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FRACTIONAIL COMPONENTS OF ASPHALTS--
COMPATIBILITY AND INTERCHANGEABILITY OF FRACTIONS PRODUCED
FROM DIFFERENT ASPHALTS

R. M. White, ) w. r. Mitten, ! and John B. skog (2)

SYNOPSIS

It has been established previously that the dur-
ability of highway asphalts depends on their chemical
composition expressed as the ratio of reactive to non-
reactive componénts.‘ It has also been postulated as a
result of the previous work that imbalance of components
is the cause for the lack of internal compatibility in
asphalts which exhibit syneresis or flocculation. The
work presented here was undertaken to establish guanti-
tatively the effect of each component on compatibility
and on interchangeability of components isolated from
different asphalts.

Four asphalts, of different chemical composition
and from different geographical origin (California,
Venezuela, Arkansas, Alberta) were separated into con-
centfates of five components: asphaltenes, nitrogen bases,
first acidaffins, second acidaffins, and paraffins., The
components were blended in various proportions to deter-
mine the composition limits within which the reconstituted
asphalts were free of syneresis. ‘

Two test procedures were devised to observe syneresis
of the blends made from the asphalt components. In one, a
thin film of asphalt was examined under the microscope; in
the other test a spot of asphalt on filter paper was

(1) Materials Research & Development, Inc., Oakland,
California. '

(2) California Division of Highways, Sacramento, California,
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examined under ultraviolet light. Blends of the com-
ponents from all four asphalts were made up in a wide
range of compositions and tested by these methods. The
results obtained on several hundred blends are presented
in tables and graphs.

- In the absence of asphaltenes, all fractional
components are compatible, In the presence of asphaltenes,
compatibility was found to depend primarily on the pro-
portions of nitrogén bases*énd paraffins. The relative

‘proportions of these two components, as represented by

the-parameter‘g,appears to be the most important factor
governing syneresls, The two test methods were found to
measure compatibility of somewhat different types, but
the ratio g Seems to govérn compatibility measured by
either method. The presence of some minimal amount of

fraction "N" a ears essential. Some variation was
b

found from one asphalt to another in the ratio of nitrogen
bases to paraffins necessary to insure compatibility

of the blend, The molecular weight of fraction "A" and
its content of chemical compounds of' the nature of nitro-
gen bases appear.primarily responsible for the effect of
fraction "A" on compatibility.‘ ‘

The interchangeability of fractional components
originating from the different asphalts was studied by
reconstituting asphalts stepwise from their fractions.

It was first established tﬁat all four asphalts could
be-rebleﬁded from the component concentrates to match,
within acceptable limits, the properties of the original
asphalt, thus assuring that the components in these con-
centrates had not been appreciably altered during the

‘preparative procedures from the components originally

present in the asphalt. Crossblending of the five com-
ponents produced from the four asphalts showed that,

with the exception of the asphaltenes fraction, components
from different asphalts are sufficiently similar in pro-
perties to be interchangeable. By matching the percentgge

i
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composition of components ekisting in a durable asphalt,
an asphalt of good durability could be produced from
components of an asphalt of poor durability. Conversely,
blending components from an asphalt of good durability
to the percentabe composition of an asphalt of poor dur-
ability resulted in an asphalt of pcoor durability. The
durability of an asphalt, as méasured by embrittlement,
has thus been shown to be dependent on the proportions of
fractional components present, and the effect of the
source of the components was shown fto be minor.

The findings of the study demonstrate that asphalt
quality can be improved by blending to change the pro-

-portions'of maltenes components to desirable composition

ratios.

Crossblending of asphaltenes and maltenes fractions
among the four asphalts studied indicated that the asphaltenes
fractioné'are not equally as interchangeable as the maltenes

components and that the effect of both the molecular weight

and the chemical nature of the asphaltenes must be taken
into account to predict properties of asphalts from chemical
composition.

www . fastio.com
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INTRODUCTION

The overall purpose of this study was to investi-
gate the validity of postulates made on the basis of
previous research regarding the interdependence of asphalt
behavior and chemical composition of asphalt as determined
by the precipitation method. In examining the results
obtained in this study, it is important first to con-
sider findings and postulates derived from previous work
pertinent to this investigation. These preceding findings
can be summarized as follows:

(1) The analytical procedure originally developed
for characterization of rubber extender oils was found
applicable to all high boiling petroleum oils independent
of their origin or composition(l).

(2) After minor modification, the analysis was
(2,3)_ A
flow sheet of.the analytical procedure, which is based
on stepwise precipitation of the maltenes fraction after
removal of asphaltenes, is shown in Figure 1.

(83) The characteristics of the five primary
fractional éomponents of asphalts, A, N, A Az, and P,

1!
and their function in asphalts have been defined and
demonstrated(3’4). A summary of these findings is pre-

'septed in Table I.

Wiy fastio.com

(4) The composition parameter of the maltenes,

N+A '
1
P+A,

reactive fractional components, has been shown to govern

s expressive of the ratio of more reactive to less

the durability of asphalts as measured by tendency of
asphélts to harden (embrittle) during aging. Table IIX
summarizes these findings, which permi% prediction of
asphalt durability from analysis of a one-gram sample
of the original asgphalt.
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(5) 1In interpreting the graph shown in Figure 11

A of reference (3) for durability against the maltenes
‘parameter, N+A1, it was postulated that the parameter
P+A2

is only a first approximation and that it must have a

bearing on durability which components are preponderant

(3)

in the numerator and in the denominator of the fraction .
(6) In rating asphalt durability by the parameter,

N+A
1, it was alsc found that a parameter of less than 0.4

P+A2“ )
was characteristic of a "cheesy' consistency, putty-like

properties and syneresis caused by exudation of paraffins,
It was.therefore concluded that a product of this type
should not be considered as belonging in the classifi-
cation of highway asphalts. The postulate made in (5)
also applies to compatibility, and the limiting value

of 0,4 should therefore also be considered only a first
approximation of the rule.

