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1.0 INTRODUCTION

1.1 Problem Statement

Asphaltic materials used in road comnstruction are specified and con-
trolled by their physical properties. Various procedures have been employed
to describe asphalt chemical composition and a number of researchers have

attempted to relate composition to asphalt flow behavior (physical properties)

and performance of asphalt paving materials.

1.2 Objectives

The overall objectives of this research are:
a) Review existing chemical procedures that are being used
presently by researchers and/or highway agencies in the USA.
b) Select one (or two) chemical procedures so that the following
desirable requisites can be met:
® Potential to relate chemical composition to pave-
ment performance,
° Ability to identify those fractions that are
currently accepted by the asphalt chemical
industry,
° Nondestructive procedure, so that recovered frac-
tions could be used for further analysis,
° Appropriate for routine tests, and
) Relatively inexpensive.
c) Perform a series of experimental tests with the selected
chemical procedure(s) so that any improvements or modifica-
tions are made before the application of the method in a

programmed research.



d)

e)

Along with the Oregon State Highway Division (OSHD), use the

selected method in a comprehensive research study. The

research initially involves the selection of eight projects

ranging from five to twelve years old. Original and recovered

asphalt will be tested for physical and chemical properties.

The chemical composition of asphalt, as obtained by the

selected procedure, will be analyzed for potential correlation

with the performance of the eight projects selected. Results

will also be used to assess the current specification

(physical) tests.

The chemical procedure used to analyze the eight proposed

projects will also serve to complement two parallel studies.

The first study involves the use of two different
methods for artificially aging asphalt. Three
projects are going to be selected for this study.
The chemical procedure chosen will serve to compare
the chemical changes occurring during natural aging
as compared to chemical changes due to artificial
aging. This could be used in further recommenda-
tions for appropriate laboratory aging procedures.
The second study relates to the extraction
procedures used to separate asphalt from a mix-
ture. The Rotovapor technique, which has recently
been reported as a desirable recovery method (45),
will be investigated and compared to the current

Oregon State Highway Division procedure (Abson



recovery method). Each procedure could use high or

low temperatures for recovery. Thus, the actual

study involves the assessment of four different

approaches for the extraction of asphalt from core

samples.

£) Develop a convenient computer-based method for recording,
retrieving, and comparing the results of specifications com-
pliance test and chemical composition test, and to evaluate
the resulting properties.

Throughout the entire project, the results of all regular
physical and chemical tests for asphalts will be monitored and
processed with the computer software. During the development
of the computer software, the inventory of properties will be
updated to include all currently available asphalt properties,
and a procedure for convenient processing of data will be
established. The information related to the computer software
is going to be given entirely in Appendix F.

1.3 Purpose

The purpose of this interim report is to present the findings of the
literature review, and information regarding development and implementation of
the procedure used in this study to determine the chemical composition of
asphalt cements. Preliminary data resulting from the use of selected pro-
cedures will be included. The development of database of asphalt properties
is also included.

The final report for this study will concentrate on presentation and

evaluation of data collected from this study.



l.4 Organization of the Report

The work of the present research is presented in the following six
chapters and six appendices. The six appendices represent independent and

self-explanatory documents that can be used separately from the main body of

the report.

Chapter 2, the literature review, concentrates on two main aspects of
asphalt chemistry. These are the state-of-the-art and evaluation of the most
common chemical procedures used today. Chapter 2 is supplemented with the

information given in Appendix E.

Chapters 3 and 4 are related to the laboratory work program of the re-
search and its implementation. Chapter 4 is accompanied by Appendices A, B,
C, and D which correspond to the instructional procedure of the methods
selected for chemical analysis.

Chapters 5 and 6 give conclusions and recommendations, respectively, of

the work accomplished before December 1985.

Appendix F corresponds to the computer software and inventory of asphalt

properties.,



2.0 EVALUATION OF CHEMICAL COMPOSITION SEPARATION TECHNIQUES

2.1 1Introduction

Asphaltic materials used in road construction are generally specified and
controlled by their physical properties. The majority of highway agencies
utilize asphalt specifications similar to those standardized by the American
Association of State Highway Officials (AASHTO M-26) and the American Society
for Testing Materials (ASTM D-3381/D-946).

Asphalt may come from straight reduction or some other refinery process,
and is often obtained from a blend of different crudes. Compliance with
specifications based primarily on physical properties is not a guarantee for
having an identical product. Differences in the quality of asphalts from
different sources (different chemical composition) and relationships between
composition and performance properties have long been recognized, as evidenced
by the many publications on the subject, a few of which are cited (1-13).

The most desirable property of an asphalt, assuming it meets initial
performance requirements, is its resistance to change during in-service use
(durability). Durability may be assessed by changes in physical properties of
the asphalt, which in turn, are related directly to chemical composition.
Changes in physical properties are evidenced by changes in the flow behavior
(rheological properties), such as viscosity or penetration.

The hardening phenomenon is common for all types of asphalt, regardless
of their initial physical properties. Nevertheless, different asphalts from
different sources do differ in their hardening susceptibility, in fact,
asphalts meeting the same specifications often produce pavements with widely
differing performance and serviceability (4,9). This is attributable to the

specifications allowing a range of physical properties, but primarily to



asphalt chemical composition. However, it should also be noted that construc-
tion and climatic variables often have a greater influence on pavement per-
formance.

Physical and chemical properties of asphalts influence most of the
properties of mixtures of asphalt and aggregate. 1In particular, the following
mixture properties are affected by such asphalt property changes:

a) Temperature susceptibility,

b) Workability (and therefore, compaction),

c) Stripping of asphalt from the aggregate,

d) Deformation and cracking susceptibility, and

e) Long—- and short-term durability due to asphalt aging.

From the above discussion, it can be inferred that an understanding of
asphalt chemical composition is fundamental to understand the factors that
control asphalt physical properties during storage, mixing, transport, or in-
service use.

This report is intended to review the state-of-the-art of asphalt chemis-
try as related to the physical properties of asphalt, as well as to outline
the different fractionation techniques available to characterize asphalt

materials.

2.2 Chemical Composition of Asphalt: State—of-the—Art Summary

Asphalt is not composed of a single chemical species, but rather a com-
plex mixture of organic molecules that vary widely in structure, composition,
reactivity, and affinity.

Elemental analysis of several representative petroleum asphalts are shown
in Table 2.1. Although asphalt molecules are composed predominantly of carbon

and hydrogen, most molecules contain one or more of the so-called heteroatoms,



nitrogen, sulfur, and oxygen, together with trace amounts of metals, princi-
pally vanadium and nickel. As seen in the table, the heteroatoms, although a
minor component compared to the percent of carbon and hydrogen molecules, can
vary in concentration over a wide range, depending on the source of the
asphalt. Because the heteroatoms often impart functionality and polarity to
the molecules, their presence may make a disproportionately large contribution
to the differences in physical properties among asphalt from different
sources.

Elemental analyses reveal little information about how the atoms are
incorporated in the molecules or what molecular structures are present.
Molecular type and structure information are necessary for a fundamental
understanding of how composition affects physical properties. However,
because the number of molecules in asphalts with different chemical structures
and reactivities is extremely large, chemists have not seriously considered
attempts to separate and identify all the different molecules in asphalt.

Early researchers (14,15) represented asphalt cement as a colloidal
dispersion of high molecular weight hydrocarbons called "asphaltenes” in a
dispersion medium called "maltenes” or “"petrolenes.” The latter two terms are
used interchangeably by many authors, but, as Richardson (16) and Rostler (17)
suggested, they should be used to distinguish between high and low boiling
fractions of asphaltic bitumen, respectively.

The asphaltene fraction is the most complex component and generally
contains those molecules with the highest polarity and tendency to interact
and associate. This fraction is insoluble (or precipitated) when the asphalt
is dissolved in a nonpolar solvent much as pentane, hexane, or heptane. The
part of the asphalt that is dissolved and remains in solution is called

"maltenes” (or "petrolenes”).



The maltenes contain both the o0ils and resins. The resins are said to be
the agents that disperse the asphaltenes throughout the oils to provide a
homogeneous liquid. Each of the three fractions (asphaltenes, oils, and
resins) are composed of many different chemical compounds, and the "mix” in
each fraction will vary greatly with the source of the petroleum from which
the asphalt has been extracted and with the method by which it has been ob-
tained.

The relative amounts and characteristics of asphaltenes, oils, and resins
in a given asphalt have an important effect on its physical properties. It is
known that asphalts exhibit properties that deviate from those of a true
solution and thus, may be considered a colloidal system. The asphaltene
fraction is considered to be insoluble in the oil fraction, however, they
exist in asphalt as a fine or a coarse dispersion due to the presence of the
resins fraction. The ability or lack of ability of the resinous components to
keep these highly associated asphalt components dispersed in the oil phase is
referred to as their "peptizing” ability, and this largely determines the
“gel” or non-Newtonian flow characteristics of the asphalt (14,15).

The generally accepted subdivision of asphalt into a relatively sharp
separation of asphaltene and maltenes (petrolenes) is the base for many frac-
tionation procedures. On the basis of the literature (18-23), it can be
concluded that asphaltenes are not a chemically unique fraction of asphalt
cement, but are dependent on the chemical composition of asphalt and the types
of solvent used to precipitate asphaltenes (24). It can also be concluded
that the asphaltene fraction, if it exists as such in asphalt cement, is a
dispersed phase with varying degrees of association. Further, the degree of
association depends on the polarity of the asphaltenes and the power of the

maltene fraction to dissolve the asphaltenes (10,25,26,27).



Although the asphaltene-maltene model was useful to explain the flow
properties of an asphalt cement from a single source (viscosity is inversely
related to asphaltene content) it has been found that not all available
methods for compositional analysis are alone, adequate in terms of explaining
the flow characteristics of all asphalts from different sources (28-29).

Peterson (30) has taken a new approach in which the concept of molecular
interaction is used to explain the relationship between chemical composition
and flow properties. The principles of Peterson's approach could be summa-
rized as follows:

The wide spectrum of molecular types in asphalt, all interact-

ing together, gives asphalt its unique properties and makes it

appear as homogeneous material. However, on a molecular level,

asphalt is undoubtedly heterogeneous with a delicate balance

existing among strongly associated or agglomerated components and

dispersing or solubilizing components. Because the physical

properties of asphalt are controlled by the interaction of the

molecules from which it is composed, an understanding of these

interactions should provide the basis for understanding its

physical behavior, and thus, its durability.

The molecular interaction approach identifies and character-

izes the various types of chemical and structural features of the

asphalt molecules. The model defines those molecules of different

composition but having similar features as having the same

"functionality” and that they will produce similar effects on

physical properties of asphalt,
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Many asphalt molecules have diverse types of chemical func-
tionality, which frustrate chemical fractionation procedures since

the whole molecules must be moved into a given fraction.

Because of the molecular interaction approach, most of the
available fractionation techniques should be used in conjunction

with some other method, in which compatibility and, if possible,

the molecular structure could be assessed.

The relation of asphalt chemistry to physical properties has been re-
viewed recently by Peterson (30) and Halstead (31). Peterson attempts to
explain the relationship between the chemical composition and flow properties
using a new approach of molecular interaction. Halstead presents a synthesis
of information concerning the relation of chemical composition to asphalt
properties and performance as a highway material.

The importance of the two papers cited above can be explained as fol-
lows. A few years ago (1981-1982) there was still wide disagreement among
prominent researchers in the asphalt industry as to how to study and explain
asphalt chemistry behavior. Peterson and Halstead have managed, to a certain
extent, to bring most of the ideas together and have explained the cause of

some disagreement among researchers,

2.3 Test Methods for Evaluating Asphalt Chemical Composition: Review

2.3.1 Introduction

The potential role of chemistry for evaluating asphaltic paving materials
is identified in the following areas:

a) Evaluation of fresh asphaltic materials.

b) Evaluation of aged asphaltic materials.

c) Supplementing physical properties.
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d) Evaluation of pavement performance.

e) Material specifications.

£) Design considerations (blending for particular consistency).

So far, no available method for chemical characterization has been widely
accepted to be the perfect tool in achieving all the above desirable require-
ments.,

Varieties of procedures have been employed in attempts to describe
asphalt composition so that the flow behavior and performance of asphalt
paving materials can be predicted. While it is not possible to review all of
them, the following section is intended to describe those techniques most

commonly used.

Chemical Composition Techniques

2.3.2 Corbett—Swarbrick Method (10)

Currently accepted as ASTM D4124, this is essentially a selective adsorp-
tion-desorption column chromatography technique, as shown in Figure 2.1.

The asphaltenes are first separated based on their insolubility in a
nonpolar paraffinic solvent (n-heptane). This removes the most polar and
least soluble asphalt components so that further separation is possible of the
remaining fraction known as petrolene (maltenes). The remaining petrolene
fraction is then adsorbed on a chromatographic column (alumina is used as the
adsorbent phase) and sequentially desorbed with solvents of increasing polar-
ity. Three fractions are obtained from the petrolemes: saturates, naphthene
aromatics, and polar aromatics.

This method is being implemented and routinely used at the present time

by the authors for the research program.



12

From the literature review and the present experience of the authors,

several important aspects of the test may be summarized:

a)

b)

c)

d)

e)

The fractionation scheme separates asphalt into less complex
and more homogeneous fractions. The "generic fractions"”
obtained are in themselves still complex mixtures of molecular
groups and not well-defined chemical species.

The asphaltene fraction in this method differs from all the
asphaltene fractions given by most other methods because the
precipitating solvent is changed from n-pentane to n-heptane.
The method itself has been used in several research projects
(10,32,33) presenting one important advantage, that is, the
method is considered to be "nondestructive" and further sepa-
rations or analysis can be done over the remaining frac-
tions. Thus, the method is open to further improvements or
refinements, so it may be adaptable to some of the future
techniques not yet available.

The method is lengthy. This is also true for most of the
chemical compositional analyses available for asphalt
materials. A short version of the method has been presented
to ASTM committee recently but it has not yet been pub-
lished. Basically, the size of the column has been reduced
and the filtering process simplified.

The method as described by the current ASTM D4142 is con-
sidered to be insufficently explained. This can lead to poor

reproducibility of the results from one laboratory to another.
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Both the original version and the short version of the test were imple-
mented by the authors. A detailed procedure for each version was prepared.

The implementation of the Corbett procedure is described in Chapter 4.

2.3.3 Rostler and Sternberg Method (34)

ASTM method D2006 discontinued in 1976. This technique is illustrated in
Figure 2.2. The procedure entails the removal of asphaltenes with reagent
grade n-pentane. After separation of the asphaltenes, the remaining com-—
ponents are sequentially separated into fractions based on their reactivity
with sulfuric acid of increasing acid strengths (decreasing degree of hydra-
tion).

Although the Rostler fraction scheme has been used by many materials
laboratories, and correlations with field performance attempted (39,40), it
has generally not been accepted as an accurate predictor of field perform-
ance. Nevertheless, the method is still used at the present time mainly
because the data available on chemical composition of past experience was
obtained by using this standard procedure.

The Rostler—Sternberg method has been criticized because of extraneous
acid conditions imparted to the maltene fractions. This is a destructive step
and the method does not enable the recovery of the altered fractions for
further analysis.

Another criticism to the test is related to the hazardous working envi-

ronment.

2.3.4 The Clay-Gel Method (ASTM D2007)

This procedure was developed to replace the Rostler-Sternberg method.

This technique is illustrated in Figure 2.3. Asphaltene is first separated by
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using n-pentane. The remaining fraction is then added to a pair of columns
which are assembled in series, the upper column being packed with attapulgus
clay and the lower column with activated silica gel plus a layer of clay on
top.

The sample is allowed to percolate using n-pentane as the eluting sol-
vent. The saturated fraction is collected first and the columns are sepa-
rated. The lower silica gel column is stripped with a polar solvent to yield
the aromatic fraction and the upper clay column is stripped with a solvent of
increased polarity to yield the polar fraction.

Results from the clay-gel technique of separation have been used for
characterization of both virgin and aged asphalts and recycling agents (35).
The method is used extensively at the New Mexico Engineering Research Insti-
tute at the present time (35,36,37), basically for the same purpose (recycling
studies).

This method is claimed to be simple, relatively inexpensive, free of
hazardous concentrated acid, and yields repeatable results. Also, the data
obtained from this procedure is almost identical to that from the Rostler-
Sternberg analysis (36).

The clay-gel compositional analysis as described by the present ASTM may
be considered a relatively new procedure and although there are a number of
researchers that have made use of it, the method is still being subjected to

minor improvements by the original developers.,

2.3.5 High Pressure Gel Permeation Chromatography - HPGPC (ASTM D3593)

This technique separates asphalts according to molecular size. Jennings
(38) has done a great deal of work using HPGPC on asphalts. A typical chro-
matogram from Jennings' work is shown in Figure 2.4. The elution time is

along the abscissa and relative amounts along the ordinate.
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The small peak at time zero is the internal standard. Large molecular
size (LMS) is eluted first, then medium molecular size (MMS), and, finally,
the small molecular size (SMS). Five criteria are examined when comparing
asphalts:

a) Elution time of the largest molecules;

b) Height of the curve in LMS region denotes which asphalt has a
higher LMS content;

c) Elution time of the curve maximum denotes the asphalt which
has a higher molecular size fraction by the relative time to
occurrence;

d) Height of curve maximum relative to height of LMS and SMS
regions denote which asphalt has higher proportion of LMS and
SMS components relative to MMS; and

e) Height of the curve in SMS region denotes which asphalt has
more SMS components.

Jennings (38) has determined that HPGPC is useful for a variety of pur-—

poses listed below.

a) HPGPC and asphaltene analysis has been shown to define charac-
teristics of an asphalt which is satisfactory with respect to
durability.

b) HPGPC is useful in the characterization of asphalts from
different refineries.

c) HPGPC has shown that the LMS region of the chromatogram is not
only composed of asphaltenes but also other constituents and
that asphaltene percentages alone do not provide enough data

by which to judge asphalt quality and performance.
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d) Batch or drum dryer plant processing cause a 20 to 80 percent

increase in LMS material as shown by HPGPC.

2.3.6. Asphaltene Settling Test

This test, described by Plancher (39), consisted of dissolving 2 gm of
asphalt in 50 ml of n-hexane by stirring 24 hours at 20°C. The asphalt/hexane
solution is transferred to a 50-ml graduated cylinder. The asphalt settling
time (T) is defined as the time, in minutes, required for the asphaltene
meniscus to descend to the 25-ml level. A typical asphaltene settling curve
is shown in Figure 2.5.

The Laramie Energy Technology Center, where the test was developed, has
suggested that the test will be useful as a means to rapidly evaluate asphalt
durability and to determine the compatibility of asphalt with softening agents
which have been proposed for use in recycled asphalt mixtures.

The test was critically evaluated by Kennedy, et al., (40) who have
concluded that test precision is a problem. Further, Kennedy, et al., sug—

gested several modifications to the test.

2.3.7 Heithaus Solubility Parameters (41)

In the Heithaus procedure asphalt cement is first dissolved in toluene at
various concentrations. The asphalt-toluene solutions are then titrated with
heptane until the asphaltenes precipitate from the solution. The end point is
determined as in the Oliensus spot test (42) and by microscopic examination.
The flocculation ratio is defined as the ratio of toluene to toluene plus
heptane at flocculation. The deflection ratio is defined as the ratio of the
volume of toluene plus heptane to the weight of the asphalts at floccula-

tion. These ratios are then used to define the degree of peptization of the
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asphalt or "state of peptization” which is an attempt to measure the inter-
compatibility of the components in asphalt -- how good a dispersant are the

maltenes for the asphaltenes -- and how readily are the asphaltenes dispersed.

2.3.8 Other Procedures

J.L. Goodrich (43) has prepared a review of test methods and a bibliog-

raphy of literature describing studies of asphalt composition or asphalt
chemistry. This review is presented in Appendix E in its original format.
Appendix E constitutes a separate document of the present interim report and

contains its own list of references.

2.4 Chemical Procedure Selected

Based on the preliminary literature review, economic consideration, and
from the experience of the Oregon State Highway Division (OSHD), the Corbett-
Swarbrick procedure (ASTM D4124) was initially chosen for the experimental
study.

The Rostler procedure (formerly ASTM D2006) has also been considered to
be used in the present research. The equipment and glassware are available at
Oregon State Highway Division (OSHD). Results from the Rostler analysis are
going to be used as supplementary information. Due to the fact that ASTM
D2006 has been discontinued, this procedure was not selected for definitive
adoption.

The Clay-Gel Method (ASTM D2007), being essentially an adsorption chroma-
tography, the same as the Corbett-Swarbrick procedure, was considered as an
alternative choice for ASTM D4142.

The High Pressure Gel Permeation Chromatography (HP-GPC) technique,

although an ASTM standard (ASTM D3593), is considered to have limited appli-
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cations. The asphalt fractionation on "large,"” "medium,” and "small”
molecular size is still controversial and the final proportion of the three
molecular sizes may be affected by many factors not controlled by the present
standard procedure (43).

The Asphaltene Settling Test, according to Kennedy and Lin (40), needs
additional study if the test method is to have practical value. Kennedy and
Lin (40), who did extensive research to evaluate the test, concluded that
precision was the main problem of the test and suggested several modifications
to it.

