas
in these two‘regioné tend to vary little from asphalt to asphalt, and thus Tow
coefficients of determination could be expected. As shown in table 33, core
number B5966 provided an outlier in region 6, which could not be explained.

The standard deviations were also reviewed. The standard deviatibns in
table 30 again show that the variations in the MMS content from asphalt to
asphalt were low. :

Properties for the virgin asphalts were compared to those for the aged
asphalts to determine genera]iiéd differences in properties. Compared to the
virgin asphalts in tables 4 and 5, the aged asphalts had a lower average pene-
tration, a higher average viscosity at both temperatures, a higher average LMS
content, and lower average MMS and SMS contents. Thus the physical properties
complemented each other in'that each showed hardening or molecular struc-
turing. These results were‘as expected.

Differentes between the IR data of the virgin and aged asphalt gfoups were
also examined, and they were found to vary with the solvent. However, by
reviewing both data sets, trends in the data could be established. These
trends indicated increases in regions 1 (C=0, Carbonyl Stretch) and 4 (Primary
C-0, $=0) with age, and decreases in the other regions, although the decrease
in region 3 (Secondary & Tertiary C-0, S=0) was slight. This result should
not be considered conclusive because the asphalts in these two groups
différed, and the aged asphalts are probably not representative of aged
asphalts in general according to chemical properties. Further discussions on
this data and the IR test are given in appendix A.

Additional supplementary analyses showing the effects of TFO conditioning
and mix plant aging are given in appendix B.
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3. Test Results for the Coating Grade Roofing Asphalts

The data for the three coating grade roofing asphalts are given in tables
35 through 39. Viscosities at 140 °F (60 °C) could not be obtained using any
AASHTO T 202 (ASTM D 2171) viscometer available for this study (including an
Asphalt Institute 400R). Viscosities at 275 °F (135 °C) were erratic,
although a visual examination of the data for each asphalts in table 35 shows
that the asphalts recovered from methylene chloride provided viscosities
closer to the viscosities before recovery. A review of the penetration, HP-
GPC, and IR data, and the f-test results shown in table 40, indicated that
test results overall agreed that both solvents had 1ittle to no effect on the
asphalt properties. The data were too limited to perform regression analyses.

Compéred to the virgin or aged paving grade asphalts in tables 4, 5, 29,
and 30, the roofing asphalts had a significantly higher average viscosity at
275 °F (135 °C), a higher average LMS content, and lower average MMS and SMS
contents. Thus these physical properties complemented each other in that each
showed hardening or molecular structuring. Based on expected relationships |
between penetration and viscosity for paving gfade asphalts, the roofing
asphalts had relatively high penetrations compared to the viscosities at
275 °F (135 °C). The penetrations of the aged paving grade asphalts and the
roofing asphalts were simi1ar, yet the roofing asphalts had viscosities at
275 °F (135 °C) which were an order of magnitude greater than those of the
paving grade asphalts. These results were as expected.

A comparison of the IR data of the roofing asphalts to the paving grade
asphalts is not présentéd. The data were too limited to evaluate changes in
chemical properties.

Tab]e‘36 agéin shows that the standard deviations for the MMS content were
very low. This was pkevidus reported for the paving grade asphalts. Tables
5, 30, and 36 show that with increased;molecular structuring, the standard
deviations for the other two size contents decreased, and they were very low
for the roofing asphalts. However, the crude sources of the roofing asphalts
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Table 35. Penetration and viscosity data for the
coating grade roofing asphalts.