(7) On the basis of the observations described
above under (3) and (5) it was concluded that all highway
asphalts must contain, in addition to fraction "A", a
minimum of fraction "N", and can tolerate only a certain
amount of fractionm "P",

(8) Analysis of 347 asphalt specimens comprising
all the highway asphalts used in studies by the BPR and
some asphalt specimens originating from other studies
showed that no asphalt has been commercially available
or used which did not contain a2l1ll of the five primary
fractional components. Table III shows the range of com-
‘positions encountered in all asphalts previously investi-
gated(3’5).

(9) Other important characteristics suspected to
influence asphalt properties, in addition to chemical
readtivity, were molecular weight of the fractional com-
ponents, their structural characteristics and their mole-
cular association as expressed in viscosity characteristics.

ClibPDF - www .fastio.com
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(10) When investigafing bituminous products for
their potential utility as highway asphalts, all composi-
tions containing less than 5% asphaltenes, or having a
penetration value of higher than 300, or containing materials
volatile under construction or service conditions need not
be considered.

The above given recapitulation of previous findings
and postulates constitutes the background of the present
investigation. In this study, four 60 - 70 penetration
grade asphalts of different origin were separated into
concentrates of the five fractional components.

| The principal procedures used in the preparation of
the fracfional components employ sulfuric acid of increasing
strength, as does the analytical procedure. However,

while in the analytical procedure recovery of the fractions

is not the objective, but their quantitative determination,
the opposite is the case in the preparative procedure.

In order to utilize sulfuric acid in the preparative
procedure certain precautionary steps were required, taking
into account that sulfuric acid interacts with the com-
ponent fractions in three stages. In the first stage the
acid forms adducts; in the second, the adducts are dissclved
in the excess acid; and in the third stage the acid reacts
chemically and possibly irreversibly with the fractions
precipitated., Since the chemical reactions, which are
primarily oxi&ation and sulfonation, are time reactions,
sﬁeeded up by heat, care was taken in the preparative
procedures to work fast and to carry out all operations

in the presence of free sulfuric acid in the cold, thus

forestalling the occurrence of stage three.

Some of the concentrates were prepared by use of
chromatographic techniques., Pentane asphalienes were se-
parated into fractions of widely different molecular weights

by use of_paraffinic hydrocarbons of higher molecular weight

than pentane.
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The results achieved in the first phase of the
investigation provided the methods for producing asphalt
components in sufficient gquantities for future work and
confirmed in part the postulates made, in that blends
of fractions produced for the purpose of verification
of the preparative methods gave reconstitutéd products
identical with the starting material from which the
fractions originated., The four asphalts used as starting
material are defined in Table IV. Table V shows the
analyses of concentrates of fractional components pro-
duced and used for preparing the blends examined,

The concentrates of the fractional components
were compared as to color under ultraviolet light. Spots
of the asphalts and their fractional components were made
on filter paper for this comparison, observed and photo-
graphed in color, Figure 2 is a black and white photo-
graph, (Color slide used in oral presentation.) It is

noteworthy that all concentrates except those of A, are

1

very similar, The difference in A, might be attribu-

table tec the amount of the other c%mponents present in
the concentrates,

The reconstifuted asphalts tested were prepared
by mixing at room temperature benzene solutions of the
component concentrates in calculated propprtions, and

evaporating the benzene from the mixture. This procedure

was adopted to permit the use of small amounts, to in~

crease the accuracy of composition, to assure complete
initial homogeneity, and to forestall aging of the re-
constituted asphalts by hot mixing.

www . fastio.com
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COMPATIBILITY OF FRACTIONS

The purpose of this phase of the investigation
was to establish the minimum concentration (if any) of
each component required, or the maximum concentration
allowable, for the resulting blend to be free of syneresis,

Twe semi-quantitative test procedures for syneresis
and solubility limits were employed:

(1) Deposifing of a drop of the blend on a micro-
scopé slide and examination of the homogeneity of the film,
and

2y Depbsiting of a drop of asphalt on filter
paper and obsérvation of the spot thus formed under UV
lightffor separation of an oil phase.

~ Both tests were semi-quantitative in that blends
‘were prepared quantitatively, but the amounts of deposits
were not exactly controlled. It was more expedient to
run these semi-quantitative tests on a great number of
blends than to develop and use an elaborate quantitative
test on a few blends,

The spot test on the microscope slide reveals
whether or not the homogeneous benzene solution of the
components.blend is compatible after removal of the
benzene, and is possibly indicative of segregation in
bulk storage, The filter paper spot test reveals whether
Qf not syneresis occurs in the presence of an interfering
sdbstrate, and is believed indicative of asphalt separa-
tion when in contact with aggregate. This hypothesis is
admittedly speculative, but can serve as a theoretical
concept in tentatively interpreting the difference in
behavior in the test procedures.

_ Two types of segregation causing phase separation
can be observed in both tests. One is gimply separation
as it occurs in supersaturated solutions when components
‘are ejected because of insufficient solvent; the other
is rejection of a component when its amount exceeds the
mutual compatibility- limit. Flocculatibh, observable

ClihPD www.fastio.com
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particularly in blends of high asphaltenes content, is -

“ typical for rejection of components because of insuffici-
ent solvent, and appears to cccur as the last traces of
benzene are being removed. The second type of phase separa-
tion occurring in asphalts is true syneresis in the form
of physical ejection of a liguid from a gel. The two test
methods, detailed in tﬁe Appendix, take both these pheno-
mena into account.

In the test on the microscope slide, flocculation
of an asphaltenes phase can be seen with the naked eye;
ejection of an oil phase is visible under szuitable magni-
fication in the form of o0il droplets. In the filter paper
test, flocculation can be seen under ordinary light as a
separate deposit on top of the paper; segregation is seen
under UV light in the form of fluorescent rings of oil
surrounding the deposit. The main cause Ffor exudation
is rejection of paraffins. The exudate is visible under
UV light because of dissolved trace amounts of other com-
ponents, primarily second acidaffins, which fluoresce
strongly. Paraffins by themselves do not fluoresce. The
intensity of fluorescence is, therefore, not significant
for the amount of segregation, only the width of the ring.