Heithaus Solubility Parameters (41) is not a fractionation technique, but
the test could be considered in future studies for supplementary information

on asphalt chemistry behavior.
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Table 2.1. Elemental Analysis of Representative Petroleum Asphalts.*
Mexican Arkansas-
Code Source Blend Louisiana Boscan California
Carbon, 7 83.77 85.78 82.90 86.77
Hydrogen, 7% 9.91 10.19 10.45 10.93
Nitrogen, 7% 0.28 0.26 0.78 1.10
Sulfur, 7 5.25 3.41 5.43 0.99
Oxygen, 7 0.77 0.36 0.29 0.20
Vanadium, ppm 180 7 1380 4
Nickel, ppm 22 0.4 109 6

*After Reference

(30)
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Figure 2.1. : Adsorption/Desorption Chromatography
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3.0 LABORATORY WORK PROGRAM AND DESCRIPTION

The laboratory work was divided into two distinctive parts, namely:

Phase 1I: Implementation of the chemical procedure selected.
Objectives b) and c).

Phase II: Investigation of asphalt performance, aging laboratory
techniques, and asphalt extraction techniques by using
data obtained from physical test and the chemical pro-

cedure implemented on Phase I, Objectives d) and e).

3.1 Phase I

The various steps needed to implement the procedure selected for chemical

analysis are given in Chapter 4.

3.2 Phase II

Various projects (throughout) Oregon have been examined in previous
studies (42,43,44,45) for which asphalt and mixture properties are known.
These projects, together with five new projects, were selected to represent a
range of performance. Project ages range from five to twelve years. Original
asphalt samples are available for all eight projects. Description and loca-
tion of all eight projects being studied are given in Table 3.1 and Figure
3.1, respectively.,

Original and recovered asphalt will be tested for physical and chemical
properties according to the summary program shown in Figure 3.1,

Core samples were obtained at each site and were cut into two pieces so
that the study could distinguish between the section of the pavement exposed
to the surface and the one that was protected from detrimental environmental

conditions (e.g., sunlight, oxygen, oil, and other contaminating agents).
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To investigate asphalt performance, aging procedures, and asphalt extrac-
tion techniques, chemical composition analysis will be run in duplicate for
each asphalt sample using the Corbett-Swarbrick chromatographic technique
method B. Physical properties to be obtained on OSHD and 0SU laboratories
are:

a) Penetration at 25°C and 4°C,

b) Absolute viscosity at 60°C,

¢) Kinematic viscosity at 135°C,

d) Ductility at 25°C and 7.2°C, and

e) Fraass test.

The performance study is done on all projects by comparing physical and
chemical changes of original samples, extracted asphalt from cores (Abson
Recovery, Modified AASHTO Designation T164-70 and T170-55), and artificially
aged asphalt (Rolling Thin Film Oven, ASTM D2872).

The aging procedures study involves evaluation of the effects of the
Rolling Thin Film Oven Test (RTFO, ASTM D2872) and use of the Pressure Oxygen
Bomb (POB) for oxidative aging. The POB has been implemented at Oregon State
University by Kim and Bell (49). Three projects were considered for the aging
study (Projects 3, 5, and 7 as described in Table 3.1).

The extraction techniques considered for the study were:

® Industrial Asphalt Modified Abson Recovery, OSHD Test Method

314-83 (Modified AASHTO Designation T164-70 and T170-55)

] Vacuum Extractor, OSH Test Method 309-85

) Industrial Asphalt Modified Abson Recovery plus Rotovapor

°® Vacuum Extractor plus Rotovapor
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The last two methods given above are presently being developed at Oregon
State Highway Division.
The same three projects selected for aging study were selected for the

extraction procedures study.



Table 3.1. Project Locations.

28

Project Highway
No. Year Name No. Location
1 1980 «Grande Ronde-Wallace Bridge St 18 «Fast Grande Ronde
2 1980 ePacific Hwy-Dayton Jct- St 18 eDayton-Lafayette
Lafayette Jet.
3 1974 < Idylwood Street City ¢ Idylwood-Lane Oak
Street Intersection
4 1976 ¢Elk River—Port Orford Us 101 e North Port Orford
5 1980 ePlainview Rd-Deschutes Us 20 *eWest Bend
River
6 1981 e<Klamath Falls Us 97 eKlamath Falls-
Green Spring Jct.
7 1973 e¢Arnold Ice Caves-Horse Us 20 eEast Bend
Ridge
8 1974 +S. Fork Malheur st 78 eEast New Princeton
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4.0 IMPLEMENTATION OF CORBETT-SWARBRICK METHOD AND DISCUSSION

4.1 Procedure Study and Adoption

This task includes the various steps needed to implement the procedure
selected for the chemical analysis of road asphalt.

Work was started with the ASTM D4124 method in the summer of 1984. A
considerable number of tests were done to select the appropriate instrumenta-
tion and glassware required and also to select the best procedures for
precipitation, filtration, elution, and concentration of the fractions. A
detailed report was prepared with the recommended instruction to perform the
test. The report also included an inventory of glass wear and instrumentation
together with a present-cost analysis. These are given in Appendices A and B,
respectively.

Following the initial experience, the test was also set up in the labora-
tories of the Oregon State Highway Division (0SHD). Both laboratories (O0SU
and OSHD) were involved in parallel testing work in spring 1985 so that

repeatability could be assessed.

With the repetition of many tests, it was found that, even with improve-
ments made during the present research to expedite the procedure, the test was
still lengthy (2 days work per test), expensive to run, and relatively
hazardous due to the large amounts of solvent handled. Further, following the
ASTM procedure in both laboratories (OSHD and 0SU) reproducibility of the
results was poor.

The standard test ASTM D-4124—-82 has been submitted for revision to ASTM
Committee D04.47. The revised procedure involves considerable modifications
to the existing standard. Although this new procedure (ASTM D4124-Method B)
is not yet a standard, it was decided to adopt it instead of the current

standard procedure (Method A) originally described in ASTM D4124-82.
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Laboratory work was started to replace ASTM D4124, Method A with the new
proposed procedure, Method B. Method B could be described as a small-scale
version of the current ASTM D-4124.

After provision of the required glassware and instrumentation, a number
of experimental tests were performed and a new instructional manual prepared,
together with an inventory of glasswear, instrumentation, and material cost
per test. These are given in Appendices C and D, respectively.

This new instructional procedure developed at OSU was submitted to the
ASTM committee chairman at his request as it included various modifications

and improvements to the proposed Method B.

4.2 Modifications and Recommendations to the Test

Several problems arose during the implementation of the procedure. Since
Method-B (500 mm column) was the procedure finally adopted, the present
section will discuss the problems referring to the small column. Neverthe-
less, Method A which uses a 1000 mm column is essentially a large-scale test
compared with Method B which uses a 500 mm column. Thus, the problems could

be considered to be similar in both cases.

4.2.1 Asphalt, Sample Preparation

Heating the asphalt repeatedly or for long periods during preparation
causes an increase of the amount of asphaltene fraction (up to 47 or more in
some cases).

To achieve the right weight of sample to be tested without excess heat-
ing, it is recommended to warm up the asphalt enough so that the sample could
be stirred in its container. Following this, the asphalt sample should be

poured onto wax paper and left to cool at room temperature (approximately
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22°C). After this, the material could be easily cut to the exact weight

desired and placed in the stirring flask with no further heating.

4.,2.2 Asphaltene Fraction, Precipitation

The standard procedure recommends the warming of the asphalt in the flask
before pouring the precipitating solvent (n-heptane). Also, the standard
specified that during the stirring process, n-heptane should be kept at a
temperature near its boiling point (approximately 90°C). None of the heating
application is recommended by the author due to the direct effect that this
has on the final asphaltene portion.

The n-heptane (precipitating agent) should not be interchanged with any
other solvent (e.g., pentane or hexane). It has been shown (50) that the
amount of precipitated asphaltene does vary considerably among the different

solvents used in the various standards.

4.2.3 Filtering

The filtration procedure described in the instruction manual prepared at
0SU (Appendix C) does not correspond to the one given in the proposed
standard. The method given in Appendix C is considered to be cheaper and more
rapidly performed. The yield of asphaltene fraction is the same as the one

obtained by using the standard procedure.

4,2.4 Solvent Evaporation from Asphaltene Fraction

The standard procedure calls for the use of oven temperatures of 104°C to
evaporate the solvent from the recovered asphaltene fraction.

This is not recommended in the present instruction manual. It has been
observed that asphaltenes have very unstable weight if heated at higher

temperatures (above 60°C) or heated for longer periods. The asphaltene frac-
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tion should be allowed to dry at room temperature (20 to 25°C) for 24 hours or

at maximum temperature of 60°C for 30 minutes.

4.2.5 Column and Alumina

Special problems were encountered during the present research with the
alumina used as the adsorption-desorption material in the chromatographic
column.

Alumina is specified in the stadard as: "F-20 chromotographic grade
calcined at 413°C for 16 hours.” The standard suggests that alumina under the
above specifications could be obtained directly from the manufacturer. Never-
theless, it was found that the 'quality' of the alumina will vary among
manufacturers and within the production lots of one manufacturer.

Table 4.1 shows results of a number of tests performed with one asphalt
but with alumina samples of two manufacturers (SIGMA Chemica Co. and MCB
Manufacturing Chemists, Inc.). Further, SIGMA alumina samples were obtained
from three different lot productions. The results shown in Table 4.1 indicate
that the alumina as it is received from the supplier does not comply with the
specifications and has different adsorptive capacity.

The explanation to the above problem, which caused considerable delay in
the testing program, was that the adsorptive activity of alumina is a function
of moisture content, size, and surface area (51,52,53). The size and surface
area is controlled basically by the selection of an 80-200 mesh alumina. The
moisture content is controlled by calcining the material at 413°C for 16
hours.

Although alumina has been calcined before being packed in sealed bottles,
the packing procedure probably has not been carried out under vacuum condi-
tions. Thus, during transportation and storage, the material can adsorb

various amounts of water.
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The solution to this problem was to retreat the alumina (413°C for 16
hours and store in vacuum dessicator) according to the specifications given in
the standard. Unfortunately, the standard was not clear to specify the above
treatment as essential. This may have caused other researchers to have the
same problem as it was found later by the authors through personal contacts.

The alumina from Sigma Co. and MCB, Inc., was retreated and tested using
another asphalt. The results are shown in Table 4.2 and appears that there
are no major variations among the different sources of alumina used if they

are recalcined before the test.

4,2.6 Fraction Concentration

Two methods have been used in the concentration of the maltene fraction
and the three subsequent fractions obtained through the chromatographic
column.,

One of the methods uses the set-up shown in Appendix C, Figure C.4. the
other method being used at OSHD (Oregon State Highway Division) is a rotary
evaporator (Rotovapor used as commercial name).

The Rotovapor (which is a standard commercial apparatus) has several
advantages when compared with the traditional methods. Some of the advantages
are:

a) Materials are concentrated in shorter time.

b) Less chance to overheat the concentrate solution.

c) When the solution is composed of several solvents of different
boiling points and specific gravity there is no danger of
explosion.

The above advantages need to be explained in more detail. The boiling

point and specific gravity of the solvent used in the Corbett procedure are
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given in Table 4.3. The solution of the last fraction (Polar—Aromatics) is
composed by three solvents (Toluene, Methanol and Trichloroethylene) since the
heaviest solvent has a lower boiling point than Toluene this causes the build-
up of gases within the solution and subsequent minor or major explosions. The
rotational effect obtained with a rotovapor causes continuous mixing of the
solution, breaking its surface tension and letting the gases escape uniformly.

Using the traditional concentration method this could be avoided by the
use of "boiling stones” or the introduction of air bubbles. The use of boil-~
ing stones was discarded because this upsets the net weight of the
concentrated fraction. Air bubbles were used but their effect is limited up
to a certain concentration of the solution.

In general the advantage of continuous rotation of the solution is that
it permits the gases to escape more easily especially when the solution
reaches a higher viscosity. This also speeds up the concentration procedure

without overheating the mixture.

4.2.7 General Problems

Most of the problems related to the test procedure arise with the inter-
pretation of the standard. Most of these problems are discussed in Appendix C
which is the latest version of a complete and detailed procedure to perform
the standard column using the 500 mm column.

One problem that arises with the interpretation of the standard is the
way in which the "Eluant Feed Solvent Table" is presented (Appendix C, Table
c.1)

The table suggests that the cut point between Saturates and N-A is after
collecting the 35 mL Toluene eluant, while our experience shows that there is

little or no Toluene in the first fraction solution.
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For the second and third fraction, the table suggests that the N-A are
contained within the Methanol/Toluene eluant. The addition of this last
combined eluant immediately creates the black ring where the second cut has to
be made. Thus, there is no Methanol in the N-A fraction.

The description of the fractions collected are given in the standard.
These include: the saturates--desorbed by n-Heptane and the N-A--desorbed by

Toluene. But according to the table in the standard, saturates are also

desorbed by Toluene and N-A are also desorbed by Methanol which is not true.
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Table 4.1. Comparison of Alumina Obtained from Different Manufacturers
and Different Lot Productions.

MCB
Manufacturing
Fractions Sigma Chemical Co. Chemist Inc.
Lot Number
034F-0321 114F-0108 055F-0805

Asphaltenes 15.217% 15.537% 15.677% 15.087%
Saturates 23.42% 15.847% 10.15% 12.77%
N-Aromatics 45.107% 44.027% 38.217% 40.91%
P~Aromatics 15.61% 22.85% 35.08% 29.917%
TOTAL 99.347, 98.247% 99.117% 98.67%

AVERAGE OF: 6 tests 3 tests 2 tests 1 test
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Table 4.2. Comparison of Alumina Obtained from Different Manufacturers
Before and After Retreatment.
MCB

Fraction Sigma Chemical Co. Manufacturing Chemist Inc.
No With No With

Retreatment Retreatment Retreatment Retreatment
Asphaltenes 13.83% 13.73% 13.47% 13.72%
Saturates 16.76% 11.35% 14.147% 11.26%
N—Aromatics 44-42% 24.65% 36 -29% 24-24%
P-Aromatics 23.01% 49 .30% 36.05% 49.07%
TOTAL 98.02% 99.03% 99.95% 98.297%
AVERAGE OF: 2 Tests 2 Tests 1 Test 1 Test




Table 4.3. Solvents Used in the Corbett Procedure and Its Physical
Properties.

Solvent Boiling Point (°C) Specific Gravity
n—Heptane 98 .0 .67
Toluene 111.0 .87
Methanol 65.0 .79

Trichloroethylene 87.0 1.46
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5.0 CONCLUSIONS

Several conclusions may be drawn from the research program based on the

collected up to this point.

1)

2)

3)

4)

5)

Asphalt chemistry is not well understood. This is because
crude oil is derived from living organisms and its composition
is complex.

The application of chemical analysis in some specific areas of
asphalt technology (aging, production control, recycling and
others) is most valuable for pursuing improvements on asphalt
performance.

There are many chemical techniques used to fractionate asphalt
but no single procedure has proved to be satisfactory in
correlating asphalt composition to asphalt performance.

The many chemical procedures available do not correlate with
each other and there is no standard terminology to refer to
asphalt components.

The selection of the Corbett-Swarbrick procedure in the
present research does not imply that it is the best procedure
available. Rather, it was deemed most suitable for this

study.



42

6.0 RECOMMENDAT IONS

Major recommendations from the present research will be given in the
final report after completion of the test program given in Chapter 3.

Recommendations so far are related to the implementation of the Corbett-
Swarbrick procedure. These are:

1) The introduction of a small column to the Corbett procedure is
an important step in simplifying the test.

2) Heat should not be used during sample preparation, asphaltene
precipitation and solvent evaporation from asphaltene.

3) A new method is proposed to speed up the filtering process
phase one,

4) Alumina must be recalcined and vacuum stored before running a
test,

5) Rotovapor is the best option for fraction concentration.

6) Vacuum could be applied when collecting last fraction (Polar-
aromatics) from the column to speed up the test.

7) The Corbett procedure was preferred due to some particular
advantages (given in Chapter 2) that suit the objectives of
the present research. The method is considered to be
"nondestructive" and further separations or analysis can be
done over the remaining fractions. The method is open to
further improvements or refinements, so it may be adaptable to
some of the future techniques not yet available.

8) The standard procedure (ASTM D4124) is difficult to inter-
pret. A more detailed laboratory procedure should be used (as
the one given in Appendix C, for example) so that the same

mistakes are not made by different operators.



W.P.

S.H.

C.D.

43

7.0 REFERENCES

Hveem, Quality Tests for Asphalts——A Progress Report. Proceedings,
Association of Asphalt Paving Technologists, Vol. 15, 1943, pp. 1l1ll1-
152,

Van OQort, "Durability of Asphalt,” Industrial and Engineering
Chemistry, Vol. 48, 1956, pp. 1196-1201.

Blokker and H. van Hoorn, "Durability of Bitumen in Theory and
Practice,” Fifth World Petroleum Congress, Section VI, 1959, pp.
417-432.

Hveem, E. Zube, and J. Skog, "Progress Report on the Zaca-Wigmore
Experimental Asphalt Test Project,” ASTM Special Technical Publica-
tion No. 277, 1959, pp. 1-45.

Rostler and R.M. White, "Influence of Chemical Composition of

Asphalts on Performance, Particularly Durability,” American Society
for Testing Materials, ASTM Special Technical Publication No. 277,
1959, pp. 64-88.

Rostler and R.M. White, "Composition and Changes in Composition of
Highway Aspahlts, 85-100 Penetration Grade," Proceedings, Associa-
tion of Asphalt Paving Technologists, Vol. 31, 1962, pp. 35-89.
Greenfeld and J.R. Wright, "Four Methods for Predicting the
Durability of Roofing Asphalts,” Materials and Research Standards,
Vol. 2, 1962, pp. 738-745.

Smith, C.C. Scheutz, and R.S. Hodgson, "Relationship Between
Chemical Structures and Weatherability of Coating Asphalts as Shown
by Infrared Adsorption Spectroscopy,” Industrial and Engineering

Chemistry, Product Research and Development, Vol. 5, 1966, pp. 153-

161.



10'

11.

12,

13.

14.

15.

16.

17.

T.C.

L.W.

44

Davis and J.C. Petersen, "An Inverse GLC Study of Asphalts Used in
the Zaca-Wigmore Experimental Test Road,” Proceedings, Association
of Asphalt Paving Technologists, Vol. 36, 1967, pp. 1-15.

Corbett, "Composition of Asphalt Based on Generic Fractionation
Using Solvent Deasphaltening, Elution-Adsorption Chromatography, and
Densimetric Characterization,” Analytical Chemistry, Vol. 41, 1969,

ppP. 576-579.

J. Knotnerus, "Bitumen Durability--Measurement by Oxygen Adsorption,”

R.L.

Industrial and Engineering Chemistry, Product Research and Develop-
ment, Vol. 11, 1972, pp. 411-422.

Griffin, W.C. Simpson, and T.K. Miles, "Influence of Composition of
Paving Asphalts on Viscosity, Viscosity-Temperature Susceptibility,
and Durability,” Journal of Chemical and Engineering Data, Vol. 4,
1959, pp. 349-354.

Peters, "Compositional Considerations of Asphalt for Durability
Improvement ,” Transportation Research Board Record No. 544, 1975,
pPP. 46-55.

Barth, "Asphalt Science and Technology,"” Gordon and Breach, 1962.
Pfeiffer and R. Saal, "Asphaltic Bitumen as Colloid Systems,"”

Journal Phys. Chem., Vol. 44, 1940, pp. 139.

C. Richardson, "The Modern Asphalt Pavement,” 2nd Ed., Wiley, N.Y., 1914,

F.S.

pp. 115-126.
Rostler, "Fractional Composition: Analytical and Functional Signi-

ficance, Bituminous Materials,” 2, Inter Science Pub., 1965, pp.

151-222.



18.

19.

20.

21.

22.

23.

24'

25.

26.

27.

28.

45

H. Eilers, "The Colloidal Structure of Asphalt,” Journal of Physical and
Colloidal Chem., Vol. 53, 1949, pp. 1195.

H. Reerink, "Size and Shape of Asphaltic Particles in Relation to High
Temperature Viscosity,” I&EC Prod. Res. and Dev., Vol. 12, 1973,
p. 81.

K.H. Altgelt and 0.H. Harle, "The Effect of Asphaltenes on Asphalt
Viscosity,” I&EC Prod. Res. and Dev., Vol. 14, 1975, p. 240.

S.W. Ferris, E.P. Black, and J.B. Clelland, Aromatic Structure in Asphalt
Fracture, I&EC Prod. Res. Dev., Vol. 6, 1967, p. 126.

H. Kim and R.B. Long, "Characterization of Heavy Residuum by Small Angle
X-Ray Scattering Technique,” Ind. Eng. Chem. Fundam., Vol. 17, 1979,
p. 60.

M.M. Boduszynski, J.F. Mackay, and D.R. Latham, "Asphaltenes, Where are

you? ,” Proc. AAPT, Vol. 49, 1980, p. 123.