FHWA Penetration, 25 °C | Viscosity, 135 °C
1D (100 g,.5 s), 0.1 mm Centistokes
‘Before‘ CH,C1, TCE Before CH,C1,  TCE
B5950 23 21 24 18620 24835 33102
B5951 16 20 22 36809 38510 28840
B5952 200 20 22 38508 41082 29121
Avg = 20 20 23 . 31312 34809 30354
Std Dev = 7 1 2 22049 17466 4767

Before = Before Recovery
CH,C1, = Recovered from Methylene Chloride
TCE = Recovered from Trichloroethylene

Table 36. Gel permeat1on chromatograph (HP- GPC) data for the
L coat1ng grade roofing asphalts. :

" percent Percent | Percent

FHWA Large N Medium Small
ID - ‘Molecular Size Molecular Size , Molecular Size

Before CH2C1é TCE Before CH,CI, TCE .Befdre CH,C1, TCE

B-5950 53.8 55.2 53.2 31.3 30.2 31.4 14.9  14.6 15.4
B-5951 51.1 51.4 51.6 32.1 31.9 31.8 16.8 16.7 16.6
B-5952 52.2 52.5 52.9 31.3  30.9 30.5 16.5 16.5 16.6
Avg = 52.4 53.0 52.6 jl.e 31.0 31.2 16.1 15.9 16.2
Std Dev = 2.7 ° 3.9 1.7 0.9 1.7 1.3 2.0 2.3 1.4
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Table 37. Infrared (IR) data for coating grade roofing
asphalts before recovery.

FHWA Spectral Region :
1D 1 2 - 3 4 5 6 7 8
B-5950 0.133 0.356 -0.018 0.043 0.105 0.059 0.288 0.034
B-5951 0.126 0.359 0.033 -0.057 0.121 0.092 0.309 0.018
B-5952 0.132 0.341 0.043 0.002 0.128 0.088 0.254 0.012
Avg = 0.130 0.352 0.019 -0.004 0.118 0.080 0.284 0.021
Std Dev = 0.008 0.019 0.065 0.101 0.024 0.036 0.056 0.023
Table 38. Infrared (IR) data for coating grade roofing asphalts . -
recovered from methylene chloride (CHCI,).

FHWA ' Spectra] Region
ID 1 2 3 4 5 6 7 8
B-5950 0.160 0.389 -0.032 0.006 0.125 r0;087 0.243 0.022
B-5951 0.111 0.358 0.025 -0.027 0.127 0.102 0.280 0.024
B-5952 0.113 0.336 0.025 0.005 0.123 0.11] 0.268 0.019
Avg = 0.128 0.361 0.006 -0.005 0.125 0.100. 0.264 0.022
= 0.055 0.053 0.004 0.038 0.005

Std Dev

0.066 0.038
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Table 39. Infrared (IR).data of coating grade roofing asphalts.
recovered from trichloroethylene (TCE).

FHWA . , Spectral Region
-4 5

ID 1 23 6 7 8

B-5950 0.144 0.376 -0.018 -0.006 0.124 0.076 0.282 0.022
B-5951 0.123 0.322 0.024 0.019 0.125 0.095 0.274 0.017
B-5952 0.125 0.359 0.023 -0.003 0.125 0.081 0.286 0.004

Avg = 0.131 0.352 0.010 0.003 0.125 0.084 0.281 0.014
Std Dev = 0.023 0.055 0.048 0.027 0.001 0.020 0.012 0.019

~ Table 40. Statistical results comparing the roofing asphalts
recovered from the solvents to the roofing asphalts before recovery,
and the roofing asphalts recovered:from the solvents to each other.

Methylene Chloride Triéh]oroethy]ene Methylene Chloride

-to Before Recovery to Before Recovery to Trichloroethylene

Test t ) t t
Pen 25 °C 0.378 NS | 1.964 NS -7.000 D
Vis 135 °C 2.530 NS -0.124 NS ‘ 0.697 NS
LMS 1.818 NS 0.495 NS 0.607 NS
MMS -2.077 NS -1.280 NS -0.475 NS
SMS -1.512 NS - 0.658 NS -2.000 NS
Region 1 _0.159 NS 0.061 NS -0.286 NS
Region 2 0.747 NS ' 0.018 NS 0.505 NS
Region .3 -4.588 D .-1.672 NS -0.709 NS
Region 4 -0.069 NS 0.200 NS -0.463 NS
Region 5 0.968 NS 1.027 NS | ) 0.277 NS
Region 6 3.790 NS .- . 0.622 NS : 2.256 NS
Region 7 -1.135 NS -0.155 NS ‘ ‘ -1.308 NS
Region 8 0.054 NS -2.178 NS 1.692 NS

ty o5 = 4.303 to o5 = 4-303 By os = 4-303
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are unknown, and thus it is unknown whether they are representative of roofing
asphalts in general. ~