" The degree of syneresis in the filter paper test
was rated independently by three different observers from
"1" to "5%, A réﬁinglof "1'" (severe syneresis) or "2"
(definite syneresis) is an expression of a positive test,
indicative of substantial migration of an oil phase. A
rating of "4" (trace of syneresis) or "5" (no syneresis)
is considered a negative test. A rating of "3" (slight
syneresis) is expressive of borderline cases, i.e.,
slight oil migration, detectible as a very narrow ring
of exudate. Figure 3 shows spots with each of these
ratings. (Color slide used in oral presentation.)

RESULTS OF FILTER PAPER TESTS

The test series reported below were designed to
detect specific limiting factors suspected to govern

ClibPDF - www .fastio.com
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compatibility due to the functions of the fractional

components.

Series 1 - Depéndence of syneresis on durability parameter,

N+A1

2 _
Fraction "P" was added to each of the four asphalts

until syneresis occurred, The results of these tests are
shown in Table VI. A parameter of 0.4 was in all cases

' the limiting factor for tolerance of paraffins.

In a second set of experiments, fraction "Az" was

- added to each of the four asphalts in an attempt to cause

syneresis. The results of this set of tests, shown in
Table VII, revealed that a parameter of 0.4 does not con-
stitute the limiting factor for tolerance of second
acidaffins., 1In both sets of tests the concentration of

" fraction "A' was kept constant at the concentration in

the original asphalt. _

Another series of tests was carried out to determine
the influence of adding fraction "N" to compositions showing
syneresis. For this purpose, fraction "N" was added incre-
mentally to blends consiéting of asphaltenes and maltenes
freed of fraction "N", The results of these tests with

each asphalt are shown in Table VIII. The tests evidence

that blends containing only minimal amounts of fractiom "NV

 show syneresis, and that in each case a noncompatible

blend could be made compatible by addition of fraction "N".
The data reported in Tables VI through VIII confirm

that the two fractiors having the greatest influence on

compatibility are fractions "P" and "N". The parameter,

%, reported in the tables, is indicative of this fact.

Serieé 2 -~ Significance of the parameter, %:

In order to confirm these primary findings, blends
were prepared from the components listed in Table V fo
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give wide variation in composition, Tahles IX through

= XII list these blends, together with their composition,
calculated from the composition of the concentrates, and
results of filter paper spot tests. These results are
expressed as ratings, described earlier, with an "f£"
after the number indicating some degree of flocculation.
Results of microscope tests, discussed later, are also
reported,

Figure 4 shows for each asphalt the relationship
of syneresis to the composition of the maltenes, plotted
on trilinear coordinates. Blends containing more than
50 percent asphaltenes have been omitted from the graphs,
since all these blends showed flocculation severe enough
to render the test results unreliable; i.e,, the spot
failed to spread on the paper under the test conditions,
Although theoretically of interest, these materials are
all of a consistency too high to be considered highway
asphalts. Blends with less than 50 percent asphaltenes
which showed flocculation are shown in the figures as
small points. The results with blends showing floccu-
lation were weighed less heavily in drawing the dividing

" lines for syneresis than the results with blends where
the spot spread evenly on the paper. A study of the
results presented in Tables IX through XII indicates that
the amount of asphaltenes has little effect on the mutual
compatibility of the components below the point-where
flocculation occurs, Therefore, all blends having as-
‘phaltenes content ranging from as low as 8 percent up to
50 percent were plotted in these graphs. '

The graphs for all four asphalts confirm that the
principal governing factor for compatibility is the ratio,
g, which could be shown graphically on these triangular

coordinates as a straight line from the bhottom of the tri-
angle to the apex. In all cases, syneresis, as represented
by exudation of an oily phase, appears to be strictly de-
pendent on this parameter when the content of N and P

ClibPDF - www .fastio.com
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together is at least 30 percent of the maltenes. When

the acidaffins constitute more than 70 percent of the
maltenes, additional nitrogen bases appear to be necessary,
as indicated by the fact that curves representing limits
of compatibility 2ll tend to curve to the right in the
upper portion of the graph.

In the composite graph in Figure 5 the curves
indicating compatibility limits for all four asphalts
show that the ratio of nitrogen bases to paraffins in the
maltenes necessary to insure compatibility of the re-
blended asphalt is not the same, On this graph there is
also marked the area representing the range of maltenes
composition found in all asphalts previously investi-
gated, showing that practically all incompatible blends
of components fall cutside the range of composition to
be expected in highway asphalts commercially available
at present.

RESULTS OF MICROSCOPE SLIDE TESTS

The results of observation of films of asphalt
blends on microscope slides have been related to maltenes
‘composition in the same manner as for the filter paper
test in Figures 6 and 7. These results of the microscope
slide tests reveal primarily that the phenomenon being
observed in these tests is not quite the same as that
observed in the filter paper tests. With the Valley,
Boscan and Arkansas aspbalts, the test appears to measure
the same type of segregation, but the tendency for an
oil layer to separate appears much less under the condi-
tions of this test than in the filter paper test. In other

words, although the ratio, still appears to govern

N
'f,"
compatibility, a much lower ratio seems necessary to
effect compatibility than in the presence of the inter-
fering substrate represented by the filter paper. If

the assumption is correct that the filter paper spot test

-
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represents behavior in contact with aggregate, while the
microscope slide test indicates tendency for the blend to
segregate in storage, the tests on these three asphalts
suggest that compatibility of asphalt components in
storage does not neceséarily mean there will be no bleed-
ing of 0il in use.

One phenomenon could be observed under the micro-
scope which is not visible in the filter paper spot test -
the separation of crystaliine wax from the blend, Thus
in the case of the blends of the Boscan asphalt components,
wax crystals could be observed in most pf the mixtures
having high paraffins content. This is to be expected
gsince a high amount of crystalline wax is evident in the
paraffins fraction from Boscan asphalt.