J.P. Girdler and R. Saal, "Asphaltic Bitumen as Colloid Systems,” Journal

Phys. Chem., Vol. 44, 1940, p. 139,

J.C. Petersen, "Relationships Between Asphalt Chemical Composition and
Performance—-Related Properties,” Presented at the Annual Meeting of
the Asphalt Emulsion Manufacturers Assoc., Las Vegas, March 1982.

R.S. Winniford, "The Evidence for Association of Asphaltener in Dilute
Solutions,” Div. of Petrol. Chem., Chem. Soc. Preprint, Vol. L-3,
1962, p. 149.

J.J. Heithaus, Measurement and Significance of Asphaltene Peptization,
Div. of Petrol. Chem., Chem. Soc. Preprints, Vol. 5-4, 1960, p. 423.

D.A. Anderson and E.L. Dukatz, Jr., "Relation between Asphalt Flow

Properties and Asphalt Composition,” Procc. AAPT, Vol. 53, 1984, p.



29.

30.

31.

32.

33.

34.

35.

36.

37.

D.A.

WQJ'

B.M.

B.M.

46

Anderson, E.L. Dukatz, and J.L. Rosenberger, "Properties of Asphalt
Cement and Asphaltic Concrete,” Procc. AAPT, Vol. 52, 1983, p.
Peterson, "Chemical Composition of Asphalt as Related to Asphalt
Durability - State of the Art," Transportation Research Board, 63rd
Annual Meeting, 1984.

Halstead, "Relation of Asphalt Chemistry to Physical Propeties and
Specification,” To be published on Procc. AAPT, 1985.

Corbett, Relationship Between Composition and Physical Properties of
Asphalt, Procc. AAPT, Vol. 39, 1970, pp. 342-346.

Corbett and R.E. Merz, "Asphalt Binder Hardening in the Michigan
Test Road After 18 years of Service,"” TRB 554, pp. 27-34.

Rostler and R.M. White, "Influence of Chemical Composition of
Asphalts on Performance, Particularly Durability,” ASTM STP No. 277,
1959, pp. 63-88.

Kiggundu, B.J. Nusser, D.E. Newcomb, and D.M. Zallen, "Correlation
Between Physical and Chemical Properties in Recycled-Asphalt Binder
Studies,” Presented to the 2lst Paving and Transportation Confer-
ence, The University of New Mexico, January 9-11, 1984.

Pavlovich, B.J. Nusser—Humphrey, B.M. Kiggundu, D.M. Zallen, and
J.A. Murfee, "Asphalt Fractional Composition: Correlation Between

Roztler and Clay Gel Components,” Presented to Transportation
Research Board Annual Meeting, Committee A2D01, January 1985.
Kiggundu, Et al., "The Potential Role of Chemistry for Evaluating

Asphaltic Paving Materials,” Presented at the Twentieth Paving and

Transportation Conference, University of New Mexico, January 1983.



38.

39.

40.

41.

42‘

43.

44,

45.

P.W.

47

Jennings, "High Pressure Liquid Chromatography as a Method of
Measuring Asphalt Composition,” Montana Dept. of Highways, HRR-7930

and FWA, March 1980.

H. Plancher, A.J. Hoiberg, S.C. Suhaka, and J.C. Petersen, "A Settling

T.w'

J'Jl

GlL.

J.Le

Test to Evaluate the Relative Degree of Dispersion of Asphaltenes,”
Procc. AAPT, Vol. 48, 1979, pp. 351-374.

Kennedy and Chee-Chong Lin, "An Evaluation of the Asphaltene
Settling Test,"” Research Report 253-2, Center for Transportation
Research, The University of Texas at Austin, July 1981.

Heithaus, "Measurement and Significance of Asphaltene Peptization,”
Preprints Div. of Petroleum Chemistry, American Chemical Society,
Vol. 5, No. 4—-A, 1960, pp. A23-A38.

Oliensis, "The Oliensis Spot Test as a Quality Test,” Procc. AAPT,
Vol. 26, 1957, pp. 82-125.

Goodrich, J.E. Goodrich, and W.J. Kari, "Asphalt Composition

Tests: Their Application and Relation to Field Performance,” Pre-
sented at 65th Annual Meeting of the Transportation Research Board,
January 1986.

Wilson and R.G. Hicks, "Evaluation of Construction and Short-Term
Performance Problems for Asphalt Pavements in Oregon,” Procc. AAPT,

Vol. 48, 1979.

P. Puangchit, R.G. Hicks, J.E. Wilson, and C.A. Bell, "Impact of Varia-

tion in Material Properties on Asphalt Pavement Life,"” Final Report
on Development of Rational Pay Adjustment Factors, FHWA-OR-82-3,

FHWA, May 1982.



46.

47.

48.

49.

50.

51.

52.

53.

48

"Effect of Moisture and Aging on Asphalt Pavement Life,” Joint HPR Study

0.K.

Between OSHD and 0SU, in progress.

Hicks, J.E. Wilson, and G.E. Boyle, "Identification and Quantifica-
tion of the Extent of Asphalt Stripping in Flexible Pavements in
Oregon — Phase I," FHWA-OR-83-3, March 1983.

Davis, "AR Grading System Subcommittee to Investigate ASTM D1856-75,
Abson Recovery Test Method,” Progress Report, Eighteenth Pacific
Coast Conference on Asphalt Specifications, May 1983.

Kim and C.A. Bell, "Effect of Moisture and Aging on Asphalt Pavement
Life, Part 2: Effect of Aging,” Draft Report prepared for Oregon
Department of Transportation in cooperation with U.S. Department of

Transportation FHWA, January 1986.

Girdler, "Constitution of Asphaltenes and Related Studies,” Proc.

AAPT, Vol. 33, 1965, pp. 45-79.

S. Hala, M. Kuras and M. Popl, "Analysis of Complex Hydrocarbon Mix-

R.LI

F.A.

tures,"” Volumen XIII, Elsevier Scientific Publishing Company, 1981,
pp. 116-120.

Pecsok, L.D. Shield, T. Cairns and I.G. McWilliam, "Modern Methods
of Chemical Analysis,” Second Edition, John Wiley and Sons, 1976,
ppP. 56.

Cotton and G. Wilkinson, "Advance Inorganic Chemistry,” Fourth

Edition, John Wiley and Sons, 1979, pp. 329-330.



APPENDTIX A



TEST INSTRUCTION MANUAL
FOR
SEPARATION OF ASPHALT INTO FOQUR FRACTIONS
BY THE
CORBETT-SWARBRICK PROCEDURE
ASTM D4124-82, METHOD A

(1000 mm COLUMN)

Prepared by

G. Thenoux
and
C.A. Bell
Civil Engineering Department

Oregon State University
Corvallis, OR 97331

For

Oregon State Highway Division
Salem, OR 97310

September 1984



A.1. SCOPE

The following instructions were prepared in order to give a more detailed
description of the test procedure described in ASTM D4124-82.

The test procedure covers the separation of petroleum asphalt into four

fractions:
° Asphaltenes
° Saturates
® Naphthene-Aromatics Petrolenes
® Polar-Aromatics

as defined in ASTM D4124 and shown in Figure A.ll.

The procedure as described here has been slightly modified from the

standard.

A.2. SUMMARY OF THE METHOD

The sample containing the four defined fractions is first separated into
n-heptane-insoluble (asphaltenes) and in n-heptane-soluble (petrolenes) com-—
ponents. Petrolenes are then further fractionated into saturates, naphthene

aromatic, and polar aromatic in a glass chromatographic column.

A.3. EQUIPMENT, MATERIALS, AND CHEMICALS

The required equipment, materials, and chemicals are given in Appendix B,
which includes the cost and descriptions of the necessary equipment and
glasswear to set the test. Also, the amount of chemical required to perform

one test is given, together with cost per test.
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A.4. SAMPLING AND SAMPLE PREPARATION

Bulk samples taken in accordance with ASTM method D-140 shall be
representative and free of foreign substance. Samples for testing can be
transferred by chilling or by heating to a maximum of 110°C (200°F).

Another simple method involves using a warm spoon. The correct amount of

asphalt is placed on waxed paper and weighed. The sample can then be easily

transfered to the Erlenmeyer flask.

A.5. PROCEDURE

A.5.1 Separation of Asphaltenes and Petrolenes

A.5.1.1 Preparation

® Weigh 11 to 13 g of asphalt to the nearest .0l g.

® Prepare a 2-L Erlenmeyer flask filled with approximately 1100 mL
n-heptane. (n-heptane solvent should be in the ratio of 100 mL of
solvent to 1 g of asphalt). A wide-mouth Erlenmeyer flask is
preferred.

° Place asphalt sample into the 2-L Erlenmeyer flask.

A.5.1.2 Stirring

® Install an air—-powered stirrer assembly into the 2-L Erlenmeyer
flask, The stirring rod should rotate rotate inside a foil-covered
rubber stopper that is used to seal the Erlenmeyer flask to reduce
the evaporation of n-heptane.

) Place the flask in a water bath and maintain the solvent temperature
near its boiling point (use approximately 80 to 90°C). See Figures

A.1 and A.6 for complete assembly.
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] Stir the contents of the flask at a moderate rate until there is no
visual evidence of undispersed asphalt. Continue stirring for an
additional hour for straight reduced asphalts, but for air-blown or
chemically-modified asphalts the digestion time should be extended a
further 1.5 hours. 1In general, 4 to 5 hours of total stirring is
recommended.

° Remove the stirring assembly and rinse the stirring rod as it is
removed from the flask wih n-heptane (use a squeeze bottle). It is
recommended to remove the stirring rod just before going to the next
step (filtration) so a final stirring can be done to keep all the

asphaltenes in suspension.

A.5.1.3 Filtration
° The filtration process is done in two different phases.
First Phase:
® Take the 430 x 123 extraction thimble and place it in the
specially designed glass funnel (Figure 2). Place the glass
funnel with the extraction thimble in a 2-L suction flask as
shown in Figures A.2 and A.7. To increase the rate of
filtration in this first phase, 5 to 6 holes can be made with a
needle to the bottom of the extraction thimble.
® Wet the extraction thimble with n-heptane and apply suction to
the flask. Transfer all the contents of the Erlenmeyer flask
directly into the glass funnel fitted with the extraction
thimble using a Pyrex funnel of 100 mm diameter and with a 95
mn stem (see Figure 4). During filtration the level of the

solution should be kept as low as possible when passing through
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the extraction thimble (no higher than 40 mm). Using addi-
tional solvent (n-heptane), repeatedly wash the extraction

thimble until filtrate becomes colorless.

Second Phase:

Set up a 12.5 cm diameter Buchner funnel appropriately fitted
with a tared filter paper (Whatman #3, qualitative) in a new
2-L suction flask. Set up a 1-L separatory funnel suspended
about 25 mm above the center of the filter paper. See

Figures A.3 and A.8.

Transfer filtrate content directly into the separatory fun-
nel. Wet the filter paper in the Buchner funnel with n-—heptane
from a squeeze bottle and apply sufficient suction to the flask
to secure the filter paper firmly to the funnel surface before
beginning the filtration step. Add petrolene solution from the
separatory funnel at a closely controlled rate and in such a
manner that all the filtering takes place in the center of the
paper. The filter paper should be wetted periodically from the
squeeze bottle to ensure to tight seal with the funnel sur-
face. Continue washing the asphaltene cake until the filtrate
is colorless. Take care that no insolubles creep over the
edges of the filter paper.

Test the filtrate for insolubles by placing a drop of the
filtrate on a clean filter paper. Repeat the second filtration

if a ring appears.



A.5.1.4 Solvent Evaporation

Transfer both the extraction thimble and the filter paper to a 16 cm
evaporating dish and dry in an oven until a constant mass is
achieved (use temperature less than 80°C). Record the net mass of

asphaltenes recovered and stored, if desired.

A.5.1.5 Concentration of Petrolenes

Concentrate the petrolene solution to about 500 mL. If a rotovapor
is not available, heptane can be removed by using the setup shown in
Figures A.4 and A.9.

A heating mangle, a 1000 nL round-bottom flask, a condenser, and a
600 mlL Erlenmeyer flask used as a receiver are set up as shown in
Figure A.7. The sample is heated above its boiling point and at the
same time nitrogen bubbles are introduced directly to the petrolene
solution to break the surface tension and speed the concentration
process.

By applying vacuum at the same time, through the receiver, the
heating temperature can be reduced and the concentration process
speeded up. This is not recommended since there is a great risk of
sucking part of the sample through the condenser at the end of the
process. Nevertheless, it may be required to use vacuum when con-
centrating the satures due to the high boiling point of toluene,
which is the solvent required to elute one of the fractions from the

column.
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A.6

Separation of Petrolene Concentrate into Three Defined Fractions

A.5.2.1 Column Preparation

Set up the chromatographic column with appurtenances as shown in
Figures A.5 and A.10.

Place a concave filter pad, cut from the bottom of an extraction
thimble (330 x 94), in the bottom of the column. Next, the column
is partially filled with n-heptane. A loose plug of glass wool is
tamped down into the bottom of the column with a long glass or steel
rod until all trapped air is forced out as bubbles. Care should be
taken not to plug the bottom of the column totally by tamping the
glass wool too hard. A smaller layer of clean sand is formed on top
of the glass wool by pouring sand into the column. The column is
tapped to level the surface of the sand. Any sand adhering to the
side of the column should be washed down with solvent. The final

height of glass wool and sand should be 50 mm (approximately 25 mm

each).

A.5.2.2 Depositing the Adsorbent

]

The dry pack method is preferred.

In the dry pack method, the column is filled with solvent and
allowed to drain slowly. The dry adsorbent (calcined F-20 alumina)
is added, a little at a time, from a beaker, while the column is
tapped constantly and gently on the side with a pencil fitted with a
rubber stopper. When the height of the solvent has the desired
length (680 cm + 10 mm, ~ 450 g) no more adsorbent is added. The
solvent should be left draining, with continuous tapping of the

column, until it is 5 cm (approximately) over the top of the
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alumina. The top of the alumina should be perfectly level and the
column should be perfectly vertical.

Place a glass wool plug on top of the alumina bed, to protect it

from being disturbed.

A.5.2.3 Applying the Sample to the Column

The sample is added using a pipette. The bottom end of the pipette
should be touching the walls of the column and a little below the
surface of the solvent which is about 50 mm above the alumina bed.
Transfer of the petrolene concentrate to the column should be done
using the minimum amount of n-heptane.

When all the sample has been added, the 50 mm layer of liquid is
drained into the column until the top surface of the column just
begins to dry. A layer of 15 cm of n—-heptane is added using the
pipette, with care not to disturb the surface.

Slowly drain the column until the level of n-heptane goes to 5 cm

above the alumina bed.

A.5.2.4 Elution

Start addition of eluants with 200 mL of n~heptane (see Table A.l)
from the equal-pressure funnel at a drip rate of about 5 mL/min;
simultaneously collect the eluate at a rate of 5 + 1 mL/min in the
receiving funnel; and subsequently drain eluate into tared con-
tainers, in accordance with the schedule in Table A.l.

CAUTION: at no time should the liquid level in the column be

allowed to drop below the top of the alumina bed.
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® Start adding the new eluant when the last is 2 cm above the alumina

bed. Follow the separation schedule given in Table A.l.

A.5.2.5 Cut Point

° Cutting the first fraction (saturates from naphthene-aromatics)
requires close attention since a clear ring is not shown on the
column. The cutting point should be done by looking at the dis-
tilled saturates which should have a different color from the naph-
thene aromatics. The first one is white, while the second one is
yellow.

® The difference between the naphthene-—aromatic and the polar-aromatic
fractions is more obvious. A distinct black ring will show clearly
the cut point for the naphthene aromatics.

° The final fraction (polar-aromatics) is almost black. The residual
material in the column (end of the final fraction) is the remaining
solvent after the polar aromatics. This should be essentially

colorless.

A.5.2.6 Recovery of the Three Fractions

° Use the same concentration procedure described in A.5.1.5.
e Record the net mass of each fraction.
A.5.3 Calculations and Report
° Calculate the weight percent of each fraction as the mass percent of

the original sample.

°® Report percentages to the nearest 0.1%.
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Table A.l. Separation Schedule

Column Feed Volumes Fractions Received in Tared Containers
Eluant Solvent mL Eluant Fraction mLA
n—Heptane 200 Saturates (8) 300
Toluene 100
Toluene 300 Naphthene—Aromatics (N-A) 600

Methanol/Toluene 50/50 300
Trichloroethylene 600 Polar-Aromatics (P-A) 600 + hold-up

Column hold-up -

AApproximate eluant volumes since cut points may be adjusted (10.3.3) and
hold-up can vary.
Methanol/Toluene 50/50 300 Naphthene-aromatics (N-A) 600 + hold-up
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jt
3

1000 mm

680 * 10 mm

Note : Use 24/40
Standard Taper
Joints

Figure A.5 .

Equal-Pressure Funnel
500 mL

Column
31 mm ID x 1000 mm

Alumina F-20
Clean Sand
Glass Wool Borocalsite

Extraction Thimble, 33x94
(bottom part)

Equal Pressure Funnel
500 mL

Tube Destilling, Vacuum Take Off

Round Bottom Flask
1000 mL

Chromatographic Column
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Figure A.10 : Chromatographic Column
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APPENDIX B

Equipment, Materials, Chemicals, and Price List for
ASTM D4124-82
Standard Test Method for Separation of Asphalt into Four Fractions

November 1984
Oregon State University

prepared by

Guillermo Thenoux

B.l Introduction

A detailed list of equipment and materials required to perform
ASTM D4124-82 has been prepared. The list of materials given in Tables A.l
through A.4 considers all the basic instruments required to perform the
standard test according to the instruction procedure given in Appendix A.

The prices given are those corresponding to summer 1984.

3.2 Price List

Tables B.l through B.3 give the general price list for all equipment and
instruments required, divided as follows:

Table B.l: Glassware

Table B.2: Basic Instruments

Table B.3: General Instruments
Price Lists include instrument specifications, unit price, quantity required
(for one set ASTM D4124), total cost and place of purchase.

Table B.4 contains chemicals and other materials required to perform one

test. The price list contains the same as the above tables.
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3.3 Remarks

a) There are other materials that are required that are not listed that
depend in the way the instruments are going to be set up. These
are:
* stands
* clamps
* ring clamps
* rubber tubes for vacuum, pressure, water, and nitrogen

b) The following facilities should be available:
* fume cover
*  vacuum
* air pressure
* nitrogen source
* balance (minimum 500g with a precision of 0.01g)

* oven

B.4. Summary#*
a) Equipment
Glassware $591.50
Basic Instruments 300.60
General Instruments 55.18
$947.28
b) Chemicals and materials per test

§ 32.45

*Prices, August 1984.
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Table B.l. Glassware
Item Unit Purchased
No. Description Unit Qty Price Total From Remarks
1 Erlenmeyer Flask, Pyrex with Scale, i 1 6.0 6.0 0osu
2000 mL, Wide Mouth
2 Erlenmeyer Flask, Pyrex with Scale, i 4 3.0 12.0 osu
1000 mL
3 Flask Filter, Pyrex with Scale, f# 2 22,0 44,0 0su
2000 mL
4 Erlenmeyer Flask, Pyrex with Scale, # 5 1.5 7.5 [e1:}1]
500 mL
5 Beaker, Griffin with Scale, 1000 mL # 2 3.0 6.0 0osU
6 Beaker, Griffin with Scale, 600 mL # 4 1.5 6.0 0osu
7 Round Bottom Flask, 1000 mL # 4 15.0 30,0 0osu
8 Buchner Funnel, Porcelain, 125 mm, # 1 38.0 38.0 VWR
60245 Coors.
9 Funnel, Pyrex, 60° Angle, 100 mm # 3 3.0 9.0 0osu
diam., 95 mm Stem
10 Glass Funnel to accommodate 43 mm # 1 20.0 20.0 0osuU Manufactured at
I.D. x 123 mm Extraction Thimble, 0osU
45° Bottom Angle, 50 mum Stem
11 Tube Distilling, Vacuum Take Off, i 1 27.0 27.0 0sU
24/40
12 Tube Adapter 105° Angle, 24/40 # 1 7.0 7.0 osu
13 Tube connecting 75° Angle (Down- # 1 21.0 21.0 osu
ward) 3-way, 24/40
14 Evaporating dish, procelain, 160 mm # 1 16.0 16.0 VWR
diam.
15 Funnel, Separatory, 1000 mL, TFE # 1 55.0 55.0 0oSsU
Fluorocarbon Stopcock
16 Pipet, ~ 15 mm diam., ~ 300 mm length # 1 10.0 10.0 0suU
17 Pipet, ~ 3 mm diam., ~ 200 mm length # 1 0.5 0.5 0Su
18 Column Chromatography, Whit 2 # 1 250.0 250.0 0SU Manufactured at
Funnels Pressure Equalizing of 0SU according
500 mL to standard
spec.
19 Condenser West, 300 mm, 24/40 # 1 26.5 26.5 0Su
Total 591.5
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Table B.,2. Basic Instruments
Item Unit Purchased
No. Description Unit Qty Price Total From Remarks
1 Stirrer, Air Driven, (Arrow Type A) # 1 104.0 104.0 A.H, Thomas {#8583-J10
COQ
2 Heating Mantles with Controller # 1 130.0 130.0 VWR #33749-743
Electro Thermal to fit 1000 mL
Round Bottom Flask
3 Hot Plate, 750 watt, 120 volts i 1 66.6 66.6 VWR #33922-054
Total 300.6
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Table B.3 Materials and General Instruments
Item Unit Purchased
No. Description Unit Qty Price Total From Remarks
1 Cork Ring, 110x60 mm { 4 1.82 7.28 0SU
2 Poly Joint Clamp #24 {# 4 0.20 0.80 (e1:11)
3 Rubber Stopper #10 it 4 0.90 3.60 0oSsu
4 Rubber Stopper #9 i 4 0.72 2.88 0osU
5 Rubber Stopper #7 ft 6 0.37 2,22 0suU
) Filter Adapters (Set of 6) i 1 15.0 15.0 VWR
7 Polyethylene Wash Bottle, 500 mL i 2 2.0 4,0 0SU
8 Sauce Pan for Water Bath it 1 4.0 4.0 Fred
(Should contain a 2000 mL Erlen- Meyer
meyer Flask)
9 Tongs (Straight Forceps) 5 in. # 1 5.0 5.0 0su
10 Steel Rod, Approximately 10 mm i 1 2.0 2.0 0oSsu
diam. x 1.5 m length
11 Mercury Thermometer, up to +150°C { 2 4,2 8.4 0su
Total 55.18




Table B.4. Chemicals and Other Materlals to be Used Per Test
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Item Unit Purchased
No. Description Unit Qty Price Total From Remarks
1 N-Heptane, 99 Min.Mol%, Pure Grade gal ~ 1 22.0 22,0 0Ssu Normally not in
stock
2 Methanol, Anhydrous Reagent Grade pint .3 3.0 .9 0osu
3 Toluene, Reagent Grade gal .15 12.0 1.8 0osuU
4 Trichloroethylene, BP 86.5 to 87.5°C gal .16 26.0 4.0 0SuU
5 Alumina, F-20, Chromatographic Grade k ) 20.0 10.0 Sigma
calcined at 77.5°F/16 hrs Chemical
Co.
6 Extraction Thimble, 33x94 (Whatman) # 1 1.2 1.2 0su
7 Extraction Thimble, 43x123 (Whatman) # 1 1.8 1.8 0SU
8 Glass Wool Borocalsite 1b .01 26.0 o2 0osuU
9 Filter Paper, Qualitative Grade, Pack - 6.45 .1 osu
125 mm #3 Whatman (Pack of 100)
10 Sand, very clean - - - - - -
11 Wax Paper - - - - - Small quantity
per test
12 Aluminum Foil = - - = - Small quantity
per test
Total 32,45
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*Method "B", currently being revised by ASTM Committee DO4.47.