None of the data for the hardened asphalts indicated that methyfene
chloride could not be used in the recovery process.
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SUMMARY AND CONCLUSIONS

The objective of this in-house study was to determine if methylene.
chloride (CH,C1,) can be used to recover asphalts by the Abson Method
(AASHTO T 170 and ASTM D 1856), and to compare its effects on recovered binder
properties to those of trichloroethylene (CHC1;). The repeatability of the
recovery process using both solvents was also determined by recovering
replicate asphalt samples.

Current nationally standardized test procedures (AASHTO and ASTM) do not
allow methylene chloride in the Abson Method. Several State'highway agencies
use methylene chloride in the. vacuum extraction procedure, and thus including
this solvent in the Abson Method would be beneficial. However, there is no
published data indicating the suitability of this solvent for recovering
asphalts. ASTM proposes to ‘include methylene ch]oride in the Abson Method in
1990. ‘ '

Both virgin paving grade asphalts and hardened asphalts were used in this
evaluation. Hardened asphalts consisted of paving grade asphalts aged by the
thin film oven (TFO) procedure (AASHTO T 179 and ASTM D 1754), paving grade
asphalts extracted from aged loose mixtures .and cores, and coating grade
roofing asphalts. .The following tests were performed before and after
recovery, using trich]oroethj]ene and methylene ch]oridg as solvents:

Penetration at 77 °F (25 °C), (100 g, 5 s), (AASHTO T 49 and ASTM D 5).2®
Absolute Viscosity at 140 °F (60 °C), (AASHTO T 202 and ASTM D 2171).¢%%
Kinematic Viscosity at 275 °F (135 °C), (AASHTO T 201 and ASTM D 2170).¢%®
+ High Pressure Gel Permeation Chromatography (HP-GPC).®:®
"« Large Molecular Size (LMS). |

« Medium Molecular Size (MMS).

+ Small Molecular Size (SMS). -
Infrared (IR) Spectral Analysis.‘®

-+ Eight Regions of Spectra.
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The IR spectral analysis shows changes in chemical properties, while
the rheological tests and the HP-GPC technique show changes in physical
properties. Ethyl alcohol was not added to either solvent as is at times
the practice. The conclusions from this study are: ‘

1. The data indicate that methylene chloride can be used to recover asphalts
by the Abson Method. '

2. Both solvents had some statistically significant effects on some asphalt
properties, but neither solvent can be recommended over the other. For
practical purposes, such as quality control testing and evaluating aged

- pavement properties, both so]vents appear suitable for use in the recovery
method.

3. For the two asphalts where replicate samples were tested, methylene
chloride was the better solvent in that the replicate samples recovered
using this solvent provided more consistent data from sample to sample.

4. When a physical property for a set of asphalts did significantly change
because of ‘the recovery process (either solvent), the change showed hardening
or increased molecular structuring of the asphalts. When there was no
significant change, the physical property for an individual asphalt could .
increase, decrease, or be unaffected. '

5. The physical properties which were significantly affected by the solvents
varied with the solvent and with the particular set of asphalts being
evaluated (virgin paving grade, aged paving grade, roofing, or subgroup

used in the repeatability study). The hardening (or -structuring) was not
consistently shown by any given asphalt property from data set to data set.