The behavior in the microscope test of the blends

made from Canadian asphalt components is different from

-what would be expected from the filter paper spot tests

and from the behavior of the other asphalts. Blends

of Canadian asphalt components revealed a greater tendency
to segregation observable under the microscbpe than blends
of the same composition prepared from components of the
other three asphalts. The Canadian asphalt differs from
the other three tested in that crystalline wax is observable
in the second acidaffins fraction, and shows up in the
microscope slide test in those blends having a high second
acidaffing content. It is possible that this crystalline
wax is responsible for the disproportionately high sensi-
tivity to syneresis of blends of Canadian asphalt com-
ponents. Although the presence of wax in the paraffins
fraction, as in the Boscan asphalt, did not appear to
contribute significantly to syneresis, crystalline wax

in the second acidaffins seems to disturb mutual compatibi-
lity of asphalt components.

Another peculiarity of the blends of Canadian
asphalt components observable under the microscope was
that blends of high second acidaffins content tended to
coalesce into beads on the slide rathérfthan spreading out
into a film. This has been indicated alongside the points

in the graph.

www . fastio.com
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Comparison of the dividing lines in Figure 5 and
Figure 7 between compatible and noncompatible blends of
the four asphalts shows, except for Canadian asphalt in
the microscope slide tests, that the curves for the limit-
ing ratio of nitrogen bases to paraffins are in the same
relative position by both tests. This leads to the
conclusion that, even though the amount of asphaltenes
fractioh does not appear consequential, the nature of the
asphaltenes fraction cannot be ignored in considerations
involving mutual cbmpatibility of asphalt componentis.

One test was run to check on this assumption, as shown

in Table XIII. 1In this test fraction "A" and maltenes
freed of nitrogen bases from Valley and Canadian asphalts
were crossblended.. Both blends made with the Canadian
asphaltenes showed segregation, while neither blend made
with Valley asphaltenes showed evidence of syneresis,

It is noteworthy that the amount of nitrogen bases

‘required to make a compatible blend with each of the

four asphalts is in inverse order to the nitrogen bases
content of the original asphalt. This seeming influence
of source of the asphalt is brought about by the analyti-
cal separation of asphaltenes and maltenes, which defines
the asphaltenes arbitrarily as the components of high
enough molecular weight to be insoluble in pentane., All
the pentane-asphaltenes contain materials of intermediate
molecular weight, which are soluble in heptane. It is

‘logical to assume that in asphalts of high nitrogen bases

content the pentane-asphaltenes contain materials of
chemical make-up similar to nitrogen bases, and that these
materials contribute to mutual compatibility in the same
manner as the nitrogen bases fraction, or, stated differ-
entiy, that high molecular weight nitrogen bases are
separated in the routine analytical procedure as part of
fraction "A", This assumption appears justified since
blénds of Valley asphalt componentis were compatible in
microscope slide tests even when containing appreciable
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amounts of paraffins and little or no nitrogen bases
isolated from maltenes (See Tests No, V-30-, V-31, V-32,
v-36, vV-37, V-40, V-41, V-42 and V-56 in Table IX),

Blends of this fype made with the components from Arkansas
asphalt all showed syneresis even in the microscope slide
test.

Some of the segregation phenomena shown here would
certainly alsc show up in the Oliensis Spot Test and
Negative Period Test. The discussion of the paper quoted
as reference (5) left somewhat in mid air the question
Hﬁfl are also
P+Aq
borne out by the two Oliensis tests. Members of the AAPT
who read the earlier discussion might be interested in

whether or not ratings by the parameter

the results which Dr., Oliensis obtained on the specimens
.supplied to him at his request, quoted from a letter (8)
of Dr. Oliensis to the Secretary of the AAPT, as follows:

"I had found myself unable to complete more than
one-third of my Negative Period tests, However, it
is true that in spite of that, my complete series of
Hexane-Resistance tests and the one-third of my Nega-
tive Period tests that I did complete, both do agree
in bringing out the rather significant fact that the
Group V asphalts of the 60-70, 85-100 and 120-150
penetration, that by Dr. Rostler's test would have
ranked as poorest in performance, also turned out
as ranking poorest in stability of internal structure
by both the Hexane-Resistance and Negative Period
modification of the spot test, This may be of in-
terest to many members of the AAPT.,"

www . fastio.com
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INTERCHANGEABILITY OF FRACTIONS

The purpose of this phase of the investigation
was to determine the relation between the fractional
composition of asphalis and their engineering properties.
Blends made from the component concentrates were designed
to give the greatest possible amount of information with
a minimum number of tests., These blends made up for com-
paring with the originai asphalts were:

1. Blends in which each asphalt was reconstituted
from its components by |

(2a) Blending asphaltenes and maltenes, and
(b) Blending concentrates of all five com-
‘ponents to the original percentage

" composition,

2. Crossblends of asphaltenes and maltenes in
which the asphaltenes of each asphalt were
replaced by asphaltenes of each of the other
three, _

3. Blends of compbnents derived from an asphalt
of good durability and of those from an as- °
‘phalt of poor durability by blending the
components of each asphalt to the percentage
composition of the other, and

4, ‘Blends made up from component concentrates
of each of the four asphalts in which the
maltenes were reconstituted in a stepwise
progression from the blends of 1{a) to those
of 1(b). '

The tests carried out were as follows:
Component analysis;

Pellet abrasion test before and after 7
days' aging;

Viscosity at 77°F, 140°F, and 275°F;
Stain test; and

Viscosity at 77°F and microductility of
specimens aged in the. California dur-
ability test.
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One minor modification of the component analysis
method was made as a result of tests carried out on the
asphaltenes separation. It was found that the technigque
previously used in the analysis (3) for dissolving the
maltenes from the asphalt (digestion without agitation
except for occasional swirling) failed to remove all the
maltenes.in the case of high amounts of relatively high
molecular weight asphaltenes, as present in the Boscan
asphalt, thus resulting in an erroneously high anélyti—
cal value for the asphaltenes content of this asphalt.