C.1. SCOPE

The following instructions were prepared in order to give a more detailed
description of the proposed Corbett-Swarbrick test method ('short procedure')
for separation of asphalt into four fractions. This method (Method B) is
based on the standard test procedure described in ASTM D4124-82 (Method A),
and is currently being revised by the ASTM Committee DO4.47.

The test procedure described here introduces some modifications and
recommendations to the present proposed Method B (ASTM D4124-82 short pro-

cedure) in view of the experience gained by the authors.

C.2. SUMMARY OF THE METHOD

The test procedure covers the separation of petroleum asphalt into four

fractions:
° Asphaltenes
° Saturates
® Naphthene—-Aromatics Petrolenes
° Polar—-Aromatics

as defined in ASTM D4124 and reproduced here in paragraph C.3.

The sample containing the four defined fractions is first separated into
n-heptane-insoluble (asphaltenes) and in n-heptane-soluble (petrolenes) com—
ponents. Petrolenes are then further fractionated into saturates, naphthene

aromatics, and polar aromatics in a glass chromatographic column.



Note

C.2

C.3. DESCRIPTION OF TERMS AS IN ASTM D4124-82

Asphaltenes or n-heptane insolubles - matter that can be separated
from asphalt following digesting of the asphalt in n-heptane under
the specified conditions in this method.

Petrolenes - the n-heptane-soluble matter recovered following sepa-
ration of the asphaltenes from the digested mixture under the speci-
fied conditions in this method.

Saturates - material that, on percolation in an n-heptane eluant, is
not absorbed on calcined F-20 alumina absorbent under the conditions
specified.

Naphthene aromatics - material that is adsorbed on calcined F-20
alumina in the presence of n-heptane, and desorbed by toluene, after
removal of the saturates under the conditions specified.

Polar aromatics — material desorbed from calcined F-20 alumina
absorbent, after the saturates and naphthene aromatics have been
removed, using methanol, toluene, and trichloroethylene eluants

under the conditions specified.

C.4. REAGENTS AND ADSORBENT

Alumina, F-20 chromatographic grade, calcined at 413°C (775°F) for
16 hours and stored in an evacuated desiccator or airtight bottle.
1: Although the standards suggest that alumina under the above
specifications could be obtained from some manufacturers, it is
necessary and recommended to retreat the alumina in a mussel furnace

according to the required ASTM specifications.
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° n-Heptane, 99 minimum mol % (pure grade).

Note 2: n-Heptane should be totally free of moisture. Pretreatment of
n-heptane with 5A molecular sieves or by refluxing over calcium
hydride may be necessary to remove residual moisture in the solvent.

) Methanol, anhydrous, reagent grade.

° Toluene, reagent grade.

° Trichloroethylene, boiling point 86.5 to 87.5°C.

C.5 EQUIPMENT, MATERIALS, AND CHEMICALS

The required equipment, materials, and chemicals are given in Appendix D,
which includes a description of the necessary equipment and glasswear to set
the test. Also, the amounts of chemicals required to perform one test is

given, together with cost per test.

C.6. SAMPLING AND SAMPLE PREPARATION

Bulk samples taken in accordance with ASTM method D-140 shall be repre-
sentative and free of foreign substance. Samples for testing can be trans-
ferred by chilling or by heating to a maximum of 110°C (200°F).

Another simple method involves the use of waxed paper. Warm asphalt
samples at 70 to 80°C (160 to 180°F) and transfer the approximate amount to a
(2x2 in.) waxed paper. Let the sample cool down to room temperature in a
desiccator. If sample is not going to be used immediately after cooling, it
is recommended that it be covered with another piece of waxed paper.

The reason for recommending the use of a waxed paper is because the
sample can be easily cut to the desired weight, after cooling, and can be
easily transferred to the Erlenmeyer flask for precipitation, without further

treatment.
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C.7. PROCEDURE

C.7.1 Separation of Asphaltenes and Petrolenes

C.7.1.1 Preparation

° Weigh to the nearest 0.00l1 g and place into a 600 mL Erlenmeyer
flask (wide mouth) the required quantity of asphalt so that it
vields about 2 g of petrolenes as indicated by the following

equation:

200
100 - % asphaltenes

Sample weight, g =

° For paving asphalt, this would be 2.3 to 2.5 g of asphalt. For
airblown asphalt, for recovered asphalt (road aged), or artifi-
tially aged asphalt, the amount of asphalt required could go
from 2.3 g up to 2.9 or 3.0 g.

® Place in flask asphalt sample. (Prefer to place sample to the
side of flask so that this does not interfere with the rotating
movement of the stirring rod - see Figure C.l.). Add n-heptane
solvent in the ratio of 100 mL solvent per 1 g of sample.

) The standard procedure recommends that the Erlenmeyer flask
should be warmed gently to disperse the asphalt sample over the
bottom and lower sides of the flask before adding the
n—heptane. This step is not recommended by the author. By
warming the flask before and during the stirring process, it
has been observed that the amount of asphaltenes sticking to
the glass will considerably increase. The asphaltenes sticking

to the glass are not removable with h-heptane.



Note

C.7.ll2.

C.7.1.3.

Note

C.5

3: All weighings are to be done with the materials at room
temperature.

Stirring

Install an air powered stirrer assembly into the 2-L Erlenmeyer
flask. See Figure C.l.

The standard procedure uses a steam bath to maintain solvent

temperature near its boiling point (~ 98°C or 208°F). For the
same reasons quoted above (C.7.1.1), the authors recommend
working at room temperature. No differences have been noticed
in the total amount of precipitated asphaltenes when using a
steambath or not.

Stir the contents of the flask for 45 minutes at a moderate
rate,

Remove the stirring assembly and rinse the stirring rod as it
is removed from the flask with n-heptane (use a squeeze
bottle). Removing the stirring rod is recommended just before
going to the next step (filtration) so a final stirring can be

done to keep all the asphaltenes in suspension.

Filtration

4: The filtration procedure described here does not correspond
to the one given in the proposed standard (Method B). The
results of the method described here are cheaper and more
rapidly performed. Also, it has been observed that it yields

the same proportion of asphaltenes.
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e The proposed procedure considers the use of at least two fil-

tration phases. The first phase is intended to collect the
bulk of the precipitated asphaltenes immediately after the
stirring process so that chances for asphaltenes to stick to
the glass are reduced. At the same time, there is no need for
waiting 24 hours for the settlement of the asphaltenes. The
second phase follows exactly the filtration procedure described

in the original standard ASTM 4124-82.

First Phase

Note

Set up an 83 mm Buchner funnel with an "open glass cylinder"” of the
same internal diameter of funnel and a 125 mm filter paper (Whatman
#1, qualitative), see Figure C.2.a.

5: Weigh open glass cylinder with filter paper before setting up
the above filter system.

Place funnel with appurtenances in a 1-L suction flask as shown in
Figure C.2.b. Wet filter paper and apply suction to the flask.
Immediately after the stirring process, the petrolene solution is
transferred to a 600 mL beaker. (If the materials are not trans-
ferred immediately after stirring, stir the sample again before
transferring to the beaker).

With the asphaltene in suspension, transfer all the petrolene solu-—
tion from the 600 mL beaker to the filtration flask at a moderate
rate. With one hand, press down the "open glass cylinder™ to the
funnel so that petrolenes are sucked faster. Using additional
solvent (n-heptane), repeatedly wash the filter paper until filtrate

becomes colorless.
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Note 6: The advantage of using this procedure is that the bulk of the

asphaltenes can be collected immediately after stirring, in a rela-
tively short time without clogging the filtering setup.

The time required for an asphalt with approximately 127% asphal-
tenes is usually 10 to 15 minutes.
Remove "open glass cylinder" together with the filter paper and

transfer to a Petri dish (100 mm diam.).

Second Phase

Set up a 12.5 cm diameter Buchner funnel appropriately fitted with a
tared filter paper (Whatman #3, qualitative) in a new 1-L suction
flask. Set up a 1-L separatory funnel suspended about 25 mm above
the center of the filter paper. See Figure C.3.

Transfer filtrate content directly into the separatory funnel. Wet
the filter paper in the Buchner funnel with n-heptane from a squeeze
bottle and apply sufficient suction to the flask to secure the
filter paper firmly to the funnel surface before beginning the
filtration step. Add petrolene solution from the separatory funnel
at a closely controlled rate and in such a manner that all the
filtering takes place in the center of the paper. The filter paper
should be wetted periodically from the squeeze bottle to ensure to
tight seal with the funnel surface. Continue washing the asphaltene
cake until the filtrate is colorless. Take care that no insolubles
creep over the edges of the filter paper.

Test the filtrate for insolubles by placing a drop of the filtrate
on a clean filter paper. Repeat the second filtration if a ring
appears.

Transfer filter paper to a 16 cm evaporating dish.



C.7.1.4

C.8

Solvent Evaporation

Note

Note

C.7.1.5

Dry both filter papers at 60°C (50°F) for a time no longer than
30 minutes (see Note 8). Allow the materials to cool to room
temperature before weighing.

Record net mass of asphaltenes.

7: For the first filtration phase, do not separate filter
paper from the open glass cylinder. These should be weighed
together, before and after filtration for recording the net
mass of asphaltenes.

8: It has been observed that asphaltenes have very unstable
weight if heated at higher temperatures or longer periods of

time.

Concentration of Petrolenes

Concentrate the petrolene solution to about 100 to 50 mL. If a
rotovapor is not available, heptane can be removed by using the
setup shown in Figures C.4.

A heating mantle, a 1000 mL round-bottom flask, a condenser,
and a 600 mL Erlenmeyer flask used as a receiver are set up as
shown in Figure C.4. The sample is heated above its boiling
point and at the same time nitrogen bubbles are introduced
directly to the petrolene solution to break the surface tension
and speed the concentration process.

Transfer concentrate solution to a 400 mL graduated beaker.

The petrolene solution should be further concentrated by plac-
ing the beaker in a heating plate at temperature not greater

than 80°C (75°F).
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Remove beaker from heating plate when the petrolene solution

has concentrated to 25 mL, as shown by the graduating marks in
the beaker. Sufficient fluidity should remain in the petrolene
concentrate to permit easy transfer of concentrate to chromato-

graphic column.

C.7.2 Separation of Petrolene Concentrate into Three Defined Fractions

C.7.2.1

Column Preparation

Set up the chromatographic column with appurtenances as shown
in Figures C.5.

Place a concave filter pad, cut from the bottom of an extrac-
tion thimble (26 x 60 mm), in the bottom of the column. Next,
the column is partiaily filled with n-heptane. A loose plug of
glass wool is tamped down into the bottom of the column with a
long glass or steel rod until all trapped air is forced out as
bubbles. Care should be taken not to plug the bottom of the
column totally by tamping the glass wool too hard. A smaller
layer of clean sand is formed on top of the glass wool by
pouring sand into the column. The column is tapped to level
the surface of the sand. Any sand adhering to the side of the
column should be washed down with solvent. The final height of
glass wool and sand should be 40 mm (approximately 25 mm glass

wool, 15 mm sand).
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Note 9: The sand plug should have the following characteristics to
act as a filter:
l. 100% retained on #200 sieve.
2. 10-20% retained on #50 sieve.

3. 100% passing #8 sieve.

C.7.2.2 Depositing the Adsorbent

° The dry pack method is preferred. See Reference Cl.

° In the dry pack method, the column is filled with solvent and
allowed to drain slowly. The dry adsorbent (calcined F-20
alumina) is added, a little at a time, from a beaker, while the
column is tapped constantly and gently on the side with a
pencil fitted with a rubber stopper. When the height of the
alumina has the desired length (400 + 10 mm, ~ 180 g) no more
adsorbent is added. The solvent should be left draining, with
continuous tapping of the column, until it is 5 mm (approxi-
mately) over the top of the alumina. The top of the alumina
should be perfectly level and the column should be perfectly
vertical.

[ ] Add 10 mm of sand on top of the alumina bed, to protect it from

being disturbed.

Reference Cl: Pavia D.L., Lampman, G.M., Kris, G.S., Introduction to Organic
Laboratory Techniques, Saunders College Publishing, 1982.
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C.7.2.3 Applying the Sample to the Column

Place a glass funnel on top of chromatographic column and let
the funnel stem touch the side wall of the column. Gently
transfer with the beaker, the petrolene concentrate to the
column so that the solution drains down the side of the column
wall. Use the minimum amount of solvent (n-heptane) to clean
beaker and funnel.

When all the sample has been added, the layer of solution is
drained into the column until the top surface of the column
just begins to dry. A layer of 10 mm of n-heptane is added
using the pipette, with care not to disturb the surface.
Slowly drain the column until the level of n-heptane goes to 5

mm above the sand bed.

Ce7¢2.4 Elution

Start addition of eluants with 65 mL of n-heptane (see

Table C.1) from the equal-pressure funnel at a drip rate of
about 5 mL/min; simultaneously collect the eluate at a rate of
5 + 1 mL/min in the receiving funnel; and subsequently drain
eluate into tared containers, in accordance with the schedule
in Table C.l1.

CAUTION: at no time should the liquid level in the column be
allowed to drop below the top of the alumina bed.

Start adding the new eluant when the last is 2 cm above the
alumina bed. Follow the separation schedule given in

Table C.1.
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C.7.2.5 Cut Point

Note

Note

Cutting the first fraction (saturates from naphthene-aromatics)
requires close attention since a clear ring is not shown on the
column. The cutting point should be done by looking at the
glass wool color which will turn from white (saturates) to
yellow (napthene-aromatics).

The difference between naphthene-aromatic and the polar-
aromatic fractions is more obvious. A distinct black ring will
show clearly the cut point for the naphthene-aromatics.

After collecting the second fraction (napthene-aromatics), load
column with the last solvent, open widely valves "A" and "B",
and close valve "C" (Figure C.5). Apply continuous vacuum to
the column until trichloroethylene reaches the top of alumina
bed. Stop vacuum, drain equalizer pressure funnel "F" and fill
equalizer pressure funnel "E" with 250 mL n-heptane.

Applied continuous vacuum for the second time until solvent
reaches the top of alumina bed. Check if the solvent draining
to funnel B is coming out colorless; if not, 100 mL of
n—-heptane should be passed through the column again by repeat-
ing the above procedure.

10: Do not let alumina dry off since it is easier to clean the
column when alumina is in a slurry state.

11: The n-heptane used to clean any remaining polar aromatics
("hold-up”) in the column, could be that recovered during the

concentration of the petrolenes.



C.7.2.5 Recovery of the Three Fractions

) If a rotovapor is not available, the fractions could be
centrated using the setup shown in Figure C.4.

[ ] If using setup shown in Figure C.4., it is recommended
concentrate fractions to approximately 100 mL and then
to a tared 250 mL beaker.

° Continue concentration of solutions by placing beakers
plate at 80°C until all the solvent has evaporated.

Note 12: By using the above procedure, when a rotovapor is
available, it is possible to eliminate all the solvent

reaching very high temperatures in the heating mantles.

con-

to

transfer

in a hot

not

without

At the

same time, the cleaning of the round bottom flask is much

easier.

) Record the net mass of each fraction. Materials should be at

room temperature.

C.7.3 Calculations and Report

Calculate the weight percent of each fraction as the mass percent of

the original sample.

Report percentages to the nearest 0.1%.

C.7+4 Cleaning Column

Do not drain column solvent. Solvent should cover top of alumina at

all times.

Place column horizontally and remove stop-cock. Apply moderate air

pressure from the bottom of column. Press the opening left

stop—cock with fingers.

by the
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® The alumina should come out with a slurry consistency.
® Collect the alumina in a tray and discard. It is not economical to
clean and reactivate.

Note 13: The bottom of the extraction thimble could be used several

times.



C.15

Table C.l. Column Feed Volumes
Eluant Solvent mL Fraction Received Approximate mL

n~Heptane 65 Saturates 100
Toluene 35

Toluene 100 Naphthene—-Aromatics 200
Methanol/Toluene 100

(50/50)
Trichloroethylene 200 Polar-Aromatics 200 +

Cleaning Solvent

*For cleaning solvent, n—-Heptane could be used if vacuum is applied.
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Equal-Pressure Funnel, 250 mL

B3
Column, 25mm ID x 500 mm
i BT Sand
g 5%P Alumina F-20
E|l g r‘
S =
) =
+
o - Sand, see spec.
3 2 PRSI *Glass Wool Borocalcite
s 0 - ‘Extraction Thimble, 26 x 60 mm
T T (bottom part)

e e Equal-Pressure Funnel, 250 mL

Note : Use 24/40
Standard Taper

Joints — Tube Destilling, Vacuum Take Off

Round Bottom Flask, 1-L

PP .

FIGURE C.5. : CHROMATOGRAPHIC COLUMN
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APPENDIX D
PRICE LISTING FOR EQUIPMENT, MATERTALS, AND CHEMICALS
REQUIRED TO PERFORM ASTM D4124
(METHOD B, SHORT PROCEDURE)

500 mm COLUMN

D.1 INTRODUCTION

The list of equipment and materials required to perform ASTM D4124 Method
B have been listed in Table D.l throug D.3. The test procedure is described

in Appendix C, and does not correpsond to the exact version given in the

proposed standard procedure.

D.2 PRICE LISTING

Tables D.1 through D.3 give the list of materials in the following order:
Table D.l: Glassware
Table D.2: Basic Instruments

Table D.3: Chemicals per Test.

D.3 REMARKS
There are other materials that are required that are not listed that

depend in the way the instruments are going to be set up. These are:

* stands

* clamps

* ring clamps

* rubber tubes for vacuum, pressure, water and nitrogen
* cork rings (6)

* rubber stoppers



*

*

The following facilities should be available in the laboratory:

*

*

polyethylene wash bottles (2)
steel road or wood rod 800 mm length
tongs

desiccator

fume cover

vacuum

air pressure

nitrogen source

balance (min 500 g + 0.0l g)
oven

furnaces (415°C).

