


FOREWORD

The objective of this study is to acquire and/or develop commercially available
equipment for conducting the Particle Additive Test (PAT) and Laboratory Stability Test
(LAST). Dr. Hussain Bahia and his coworkers developed these tests under the National
Cooperative Highway Research Program (NCHRP) Project 9-10 entitled “Protocols for
Modified Asphalt Binders.” In the course of our study, the established protocols were
evaluated and methods for improving the tests were explored. Based on the results,
recommendations were presented to the Superpave® Binder Expert Task Group regarding
the utility of these tests. Results from the LAST are published in FHWA-HRT 04-111
Evaluation of Laboratory Asphalt Stability Test.
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SI* (MODERN METRIC) CONVERSION FACTORS

APPROXIMATE CONVERSIONS TO SI UNITS
Symbol When You Know Multiply By To Find Symbol
LENGTH
in inches 25.4 millimeters mm
ft feet 0.305 meters m
yd yards 0.914 meters m
mi miles 1.61 kilometers km
AREA
in? square inches 645.2 square millimeters mm?
t? square feet 0.093 square meters m?
yd? square yard 0.836 square meters m?
ac acres 0.405 hectares ha
mi? square miles 2.59 square kilometers km?
VOLUME
fl oz fluid ounces 29.57 milliliters mL
gal gallons 3.785 liters L
ft® cubic feet 0.028 cubic meters m®
yd® cubic yards 0.765 cubic meters m®
NOTE: volumes greater than 1000 L shall be shown in m*
MASS
0z ounces 28.35 grams g
Ib pounds 0.454 kilograms kg
T short tons (2000 Ib) 0.907 megagrams (or "metric ton") Mg (or "t")
TEMPERATURE (exact degrees)
°F Fahrenheit 5 (F-32)/9 Celsius °Cc
or (F-32)/1.8
ILLUMINATION
fc foot-candles 10.76 lux I
fl foot-Lamberts 3.426 candela/m® cd/m?
FORCE and PRESSURE or STRESS
Ibf poundforce 4.45 newtons N
Ibf/in? poundforce per square inch 6.89 kilopascals kPa
APPROXIMATE CONVERSIONS FROM SI UNITS
Symbol When You Know Multiply By To Find Symbol
LENGTH
mm millimeters 0.039 inches in
m meters 3.28 feet ft
m meters 1.09 yards yd
km kilometers 0.621 miles mi
AREA
mm? square millimeters 0.0016 square inches in?
m? square meters 10.764 square feet ft®
m? square meters 1.195 square yards yd?
ha hectares 2.47 acres ac
km? square kilometers 0.386 square miles mi?
VOLUME
mL milliliters 0.034 fluid ounces fl oz
L liters 0.264 gallons gal
m® cubic meters 35.314 cubic feet ft®
m® cubic meters 1.307 cubic yards yd®
MASS
g grams 0.035 ounces oz
kg kilograms 2.202 pounds Ib
Mg (or "t") megagrams (or "metric ton") 1.103 short tons (2000 Ib) T
TEMPERATURE (exact degrees)
°’c Celsius 1.8C+32 Fahrenheit °F
ILLUMINATION
Ix lux 0.0929 foot-candles fc
cd/m? candela/m? 0.2919 foot-Lamberts fi
FORCE and PRESSURE or STRESS
N newtons 0.225 poundforce Ibf
kPa kilopascals 0.145 poundforce per square inch Ibf/in®

*Sl is the symbol for the International System of Units. Appropriate rounding should be made to comply with Section 4 of ASTM E380.
(Revised March 2003)
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1. BACKGROUND

National Cooperative Highway Research Program (NCHRP) Project 9-10 was initiated to
evaluate the applicability of the Superpave® binder specification to modified binders.
Where necessary the researchers were to refine the existing protocols or if needed
develop new ones for modified asphalt binders. In the course of this research, several
new tests were advanced. Two of these new tests address the storage stability of
modified asphalts and the inclusion of particulate additives. Their independent
evaluation is the subject of this project. Youtcheff et al. address the former in another
report, while the latter is addressed in detail in this report."”