The analytical results given throughout the tables of
the present paper were obtained by carrying out the
initial pentane digestion under constant agitation,
effected by a glass ball in the flask, which was placed
on a rotating, slanted turntable.
' Pellet abrasion tests, and preparation and aging
of the asphalt-sand mixes for these tests were performed
- by the procedure described by Rostler and White (2).
Essentially, the test consists of measuring the weight
loss resulting from tumbling under specified conditions
a cylindrical 2-gram pellet of standard size prepared
from a mixture of 2 parts asphalt and 100 parts Ottawa
gsand., Aging of the asphalt-sand mixtures was carried
cut for 7 days in an infra-red oven at 140°F,

Viscosity at 77°F was measured according to Test
Method No., Calif., 348-A using a sliding plate microvisco-
meter at shear rates of 0.05 and 0.001 sec-l. Viscosities
at 140° and 275°F were measured with capillary viscometers
according to ASTM Designations D2171 and D2170, respectively.
Temperature susceptibility was calculated from the visco-
sity measurements in the range of 140° to 275°F, and in the
range of 77° to 140°F, using the formula:

Temperature susceptibility = loglog m, - loglog ny

log T, - log T

2 1

where the viscosity is expressed in cenfistokes and T is
the absolute temperature.
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The stain test was 2 modification of ASTM Designa-
tion D1328, ' Test conditions of 120 hours at 140°F were
used in place of the 18 hours at 210°F specified in the
ASTM procedure, The value reported is the number of sheets
of cigarette paper stained, and is a measure of the tfendency
for oily constituents to exude from the asphalt.

Aging of specimens.for the durability test con-
sisted of oven-aging a 20-micron film for 24 hours at
210°F, The procedure followed was as described in Test
Method No. Calif. 347-A, except that the asphalt was
not first subjected to the Rolling Thin Film test as
specified in the test method,

The microductility measurements on the durability
test residue were made by Test Method No. Calif., 348-4A,

COMPARISON OF REBLENDED ASPHALTS WITH ORIGINAL

The four series of blends, listed in Tables XIV
through XVII, were made to determine with each of the
asphalts whether any of the components had been altered
during preparative manipulations, and, if so, in which
concentrates this had occurred. The results of these
tests are shown in Téble XIV for Valley asphalt blends

‘and in the following tables for the other three asphalts.

WA Taslio.com

In Table XVIII are presented the tests comparing
the four original asphalts with the asphalts reconstituted
from the five individual components. The properties
measured on the reblended asphalts matched those of the
other asphalts within the expected limits of experimental
error. It can thus be concluded that the components
contained in the concentrates had not been significantly
altered in the preparative iscolation from the original
asphalts,
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EFFECT OF INTERCHANGING ASPHALTENES FROM DIFFERENT ASPHALTS

In Table XIX are presented the results of inter-
changing the asphaltenes fractions of the four asphalts.
In all cases the percentage content of asphaltenes was
approximately the same as in the original asphalt.

The data obtained on the four sets of blends, and
depicted in Figures 8 through 13, show that asphaltenes
fractions obtained from different asphalts are nbt equiva-
lent when used part for part. Even though the predominant
factor governing asphalt properties remains the composition
of the maltenes, substitution of one asphaltenes fraction
for another caused marked variation in both viscosity
and abrasion resistance,

Figure 8 shows the effect on abrasion loss. The
effect of the asphaltenes originating from the four as-
phalts is in the same order of decreasing abrasion re-
sistance with each of the maltenes; i.e., Valley asphalt-
enes < Canadian asphaltenes < Boscan asphaltenes < Arkansas

asphaltenes., This order is in direct relation to molecular

weight of the asphaltenes; the higher the molecular weight
of the asphaltenes, the greater the abrasion resistance of
the blend.

Figure 9, depicting the effect of interchanging
asphaltenes on the viscosity of the blend at 275°F, indi-
cates that this property is also related to the molecular
weight of fraction "AY", In this case the use of the two
asphaltenes fractions of higher molecular weight resulted
in higher asphalt viscosity than the use of the asphaltenes
fractions of lower molecular weight. This is confirmed
by the fact shown in the second set of bars in Figure 9
that substitution of a higher molecular weight asphaltenes
fraction from the Canadian asphalt (heptane asphaltenes,
having a molecular weight of 4200) in the Arkansas asphalt
resulted in a viscosity of the same order as resulted from

"asphaltenes from the Arkansas and Boscan asphalts.

-
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Figure 10 shows graphically the effect of the
four different asphalteneé on the temperature susceptibi-
lity of viscosity between 140° and 275°F of the blends
containing them. In this temperature range, there appears

‘to be a trend for lower molecular weight asphaltenes to

result in greater temperature susceptibility of the blend.
The femperature susceptibility of the maltenes, shown

for compérison, appears to have less effect on the tem-
perature susceptibility of the blend than the molecular
weight of fracﬁion "A" . except for the blends made with
Valley maltenes, which contain only 11% of fraction "A"
and 89% maltenes of very high viscosity. It is logical
that the maltenes viscosity overshadows the effect of

the asphaltenes in this case.

Temperature.Susceptlbllity of viscosity in the

lower temperature range of 77° to 140°F, depicted in

Figure 11, also varies with the asphaltenes fraction.

The trend appears again to be that the lower molecular

‘weight asphaltenes increase temperature susceptibility.

However, in this range, where the four maltenes fractions
vary widely in temperature susceptibility, maltenes appear
to be more influential in affecting temperature susceptibi-

“lity of the asphalt'viscdsity than asphaltenes. This again

is logical, as was the case, depicted in Figure 10, with
the minor effect of small amounts of asphaltenes on the
highly viscous Valiey maltenes.