D.2
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Table D.l1. Glassware
Item Unit Purchased
No. Description Unit Qty Price Total From Remarks
© Stirring:
1 Erlenmeyer Flask, Pyrex with Scale, # 1 8.0 8.0 0SU Wide mouth
600 mL, Wide Mouth custom made to
stirrer size.
2 Beaker, Griffin with Scale, 600 mL # 1 2.0 2.0 0SU
e Filtering:
3 Flask Filter, Pyrex with Scale, # 1 24.0 24.0 0osu
1000 mL
4 Flask Filter, Pyrex, 500 mL # 1 12.0 12.0 0sU
5 Funnel, Separatory, 1000 mL, TFE # 1 60.0 60.0 0SsU
Stopcock with Vernier Adjustment
6 Buchner Funnel, Porcelain, 125 mm # 1 38.0 38.0 VWR
60245 Coors
7 Buchner Funnel, Porcelain, 100 mm # 1 21.0 21.0 VWR
60243 Coors
8 Glass Cylinder, 60 mm height, I.D. # 1 5.0 5.0 0su Custom made.
to fit Buchner Funnel 100 mm
9 Funnel, Short Stem, Pyrex, 60° # 1 10.0 10.0 0su
125 mm
10 Evaporating Dish, Porcelain, 160 mm it 2 16.0 32.0 0osu
diam.
° Column Chromatography:
11 Column, 500 mm height, ID 25 mm, # 1 85.0 85.0 0su Custom made
24/40 joints
12 Funnel, Separatory, 250 mL, TFE i 2 50.0 100.0 0suU
Fluorocarbon Stopcock
13 Tube distilling, Vacuum Take Off # 1 28.0 28.0 0SuU
24/40
14 Poly Joint Clamp #24 # 2 3.0 6.0 0SU
15 Round Bottom Flask, 1000 mL , 24/40 # 3 16.0 48.0 0Su
Standard Jolnt
[ Fraction Concentration:
Note: If Rotovapor is not available the following glassware is needed.
16 Round Bottom Flask, 1000 mL, 24/40 # 2 16.0 32.0 0Su
Standard Joint
17 Condenser West, 300 mm, 24/40 # 1 30.0 30.0 osu
18 Tube, Connecting, 3 way, 75°, 24/40 # 1 29.0 29.0 VWR
19 Tube, Connecting, Distilling Vacuum # 1 50.0 50.0 VWR
105°, 24/40
20 Thermometer, min 150°C # 1 9.0 9.0 VWR
21 Poly Joint Clamp #24 # 4 3.0 12.0 VWR
Total 641.0
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Table D.2, Basic Instruments
Item Unit Purchased
No . Description Unit Qty Price Total From Remarks
1 Stirrer, Alr Driven, (Arrow Type A) # 1 104.0 104.0 A.H. Thomas #8583-J10
Co.
2 Heating Mantles with Controller # 1 130.0 130.0 VWR #33749-743
Electro Thermal to fit 1000 mL
Round Bottom Flask
3 Hot Plate, 750 watt, 120 volts # 1 66.6 66.6 VWR #33922-054
4 Rotovapor # 1 2000.0 2000.0 VWR Complete with

five, 1 liter
flasks.




Table D.3. Chemicals and Other Materlals to be Used Per Test

D.5

Ttem Unit Purchased
No. Description Unit Qty Price Total From Remarks

1 N-Heptane, 99 Min.Mol%, Pure Grade 1 ~ 0.80 7.0 5.60 0su

2 Methanol, Anhydrous Reagent Grade 1 0.05 15.0 0.75 VWR

3 Toluene, Reagent Grade 1 0.20 8.0 1.60 VWR

4 Trichloroethylene, BP 86.5 to 87.5°C 1 0.20 7.50 1.50 VWR

5 Alumina, F-20, Chromatographic Grade k 0.18 20.0 3.60 VWR

6 Extraction Thimble, 33x94 (Whatman) # 1 1.2 1.2 VWR

i Filter Papers #3 and #1 # 2 - 0.20 VWR

8 Glass Wool Borocalsite - - - 0.10 =

Total 14.55
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TEST METHODS AND BIBLIOGRAPHY OF LITERATURE DESCRIBING

STUDIES OF ASPHALT COMPOSITION OR ASPHALT CHEMISTRY

As in reference (43) by J.L. Goodrich, 1986.
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E.1

TESTS USED TO ANALYZE THE COMPOSITION OF ASPHALT:

I, SOLVENT PRECIPITATION
a. Solvent precipitation
1. Traxier & Schweyer [108b]

11, CHEMICAL PRECIPITATION
8. Solvent precipitation +
chemical precipitation

1. Rostler & Sternberg [108s,42]

{AST™ D2006)

IITI. LIQUID CHROMATOGRAPHY —sadsorption [77]
a. Solvent precipitetion +
edsorption chromatogrephy
1. Corbett [102,94)
{column pecking: alumina)

2. ASTM D4124
(cotumn packing: elumina)

3. ASTM D2007 "Cley—Gel"
(ASTM D2007)
(cotumn packing: sttapulgus
clay, silica gel)

b, HPLC [high pressure LC)
1. Hattingh [32]
(cotlumn pecking: silica gel}

Iv, LIQUID CHROMATOGRAPHY — ijon exchange [77)

8, Anion—exchange chrometography
1. Boduszynski [70,82,84]
2. McKey [73]

b. Cationic—exchenge chrometography
1. Boduszynski [70,B2,84]

frection

nemes
n-butsnol ssphaltics
cycltics
paraffinice

fraction
nemes
asphaltenes [n—pentane insolubles)
n—pentane solubles
nitrogen beses
1st scidifins
2nd ecidifins
paraffine

fraction
names
asphaltenes (n—hexane insolubles)
n-hexane petrolenes
polar aromatics
nsphthene srometics
seturstes

ssphaltenes (n-heptsne insolubles)
n—heptane petrolenes

polar. aromatics

naphthene eromstics

saturates

asphaltenes [n—pentane insolubles)
polar compounds

sromatics

saturates

Hettingh separeted esphelt into ten solvent—
defined fractions,

separated the scidic components [contaeining
cerboxylic ecids, phenols, pyrroles, 2-quin-
olones) into four solvent-defined fractions,

separated the basic components [conteining



.

2. McKay [73)

V. LIQUID CHROMATOGRAPHY — coordination
a, Ferric chloride coordination
chromatography

1. Baduszynski [70,82,84)
2. McKay [73]

vi. THIN-LAYER CHROMATOGRAPHY [TLC)
a. Thin—layer chromatography [TLC}
1. Mesek [105a]
2. Altgelt [77]

3. Poirier [106e]
4, Ray [106b]

VviI, GAS-LIQUID CHROMATOGRAPHY [GLC)
a. Gas chromatography [GC)
1. Atlgelt [77]
2. Puzinauskss [?}
3. Botvin'eva [55]
4, Asphalt Institute [66a]

E.2

pyridines, amides and pyrroles] into four
solvent—defined frections,

saparated the neutrel Lewis bases from scid
and base—free asphslt [sse ion—exchange LC}.
IR snalysis showed that amides and pyrroles
were the dominant polar groupe in this fraction,

TLC has been usad to detect the presence of
benzo-[a]pyrene is distillate residues. High
resolution HPLC has substantially replaced the
two—dimensional TLC techniques.

Poirer and Ray repart using TLC “chromarods™,
quartz rods with 8 sintered leyer containing
silica gel or alumine as the adsorption medium,
The "chromarods" ars scanned by the flame of a
flame ionization detector, The method has

been compared to a D2007 seperation [106b],

Very useful for asnalysing low—to—medium boiling
range hydrocarbons, GC wss used to anslyze the
hydrocarbon emissions from ssphalt hot mixes,
GC can be used ta fdentify the "light ends"
from a vacuum distillation of ssphalt, GC
coupled rwith mess spectroscopy is a8 powerful
analytical tool for identifying compounds at
vary low concentrstions.

b. Inverse gas-liquid chromatography {(IGLC)

1. Robertson [92]
2, Davie & Pstersen [9]
3. Darrence & Petersen [10]

VIII, SIZE EXCLUSION CHROMATOGRAPHY (SEC) (77]
a. 6Gal permeation chromatography (GPC)

1. Altgelt (80,79,78)
2. Long [72]

3. Dickie & Yen [71a]
4, Marvillat [51]

5. Winniford (75]

b. High pressures GPC {HP-GPC]
1. Bynum (85)
2. Jennings [87-31]

Used asphalt as the stationary phase (coatad

on Teflon media) and various solvente as the
nobilo'phaee). IGLC tests on Zace—Wigmare
asphalts correlated well with roed performance,

ssparates compound based on ﬁblacutar aggregate
size—largest size is eluted from the Styragel
column first, Time defined fractions are col-
lectad, Used to estimate molecular mess based
on tha retention time of polystyrene standards,

HP-GPC chromatograms result in an spparent
molecular sggregets size profile of the sampte,



3. Hattinph [32]
4, Plummer [97)
5. Boduszynski [B4,69]

IX, VAPOR PRESSURE DOSMOMETRY (VPD]
s, VWO [i.e., ASTM D3592)
1. Boduszynski [68]
2. Ferris [57]
3, Speight [66,74)
4, Long [72]
5. Marvillet [51]

X, MASS SPECTROMETRY {MS] [101a]
8, low resolution MS
1. Clerc [55e]
b. high resolution MS
1. Dickie & Yen [718]
2. Gallegos [58)
3. Asphsalt Institute [E6a])
c. field fonization MS (FIMS]
1. Boduszynski [69,70,81]

XI, ELECTROPHOTOMETRIC SPECTROSCOPY

a, Infrared spectroscopy and
differentisl IR spectroscopy
1. Dorrence [10])
2. Petersen [64,63,106)
3. Barbour [8]
4, Martin [28]
5. Boduszynski [70]
6. Plancher [39]
7. Speight [74)
8. Asphalt Institute [G6a)

b, Ultraviolet espectroscopy
1. Botvin'eva [55]
2. Corbett {102)
* 3. Asphalt Institute [B6a)

Winniford ceutions ebout ssphaltene essocistions
{eggregations) indilute solvent solutions.
Molecular masses within an esphalt 8s measured
by GPC is 300 to 100,000 deltons. Jennings
believes that rosd crecking is related to the
"LMS" frection determined from the GPC chrome-—
togram, Plummer finds thet the crecking is not
relsted to s terge/smell imbslence; rether,
cracking is related to the meen molecular size,
Both Jennings and Plummer find thet the cracked
roads have hsrder ssphslts [penetraetion/ductility).

Used to estimete moleculer weight by messuring
the heat of absorption of solvent vapor into
a solution of the esphalt in the same solvent,
Ave, moleculer mass of D4124 ssphalt fractions
by VWPO: saturstes = 1000, asphaltenes = 4000,

Mass spectrometry is used to determine the

mass of individuel molecules. In & mess spect—
rometer asphalt {s bombesrded with electrons and
forms molecular ions which ere sccelereted and
defiected in & megnetic field, The detection of
the fon will give rise to a peek in the spectrum
st the mess of the molecular weight, The FIMS
ellows resolution of high moleculer masses,
(ave. wmolecular mase of D4124 esphalt fractions:
saturetes = 1000, espheltenes = 900)

Petersen, et,.sl, have developed methods for
quentitetiviy measuring the types of poler com
pounds in ssphalt which absorb in the carbonyl
region (1850 to 1640 cm1), Messurement of ke-
tones, 2-quinolone, carboxylic acids and di-
carboxylic snhydrides sllowed estimetion of the
mechenism of asphelt oxidation end viscosity
incresse. Sulfoxides were messured at 1030 cm—1.
Speight ueed IR to indicate hydrogen bonding

in sephalt solutions,

Botvin'eve studied setursted hydrocarbons

[(n-, 1so~ Bnd cyclo peraffins). Adsorption &t
270,286, and 258 mmicrons wes ussd to detect
1,2 and 3 ring erometics in the saturete snd
naphthene srometic fractions [102].
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NUCLEAR MAGNETIC RESONANCE (NMR) SPECTROSCOPY

a, NMR Spectroscopy [1H & 13C)}
1. Couper [102e]
2. Plummer [97]
3. Corbett [102,34]
4. Paukku [62]
§. Farris [57]
6. Altgelt [78,79,54)

ELECTRON SPIN RESONANCE [ESR} SPECTROSCOPY
a. ESR Spectroscopy
1. Ferris [57]
2. Yen [67]
3, Carbett [102]

SPECTROCHEMICAL ANALYSIS
8. X-ray fluorescence spactroscopy
b, Neutron activation analysis
¢, X-ray diffraction
1. Ferris [57]
2. Yen [67]

ELEMENTAL ANALYSIS
a, Elementel analysis
1. Marvillet [51]

DISTILLATION FRACTIONATION
a, Thin-film, high vacuum
distillation

b, Thermogravimetric snalysis

WAX CONTENT

a8, Methylsne chloride
1, Evans [48]

Both proton and csrbon—13 NMR have been used

to estimate seturate/aromatic carbon ratios.
Boduszynski cautions against proton NMR when
analysing asphalt fractions [70a].

Paukku reports determining the relative distrib-
utions of methyl, methylene and methyne groups,
saturated groups in alpha position with respect
to the aromaetic ring and aromatic structures by
integration of the PNMR bands in the regions

of 0.5-1, 1-2,2-5, and 6-8.5 ppm, respactively,

Messures ths sbundanca of fres radical sitses,
Farris found a correlation between nitrogen
content and ESR peaks.

determinetion of heavy metal content,
provides elemental analysis,

Used to estimates the structure of asphaltenss.

A veriety of techniques are used to determins

the elemental anslysis of asphalt, Elesments most
often messured include hydrogen, carbon, nitrogen,
Bulfur and oxygen, The enalysis ususlly involvas
pyrolysie [combustion or reduction}, purificstion
of the resultant gasses, and detection by IR,
coulomatric titration, chemiluminsscense, etc,

permits obtaining semples of narrow distillation
cuts for further analysis.

obtains a distitlation profile on a milligram
scale sample...effluent can be in-line detectad/
snalysed,

Wax hes the opposite affect of ssphaltanes
on asphalt rheology...wax decreeses the PVN
[77,140) msking asphalt mcra temparaturs

susceptible,
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XVIII, PHOTOCHEMICAL REACTIONS OF ASPHALT
e, Traxler procedure [UV box)

1. Traxler [43]
2. Predoshl [30)

Thin filme of esphett [5 microns) showed en
increese in viecosity correlated to RTFC vie-
cosity increeses. Thick films [20 microns)
showed little differences between esphalts

of differing composition (D2007].

XIX, ACID NUMBER
8, Neutralization Number {ASTM D66 4)
1. Marvillet [51) May hsve an effect on esphalt emulsification,
XX, INTERNAL DISPERSION STABILITY
8. Heithsus paraweter, P
1. Heithaus [98) The Heithaus "state of peptization” (P) is
2, Petersen [37] an sttempt to messure the intercoﬁpatibility
of the components in ssphalt,,.how good 8
dispersant are the meltenes for the asphelt-
enes (Po)?,..end how resdily are the asphalt-
enes dispersed (Pa]? P = Po/(1-Pa).
Peterson commented that the "P" of the Zsca-
Wigmore asphelts correlsted with performance
better than did the Rostler ratio,
b, Oliensis Spot Test
1. Oliensis [99e,99b] Thie test was designed to identify the presence
2. Heithesus [99) of cracked esphelt,,.resulting in & positive
spot. Considered by Heitheaus, in 1959, to be
no longer @ useful test: a 24 hour test did
correlsté with rosd performsnce.
c. Asphaltene settling test
1. Plencher [100) In this test a 2gm sample of esphalt is digested
' in 50 mle of n-hexane for 24 hre, The settle-
ment of the asphaltenes in an undisturbed cylinder
ie then obsarved, Settling time is defined by
when the asphaltenss have settled to half the
solution height, Test precision is » problenm,
XXI.  TITRIMETRIC/GRAVIMETRIC ANALYSIS

1. Cheronis [55b]

A weslth of enalytical techniques is aveileble
for the anelysis of ssphelt, Although many of
the "wet" chemistry techniques heve been re-
placed with instrumental analysis, still others
survive: i.,e, acid number [by titration), salt
or mineral filler content [by ash), weter con-
tent [Ksrl Fischer titration]),
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APPENDIX F
COMPUTER INVENTORY OF ASPHALT PROPERTIES

The following pages present computer output which synthesizes asphalt
cement test data obtained by the asphalt laboratory at Oregon State Highway
Division during a four-year period (1981 to 1985). This data represents all
"complete” asphalt tests carried out during the period represented. The
Oregon State University CYBER Computer was used to develop this output.

Development of a microcomputer based inventory of asphalt properties is
underway, but not sufficiently developed to include in this report. The
details of the microcomputer inventory will be presented in the final report

for this research study.



f*i****i**************************i********
* TABLES OF ASPHALT PROPERTIES DDLLtCTED
* BY THE DREGON STATE HIGHWAYS DIVISION *
e
********************************i*********i
PROPERTIES GROUPED BY:
~BRAND
-SPEC

~GRADE
-DRTE

SPEC/GRD LEGEND

IN TABLE: HEANS:
AR X AR X00U
ARW X AR X000 W

FOR AC SPECS:

AC 25

OTHERWISE READ AS IS.
FOR PENETRATION GRADES VALLE

SHOWM IS UPPER LIMIT:
PEN 150 120-150

C 2.9



PAGE
TABLE OF ASPHALT PROPERTIES COLLECTED

BY THE OREGON STATE HIBHWAYS DIVISION
(GROUPED BY SPECIFICATION/GRADE/DATE)

DATE  LAB# SPEC/GRD FLASH SOLUB PEN (DEG F) PEN LOSS KINEMATIC ABSOLUTE RESIDUE  DUCTILITY
(77)  (39) RATIO VIGCOSITY VISCOSITY PEN XORIE (77) (49)

7/31/84 9888 ARW 4 515 99.99 B2 20 24 1,04 258 / 406 12 / 3099 42 51 100 O

PBE 2
TABLE OF ASPHALT PROPERTIES COLLECTED
“ BY THE DREGON STATE HIGHWAYS DIVISION
(GROUPED BY SPECIFICATION/GRADE/DATE)
BRAND: BOSCAN
DATE  LAB# SPEC/GRD FLASH SOLUB PEN (DEE F) PEN LDSS KINEMATIC ABSOLUTE RESIDUE  DUCTILITY
(77) (39 RATID VIGCOSITY VISCOSITY PEN +%DRIG (77) (49)

£/23/83 1183 AC 20 430 99.99 95 3 38 .79 439 /7 911 2183 / 7193 S50 53 100 3R



TABLE OF ASPHALT PROPERTIES COLLECTED
BY THE OREGON STATE HIGHWAYS DIVISION
(GROUPED BY SPECIFICATION/BRADE/DATE)

DATE ~ LABH SPEC/GRD FLASH SOLUB PEN (DEG F) PEN  LOSS
{77y {39 RATIO

KINEMATIC ABSOLUTE

PAGE 3

RESIDUE  DUCTILITY

VISCOSITY VISCOSITY PEN *ORIG (77) (43

107 5/82 12970 AC 10 &00 99.90 90 28 31 o7

6/30/82 6843 PEN 100 510 99.99 %2 31 3% .49
7/29/82 8373 PEN 100 505 99.98 88 20 23 .68

286 / 438 1139 /

263 / 449 1125 /
ek / 417 1181/

3587 44 49 100 12

3606 47 51 100 14
3182 41 47 100 1B

MEAN: 90.00 25,30 28.50 .59
ST DEV: %83 7.78 7.78 .13

243.30/ 433.00 1133,00/
27.38/ 22.63 39.60/

3694.00 44,00 43,00
124,45 4.24 2.83




BRAND: CHEVRON

TRBLE OF ASPHALT PROPERTIES COLLECTED

BY THE OREGON STATE HIGHWAYS DIVISION
(GROUPED BY SPECIFICATION/GRADE/DATE)

PAGE 4

DATE  LAB¥ SPEC/GRD FLASH SOLUR PEN (DEG F)  PEN LDSS KINEMATIC ABSOLUTE RESIDUE ~ DUCTILITY
(77)  (39) RATID VISCOSITY VISCOSITY PEN XORIG (77) (43)
12/13/82 16922 AL 20 475 99.9% 93 32 34 1.03 435 / 917 2055 / 7981 48 52 100 0O
6/15/85 6789 AC 20 3555 99.94 65 15 23 .83 333 /7 339 2091 / 6138 25 34 100 10
7/¢1/83 9304 AC 20 470 99.95 67 24 36 B85 319 /7 5100 1191 / 5305 31 553 100 18
7/21/83 9303 AC 20 465 99.99 T 19 27 .88 295 / 457 1701 / 4446 39 56 100 16
8/26/83 10486 AC 20 463 99.96 68 14 21 JJh 305/ 475 1788/ 4729 37 54 100 19
B/26/83 10487 AC 20 455 99.98 &7 14 2l 67 3t/ 480 1829 / 4721 3T ™ 100 20
8/31/83 11579 AC 20 505 99.94 64 18 o2& .60 340 / 526 2043 / 5507 3k 36 100 16
9/ 1/83 12177 AC 20 3515 99.97 62 13 21 42 330 / D06 2036 / 5587 34 53 100 14
9/15/83 12679 AC 20 520 99.99 63 13 21 .93 330 / 53 203 / 9BB4 34 54 100 &
9/26/83 13506 AC 20 530 99.9% 62 14 23 65 337 / 52 2llz / 3427 3 38 100 12
9/27/83 13962 AC 20 5t3 99.99 B2 12 19 .64 330 / S2B 2270 / 533 40 63 100 8
10/10/83 15197 AC 20 520 99.91 SB 13 22 JJ1 364 /571 2303 / 6301 30 & 100 10