The NCHRP 9-10 researchers developed a system for grading modified asphalt binders.
They suggested that modified binders be classified as simple or complex; this designation
initially was based on whether the binders were stable during storage or whether solid
additives were present. The Laboratory Asphalt Stability Test (LAST) was developed to
evaluate storage stability of modified binders. This measures the potential for phase
separation and thermal degradation of asphalts. Specifically, the test aims to account for
the effects of extended storage at high temperatures and of mechanical agitation, and the
change in performance-related properties with time of storage. A second test, the
Particulate Additive Test (PAT), which is the subject of this report, separates the additive
from the asphalt binder and evaluates the volume of this particulate matter. The test is
based on the concept that the particulates are not part of the binder but rather function as
part of the aggregate.

The amount of particulate material is generally determined on a volumetric, rather than a
gravimetric, basis. In doing so, the viscosity enhancement attributed to the particulates
can be calculated using the Einstein equation. This relates the effect of filler on the
viscosity of a Newtonian fluid:

n=n, (1+k;®,) (D

Where 1 is the viscosity of the mixture, 1; is the viscosity of the suspending fluid, kg is
the Einstein coefficient, and @, is the volume fraction of filler. For such “filled” binders,
their performance cannot be estimated using the Superpave binder testing protocols but
rather requires mixture testing.

Bahia et al. suggested that such asphalt binders be classified as complex binders.”) The
basis for the classification would be the physical characteristics of the modifier or the
nature of the modifier’s effect. The PAT does not provide any insight regarding sample
geometry and hence cannot be used to estimate the Einstein coefficient for the shape
factor. The focus here is to determine whether or not particles have been added to an
asphalt binder such that the conduct of the Superpave testing of the binder is invalidated.

A second driving force was to be able to differentiate between binders with and without
additives to protect against misuse of a blind specification system. This led to the
inclusion of two solvents in the PAT: n-octane and toluene. Bahia et al. found that all of



the additives were precipitated with n-octane, and all of the polymer additives that are
likely to be soluble in asphalt would also be soluble in toluene.”)



2. EXPERIMENTAL DESIGN

This project aimed to: develop a readily available or commercial version of the PAT;
evaluate ways to improve the existing test; and make a recommendation to the Superpave
Binder Expert Task Group (ETG) regarding the utility of this test. To this end, the
protocols for the original PAT were followed. Slight modifications were made in the
course of this research; these differences are largely associated with the selection of
alternative filters and solvents. This modified protocol is provided in appendix A.

The approach taken was to utilize off the shelf supplies and common solvents that could
be used in a standardized test. Secondary considerations were cost and environmental
factors.

Procedure

Vacuum filtration systems are available from a number of sources. Millipore is one
manufacturer of a filtration system that met the requirements of the PAT and was used in
this study. The equipment is shown in figure 1.

The test involves adding 10 milliliters (ml) of the binder to a 125 ml Erlenmeyer flask
and diluting with 100 ml of hot solvent (before taking an aliquot of the binder for testing,
the binders were stirred to ensure a representative sample). The solvent temperatures 20
°C below the boiling point were used in most cases. Experiments run using ZEP were run
at 150 °C. The solvent is added in small aliquots while swirling the flask to ensure
dissolution of sample. The filtration apparatus is assembled as shown in both figure 1
and appendix A. Vacuum suction is used to speed up the filtration process. The material
trapped on the filter paper is washed with small aliquots of solvent until the filtrate is
colorless. The particulates collected on the filter are transferred to a centrifuge tube and
solvent is added to achieve a constant volume. This is then centrifuged for 20 minutes at
approximately 3000 rotations per minute (rpm). The packed volume is measured
immediately to the nearest 0.01 ml, and the volume percent of particulates is determined.



Figure 1. Vacuum filtration equipment.

Materials Evaluated

Dr. Hussain Bahia provided seven samples that were used in his NCHRP 9-10 study.
These included the four simple polymer modified binders and three complex modified
binders noted in table 1. Modified binders that were used in an earlier Accelerated
Loading Facility (ALF) study and the NCHRP 90-07 study also were evaluated.
Descriptions and properties for these binders are provided in tables 2 and 3.



Table 1. NCHRP 9-10 modified binders.

Binder ID Mode of Modification Grade Amount of Modifier
USB 1410 Air blown PG 58

5B01 SBS linear PG 70

2B08 PE unstabilized PG 76

F98-1 Crumb rubber PG &2 16.0%

Boscan + Gilsonite 9.0%

Boscan + Limestone 37.5%

Boscan + Crumb rubber (#80) 12.0%

Table 2. ALF modified binders.