6. For any given set of asphalts, the changes in physical properties did not
necessarily complement each other. Hardening (or structuring) could be shown
by one or more properties, but not by all properties. However, a perfect

agreement between these properties should not be expected because most of the

40



stétistica]]y significant changes in the .properties were.very slight, and the
physical properties.{penetration; viscosities, -and HP-GPC size contents) -are
not surrogates for .each other. ‘

7. Differences between the physical properties of the-three main sets of
asphalts complemented each other (virgin pavﬁng‘grade'versus aged paving grade
verSus roofing asphalts). As the penetration decreased, viscosity increased,
LMS content increased, and the MMS and SMS contents decreased. Based on
typical relationships between viscosity and penetration for paving grade
asphalts, the roofing asphalts had relatively high viscosities at 275 .°F

(135 °C) compared to their pénetrations. These results were as expected.

8. For any given set bf asphalts, the variation in the MMS content from
asphalt to asphalt was very low, which means that the usefulness of the MMS
content for comparing different asphalts may be very limited.

9. As wifh the physical properties, the IR functional groups'that were
significantly affected by the recovery process varied with the solvent and
with the particuiar set of asphalts being evaluated.

10, Changes in the IR data could not in general be related to the changes in
the rheological or HP-GPC data, and no trends were evident. The IR technique
used in this study appears to have poor reproducibility.

11. For any given set of asphalts, the variations in the IR data of regions 6
(Aromatic) and 8 (Aromatic Amine C-N or Oxidized Nitrogen N-0) from asphalt to
asphalt generally were very low, which means that the usefulness of these two
regions for comparing different asphalts may be very limited.

12. The penetration data of one set of asphalts used in the repeatability

study showed that the penetrations of some asphalts can be significantly
affected by routine handling (storage and reheating).

417



(Note: Extraction and recovery testing using any solvent can at least . -
partially reverse steric hardening, so the recovered properties of aged
pavement binders may not exactly match true in-situ properties. This-effect
was not evaluated in this study and is generally not considered in routine
testing. = The changes in properties due to the reversal of steric hardening
are probably much greater than any effects the solvents had on the properties

in this study.)
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"‘RECOMMENDAT IONS

1. It is recommended that methylene chloride be included in the Abson
Method for recovering asphalts (AASHTO T 170 and ASTM D 1856).

2. - The ‘repeatability studeWas-limiféd. It is recommended.that either
AASHTO or ASTM sponsor round robin testing to-determine the precision and bias
-of the Abson Method using both trichloroethylene and methylene chloride. .

3. The standard deviations for all three HP-GPC size contents were Tower
for the aged paving grade asphalts-compared to the virgin asphalts, and they
were very low For3the roofing asphalts. The data in this study is too limited
to draw a definite conclusion, but the sﬁggested'decrease in the variation in
the data with hardening warrants further study.

4. The infrared (IR) spectral technique, its reproducibility, and the

assumptionsrgsed in analyzing the data should be evaluated. The potential .
of this technigque for eva]uating asphalts is as yet unfilled.
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APPENDIX A:" EVALUATION OF IR DATA

The data for the aged paving grade asphalts in tables 32 and 33 were
compared to the data for the virgin asphalts in tables 7 and 8. The data for
the TFO asphalts were eliminated Frpm this analysis because these asphalts
were also used in two of the mixtures. For the asphalts recovered from
methylene chloride, aging increased the relative area in regions 1 and 4,
decreased the relative area in regions 2, 5, 6, 7, and 8, and had no effect on
region 3. For the asphalts recovered from trichloroethylene, aging increased
the relative area in region 4, decreased the relative area in regions 2, 3, 5,
7, and 8, and had no effect on regions 1 and 6. If the datum of core B5966 in
region 6, which may be an outlier, is eliminated from table 33, then region 6
would also decrease. ATthdugh the aged asphalts probably do not represent
aged asphalts in general, the differences between the data for the two
solvents were unexpected. Where the discrepancies occurred, this would mean
that aging was not as important as other factors on these functional groups,
although this is possible. '

The above changes in the IR regions due to aging do not necessarily agree
with the effects of the solvents on the IR data in this report; however, the
changes in dspha]t chemistry that lead to hardening in the recovery process
may not be exactly the same as those that lead to aging in mixtures and cores.
The value of the IR test is that it should be able to chemica]iy sort out
different types of hardening. Residual solvent left in the recovered samples
could also affect the IR results. However, no residual solvent was found in
the asphalts when their IR spectra were checked for solvent peaks.