MERN: 64.36 15,36 23.82 .73 328,73/ 515,64 1947.27/ 5418.27 35.00 55.82

ST DEV: 3.44 3.99 4.85 .14 20.11/ 34,80 312.94/ 592.71 427 3.40
3/13/84 4422 AC 10 305 99.86 76 23 30 1,18 319 / 5%  ie2 / 5403 40 53 100 52
2/ e/B4 1213 AL 20 510 99.98 51 12 24 .03 418 7/ 661 3037 / B274 30 59 100 13
3/153/84 3334 AC 20 510 99.9% &7 24 36 66 333 / 532 eo03 / 9425 37 3/ 100 i
6/20/84 74T AL 20 323 99.94 I 16 28 .30 386 / 529 2026 / 5017 33 3@ 100 9
b/20/84 7249 AC 20 330 99.98 S58. 16 &8 1.00 336 / S24 2017 7/ 4909 33 57 100 12
b/21/84 T7cAB AC 20 463 99.99 S8 17 29 09 332 7/ D44 2001 / 5083 33 57 100 12
7/ 2/84 7931 AC 20 490 99.99 6B 15 45 .83 394 / 9543 1184 / SB33 Ik 33 100 7
7/ 3/84 0041 AC 20 510 99.93 66 23 39 72 379 / 612 2050 / 6193 35 53 100 1
1/ 9/84 B346 AC 20 430 99,51 66 17 26 79 418 /7 B70 2207 / 6390 33 53 100 {7
7/10/84 B352 AC 20 480 99.99 63 13 24 .78 412 /7 683 2320 / 86333 34 34 100 16
7/24/84 9132 AC 20 480 99.99 62 20 32 .67 422 / BRB 2319 / 6322 3% 53 100 13
7/85/84 9314 AL 20 545 99.%% 65 16 25 Bo 411 /7 704 2223 / 6249 36 35 100 13
7/26/84 9316 AC 20 499 99.99 63 19 30 86 407 / 674 2185 / B3 36 57 100 15
7/e6/84 9572 AC 20 490 99.99 68 20 29 97 391/ 637 1981 / 6032 37 34 100 13
7/26/84 9315 AC 20 3500 99.99 B4 21 33 .95 418 /7 674 B16? / 6733 3@ 30 100 14

MEAN: 62,37 17.93 30.23 .77 392.64/ 619,79 2123,00/ 6098,93 34.36 S4.97

. ST DEV: 494 3.36 5,69 .15 28.23/ 66,34 3B1.60/ 8RD.06 2.02 2.38
3/30/81 3BBO AR & 560 99.78 118 &5 @r 45 241/ 330 743/ 1301 66 39 100 65
10/22/81 15320 AR 2 440 99.98 117 23 &1 JU 2l 1 343 €90 / 1771 58 30 100 25

MEAN: 117.30 25.00 21.50 .38 226.50/ 33h.50 716,50/ 1636.00 B2.00 54,50

ST DEV: 71 .00 .71 .18 20,51/ 9,19 37.48/  190.92 5.66 £.36
i/12/82 16776 AR 2 510 99.98 112 26 23 b4 230 / 33l 700 /7 1815 57 81 0 0
4/ 6/B4 4326 AR 2 490 93.99 82 14 17 76 203 7/ 236 92 / 2028 4 59 100 3k
6/11/84 6638 AR 2 460 99.99 B3 20 24 J9 el /7 310 98 / 2179 435 33 100 24
6/12/84 7011 AR 2 465 99,9 81 18 22 .81 214 / 300 995 / 2167 46 57 100 o8

bkt SEE NEXT PABE t#ketx



PREE &
TABLE OF ASPHALT PROPERTIES COLLECTED
BY THE OREGON STATE HIGHWAYS DIVISION
(GROUPED BY SPECIFICATION/GRADE/DATE)

BRARND: CHEVRON

DATE  LAB# SPEC/GRD FLASH SOLUB PEN (DEG F} PEN LOSS KINEMATIC AESOLUTE RESIDUE  DUCTILITY

(77)  (39) RATIO VISCOSITY VISCOSITY PEN #DRIG (77) (43)
6/12/84 7008 AR & 470 99.94 B84 23 27 .82 213 /7 2% 978 / 2009 46 35 100 26
B/19/84 706 AR 2 460 99.99 8 21 24 .81 199 / 308 985 / 2156 48 36 100 2B
6/19/84 7072 AR 2 470 99.94 83 10 12 .95 208 / 298 937 /7 2174 44 33 100 19
7/10/84 B349 AR 2 500 99.99 83 15 18 Jh 204/ 296 974 / EB0A7 49 39 100 47
7/18/84 B321 AR 2 965 99.99 86 18 21  1.00 204 / 304 933 / 2164 46 53 100 100

MEAN: 83.75 17.38 20.63 .B4 207.75/ 300,75 966.50/ 2115.50 46,50 55.63
; 1.83 4,21 478 .09 S.1e/ 5.95 19.85/ 73.47 L.B9 2.6

4/ 6/84 4327 AR
6/11/84 7007 AR
7/ 3/84 B8040 AR

w0 99.99 4 7 17 .14 286 /7 370 2186 / 3777 28 68 100 11
80 13 2 93 277 / 389 1351 / 3430 34 57 100 1}
%35 99.98 59 17 29 85 290 /7 418 177/ 3837 34 B 100 13

MEAN: 33,33 12,33 22.67 .53 284,33/ 392.33 1B37.33/ 3681.33 32.00 61.00
ST DEV: 10.63 5.03 6.03 .3t  6.66/ 2417 322,06/ 219.72 3.4 6.08

B o
g
&
8

10/29/81 16148 AR 8 0 00 54 0 0 96 396 /7 70l 2423 / B449 26 48 0 0
4/22/82 3722 ARW 2 585 99.86 113 24 21 70 224/ 385 723 /7 1714 g 5 100 2
6/13/82 6223 ARW 2 515 99,93 158 86 35 1,17 218 / 383 o980 /7 2085 72 46 100 31
7/13/82 7606 ARW 2 530 99.88 170 50 35 .93 222 / 308 284/ 2203 7 45 100 57
7/22/82 B342 ARW 2 533 99.9% 166 30 30 1.13 180 / 401 G293 / 2333 76 45 100 &4
B/20/82 10437 ARW 2 485 99.95 144 43 30 1.18 219 / 360 676 / 20% 70 43 100 1Q0
10/21/82 14228 ARW @ 500 99.96 125 28 22  1.22 204 / 33 790 /7 217 98 46 100 100
11/12/82 14846 ARW 2 483 99.93 132 39 20 .24 197 / 311 709 / 1830 66 50 100 100

HMEAN: 144,29 41,43 27.37 1.08 209.14/ 357.14 664,71/ 204686 6B.71 48.00

ST DEV: 22,04 11.91 6,50 .20 16,25/ 3499 6B.27/ 209.09 7.09 3.65
3/18/83 2437 ARW 2 540 99,93 188 3 28 1,29 208 7/ 3% W05/ 1997 61 4 100 100
o/26/83 4BGO ARW @ 543 99.96 156 42 27 l.e4 178 / 295 7/ 16 T2 46 100 100
0/26/83 4883 ARW 2 490 99.95 118 29 &5 91 200 / 292 46/ 1311 64 54 100 100
7/13/83 7702 ARW 2 385 99.92 113 3% 30 L.07 215 / 34 833 / e2leg3 61 54 100 100
7/20/83 9300 ARW 2 475 99.99 116 32 28 .86 207 / 309 800 / 1830 63 36 100 100
10/20/83 16788 ARW 2 520 99.91 103 25 24 60 224/ 344 916 / 2241 3B S 100 10
12/13/83 19665 ARW 2 530 99.81 103 20 19 73 228/ 342 94 / 2179 S8 56 100 10

MEAN: 119,97 31,14 25.86 1.02 207.71/ 31B.86 78S,Be/ 1918.14 &2,71 52,86
ST DEV: 18.28 7.27 3.63 .35 16.86/ 21.64 132.21/ 323,13 4.89 4.14

4/26/84 4572 ARM
6712784 7010 ARH
6/22/84 7155 ARW
6/c7/84 7256 RARW

R O9.95 95 19 20 .83 240 7/ 3m2 940 / 243% 51 54 100 100
%63 99.96, 99 30 3 91 218 /7 293 857 / 1784 AL 62 100 100
499 99.99 97 24 @5 65 227/ 235 8a7 / 1788 65 67 100 88
540 99.83 106 23 22 95 204 /7 263 749 / 1333 &2 38 100 100

MEAN: 99.25 24,00 24,25 .B4 222.25/ 303,25 838.23/ 18A89.75 59.75 0,23
ST DEV: 4,79 435 4,35 .13 15,15/ 41.81 80.51/ 379.10 6.08 5.6

o N Mo R

3/25/81 3497 ARW 4 530 99.91 100 28 24 .83 381 / 616 1379 / 4038 54 54 100 30

Hebkesk GEE NEXT PAGE #¥xkkuk



BRAND: CHEVRON

TABLE OF ASPHALT PROPERTIES COLLECTED

BY THE DREGON STATE HIGHWAYS DIVISION

(BROUPED BY SPECIFICATION/GRADE/DATE)

DATE  LAB# SPEC/GRD FLASH SOLUB PEN (DEG F) PEN LOSS KINEMATIC ABSOLUTE RESIDUE  DUCTILITY
(77) (39} RATIO VISCOSITY VISCOSITY PEN #DRIG (77) (45)

2/2b/B1 3383 ARW 4 520 99,97 116 39 34 1,08 393 / 651 1298 / 4168 56 4B 100 40
3/c6/81 363C ARW 4 475 99.99 123 43 39 112 39 / GBS 1247 / 4436 62 50 100 38
3/31/81 1480 ARW 4 480 99,87 110 37 34 1,12 39% / 697 1400 / 473% 56 51 100 40
4/ 3/81 3319 ARW 4 510 99.95 123 39 32 1,27 3% / TIB 1297 / 4775 S8 47 100 48
4/14/81 4270 ARW 4 599 99,95 71 22 3l 47 400 7/ 579 1781/ 4444 40 56 100 15
4/30/81 4677 ARW 4 600 99.62 86 &5 29 .79 360 /7 562 1416 / 3935 44 31 100 19
3/11/81 5446 ARH 4 575 99.94 B2 25 30 .09 360 / 336 1471 / 3734 48 39 100 29
&/ 2/81 6B34 ARW 4 330 99,95 & 25 30 .63 338 / 527 1409 / 33/4 46 56 100 22
6/ 2/81 7718 ARW 4 600 99,99 79 a1 &7 06 335 / 542 1434 / 3780 45 57 0 0
6/ 2/81 7016 ARW 4 560 99.98 AL 23 28 .48 305 / S22 1398 7/ 330 48 39 100 0
7/ 1/81 B33B ARW 4 555 99.97 @82 23 &7 .83 349 / S64 1279 / 3818 48 R 0 0
7/31/B1 53 ARW 4 355 99.99 B2 & @ 44 354 /7 501 1403 /7 379 47 57 100 3
8/ 4/81 9322 ARW 4 96T 99.99 77 &L &7 62 348/ 498 1427 / 3477 4 B0 100 31
8/ 4/81 9323 ARW 4 5RO 98,97 87 27 3 .68 337 / 513 1315 / 3324 43 43 100 23
8/ 4/81 10344 ARW 4 560 99,98 81 28 35 .72 318/ 498 1307 /4 3870 41 31 100 19
8/ 6/81 10703 ARW 4 D80 99.95 83 28 30 .38 327/ 438 1284 / 3409 43 94 100 25
8/ 6/81 10709 ARW 4 575 99.96 85 23 &9 BB 294 / 438 11BR / 3118 45 33 100 &2
9/ 8/81 12367 ARW 4 590 9%.21 BE 22 26 .89 260 / 3% 1138 / 331 42 49 160 19
9/ B/81 11632 ARW 4 545 99.77 B2 28 93 283/ 433 li4 / 3099 43 32 100 15
9/ 8/81 12609 ARW 4 535 99.83 85 23 30 .89 276 / 458 M3 7 G2 43 2 100 2
9/ B/81 11796 ARW 4 540 99.54 @7 2 &5 (83 301/ 448 felt 7 3838 4 47 100 13
3/ 8/81 12377 ARW 4 355 9.2 79 & 9 .38 301 / 418 1167 / 2836 45 97 100 2l
9/ 8/81 12172 ARW 4 570 99.58 B3 24 &9 94 282 /7 441 1157 7 36 42 51 100 16
3/ 8/81 13285 ARW 4 D45 99.95 75 20 27 1.03 260 / 485 1146 / 3079 40 53 100 19
9/ 8/81 12570 AR 4 550 99.89 B84 23 27 .86 308 / 457 1120 / 3081 4 35 100 20
9/ 8/81 12827 ARW 4 535 99.92 77 19 &3 94 275 /7 M2 1155 7/ 3024 33 51 100 20
3/30/81 14042 ARW 4 5935 99.96 75 17 23 1,12 264 / 426 1285 / 3633 34 45 100 13
9/30/81 14110 ARW 4 530 99.36 75 17 23 .99 263 / 437 1281 / 3550 38 32 100 14
16/ 9/81 14336 ARW 4 535 99,98 72 & 22 30 e/ 397 1284 7/ 3409 37 81 100 16
10714781 14357 ARW 4 530 99.95 e 15 23 89 272/ 432 1400 / 3707 35 53 100 13
10/21/81 15163 ARW 4 550 99.97 &7 11 16 96 270/ 436 1436 7/ 4513 3R 48 100 11
10/21/81 15113 ARW 4 520 99,98 &6 13 20 32 284/ 440 1494 7/ 38B0 35 33 100 12
10/c2/81 13303 ARW 4 330 99.97 74 16 B2 L.OD 279 / 451 134 / 391 39 53 100 12
10/28/81 13321 ARW 4 535 99.98 67 16 24 87 269 7/ 443 1383 / 3491 3B 4 100 16
10/29/81 15610 ARW 4 345 99.98 74 16 22 BB 274 7/ 448 1313 / 3308 33 S3 100 16
10/29/81 13378 ARW 4 500 99.98 65 13 23 113 224 / 414 1429 / 4036 31 48 100 12
10/29/81 13864 ARW 4 515 99.95 75 17 23 1.3l 272 / 468 1517 7/ 4072 31 41 100 17
10/23/81 13919 ARW 4 510 99.97 75 1B 24  1.01 270 / 454 1505 / 3824 3 #1100 16
10/92/81 13429 AR 4 500 99.99 71 15 21 .93 280 / 39 1371/ 3647 34 48 100 12

MEAN: 82,28 22,70 27.18 .86 312,78/ 494.43 1326.6B8/ 36BB.75 42.63 51
8T Dev: 14,03 7.28 4,52 .22 49,05/ 84,09 136.00/ 475.33 7.92 4

3/16/82 2372 ARW 4 505 99.96 73 20 23 108 292 / 477 1438 / 425 39 49 100 15
4/20/82 3705 ARW 4 520 99.91 73 1p 22 1.25 270 / 458 1423 7 4449 36 49 100 10
4/20/82 3703 ARW 4 360 99.83 76 20 2 1.31 261 / 438 1379 / 4317 35 46 100 9
4/20/82 3704 ARW 4 515 99.78 78 18 23 1.4l 260 / 43 1343 / 3915 3 46 100 10
4/21/82 3707 ARW 4 500 99.78 0 63 0 4,58 163 / 403 374/ 3202 44 0 10 1
4/21/82 3706 ARW 4 510 99.69 74 17 23 1,26 2B4 / 445 1388 / 4150 37 50 100 10
4/22/82 3723 ARW 4 495 93.91 9% 28 23 1,06 272 / 443 119 / 3451 45 4B 100 14
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PRGE 7
TRBLE OF ASPHALT PROPERTIES COLLECTED
BY THE OREGON STATE HIBHWAYS DIVISION
(GROUPED BY SPECIFICATION/GRADE/DATE)

BRAND: CHEVRON

DATE  LAB# SPEC/BRD FLASH SDLUB PEN (DEG F) PEN LOSS KINEMATIC ABSOLUTE RESIDUE  DUCTILITY
(77) (39 RATIO VISCOSITY VISCOSITY PEN XORIG (77) (43)

3/¢0/782 4331 ARW 4 335 99.98 9 37 39 L10 27t/ 457 075/ 3664 47 50 100 O
3/e6/82 3093 ARW 4 305 99.%0 3B 24 24 1,15 270 / 460 1136 / 3504 48 43 100 16
2/2b/82 5094 ARW 4 515 99.98 98 24 24 116 273 / 445 1148 / 3412 47 48 100 17
b/ 2/82 3373 ARW 4 525 99.99 9% 26 27 1,11 2RB / 433 1143 / 35T 4T 49 100 13
6/15/82 6170 ARW 4 520 99.75 80 29 3k 99 277/ 430 1429 / 395 41 51 100 2
6/17/82 B440 ARW 4 530 99.88 70 20 29 1,31 267 / 500 1448 / S367 33 47 100 13
6/28/82 B303 RRW 4 525 99.92 OB 2% 27  L.37 271 / 455 1279 / 4014 41 47 100 10
6/30/82 B%8 ARN 4 360 99.99 83 23 28 1,13 290 / 460 1356 / 3901 41 49 1060 11
7/1/82 7330 ARW 4 555 99,97 B3 &7 32 <30 275/ 440 1300 / 3677 41 4B 100 13
7/ 6/82 7407 ARW 4 530 93,98 B85 23 27 1.24 276 / 467 1333 / 4112 A1 4B 100 12
7/15/82 8053 ARW 4 510 99,97 81 21 25  1.04 273 / 439 133 / 3799 42 49 100 18
7/13/82 7346 ARW 4 515 99.75 85 22 26 1,22 285 / 472 1376/ 4430 39 46 100 13
7/19/82 8091 ARW 4 515 99,93 B3 30 35 1.19 268 / 452 1302 / 395 40 47 100 20
7/29/82 GB35 ARW 4 525 99.95 79 16 20 1,08 243 / 428 1404 / 3912 40 51 100 38
7/29/82 8780 ARW 4 513 99.91 B0 17 21 L.14 238 / 414 1350 7/ 37T1E 40 50 100 40
87 4/82 3005 ARW 4 480 99.98 86 23 27 1.21 278 / 438 12B9 / 3798 43 S0 100 44
8/ 4/82 8926 ARW 4 500 99.99 B3 22 26 1.09 269 / 433 1337 / 3772 41 49 100 4D
B/10/82 9534 ARW 4 505 99.93 85 @ 31 1.14 281 / 439 1305 / 3856 36 42 100 46
8/10/82 9337 ARW 4 505 99.94 77 2% 31 112 o6l / 4B 1352 / 3978 39 51 100 3B
8/12/82 9724 ARW 4 545 99.94 82 20 24 1.28 238 / 424 1303 / 3793 41 S0 100 ¢
8/17/82 9927 ARW 4 463 99.97 76 22 29 L.11 268 / 383 1452 / 3772 40 53 100 O
8/17/82 9935 ARW 4 590 99.93 Bz o2 7 90 &7/ 3700 1327 /7 3891 41 50 160 O
8/17/82 9936 ARW 4 500 99.95 81 21 26 1.0 266 / 358 1319 / 3633 40 43 100 0
8/18/82 10031 ARW 4 490 99,92 B4 20 24 91 236 / 3b4 1242 / 2957 46 5 00 0
8/16/82 9980 ARW 4 435 99.92 @7 19 22 1,05 240 / 374 {189 / 3237 44 51 100 0
8/20/82 10135 ARW 4 500 99,9 90 23 26 .98 248 /7 406 1178 /7 3R31 46 31 100 100
B/20/82 10436 ARW 4 305 99.96 @84 22 26 J8 231 /3N 1306 / 309% 4 55 100 100
9/ 3/82 11430 ARW 4 585 99.93 77 13 19 87 247/ 440 1288 / 3@ 41 33 100 100
9/ 3/82 11503 ARW 4 520 93.96 81 15 19 1.0l 240 / 337 {204 / 332 42 52 100 100
9/ 7/82 11366 ARW 4 320 99.% B84 28 33 96 &30 /7 372 1247/ 324k 42 50 100 0B
9/ 7/82 11365 ARW 4 585 99.98 B2 28 34 .98 242 /7 373 1247 /4 3137 43 G2 100 100
9/c4/82 12159 ARW 4 480 99.96 95 35 37 L.21 224 / 304 1071 7/ 2836 46 4B 100 47
9/c7/82 12513 ARW 4 485 99,99 91 3 35 L.07 287 / 3\1 1097 /7 W15 45 S0 100 S
9/27/82 12348 ARW 4 475 99.96 101 39 33 1,48 216 / 304 998 / 2930 46 0 100 4
10/15/82 13171 ARW 4 485 99.94 83 30 34 1,25 227 / 33 126 / 3119 44 49 100 26
11/ 8/82 14264 AR 4 300 99,91 80 20 23 1,13 242 / 278 1306 / 344 40 S0 100 32
11/10/82 14831 ARW 4 475 99.99 80 2 32 1.03 242 / 378 1316 / 249 41 51 100 30
11/10/82 14244 ARW 4 515 99.98 83 28 34 1.08 230 / 3e2 1837 / 327 42 51 100 24
11/15/82 14243 ARW 4 510 99.95 85 23 27 1.0k 289 / 359 1193 / 31BA 42 49 100 3
11/24/82 160B8 ARW 4 493 99,99 79 23 29 1.16 244 / 343 1856 / 395 40 51 100 26
11/24/82 16089 ARW 4 480 99.98 77 27 35 1.16 244 / 404  13B6 / 3702 40 52 100 28
12/ 1/82 16436 ARW 4 4B 99.97 B0 30 38 1,06 242 / 3B0 1247 / 3435 41 51 100 30