Binder ID Mode of Modification Grade Amount of Modifier
Novophalt  PE PG 76 6.5% by mass
Styrelf SB PG 82 4.0% by volume

Table 3. NCHRP 90-07 suite of binders.

Mode of Binder Grade % Polymer Polymer
Modification Continuous

Air blown (B6227) PG 74-28 /28 0.00

Elvaloy® (B6228) PG 76-31/34 2.20 Terpolymer

SBS linear grafted PG 72-33 /34 3.75 Dexco vector 2518

(B6229) Styrene-butadiene-styrene

SBS linear (B6230) PG 72-31/33 3.75 Dexco vector 2518

SBS radial grafted PG 71-32/34 3.25 Shell 1184

(B6231)

EVA (B6232) PG 70-31/31 5.50 Exxon polybilt 152
Ethylene vinyl acetate

EVA grafted PG 73-31/33 5.50 Exxon polybilt 152

(B6233)

ESI (B6243) PG 76-32/29 5.00 Ethylene-styrene-
interpolymer

CMCRA (B6251) PG 76-29 /29 5.00 Chemically modified crumb
rubber

The NCHRP 9-10 modified binders include polymer blended (elastomer and plastomer),
air blown asphalt, and three binders made from a Boscan crude and blended with
gilsonite (contains some mineral matter), lime (a mineral filler), and crumb rubber.
These are representative sampling of the binders examined by Bahia et al.?)




The ALF modified binders include an elastomer and a plastomer. The former is an SB
block copolymer chemically reacted with the binder, and the latter is a polyethylene
added to the binder.”’

The NCHRP 90-07 modified binders include elastomers, plastomers, and a reacted crumb
rubber. Two modes of modification are represented. One included simple blending for
the SBS linear, EVA, and ESI. The other comprised reacted polymers, using grafting or
some other form of chemically attaching the modifier to the asphalt were represented by
Elvaloy, SBS linear-grafted, SBS radial-grafted, and EVA grafted.

Effect of Sieve Type and Sieve Size

In the original work, a 200-mesh sieve (Yankee Wire) was used to trap particles larger
than 75um. Both this sieve and etched metal plates BMC SS were used to determine
whether sieves of similar nominal size perform the same. The various filter types and

sizes used in this investigation are listed in table 4.

Table 4. Various filters and filter sizes considered.

Sieve Type Sieve Size
Millipore 20p 60 80 100 120p
Nylon
Yankee 751
Wire
BMC SS 75n

The original selection of the 75-um sieve was somewhat arbitrary. The goal was to
insure that particles if present would not affect the measurement of a sample with the
dynamic shear rheometer (DSR). The assumption is that the hydrodynamic volume of
the particulate does not change drastically with the given solvents. To determine whether
inert additives such as lime are effectively trapped on the 200-mesh sieve, finer filters
were also evaluated. These are noted in table 4.

A range of sieve sizes was evaluated to determine the sensitivity of the protocol with
respect to this parameter. Millipore manufactures a range of 47-mm disc nylon filters;
five filters ranging from 40 to 120-um were considered. The filters are made from Nylon
PA 6, 6 (polyamide 6, 6). Their operating temperature range of —40 °C to 115 °C is
recommended for use with linear hydrocarbons, cyclohexane, and toluene.




Effect of Solvent Type

N-octane is an expensive solvent, so researchers sought a suitable replacement. Testing
included evaluating two less expensive solvents with somewhat similar solubility
parameters; these included n-heptane and cyclohexane. Some chemical and physical
characteristics for the various solvent systems considered are noted in table 5. These
solvents have solubility parameters slightly higher and lower than that of n-octane.

Table 5. Select solvent properties

Solvent Boiling Point Solubility Density
O Parameter, 6
n-Octane™" 125.6 7.6 7025
n-Heptane” 98.4 7.4 6838
Cyclohexane® 80.7 8.2 7786
Toluene™® 110.6 8.9 8669
ZEP° 170-190.5

a — solvents used in the NCHRP 9-10 study; b — solvents used in the present study

A second goal was to determine if toluene could be replaced with a more environmentally
friendly solvent such as one of the bio-solvents. For this study, researchers selected a
bio-solvent, ZEP, which is essentially a-Limonene. The ranking of the various solvents in
terms of health, flammability, reactivity, and contact hazards are shown in table 6. Of
these hazards, flammability is the principal concern.