The viscosities of the blends at 140° and 77°F
recorded in Figures 12 and 13 are also affected by the
nature of the asphaltenes fraction, There is a fairly
consistent order to the effect of the asphaltenes on each
of the maltenes. However, the relative effect is in
different order at each temperature, At these two lower

temperétures this order seems unrelated to molecular

‘weight of the asphaltenes, which is not surprising when

www . fastio.com

considering that the effect of molecular weight of the
asphéltenes on viscosity at 275°F and on temperature
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susceptibility of the viscdsity below this temperature
is in inverse order. Additionally, the effect is over-
shadowed by the temperature susceptibility of the maltenes.

Abrasion resistance has previously been shown
to be influenced by the viscosity of the asphalt at the
abrasion test temperature as well as by the maltenes
composition(s). In order to determine whether the change
in abrasion resistance on changing asphaltenes was due
to a corresponding change in viscosity, additioconal blends
were made with the Valley and Arkansas asphaltenes, which
had resulted in highest and lowest abrasion loss, respectively.
In these blends, lower amounts of Valley fraction "A" were
added to the Arkansas maltenes, and higher amounts of
Arkansas fraction "A"™ were added to the Valley maltenes
in order to match the origiqal asphalt viscosities. A
comparison of the data obtained on these blends, presented
in Table XX, with those obtained on the original asphalts
discloses that the variation in abrasion resistance on
changing asphaltenes was caused primarily by the differ~
ence in viscosity of the blends. When the Arkansas as-
‘phaltenes were substituted in the Valley asphalt in an
amount to duplicate the Valley asphalt viscosity, the
abrasion resistance was also duplicated. These test
results reveal that the influence of the source of as-~
phaltenes on durability, as measured by the pellet abrasion
test, is minimal, provided viscosities of the asphalts are
the same at the test temperature.

In general, it has been found that asphaltenes pro-
duced from different crude oils by pentane precipitation
are not interchangeable part for part because of differences
in molecular weight. However, by taking into account the
molecular weight, the source of the fraction becomes in-
consequential,

The results reported for microductility of the
maltenes-~asphaltenes blends in Table XIX suggest that the
asphaltenes isolated from the Arkansas asphalt have a

beneficial effect on this property, but the evidence for
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this conclusion is rather meager. Further study of
asphaltenes fractions will be necessary to determine
whether this result is consistent, and, if so, in what
manner these asphaltenes differ from the other three
examined., Since the blends made from Valley maltenes
consistently showed microductility figures far above
those for blends with any of the other maltenes, this
‘property appears to depend more on the nature of the
maltenes fraction than on the nature of the asphaltenes,

It is not surprising to find that the pentane-
asphaltenes fractions from different crude o0ils are not
quantitatively interchangeable. The analytical identi-
fication of the individual maltenes fractions is based
on the response of each fraction to a specific reagent --
sulfuric acid of a specified strength. These fractions
are, therefore, chemically well defined as to reactivity,
and are each made up of very similar groups of organic
combounds. The analytical procedure identifies the as-
phaltenes fraction merely as those complex components
of an asphalt having sufficiently high molecular weight
to be insoluble in pentane. Thus, the fractions separated
“from various asphalts as fraction "A" may vary widely in
both chemical character and average moleculayr weight.

The need for subdividing the pentane-asphaltenes
has beeh well recognized and pointed out in previous work.
The exﬁeriments described in the study of compatibility
reveaied that the lower molecular weight portions of
the pentane-asphaltenes are actually components of a
naturé and behaﬁior gsimilar to fraction "N' but of higher
molecular weight. For routine analysis, the separation
by pentane offers a great advantage because of the ease
of removing the low-boiling pentane between steps of the
separation, but for research purposes separation of as;
phalt into heptane-asphaltenes and maltenes would provide
valuable additional information.
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COMPLETE INTERCHANGING OF ASPHALT COMPONENTS

To investipgate the relationship between chemical
composition of the maltenes and asphalt properties, parti-
cularly durability, blends were made in which components
of one asphalt were reblended to the maltenes composi-
tion of another. Two asphalts were selected for these
blends -~ the Boscan asphalt, which shows poor durability
in terms of embrittlement, and the Arkansas asphalt, which
exhibits excellent durability in this respect. Both
these asphalts have asphaltenes of about the same mole~
cular weight (5000 to 6000), so that this variable was
eliminated.

To satisfy the purpose of the tests, the maltenes
composition of each asphalt was matched as closely as

'possiﬁle in these blends from component concentrates

of the other. Since room temperature viscosity has been
found to have considerable effect on abrasion resistance,
the blends were compounded by adding asphaltenes to match
as nearly as possible the viscosity of the other asphalt,
rather than the bercentage of asphaltenes.

In Table XXI are presented the composition and
test results for two blends made from Arkansas asphalt
component concentrates to match the maltenes composition

-and viscosity of the Boscan asphalt, and two blends made

from Boscan asphalt component concentrates to match the
maltenes composition and viscosity of the Arkansas asphalt.
Also presented for comparison are the composition and test
results for the two original asphalts and for each asphalt
reblended from its own components,

The results of the test on these blends show that
the durability of these reblended asphalfs as measured
by the pellet abrasion test is primarily dependent on
the maltenes composition. The poor durability of the
Boscan asphalt could be duplicated with components of
the Arkansas asphalt by reblending these components to
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the same maltenes composition as the Boscan asphalt.
Conversely, the components of the Boscan asphalt when
reblended in the proportions of the Arkansas maltenes
resulted in an asphalt of excellent durability. In
all cases the abrasion resistance paralleled the para-

menter, N+A1.