MEAN: 81.47 24,53 EZ. E; 1,19 255,12/ 408,20 1274,49/ 3652.67 41.59 47.53

ST DEV: 14.16 7.76 .91 23,03/ 50,11 186.0B/ 472,30 3.38 10.18
2/16/85 626 ARW 4 4B5 99.98 83 17 19 1.34 263 /7 439 1283 / 4GBE 42 47 100 4B
2/16/83 GBS ARW 4 570 99.99 78 22 z8 .98 249 / 398 1363 / 3822 37 47 100 43
3/16/83 2189 ARW 4 520 99.94 83 27 32 L35 274 / 44 1366 /7 4090 43 3l 100 4
3/18/83 2458 ARW 4 515 99.98 88 22 26  1.3B 2R3 / 436 1319 / 4205 40 47 100 40

k¥ SEE NEXT PAGE #i%kk



BRAND: CHEVRON

TRELE OF ASPHALT PROPERTIES COLLECTED

BY THE OREGON STATE HIGHWAYS DIVISION

(GROUPED BY SPECIFICATINON/GRADE/DATE)

PAGE
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DATE  LAB# SPEC/GRD FLASH SOLUB PEN (DEG F) PEN  L0OS5 KINEMATIC ABSOLUTE RESIDUE  DUCTILITY
(7Y (39) RATIO VISCOSITY VISCOSITY PEN XDRIG (77)  (43)
4/c6/83 ©302 ARW 4 510 99.97 91 21 23 1,30 27 / 359 1100 / 3084 4 51 100 5i
3/10/83 4500 ARW 4 480 99.99 B84 24 29 1,46 24 / 30 1873 / 35R4 42 S0 100 15
/11783 4603 ARW 4 485 99.99 93 21 23 1,21 235 / 34 1143 / 3017 46 50 100 16
3/11/83 4603 ARW 4 485 99,99 93 & 23 l.21 235 / 364 1143 7/ 3017 46 50 160 10
6/ 1/83 CBS4 ARW 4 435 99,99 80 24 30 .99 243/ 3B 1343 / 3912 38 48 100 28
b/ 1/83 S119 ARW 4 505 99.97 81 27 33 1.13 297 / 393 1381 / 373 40 43 100 30
6/ 9/83 6212 ARW 4 435 99.98 B4 23 27 1,08 240 / 373 1271 / 3408 42 350 100 16
6/ 9/83 G433 ARW 4 430 99.96 78 19 24 86 235 / 381 1378 /7 3489 41 23 100 14
6/13/83 EBBOD ARW 4 305 99.9% 78 18 23 .78 233 / 39 12%2 / 3169 43 33 100 19
7/ 7/83 7686 ARW 4 510 93.9%% 81 19 23 .93 247/ 30 1144/ 3003 43 33 100 30
7/13/B3 7701 PRW 4 515 99.89 82 30 7 A3 236 /7 347 1202 7/ 912 44 54 100 23
7/14/83 8332 ARW & 433 99.93 80 17 21 1,10 233 / 30 1182 / 2755 4 58 100 36
7/14/83 7966 ARM 4 5 93.92 79 18 23 B2 841 /7 35 1191/ 3089 41 §2  100 17
7/21/83 8920 ARW 4 543 99,98 B0 18 23 78 233 / 342 1266 / 2B33 45 S 100 47
7/2B/83 9374 ARW 4 495 99,93 78 19 2% 63 237 /7 330 1306 /7 2870 43 5B 100 40
7/28/83 9675 ARW 4 515 99.93 77 20 26 .66 239 /7 353 1297 / 2989 44 57 100 40
8/11/83 10068 ARW 4 505 99.98 76 22 29 B3 239/ 3k 1269 / 382 41 34 100 51
8/15/83 10145 ARW 4 505 99,90 76 22 29 .69 239 /7 35h 1857 / 3021 46 BL 10D 33
B/28/83 10875 ARW 4 500 99.98 78 1B 23 70 238/ 338 1292 / 283 43 33 100 4B
B/30/83 10646 ARW 4 306 39.95 77 23 30 JBe 237 /7 3T 1252 /7 3042 43 SR 100 51
6/731/83 11199 ARW 4 516 99.98 78 13 2% 04 g3/ 38% 124/ 260B 47 B0 100 3
9/ 1/83 12364 ARW 4 510 99,85 75 13 (7 .60 239/ 337 (224 / 2859 44 53 100 40
9/ 1/83 11725 ARW 4 500 99.99 76 11 14 69 235 / 339 (259 / 2769 43 37 100 48
3/14/83 12600 ARW 4 520 39.86 75 14 19 63 242 /7 336 1295 / 3074 42 36 100 5
9/14/83 12655 ARW 4 515 99.84 78 14 1B .64 233/ 340 1231 7/ BT 46 39 100 RO
9/13/83 12716 ARW 4 510 99,96 76 16 21 b3 244 / 351 1332/ 2333 43 37 100 44
9/22/83 13265 ARW 4 495 99.93 &1 18 23 .64 238/ 397 1392 / 3872 43 3/ 100 47
9/22/83 13263 ARW 4 530 99.98 77 20 & 67 237 / 345 1284 / 2B73 43 %6 100 3B
9/c2/83 13264 ARW 4 550 99.9% 74 1p 22 .60 240 /7 335 1318 / 3034 42 57 100 33
9/06/83 13606 ARN 4 515 39.98 74 15 20 .59 246 / 357 1389 / 309 4 33 100 50
9/26/83 13505 ARW 4 505 99.% 77 14 18 20 239/ 347 1284 / 2780 45 38 100 52
9/29/83 14434 ARW 4 515 99.97 76 17 2 .08 243 / 330 1316 / 2388 42 35 100 39
9/29/83 14171 ARW 4 485 99,99 77 17 22 .76 23 / 35 1276 / 2964 41 53 100 2
10/ 3/83 14846 ARW 4 0 9.9 72 b 22 .61 241 / 345 1341 / 2897 44 Bl 100 52
10/ 3/83 14763 ARH 4 490 99.98 73 17 a3 .66 244 / 336 1333 / 3035 42 58 100 49
10/ 3/83 15222 ARW 4 300 99.97 T4 17 23 .67 254 / 372 1364 / 3150 43 38 100 42
10/10/83 15223 ARW 4 510 99.%2 79 16 &0 73 255 /4 389 4R 7/ 3176 40 51 100 0
10/11/83 15326 ARW 4 520 99.86 78 13 17 77 243 7 379 133/ 339 41 55 100 22
10/11/83 13316 ARW 4 515 99.84 74 13 18 .82 243 / 376 1335 / 3415 4 35 100 20
10713783 15826 ARW 4 510 99.% 79 15 29 .63 252 / 374 1360 / 3154 40 53 100 23
10/13/83 15681 ARW 4 520 99,95 75 20 27 JJe 232/ 378 1340 7 3287 41 55 100 28
10/19/83 16367 ARW 4 510 99.99 73 16 22 37 239 / 387 1366 / 3233 42 5B 100 30
10/19/83 16553 ARW 4 515 99.97 75 15 20 .34 240 /7 331 1452 / 3012 42 57 100 26
10/20/83 16583 ARW 4 505 99.98 75 15 20 .64 247 / 369 1303 / 3127 42 56 100 20
10/20/83 16573 ARW 4 3520 99.92 75 15 20 .61 230 / 386 1345 / 3203 42 5B 100 33
11/ 1/83 17147 ARW 4 345 99.9%6 70 17 24 B0 246/ 384 1403 / 3293 40 57 100 15
117 1/83 17510 ARW 4 340 99,96 70 17 24 B0 264 / 372 1435 / 3277 40 97 100 1S
11/ 2783 17511 ARW 4 G365 99.97 68 19 28 77 248/ 376 1487 /7 3486 39 57 100 14
11/ 2/83 17691 ARW 4 0 99.95 69 19 24 36 245 / 36B 1366 / 3211 41 53 100 15
11/ 2783 17516 ARW 4 520 99,97 71 20 24 .38 233 /4 371 1417 /7 3838 40 56 100 14
11/12/83 15276 ARW 4 430 99,92 B0 2 3@ 1.09 24 / 285 1315 / 3582 41 51 1060 3
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PRBE 9
TABLE OF ASPHALT PROPERTIES COLLECTED
BY THE OREGON STATE HIGHWAYS DIVISIOA
(GROLIPED BY SPECIFICATION/GRADE/DATE)

BRAND: CHEVRON

DATE  LAB# SPEC/GRD FLASH SDLUB PEN (DEG F) PEN LOSS KINEMATIC ABSOLUTE RESIDUE  DUCTILITY
{77)  (39) RATIO VISCOSITY VISCOSITY PEN ¥ORIE (77) (43)

11/17/83 18004 ARW 4 325 93,98 72 1B &5 68 &34 / 373 1405 / 3235 40 96 100 1B
11717/83 17972 ARW 4 493 99.98 73 17 &3 71 243/ 367 1333 / 307 4 55 100 18
11/28/83 19126 ARW 4 510 99.99 &7 16 24 B3 232 / 375 1487 /7 3318 40 60 100 10
12/14/83 20220 ARW 4 343 99.97 70 18 26 .61 262 / 382 1505 / 3365 4 589 100 30
12/19/82 20336 ARW 4 520 99,99 &9 17 &5 .81 269 / 398 1573 / 3803 3B 3% 100 &7

MERN: 77.33 18,48 24,03 .79 246.27/ 367.97 1317,57/ 3212,63 42,25 54,95

ST DEV: .68 3.78 439 .24 11.91/ 23.70 91.74/ 383.00 2.24 3.6l

3/ 2/84 2605 ARW 4 495 99.%6 85 20 24 .93 236 / 36 1182 / 3100 43 51 100 40
3/10/84 3333 ARW 4 483 99.96 B3 16 19 89 236 / 360 1212 /7 3043 4 53 100 49
3/30/84 6400 ARK 4 0 99.99 78 14 14 86 277/ 403 1477 /7 3334 3 44 100 1

3/30/84 €712 ARW 4 0 99.93 68 16 24 B84 263/ 391 1226 / 2376 42 64 100 19
6/11/84 6637 ARW 4 540 99,93 75 @2 315 .73 280 / 397  1eB6 /7 3033 42 3 100 13
6/12/84 7012 ARW 4 515 99.98 7% 17 22 6B 2BB / 373 1322 / e72l 42 3% 100 16
6/12/84 7009 ARW 4 525 99.9%6 81 25 3l .90 256 / 407 IR0l / 3051 43 33 100 15
6/19/84 7246 ARW 4 480 99.99 A0 21 26 85 261 / 3B 1242 / 2881 45 36 100 14
6/19/84 7144 ARW 4 480 99,93 78 2l 27 A7 2718/ 389 1345 7/ 2774 47 BG 100 20
6/21/84 7391 AAW 4 493 99,95 78 9 R .82 278 / 400 1236 / 3016 44 B 100 ai
6/21/84 7143 ARW 4 510 99.99 77 24 3l B9 275 /7 392 1346 / 2B4B 45 3B 100 19
6/21/84 7015 ARW 4 585 599.99 7 co 3 71 875/ 382 1295 / 2189 o 58 10 17
6/22/84 7106 ARW 4 355 99.93 73 23 29 89 271/ 407 1280 / 3108 42 53 100 20
6/27/84 7180 ARW 4 510 99.84 T2 16 22 68 26B /7 424 13711 / 2l 41 57 100 29
7/ 2/84 BOES ARW 4 485 99.99 78 13 32 .97 264 / 398 2001 / 33 43 58 100 19
7/ 2/8% 7334 RRW 4 490 39.99 79 15 13 .33 272/ 403 1260 / 3052 42 53 100 17
7/ 2/84 7930 ARW 4 435 99,99 82 15 55 96 270/ 406 1177 7/ 3138 45 55 100 23
7/ 3/84 BE35 ARW 4 483 99.99 79 25 32 1.09 2% / 422 1246 / 3%27 40 51 100 2
7/9/84 8347 ARW 4 510 93.49 81 23 2B .91 255 / 403 1242 / 3080 42 S22 100 1
7/ 9/B4 B34B ARW 4 910 99.53 Bl 25 31 1.07 266 / 4123 1151 / 3155 4 51 100 5
7/10/84 B350 ARW 4 480 99.93 81 16 20 1,15 262 / 3% 1158 / 3073 40 43 100 17
7/11/84 B51B ARW 4 480 93.99 88 17 19 .34 286 / 387 1065 / 2700 47 53 100 &S
7/16/84 8679 ARW 4 520 99.93 A7 23 26 .9 239 / 392 1120 / 2831 45 591 100 &3
7/16/84 B4OT ARW 4 510 99.95 88 25 BB 1.07 262 / 413 {iR2 / 3034 40 45 100 S8
7/18/84 9211 AR 4 535 99.99 86 17 20 1.14 264 / 428 1269 / 3330 42 49 100 38
7/18/84 B30 ARW 4 580 99.99 BB 20 23 1.04 234 / 387 1067 / 2600 49 36 100 100
7/19/84 8523 ARW 4 565 93.99 63 16 19 1.13 236 / 385 1085 / 2723 4 51 100 &0
7/24/B4 9175 ARW 4 470 99,99 84 24 29  1.02 234 / 39 1068 / 2B70 41 49 100 47
7/24/86 9272 ARW 4 480 99,99 B1 24 X 86 264 7 398 1138 / 324l 44 54 100 100
7/23/B4 3313 ARW 4 485 99.94 B8 19 22 1. 1B 253 / 400 10R& / 2870 43 S0 100 O
7/23/84 95332 ARW 4 430 99.99 81 13 16 1.39 268 / 392  iee4 f 2BO9 3T 46 100 O
7/31/84 9743 ARW 4 505 99.93 B0 20 25 87 g71 /7 380 1149 7/ 2946 4 35 100 ¢
7/31/84 9581 ARW 4 520 99.95 78 21 &7 .98 278 /7 415 1241 / 3T 40 91 100 0

MEAN: 80.5c 20,06 26,88 .94 264.79/ 396.94 1240,24/ 3025.76 4,67 53.09
ST DEV: 471 4,08 B.69 .16 11,27/ 15.54 17,59/ 23R 3B 2,90 4.2

4/ 3/81 3681 ARW B 335 99,99 7T &7 35 B8 488 / 846 2167 / TI40 42 33 100 14
16/28/81 15322 ARW 8 505 99.97 32 13 &5 .94 330 / 691 E507 / 733 &3 4% 100 8
MEAN: 64.50 20,00 30,00 .91 439.00/ 768.50 2337,00/ 7234.50 32.50 49.50
ST DEV: 17,68 9.90 7.07 .04 £9.30/ 109.60 240,42/ 133,64 13.44 7.78

3/ 3/82 4216 ARW 8 S50 99.85 68 21 3 .04 355 / 609 1920 / 5991 3% 50 100 10
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FRBE 10
TAELE OF ASPHALT PROPERTIES COLLECTED
BY THE OREGON STATE HIGHWAYS DIVISION
(GROUPED BY SPECIFICATION/GRADE/DATE)

BRAND: CHEVRON

DATE  LAB# SPEC/GRD FLASH SOLUB PEN (DEG F) PEN LOSS KINEMATIC ABSOLUTE RESIDUE  DUCTILITY
(77) (39} RATID VISCOSITY VISCOSITY PEN #DRIB (77) (49)

9/e4/82 12158 ARW B8 520 99.94 S1 21 ;7 .90 432 / 693 BSB2 / 8374 30 53 100 19

MERN: 33,30 21.00 34.00 .97 393,50/ £51.00 2251.00/ 7182,50 32,00 51,50
ST DEV: 12,02 .00 424 .10 354,45/ 35.40 468.10/ 16B5.04 2.83 2.12

3/23/B3 2459 ARW B 510 99,9 60 19 3R 114 424 / 734 2746 / 9527 30 S0 100 9
3/ 3/83 419 ARW 8 510 99.95 61 19 31 1,34 390 / 758 2634 /10183 30 49 100 10

MEAN: 60.30 19,00 31.50 1,24 407,00/ 746.00 2690.00/ 9B45.00 30,00 49.50
5T DEV: 0 .00 .71 14 24,04/ 16,97  79.20/ 449,72 .00 LTI




TRBLE OF ASPHALT PROPERTIES COLLECTED
BY THE OREGON STATE HIGHWAYS DIVISION
(GROUPED BY SPECIFICATION/GRADE/DATE)

CATE  LAB# SPEC/BRD FLASH SOLUB PEN (DEG F)  PEN  LOSS KINEMATIC ABSOLUTE RESIDUE  DUCTILITY
(77)  (33) RATIO VISCOSITY VISCOSITY PEN #ORIG (77) (43)
3/23/81 2979 ARW 4 555 99,98 105 35 33 .99 330 / 6RO 1375 / 4341 56 51 100 29
5/13/81 DSBYO ARW 4 9357 99.35 9w 24 27 .06 301 / 523 13%2 / 360 51 57 100 28
B/ 7/81 10342 RRW 4 330 99,95 83 24  2A .67 355 / 931 1419 / 368 46 34 100 3
8/ 7/81 10343 ARW 4 3535 99.%% 86 25 &3 71 304/ 500 1271/ 3575 45 32 100 32
8/ 7/B1 10947 ARW 4 353 99.97 B84 23 & b1 230 / 462 1210 / 3184 43 54 100 27
8/11/81 1262 ARW 4 530 99.91 86 24 28 96 299 / 467 fRR3 /4 3730 43 50 100 34
B/14/81 11588 ARW 4 535 93.% 81 30 37 .85 288 / 441 1189 /7 373 42 5 100 18
B/14/81 11090 ARW 4 535 99.96 685 31 36 A1 231/ 470 1202/ 3339 47 43 100 3
9/ B/81 12176 ARW 4 540 39,27 B1 22 &7 .94 2935 / 452 1238 / 3742 4 51 100 13
9/ 8/81 13540 ARW 4 540 99.93 72 20 &7 96 277/ 483 1160 / 3492 40 54 100 14
9/ 8/B1 13347 ARW & 520 39.83 74 21 2B .92 284 /7 439 122 /7 380B 3@ 31 100 15
10/ 9781 14746 ARW 4 500 99.%6 75 17 23 .96 268 /7 438 fe01 o/ 3231 38 31 100 15
10/14/81 14823 ARW 4 505 99.93 72 19 2  L.01 2% / 414 1283 / 3585 35 49 100 1@

MEAN: 82.77 24,23 28,92 .04 303.69/ 480,15 1257.31/ 3382.15 43.46 51.92
5T DEV: 8,32 5.09 4,01 .16 38,36/ 64.64 BR.69/ IR4.38 5,35 2.29

a/17/82 4675 ARW 4 305 39,90 109 3% 31 1,02 33 /7 529 1159 /7 M@ 56 51 100 23
6/ 1s82 5262 ARW 4 505 99.99 A7 21 24 L35 275/ 435 1310/ 3066 44 4B 100 i
7/13/82 7BST ARW 4 S60 99,92 74 B4 32 1,08 233 / 490 1472 / 446 3B SI 100 13
8/30/82 11042 ARW 4 430 99,98 97 2 27 L.71 253 / 432 1130 7/ 379 41 42 100 72

MEAN: 91.75 26,23 28,50 1,19 2B5.00/ 471,30 1267.75/ 379B.25 44.75 48.00
ST DEV: 14,86 5,56 3,70 .33 26,48/ 4B.69 157.38/ 461.43 T7.B9 4,24

3/17/82 4676 RRW B8 360 99.93 65 22 34 .ol 545 / 8B6  ZB9B / 8210 37 57 100 10



PAGE 12
TABLE OF ASPHALT PROPERTIES COLLECTED
BY THE DREGON STATE HIGHWAYS DIVISION
(GROUPED BY SPECIFICATION/GRADE/DATE)

DATE  LAB% SPEC/GRD FLASH 5OLUB PEN (DEG F)  PEN LOSS KINEMATIC ABSOLUTE RESIDUE  DUCTILITY
(77) (39 RATIO VISCOSITY VISCOSITY PEN %ORIB (77) (49)

12/ 7/82 16511 AR 2 BOD 99.99 9% 20 21 .34 203 / 268 920 /7 1905 58 &2 100 100



TRBLE OF ASPHALT PROPERTIES COLLECTED
BY THE OREGON STATE HIGHWAYS DIVISIDN
(GROUPED BY SPECIFICATION/GRADE/DATE)