Table 6. Hazard rankings for study solvents

Rankings: 4-Extreme 0-Minimal
Solvent Health Hazard Flammability Reactivity Contact
Hazard Hazard Hazard
n-Octane™ 1 3 0 1
n-Heptane® 1 3 0 1
Cyclohexaneb 2 3 0 1
Toluene™ 2 3 0 1
ZEP® 1 2 0 Not available

a — solvents used in the NCHRP 9-10 study; b — solvents used in the present study







3. RESULTS

As noted above, the equipment needed to conduct this research is readily available.
Glassware and necessary filters are readily available from a number of suppliers. Millipore
glassware and filters were used in this study. Some preliminary studies were conducted
using stainless steel filters. These also are readily available from a number of sources. The
etched and weaved stainless steel filters gave results similar to the woven nylon 60-um filter.
When experiments were conducted with coarse metal filters (those with a Dutch weave),
there was occasionally some leakage. This did not affect the results, only the cleanup. The
nylon filters are disposable and the easiest to use. They did not leak during filtration and
their flexibility facilitated the transfer of filtered particles to the centrifuge tubes.

Shown in table 7 are the percentages of particulates determined for three NCHRP 9-10
modified binders using Boscan as the base asphalt. These include the addition of crumb
rubber, gilsonite, and lime. The effects of filter size and solvent selection are compared. The
results using the finer filter, in most cases, did not significantly affect the amount of
particulates retained; however, the filtration process took considerably longer. In all cases
the amount of material collected was considerably greater than the amount of additive. The
crumb rubber swells in the presence of these solvents. This was also noted by Bahia et al.?
The volume of particulates determined for the hydrated lime sample is considerably higher
than the amount added for all the solvents tested. Presumably, some of the asphaltenes
flocculate with the lime.

Table 7. Volume (percent) of particulate additives determined for several NCHRP 9-10
modified binders as a function of filter size and solvent.

SOLVENTS

Additive ZEP Toluene n-Octane Cyclohexane n-Heptane
75-um-wire filter
Crumb rubber (12%)  69.5 72.5 82.0
Gilsonite (9%) 14.0 44.0 70.0
Hydrated lime (16%) 42.0 49.0 83.0
20-um-nylon filter
Crumb rubber (12%) 78.0 83.5 74.0 76.0 76.0
Gilsonite (9%) 35.5 43.5 77.5 44.0 82.0
Hydrated lime (16%) 44.0 46.0 80.0 45.0 74.0

The effects of sieve size are only apparent when the least polar solvents are used as shown in
tables 8, 9, and 10. Consider the results for n-heptane and n-octane using the 20-pum and 75-
um filters shown in tables 8 and 10. The results for the air blown binder using n-octane and
n-heptane and the 75-um filter are nearly the same (24.5 percent and 24 percent,




respectively). With the finer, 20-um sieve these results go up to 44.5 percent and 36.3
percent, respectively. As there are no particulates in the air blown binders, the material
retained is presumably flocculated asphaltenes. The manner of their flocculation will be
more sensitive to testing conditions than true particulates. Note that using the 60-um sieve in
conjunction with n-heptane yielded only 12 percent for the air blown binder. This
demonstrates the sensitivity or rather the lack of sensitivity of the PAT to quantify pseudo
particulates such as flocculated asphaltenes. In general, the reproducibility of the PAT is
within 15 percent; higher for low volumes of particulate additives and lower for high
volumes of particulate additives.

Table 8. Effect of sieve size and solvent on PAT test results (volume (percent) of particulate
additive retained on 20-um Millipore filter).

Binder (vol.% additive) Toluene  Cyclohexane n-Octane n-Heptane
CMCRA-F98-1 (5) 83.0 79.0 70.0 76.5
PE-2BO8 0 0 18.0 50.0
Styrelf (4) 0 0 2.0 3.5
SBS-5B01 0 0 48.0 58.0
Novophalt (6) 0 0 32.5 60.0
Air blown (0) 0 0 44.5 36.3

Table 9. Effect of sieve size and solvent on PAT test results (volume (percent) of particulate
additive retained on 60-um Millipore filter)

Binder (vol.% additive) Toluene Cyclohexane n-Octane n-Heptane
CMCRA-F98-1 (5) 83.0 69.0 79.0 70.0
Styrelf (4) 0 0 2.0 5.5
SBS-5B01 23.0 48.0
Novophalt (6) 8.0 55.0
Air blown (0) 26.5 12.0

Table 10. Effect of sieve size and solvent on PAT test results (volume (percent) of particulate
additive retained on 75-um wire filter).