P+A,

ClihPDF - wyw.faslio.com


http://www.fastio.com/

ClibPDF -

- 25 -
CONCLUSIONS

Incompatibility of components in an asphalt, which
causes syneresis and failure of asphaltenes to remain in
homogeneous solution, depends on the composition of the
maltenes portion of the asphalt as determined by fractional
component analysis, More specifically, mutual compatibi-
lity appears to be governed primarily by the ratio of
nitrogen bases to paraffins, which can be approximated
by the parameter, %. The numerical value of the para-
meter which limits compatibility differs from one asphalt
to. another, Since a lower amount of nitrogen bases is
needed in asphalts of higher original nitrogen bases
content, it can be deduced that the lower molecular
weight fractions of the asphaltenes of these asphalts
contain appreciable amounts of material similar to the
nitrogen bases fraction of the maltenes, and that these
materials assist in increasing the tolerance of an asphalt
for paraffins, '

A general interdependence of fractional chemical
composition of asphalts and their engineering properties
has been shown. Rheological properties of asphalts have
been shown to depend on percentage composition of fractional

components, as do durability phenomena., The effect of

molecular weight of fraction "A'", chemical composition of

that fraction, and molecular weight or viscosity of maltenes
are also important factors in engineering properties of
asphalts,

The basic principles developed in this study
should prove of assistance to manufacturers of highway
asphalt in selecting suitable petroleum fractions (maltenes)
for blending with asphaltenes concentrates (low penetration
asphalts) to assure high quality products, Previous work
has shown that the fractions "P" and ”Az” are desirahle

in such blending materials to increase durability of the
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asphalt. The present work has shown that there is a limit
ta the amount of fraction "P" which can be tolerated in
an asphalt blend without syneresis, depending on the
amount of fraction “N" present. However, addition of
fraction "Az" seems to be tolerated without syneresis

up to high amounts, Thus, blending low penetration as-
ﬁhalts with materials high in second acidaffins appears
highly desirable from the standpoints of both durability
and compatibility. The excepfion to this general rule
appears to be that if the second acidaffins fraction
contains érystalline wax, it has much more limited com-
patibility with the other asphalt fractions.
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APPENDIX

MICROSCOPE SLIDE SEGREGATION TEST

Scope

1. When the components of an asphalt or a blend of
asphalt components are not mutually compatible, this
incompatibility or separation can be observed in a thin
layer under the microscope, The procedure described
provides a method of preparihg such a film for observation.
| 2., The method is semi-quantitative, since neither
the amount nor film thickness of the deposit is exactly
controlled.

-Apparatus

3. (2) Hot plate
(b) Microscope slides

(c) Micropipettes, disposable, 100 microliter
size*

(d) Miscroscope, 100X to 400X magnification.

Procedure

4, Using a micropipette transfer to a microscope
slide 15 to 20 microliters of a blended 4% benzene solu-
tion of asphalt components oxr a benzene solution of
asphalt, containing approximately 4 grams per 100 ml
solution. Tilt the slide to form a film about 5 to 10 mm
in diameter, and let dry. Heat the dried film at about
150 C on the hot plate for about 5 minutes, let cool,
and examine the £ilm under the microscope at 100X magni-
fication using transmitted light.

5. If a clear film is observed, with no structure
or network of segregated phases, report a negative result.

6. Report as positive any widéspread irregularity

of appearance, which may appear as a coarse or fine pattern

* Drummond "Microcaps'".
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in the film. A dull surface on the film when viewed by
reflected light may be observed with the naked eye when
severe segregation has occurred.

7. 1In borderline cases, re-examine daily for one
week, using 400X magnification if needed.

o.com
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FILTER PAPER SPOT TEST FOR ASPHALT COMPATIBILITY

Scope

1. This procedure provides a means of observing
syneresis in an asphalt or blend of asphalt components
in the presence of an interfering substrate which increases
the tendency of the blend to separate into phases. The
material is applied to the paper in solution and the
solvent evaporated by applying heat from the periphery
of the spot to avoid chromatographic separation from
the solution. A drop of an asphalt blend of mutually
compatible components will spread-evenly with heating
on a filter paper, without any type of striation. Where
incompatibility of the components exists, there occurs
either a flocculation of unblended material on top of
the spot, or a bleeding out of a separated oily phase
around the periphery of the spot. The first type of
segregation, flocculation, is wvisible under ordinary
light. The latter type of separation, exudation of oil
layer, becomes visible when viewed under ultravioclet 1light,
because of the strong fluorescence of the acidaffins
fractions present in small amounts.in the exudate.

2. The method is semi-~quantitative in that neither
the amount of material applied to the paper nor the size
of the spot is exactly controlled. In order to minimize
the subjective element in rating the degree of syneresis,
five standard spots, judged to represent five rankings,
are used for comparison with the test spots, and the test
spots are rated independently by three observers and thelr

ratings averaged.

Apparatus

3. (a) Filter paper, #1 Whatman, 11 cm diameter
(b) Pipette, 1 ml, graduated in 0.01 ml
(c) Rubber bulb and screw clamp
(d) Ring stand with small clamp
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(e) Ring oven*
(f) Hot plate**

(g) Asbestos plates, two 6"x6"x%", with 2"
diameter holes in center

(h) Ultraviolet lamp, 1l5-watt fluorescent type,
with reflector

(1) Filter paper spot test ranking chart,

Procedure

4, Preparation of Spot - Adjust the ring oven to
170 C with the 5/8" diameter round rings in place. Adjust
the vacuum tube beneath the lower ring about 1/16" below
the top surface of the ring. Keep the two rings in contact

before and between tests to maintain their temperature as

steady as possible. Adjust the vacuum source to give
a slow stream of air into the tube, leaving the shutter
hole opposite the thermometer open. _

5. One to two minutes before starting test blace
an 1l-cm Whatman No. 1 paper centered between the rings.
Using the rubber bulb on the 1-ml pipette like a medicine
dropper, draw abdut 0.2 to 0.3 ml of a 4% benzene solution
of asphalt or blended asphalt components up into the
graduated portion of the pipette. Clamp the pipette over

"the center of the paper with its tip close to the paper

wvvwfastio.com

surface. Using the tubing clamp (screw pinch clamp) gently
compress the rubber bulb to deliver about 0.1 ml of solution
onfo.the‘paper'in a slow stream. Let the spot dry about

1 minute,

6. Remove the paper containing the dried spot of
asphalt and place paper between the two asbestos blocks,
centering the spot in the 2" opening. Heat the assembly
for about 10 minutes on a hot plate using about 150 C hot
plate surface temperature.