PRSE

BRAND: HUSKY

DATE  LAB# SPEC/GRD FLASH SOLUB PEN (DEG F) PEN LDSS KINEMATIC ABSOLUTE RESIDUE  DUCTILITY
(77) (39} RATIO YISCOSITY VISCOSITY BEN XDRIE (77) (45)

3/17/82 €129 AC 10 530 99,86 107 32 30 A1 291 /7 409 1057 / 236 B4 60 100 22
3/17/82 2130 AC 20 950 99.93 71 21 30 16 404 7 579 2012 /7 4B1S 43 61 100 8
4/ 3/84 4324 AR 1 490 99.®R 185 49 3 62 171/ En 37 / 93 % 52 100 100
4/ 3/84 435 AR 2 460 99.91 173 43 4l 95 196 / 295 406 /7 1183 83 49 100 41
10/28/81 15476 AR &4 503 99.99 64 17 27 16 433 /7 999 2149 / 4933 37 S8 100 12
12/ 7/82 16512 AR 4 575 99.99 60 t& 23 41 288 /7 427 1720 /4 371 37 62 100 15
4/ 4/84 4326 AR 4 3505 99.9% 79 18 23 4B 336/ 474 1384 /7 3528 45 57 100 13
12/ 8/82 16513 AR 8 3500 99.99 47 6 34 23 438 /7 701 2849 / @35 &7 57 100 10



TRBLE OF ASPHALT PROPERTIES COLLECTED
BY THE OREGON STATE HIGHWAYS DIVISION
(GROUPED BY SPECIFICATION/GRADE/DATE)

PAGE 14

BRAND: MCCALL
DATE  LAB# SPEC/GRD FLASH SOLUB PEN (DEG F) PEN  LOSS KINEMATIC ABSOLUTE RESIDUE  DUCTILITY
{77)  (39) RATIO VISCOSITY VISCOSITY PEN %ORIG (77) (43)
2/16/83 621 ARW 4 560 99.99 55 18 33 J1 281 / 3p8 1887 /7 3777 239 53 100 40
3/11/83 4636 ARW 4 473 99.98 B84 26 31 1.12 243 / 3B& 1312 / 3L 42 50 100 13
MERN: £9,30 22,00 32,00 .92 247.00/ 376.00 1599.50/ 3669,00 35,50 51.50
ST DEV: 20.91 5.66 1.41 .29 G§.66/ 11.31 406,59/ 152.74 9,19 2.1




PAGE 15
TRBLE OF ASPHALT PROPERTIES COLLECTED
BY THE DREGON STATE HIGHWAYS DIVISION
{GROUPED BY SPECIFICATION/GRADE/DATE)
BRAND: SHELL

[ATE  LAB# SPEC/GRD FLASH SOLUB PEN (DEG F) PEN LOSS KINEMATIC ABSOLUTE RESIDUE  DUCTILITY
{77} (39 RATIO VISCOSITY VISCOSITY PEN XORIG (77) (49)
3/26/81 3440 AR 2 5RO 99.9%% 71 14 20 .27 g2l / 310 1217/ 2389 44 62 100 40
3/ 1/81 4677 AR 2 580 99.68 78 10 13 21 22 / g8 1030 / 181 49 63 100 0
5/27/81 6235 AR 2 330 99,98 84 24 20 15 179 /7 238 937 /7 1189 34 B4 100 100

MEAN: 77.67 16,00 17.67 .21 204.00/ 276,67 1061,33/ 2013.00 49.00 63.00

ST DEV: 6.51 7.21 404 .06 22,11/ 36.30 142.61/ 327.61 5.00 1,00
3/ 9/82 2030 AR 2 470 99,98 43 18 22 41 185/ B49 1041 /7 2041 49 59 100 56
3/23/82 2375 AR 2 473 99.98 B0 18 23 33 197 / 235 1095 / 2063 49 61 100 55
8/ 3/82 BI74 AR 2 575 99.99 7B 6 2 .42 201 7/ 261  116B / 2230 47 63 100 100

MEAN: 79,33 17,33 22,00 .39 194.33/ 255.00 1101.33/ 2111.33 48,33 61.00

5T DEV: 404 1.15 100 .05 B.33/ B.00 63.74/ 103.36 1.15 2,00
4/19/83 2939 AR 2 563 99.92 52 11 2l 27 243 / 331 1905 / 3554 3% 65 100 10
3/25/81 3441 AR 4 5375 939.30 47 13 28 26 277 / 380 1973 / 3877 31 &6 100 10
9/ 1/81 4328 AR 4 530 99.72 45 6 13 .cl 283 / 381 2008 / 3971 29 64 100 O
8/ 6/81 10972 AR 4 513 99.95 351 17 33 27 268/ 449 1810 / 32 32 63 100 15
8/11/81 11138 AR 4 515 99.33 50 17 34 31 269 /7 373 1783/ 3819 30 60 100 3

MEAN: 48.25 13,23 27.00 .26 274.23/ 395,75 1893.50/ 3B32.25 30,50 63,23

ST DEV: 273 419 970 .04 7.09/ 35.68 113.45/ 184,22 1,29 2.50
3/ 8/82 1739 AR 4 480 99.39 52 14 &7 22 269 / 303 1754 / 305 & 63 100 16
3/ 9/82 2001 AR 4 490 99,98 53 12 23 <41 243 / 367 1894 / 3930 31 58 100 6
3/23/8e 2576 AR 4 450 99.98 49 1 22 40 258 /7 361 2045 / 43%4 30 Bl 100 B
8/ 4/82 BIX AR 4 579 99.97 S0 12 24 .31 247 /7 338 1991 / 3351 31 &2 100 B4
8/18/82 9584 AR 4 543 99.89 46 10 22 34 Bl 0/ 352 336k / 4250 29 &3 100 0O
9/27/82 12373 AR 4 575 .99 2@ 4 27 05 25 / 387 1810 / 3301 33 64 100 19
11712782 14652 AR 4 600 99.9% 4 12 &6 22 255 / 341 213/ 4061 29 B3 100 14

MEAN: 49.71 12.14 24.43 .29 251.14/ 349.86 2142.29/ 3921.71 31.29 62.B5

ST DEV: 2.87 1.4 2,83 .10 1440/ eh.51 9555.68/ 330.10 2.50 3,34
6/ 9/83 6204 AR 4 523 99.97 9% 30 33 15 337 /7 547 1658 / 3312 S99 B4 100 37
3/25/81 3442 AR 8 595 59.88 3Im 10 A .23 371/ S14 3163 / GBI 24 69 100 O
B/11/81 11139 AR B 520 99.95 3! 8 a6 43 387 / oG24 3724/ 7888 15 48 100 O

MEAN: 33,00 3,00 27.50 .34 379,00/ 519,00 3443.50/ 7278.50 19,50 56.50

ST DEV: 2,83 L4l a2 .13 1L.31/  7.07 396.69/ BRL9 6.36 14.85
3/ 8/82 {760 AR 8 510 99.93 29 3 10 A6 332/ 472 3499 / Teé6 20 &9 100 3
10710/83 15332 ARW & 535 99.88 112 26 23 1.23 216 / 3i4 891 / 2265 61 30 100 10

Feeae SEE NEXT PABE #exikk®



PREE 16
TRBLE OF ASPHALT PROPERTIES COLLECTED

BY THE DREGON STATE HIGHWAYS DIVISION
(GROUPED BY SPECIFICATION/GRADE/DATE)

BRAND: SHELL

DATE  LAB# SPEC/GRD FLASH SDLUB PEN (DEG F) PEN LOSS KINEMATIC ABSOLUTE RESIDUE  DUCTILITY
(77) (39) RATIO VISCOSITY VIGCOSITY PEN #QRIG (77) (43)

6/20/84 7014 ARW 4 483 99,97 80 25 3l 86 273 / 391 1477 /7 3098 47 39 100 32



PRBE 17
TABLE OF ASPHALT PROPERTIES COLLECTED
BY THE OREGON STATE HIBHWAYS DIVISION
(GROLIPED BY SPECIFICATION/GRADE/DATE)

BRAND: SOUND

DATE  LAB# SPEC/GRD FLASH SOLUB PEN (DEG F} PEN LOSS KINEMATIC ABSOLUTE RESIDUE  DUCTILITY
(77) (39) RATID VISCOSITY VISCOSITY PEN XDRIB (77) (43)

3/16/83 1789 AR 2 500 99,92 138 6B 49 <30 283 /7 439 939 /7 2418 78 37 100 100
11/15/82 15638 AR 4 515 99.% % 35 3B .32 230 / 427 1355 / 3168 54 59 100 34
7/10/84 8317 ARW 2 445 99.95 133 3% 26 1,61 203 / 334 762 / 2199 6% 48 100 100
6/27/84 7392 ARW 4 530 99.99 198 42 27 .85 186 / 282 950 /7 1297 87 55 100 100
7/ 5/84 B3I ARW 4 410 99.99 161 &8 42 1.9 1BL / 310 82 / 213 6% 39 100 100
7/11/84 B793 ARW 4 3520 99.99 72 16 22 36 271 7/ 374 1540 / 3294 4 Bl 100 65
7/11/84 BB4O ARW 4 460 99.99 80 17 @2 91 272 / 407 1533 / 3497 45 56 100 65

¢ 117,75 35,75 28.85 1,02 227.50/ 343,85 1051.25/ 2556.00 60.00
H 48,33 24,64 9.46 .67 50.85/ 57.35 560.48/ 1031,44 20,22




TABLE OF ASPHALT PROPERTIES COLLECTED
BY THE OREGON STATE HIGHWAYS DIVISION
(GROUPED BY SPECIFICATIDN/GRADE/DATE)

BRAND: UNION

DATE  LAB# SPEC/BRD FLASH SOLUB PEN (DEG F) PEN LOSS KINEMATIC ABSOLUTE RESIDUE  DUCTILITY
{77) (39 RATIO VISCOSITY VISCOSITY PEN %ORIG (77) (439)
4714781 4237 AR B8 3530 99.95 66 23 35 .80 629 /1030 334 /11195 3B 38 100 1i
9/2R/81 6202 AR 8 510 99.99 71 27 3B 81 338 / 943 236 / B7IB 37 S22 W0 1
7/31/81 9234 AR B 510 99.97 63 23 38 90 515 /7 736 2371 /4 77089 3 37 100 14
10/ 8/81 14264 AR B 3540 99.87 54 14 25 .93 408 / 670 23%0 / 737 29 51 100 10

MEAN: 64,00 28,20 34,00 .76 521,00/ 844,75 2730.25/ B731.75 35,25 54.30

ST DEV: 716 5.74 6,16 .18 90,34/ 169,64 409,29/ 1740,43 4,13 3,51
3/ b/B2 433B AR 8 600 99.99 I8 17 29 <91 388 / 6R1 2374 / V8% 30 3 100 8
I/ 4/82 4249 ARW & 570 99.56 103 25 24 79 237 /1 33 i /7 1977 55 53 100 13
4/14/81 4236 ARW 4 595 99.9%% A1 21 25 B4 352 / Sk 1404 / 3528 47  T@ 100 30
4/30/81 4617 ARW 4 605 99.76 83 24 28 .66 363 / 574 1388 / 4007 45 53 100 19
5/26/81 &170 ARW 4 610 93.93 86 26 30 .70 368 / 975 1429/ 4035 46 33 100 24
9/26/81 6201 ARW 4 5B0 99.94 BE 2 30 .72 364/ 577 1440 7/ 3778 4 53 100 A
6/ &/81 7992 ARW 4 5RO 99.93 83 21 29 .09 394 / G24 1399 / 343k 45 T4 0 0
8/ 3/81 9195 ARW 4 570 99.9%6 8 35 43 .38 361/ SR 1448/ 3739 47 37 100 34
B/ 5/81 9546 ARW 4 560 99.99 B0 26 33 45 330/ 5925 1418 7/ 3572 45 36 100 26
8/ 5/81 10866 ARW 4 353 99.95 83 24 29 .85 238 /7 433 IR/ 3453 45 57 100 &
10/ 8/81 14263 ARW 4 533 99.86 B0 1B 23 .85 280 ¢ 437 1217 / 3815 43 34 100 17

MEAN: 8,89 24,36 29.56 .67 343.33/ 532,00 1370.56/ 3642.56 45.44 54,67

ST DEV: 2.37 480 5.% .13 31.69/ 4B.16 96.29/ 273.46 l.24 1.6h
3/ &/B2 4337 ARW 4 300 93.97 A1 B3 BB 1.13 285 / 465 1371/ 4023 42 52 100 12
8/15/83 10369 ARW 4 535 99.88 75 11 3 B3 241/ 342 1207 / 2328 44 39 100 3
8/15/83 10370 ARW 4 530 99.91 76 15 20 JJ2 243/ 334 1260 / 3029 44 5B 100 EB
8/30/83 11100 ARW 4 515 99.99 77 20 26 66 222 / 345 1257 / 2866 44 37 100 10

MEAN: 76,00 15,33 20.33 .68 235,33/ 347,00 1241.33/ 2941.00 44,00 58,00

ST DEV: 1,00 4,531 331 .04 139/ 624 e9.77/ 827 .00 1,00
7/ 5/84 8344 ARW 4 510 99,99 75 2 33 83 2t/ 419 1342/ 3480 38 50 100 13



PAGE 19
TRBLE DF ASPHALT PROPERTIES COLLECTED
BY THE OREGON STATE HIGHWAYS DIVISION
(GROUPED BY SPECIFICATION/GRADE/DATE)

BRAND: US DIL

DATE  LAB# SPEC/GRD FLASH SOLUB PEN (DEG F) PEN LOSS KINEMATIC ABSDLUTE RESIDUE  DUCTILITY
(77) {39) PRATIO VISCOSITY VISCOSITY PEN WORIG (77) {43)

6/12/84 7013 AR 4 540 99.9%% 93 28 30 46 361 /7 537 14l / 32! 53 57 100 2l

9/27/83 13814 ARW 4 510 99.97 93 21 23 .63 323 / S48 1500 / 4597 46 43 100 O
10/13/83 15926 ARW 4 523 99.92 89 21 24 LB7 343 /539 1422 / 4232 45 51 100 31

MEAN: 91.00 21.00 23,50 .76 333.00/ 1553.350 1461.00/ 4414,50 45.50 S0.00
ST DEV: 2.83 .00 .71 .16 1414/ 7.78 55.15/ 298.09 .71 1.4l

1/ 5/84 20736 ARW
3/26/84 3369 ARMW
7/19/84 8324 ARW

4d 93.93 97 30 31 1.03 378 / 635 1388 / 4681 47 4B 100
99 99.98 91 24 26 77 32/ D40 1281 / 3418 47 3% 100
943 999 77 17 2 44 370 /7 528 162/ 3740 47 61 100

HMEAN: 88,33 23.67 26,33 .75 370.00/ 3567.67 1440.33/ 394b.33 47.00 53.67
ST DEV: 10.26 6.31 45i .30 8,00/ S5B.62 190.96/ 63R.29 .00 6.6E

Eop
48




PRGE 20
TRBLE OF ASPHALT PROPERTIES COLLECTED
BY THE OREGON STATE HIGHWAYS DIVISION
{GROUPED BY SPECIFICATION/GRADE/DATE)

BRAND: WITCO

DATE  LAB# SPEC/GRD FLASH SOLUE PEN (DEG F)  PEN  LOSS KINEMATIC ABSOLUTE RESIDUE  DUCTILITY
(77)  (39) RATIO VISCOSITY VISCOSITY PEN XDRIG {77} (43)
4/ 6/81 3743 AR 2 515 99.83 B0 16 20 .81 198 / 2% 1105 / 2179 4 39 100 100
4/13/81 3906 AR 2 510 99.83 85 17 &0 66 201 /7 23 1082 / 1876 53 B2 100 100
2/27/81 G163 AR 2 930 99,87 80 18 20 .06 193/ 257 1077 7/ 1830 35 &9 100 100
6/ 2/81 EGB&E AR 2 5RO 99.82 7B 20 26 G2 2l /o gre 1143 /7 2104 81 6% 100 100
6/ 2/81 7401 AR 2 475 99.86 B3 2% & 41 196 / 332 1044 /7 1974 56 67 0 0
7/ 1/81 BRA3 AR 2 525 99.83 81 16 20 .04 197 /7 238 1086 / 1886 3 64 100 100
8/ 3/81 BESE AR 2 490 99,91 79 30 3B 06 197 / 282 1086 / 2038 53 &7 100 100
9/29/81 1376B AR 2 515 99.56 83 15 1B .60 204 s 272 108 / 2119 43 39 100 100
3/29/8f 13739 AR 2 520 99.88 7B 14 1B 3 810/ 273 12/ 2178 48 62 100 100
9/29/81 13778 AR 2 515 99.55 B0 17 2 .05 194 /7 262 103¢ / 1B40 53 66 100 10O
9/30/81 14081 AR 2 529 99.87 B84 25 30 «O4 202/ 265 1033 / 1920 %2 63 100 10
10/ 5/81 14312 AR 2 3515 99.70 85 20 24 o1 203 / 233 1024 / 1751 @2 61 100 100
10/ 9/81 14512 AR 2 510 99,75 87 16 18 1,00 203 / 255 1007 / 1800 S5 64 100 100

MEAN: 81,77 18,92 23.23 .62 201.15/ 272,15 1069.31/ 1966.92 52.15 63.69

ST DEV: 2.92 4.73 6,02 .16 5,13/ 2A.43 4R.77/ 141.23 2.82 3.03
7/9/82 7444 AR 2 930 .91 7B 19 24 49 215 /7 2700 1495 /7 2053 52 67 100 100
7/ 9/82 T443 AR 2 545 99.81 B 21 &4 45 195 / o242 1034 / 1744 39 B9 100 6AZ
8/25/82 10730 AR 2 520 93.82 79 1B 24 42 208 /7 263 12l /7 2103 33 7t 100 100
10/21/82 1393 AR 2 385 99.79 78 19 24 .48 203 / 293 1107 / 1941 30 B4 100 100
{o/e1/82 14133 AR 2 520 99.82 76 18 2% 40 204/ 291 739/ 2129 49 &4 100 100
11/10/82 14330 AR 2 600 99.81 783 25 33 .34 205 / 23 1188 / 1988 51 BB 100 1Q0

MEAN: 78.00 20,00 25.50 .43 205,00/ 268,83 1082.50/ 1993,00 52,33 67.17

ST DEV: 4,13 2,68 3.67 .06 6.54/ 20,25 172.14/ 140.66 3,96 2.79
4/ 6/81 3784 AR 4 335 99.85 31 10 20 .33 267 / 342 1937 / 3487 30 39 100 £
4/13/81 3907 AR 4 525 99,86 51 10 20 44 233 7 341 1943 /4 3338 33 65 100 19
10/29/81 15380 AR 4 510 99.%% 49 9 18 .22 836 / 345 1918 / 334 3 63 100 3

MEAN: 30.33 9.67 19.33 .40 260,67/ 342,67 1932.67/ 3463.00 31.33 62.33

ST DEV: .15 .58 15 .16 569/  2.0B 13,09/ 89.45 1.53 3.08
7/ 7/82 7120 AR 4 510 99.52 43 10 23 .36 238 / 388 23R4 / 4541 29 &7 100 2
7/ 7/82 7134 AR 4 340 99.49 46 10 22 .08 275 / 333 219 / 3541 33 72 100 2
7/9/82 Th42 AR 4 540 99.69 46 10 22 .20 280 / 3539 E2R0 / 4071 31 67 10 2
8/ 3/82 BBTZ AR 4 570 99.78 1o 23 .20 287 / 503 2478 7/ 4323 29 &6 100 42
B/ 3/82 BB74 AR 4 535 99.78 10 22 24 281/ 479 2308 / 4142 30 63 100 44
10/ 4/82 126681 AR 4 /@2 120 7/ 2167 49 &5 100 100

&4
46
325 99.82 75 6 2l .40 206
50
ig

MERN: .00 11,00 22,17 .26 271,17/ 387.33 2174.17/ 3B3l1.17 3?.50 £7.00

ST DEV: ie.31 2.45 .75 .11 32.88/ 90.82 489,21/ 893.63 7.74 2.6l

~

7/ 5/8B4 B34S AR 4 975 99.99 46 13 28 00 313 402 2432 / 4388 30 65 100 8
4/ 6781 3I74C5 AR B 350 99.87 36 1 &3 42 392 /7 335 4382 / 8718 18 &9 100 |

*xakkxe SEE NEXT PAGE #*x&e#s



TRBLE OF ASPHALT PROPERTIES COLLECTED
BY THE OREGON STATE HIGHWAYS DIVISION
(GROUPED BY SPECIFICATIDN/GRADE/DATE)

BRAND: WITCO

DATE  LAB% SPEC/GRD FLASH SOLUB PEN (DEG F) PEN LOSS KINEMATIC

(77)  (39) RATIO

VISCOSITY

ABSOLUTE

PABE

RESIDUE

21

DUCTILITY
VISCOSITY PEN %ORIG (77)

(43)

7/ 7/82 7141 AR 8 535 99.75 3l 5 16

A2 339

/ 469

30860

/Ui

20

65

100
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