Binder (vol.% additive) Toluene  Cyclohexane n-Octane n-Heptane
CMCRA-F98-1 (5) 78.0 71.0 74.0 77.0
PE-2BO8 0 0 10.7 10.0
Styrelf (4) 0 0 2.0 3.5
SBS-5B01 0 0 1.5 45.0
Novophalt (6) 0 0 1.5 57.5
Air blown (0) 24.5 24.0
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The cyclohexane, a less expensive solvent, was considered as a replacement for n-octane.
Cyclohexane is a slightly more polar solvate (6 cyclohexane, 8.2 versus 6 n-octane, 7.6), and
the filtration takes place at a lower temperature (50 °C versus 105 °C) due to its lower boiling
point. However, it solubilizes more of the binder and modifier or inhibits the flocculation of
particulates, such that most materials tested yielded 0 percent retention irrespective of filter
size used. As shown in tables 8, 9, and 10, the overall response is quite similar to that for
toluene.

The less polar n-heptane was also considered. The PAT results comparing n-heptane and n-
octane are shown in table 11. The n-heptane typically retains more particulates than the n-
octane, but neither solvent is good for quantifying the amount of additive present.

Table 11. Comparison of PAT results using n-octane and n-heptane with 20-um filter
(volume (percent) of particulate additive retained on 20-um Millipore filter).

Binder(vol.% additive) n-Octane n-Heptane
PG 70-28 (0) 0 2
Air blown (0) 0 2
Elvaloy (2.20) 5 21
SBSlg (3.75) <1 <1
SBS1 (3.75) <1 <1
SBSrg (3.25) 1 2
EVA (5.50) 2.1 13.5
EVA g (5.50) 3 20

All of the binders listed in table 11 were soluble in ZEP, toluene, and cyclohexane.

One final consideration was to see if a bio-solvent such as ZEP could be used to replace
toluene. Table 12 and figure 2 compare the PAT results using ZEP versus those using
toluene. These results indicate that ZEP can be used to replace toluene. The technique,
though not quantitative of the amount of additive, does flag those systems containing
particulates that could invalidate the Superpave binder specification.

Table 12. Comparison of PAT results using toluene and ZEP with 60-um filter.

Modified Binder Toluene ZEP
Boscan / crumb rubber 84.0 78.0
F98-1 85.0 87.0
NCHRP 90-07 CMCRA 47.3 49.5
Table 11 binders 0 0

11
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Figure 2. Graphical comparison of PAT results using toluene and ZEP.
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4. FINDINGS AND CONCLUSIONS

There is no guarantee that particles that are precipitated on the filter paper via the PAT
procedure behave similarly in the neat asphalt. The use of nonpolar solvents causes the
asphaltenes and high molecular weight additives to precipitate and flocculate. The more
polar solvents examined (e.g., toluene and ZEP) completely solubilize the polymer-
modified binders. Bahia et al. reported similar findings.®

The test is designed to identify the presence of solid additives. That is, materials that are
added to the binder to stiffen the asphalt. Such solids would remain separable from the
binder after their addition, as they do not react with the binder. These systems include
crumb rubber, hydrated lime, and fibers. In conducting this research, some of the
asphaltenes were trapped or precipitated with these additives and are incorporated in the
additive volume that was determined, even in the presence of the more polar solvents.

Although n-octane provides some insight regarding the presence of soluble (polymeric)
modifiers, these results are by no means quantitative. This approach is restrictive in that
the separations that transpire are based on a solubility criterion, and the solvent n-octane
(or n-heptane) does not always separate the additive from the asphalt. Chemical
modification or grafting will not perform as expected. Elvaloy, a reacted polymer, was
compatible, meaning that it does not phase separate; however, the PAT criteria would
consider this a complex material. While this approach would have worked for the
previous generation of modified asphalts, new advances in chemical modification and
chemical grafting of polymers will give dubious results.