To determine possible causes of the discrepancies between the effects of
the solvents, ranges in the IR data were examined. Table 41 shows the
acceptable ranges for each region when testing replicate samples of any single
asphalt.®®> The ranges (highest value minus the lowest value) for all 10
virgin paving grade asphalts taken from table 6 are also given. Comparing the
two sets of ranges indicates that for the majority of the regions, the
reproducibility of the method appears to be poor. The acceptable ranges for
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repeated measurements on a. given asphalt are high compared to the ranges for
the 10 asphalts, which varied from an AC-5 to an AC-40. This may be one
reason for the discrepancies noted: above 'and the lack of consistency of the IR
results in this study. - ' ‘

A 95-percent confidence range is also shown in table 41, This'range was
computed by multiplying the standard deviations in table 6 by two. This also
" indicates that the reproducibility of the method is poor.

The ranges generated by the four replicate samples of asphalt B5941 are
also shown in table 41. For this asphalt, the data did not meet the accept-
able range for fegion 1, and were slightly out of range for regions 2 and 4.
Data for the remaining five regions were within the Timits. This was the only
asphalt used in this study where replicate samples were tested by the IR -
technique. For most regions, these ranges are also high compared to the
ranges for the ten asphalts.

- -Table 41. Comparison of ranges for the eight,infraréd (IR) regions.

Confidence ‘
Range Range Computed Range for
S Acceptable - for the from the ‘Asphalt
Infrared Range for = Ten Asphalts Ten asphalts B5941
Region . Replicates®® (Table 6) - {Table 6) {(Table 21)
1 0.022 0.117 | 0.132 ©0.041
I 0.081 0.221 | 0.276 ~ 0.05¢
3 S 0.040 0.066 ~0.074 0.028
s 0,135 0.201 0.254  0.138
5 0.047 0.091 0.108 ©0.030
5 0.018 0.023 0.030: 0.007
7 0.107 0.096 0.124 0.075
8 ©0.018 » 0.010 o 0.014, 0.006
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APPENDIX B: EFFECTS OF TFO AND MIX PLANT AGING

By statistically comparing the HP-GPC data of asphalts C8658 and (8724
in tables 5 and 30, it was found that TFO aging increased the LMS content and
decreased the MMS content of the two asphalts subjected to this process. The
SMS content did not significantly change. These conclusions were valid for
all three data sets (data before recovery and both sets of data after recov-
ery.) Changes in the IR data, using tables 6, 7, 8, 31, 32, and 33, due to
the TFO varied with the data set and the asphalt, and no generalized con-
clusions could be made. These ‘conclusions are based on only two asphalts and
thus must not be considered definitive.

Another comparison of.the HP-GPC data. in the tables 5 and 30 shows that -
the three asphalts extracted from the loose mixtures had higher LMS contents
and lower MMS and SMS contents compared to the corresponding virgin asphalts.
For the IR data in tables 7, 8, 32, and 33, the only significant changes were
decreases in regions 2 (Unsaturated C=0 and C=C Qlefinic Stretch) and 7
(Monosubstituted Aromatic C-H) with aging. These conclusions were valid for
both data sets after recovery, but must not be considered definitive because
of the Timited number of asphalts.

As shown by table 29, the TFO asphalts had slfght1y higher penetrations
and lower viscosities compared to the‘corfespondihg asphalts from the plant-
produced loose mixtures. Differences could be expected because TFQ aging only
approximates the hardening that occurs during the mixing p}ocess, plus both
the asphalts and the mixtures were stored in the FHWA laboratory for 2 years.
Differences in the rates of hardening during storagé may have occurred.

Again, these conclusions are based on only two asphalts and thus must not
be considered definitive.
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