Many of the particles found in natural asphalts as well as lime should filter through the

75-um filter. Their propensity to flocculate on their own or with asphaltenes affects their
capture.

13






5. RECOMMENDATIONS

This is a rapid, reproducible procedure for identifying the presence of particulate
additives in an asphalt binder that may invalidate the conduct of the Superpave binder
specification.

e PAT should be conducted with only the more polar solvent, toluene, recommended by
Bahia et al.?

e Bio-solvents such as ZEP can be substituted for toluene, since ZEP gives comparable
results to those obtained by toluene.

e Use of the less polar solvent, n-octane, to capture information regarding the amount
of additive is of limited value.

15






APPENDIX A

Standard Test Method for Determining the Presence of Solid Additives
in Asphalt Binder Using the Particulate Additive Test (PAT)

1. Scope

1.1 This test method covers the separation and the determination of particulate
additives in asphalt binders. The test effects the separation and capture of particles with
maximum dimension equal to or greater than 75 um following dissolution of the binder in
an organic solvent. The test also allows the measurement of volume after packing using
centrifugal force.

1.2 This standard may involve hazardous materials, operations, and equipment. This
standard does not purport to address all of the safety problems associated with its use. It
is the responsibility of the user of this procedure to establish appropriate safety and health
practices and to determine the applicability of regulatory limitations before use.

2. Summary of the Test Method

A representative sample of an asphalt binder is dissolved in a hot organic solvent. The
solution is filtered under vacuum through a 75-um pervious membrane filter (#200
sieve). The residue retained on the filter is then transferred to a centrifuge tube. After
centrifugation, the packed volume of the particulate material at the bottom of the tube is
determined.

3. Significance and Use

3.1 There is a concern that particulate modifiers interfere with the testing results
collected using the standard rheological methods for testing asphalt binders. There is also
some concern that particulate modifiers affect the behavior of asphalt mixtures differently
from non-particulate modifiers by interfering with the interlocking between aggregates.

It is also observed that the use of particulate modifiers in asphalt binders will result in a
complex rheological behavior. This complexity may be the result of size distribution and
the volume concentration of the modifier. The existence of a high concentration of
particulate additives in asphalt must be detected, because its effect on mixture properties
can be very complicated and different from the effect of other asphalt additives used as
modifiers.

3.2 Toluene and ZEP (Other bio-solvents may be permissible but must be verified)
are solvents that have solubility parameters similar to that of conventional asphalts. When
used in this test, these solvents will dissolve additives that in turn have a potential for
dissolution by the base asphalt. The results of the test will, therefore, determine the
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volume of additives that are not likely to be soluble in asphalt. The results help indicate
the nature of the additive.

4. Results

4.1 PAT assembly—a container assembly designed to hold a 47-millimeter (mm)
diameter nylon membrane is used to effect the filtration of diluted asphalt binder (see
figure 1).

4.2 Filter reservoir—capable of holding a minimum of 250 ml of solvent. The lower
part of the reservoir has a 41 mm inside diameter and is designed to secure the 47-mm
diameter membrane against the filter support.

4.3 Filter support/funnel—support base of the filter has a porous center section that is
41 mm in diameter. The support base is designed to fit securely against the reservoir,
holding the membrane in place over the porous section. The stem of the funnel portion
should be long enough to extend down into the filter flask such that the end is below the
outlet for the vacuum.

4.4 Clamp assembly—a screw type clamp is used to secure the reservoir to the
membrane support. The clamp should be tight enough to prevent the solvent from
leaking through at the function between the support and the membrane.

4.5 Rubber/neoprene stopper—a single hole, capable of holding the lower stem of the
filter support/funnel onto the filtering flask.

4.6  Vacuum filtering flask—1000 ml or larger.
4.7  Membrane filter—nylon filter, 47 mm in diameter with 60-um pore size.

4.8  Centrifuge tubes—cone-shaped, 15 ml capacity with graduation of 0.1 ml from 0
to 15 ml.

4.9  Vacuum pump—-capable of reducing and maintaining a pressure of 200 mm Hg
during the filtration (standard house vacuum system is adequate).

4.10  Centrifuge—able to meet all safety requirements for normal use and capable of
spinning two or more filled centrifuge tubes at a speed which can be controlled to give a
relative centrifugal force of 900 at the tip of the tubes. The rotation speed necessary to
produce a relative centrifugal force of 900 can be determined from the following
equations:

rcf
d(mm)

rpm =1335 (2)
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rcf

rpm =265 -
d(inch)

©)

where:

rpm = rotation speed, in revolutions per minute

rcf = relative centrifugal force

d = diameter of swing, in mm (equation 1) or inches (equation 2), measured between
the tips of opposite tubes when the tubes are in their rotating position

4.11 Heating plate or oven—capable of maintaining the solvated system to be filtered
at a temperature of 90 +5 °C (for toluene) and 150 +5 °C (for ZEP).

5. Solvent

5.1 ZEP (warning: This slightly flammable vapor can be harmful). The typical
characteristics for this solvent are as follows:

ZEP
Boiling range 20.5 °C
Boiling point 170-190.5 °C

5.2 Toluene (warning: This flammable vapor can be harmful). The typical
characteristics for this solvent are as follows:

CeHsCH3
FW 92.14
Boiling range 0.4 °C
Boiling point 110.2-110.6 °C
Melting point 4.4 °C
6. Procedure

This test should be run in duplicate to assure accuracy.

6.1 Heat the asphalt binder sample to be analyzed to 135 °C until it is fluid enough to
be mixed easily and poured.

6.2  Weigh two clean dry centrifuge tubes at room temperature. Record the weight of
each.

6.3 Measure a 10-ml sample of the asphalt in each of the two centrifuge tubes. Allow
the sample to reach room temperature.

6.4  Weigh the tubes containing the sample and determine the average weight of 10 ml
of the asphalt to be analyzed.
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6.5 Using tweezers, place the filter membrane on the center of the filter support,
which is mounted on the filtering flask using a rubber stopper or fitted ground glass joint.
Attach the reservoir to the filter support and clamp it securely.

6.6  Pour into a 250 ml Erlenmeyer flask the same mass of fluid asphalt that is
equivalent to 10 ml as determined in step 4. Add 100 ml of solvent to the flask and heat
the mixture while stirring to 90 °C for toluene /150 °C for ZEP. Maintain the
temperature for 10-12 minutes to ensure that the asphalt sample has thoroughly dissolved
in the solvent. Occasional stirring of the sample helps dissolve the binder.

6.7  Start the vacuum pump and adjust the vacuum to 200 mm Hg. Carefully pour the
diluted sample mixture into the filter reservoir. Wash the flask with more solvent and
maintain the flask at 90 °C for toluene or 150 °C for ZEP, as necessary, to completely
dissolve the binder and pour it out of the solution flask. Continue to pour the mixture
into the filter reservoir.

6.8  Once the diluted sample has been filtered and the flask has been rinsed with
solvent, wash the reservoir and filter with 100 ml of hot solvent (90 °C for toluene /150
°C for ZEP) until no thick liquid asphalt is visible on the filter membrane. With the
vacuum on, leave the membrane on the apparatus for an additional 5 minutes.

Note: It may be necessary to wash the edges of the filter thoroughly as sample solution
tends to get trapped between the reservoir and filter. Keeping the vacuum on, use a wash
bottle to wash the filter edges with hot distillate (90 <C for toluene /150 < for ZEP)

6.9  Disassemble the filter apparatus by removing the reservoir. Inspect the condition
of the membrane to ensure that it is free of thick binder residue. If asphalt residue is
present, more washing with hot solvent is necessary. If the appearance of the filter is
acceptable, carefully remove it and transfer the retained material to the centrifuge tube.

6.10  Add enough volume of solvent (at room temperature) to the centrifuge tube to
complete a total volume of 15 ml and place it in the centrifuge.

6.11 Balance the centrifuge tubes by placing them in opposite sides of the centrifuge
tray. Then spin them for 20 minutes at a rate sufficient to produce a relative centrifugal

force (rcf) of 900 at the tip of the swirling tubes.

6.12 Immediately read the packed volume of the solid material at the bottom of the
centrifuge tube, to the nearest 0.1 ml or closer if possible, and record the volume.
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7. Calculations and Report

Calculate the packed volume percent of particulate for each of the duplicates. The
following equation should be used

vx100
4)

Volume% =

where:
vV = volume of particulate, ml
V = volume of sample used (10 ml)

Report the average of the two results as percentage of particulate > 75 um present in the
binder.
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