* Nurnberg Scientific, Model RO-31.
*% Temco HP-A-1915B.
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7. Rating of Spots - Rate the spots from independent

evaluations of three observers comparing the peripheral
rings under ultraviolet light with those of the standard
spots and observing presence or absence of flocculation
under ordinary light.

8. Rate the degree of syneresis by observing the
spot under the ultraviolet light and noting the size of
the fluorescent ring surrounding it, disregarding the
intensity of the fluorescence. Using the following numeri-
cal rating denote degrees of syneresis:

1 = Severe syneresis; i.e., broad ring or series of
rings surrounding the central spot (ring can
usually be ohserved under ordinary light in
specimens rated as "1"),

2 = Definite syneresis; i.e., distinct ring, 1 to
2 mm wide. '

3 = Slight syneresis; i.e., thin ring, less than
1 mm wide.

4 = Trace of syneresis; i.e., very fine hair-line
ring.

5 = No syneresis; i.e., no observable ring.

9., Note presence of flocculation, observed under
ordinary light as heavy black material in the center or
around the outer portion of the central black spot, and
report by the notation "f" after the numerical rating.

10, When three observers have rated the tests in-
dependently, average their numerical ratings., Write an
"1 indicating flocculation, after the rating average
if flocculation has been noted by more than one of the
observers,
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TABLE III

RANGE OF COMPOSITION AND CONSISTENCY OF HIGHWAY ASPHALTS
COLLECTED AND TESTED AS REPRESENTATIVE
OF COMMERCIALLY AVAILABLE ASPHALT CEMENTS
(347 SPECIMENS)

Lowest Highest ggg?gﬁ
A, % 5.0 35.9 301
N, % 7.8 42.9 301
By, % | 131 33.0 301
Ay, % 12.4 33.0 301
P, % | I | 23.6 301
Penetration @ 77°F., .
100 g, 5 sec, dmm 14 193 347
Viscosity . , , 1
e 77°F., megapoises @ 0,05 sec 0.29 27.7 105
@ 140°F;, poises ' . 680 5537 90

@ 275°F., cst | 146 870 332

*
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Test
No.
V=0
Y.l
v-2

V-4
V-5
V-5
v-1
V-8
v-9
v-10
V-1l
v-12
v-13

T V-4
V=15
V-16
v-17
V-18
v-19
v-20
V.21
V.22
¥-23
v-24
v-25
V26
v-27
v-28
v-28
v-30
v-31
v-32
¥-33
v-34
v-35
¥-36
v-37
v-38
V.39
v-40
v-41
Vo4
v-43
v-44
v-45
v-45
v-47
v-48
v-49
v-50
v-51
v-52
v-53
v-54
V-55

‘ V=56
v-57
v-58
v-59
VoGO
V=61
v-62
V63
V=54
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COMPATIBILITY TESTS OXR HLENDS OF VALLEY ASPHALT COMPORENTS

TABLE IX

Concentrates Blonded, Parte

- £ & ® v &
v ‘: o ; ‘:.. o 2
= & -~ & :;}.;' & é’? * & & Conpogition of Blend, %
& & & < E & S g & X A A, P
100 enee ———— ———- ——— —— ————— ama— -~ 10,8 43,5 4.2 20.7 12.7
we— 50 ——— —— 50 ———— — ——— ———— 50.0 0.1 14,8 23,2 4.1
—_—— 50 — ——— ——— — ——— ——— 50 50,0 =ven —a--- 1.4 48.6
—— 50 ——— 5 ——— ———— —— ——— 50 47.6 - 4.3 0.3 1.5 46.3
—— 50 —— 10 ——— —— —— — 50 45,5 B.1 0.6 1.5 44.3
— 50 — UV, —— R 50 -——= 50,0 «-e- 1.3 46.2 1.8
——— 50 —— — S m— ———— 50 ——— — 50.0 0.2 44.8 3.5 1.%
—— 4D —— 20 —— ——— U —_— 40 40,0 17,8 1.3 1,7 3s8.1
- 30 —— 40 — ———— —— 30 30.0 357 2.7 1.9 28,7
—— 20 ——_— 60 — — - ——— 20 20.0 53.6 4.1 2,1 20,2
_——— " 35 — 30 o —_— ——— — as 35.0 26.8 2.0 1.8 34.4
_— 37.5 ——— 25 ———— ——— —— -— 37.5 37.5 22.3 1.7 1.7 36.8
— 40 — 4o mwmn cmwm crce mmem 20 40,0 35.7 2.7 1.6 20.0
—— 50 -—— 25 cmm— ——— ——— ——— 25 50,0 22,3 1.7 1.3 24,7
_— &0 —— 10 ——— [~ — — 30 60,0 8.9 0.7 1.1 29.3
-—n G5 — 2.5 ——— —— ———— 32.$ 65.0 2.2 0.2 1,0 31.6
———r 85 [— 5 —— —— -—— — 3z.s 63.4 4.4 0.3 1.0 30.9
— 20 —— 40 ———— —_— - —— 40 20,0 35.7 2.7 2.2 39.4
. 30 —— 10 ——im cmm emee memm BD 3.6 8.9 0.7 2.0 58.4
= 25 -—— 25 ———— — ————— ———— 50 25.0 22.3 1.7 2.1 48.%
— 30 — 15 —— P _— f— 60 28,6 12.8 0.9 2.0 55.7
J— <1 B —_— 20 —— ———— 60 .27,.3 16.3 1.2 2.0 53.2
——— 50 —— 40 _—— —_— —— — 10 50.0 35.7 2.7 1.3 16.3
—— 75 [R—— 10 e ——— — —— 15 75,0 8.9 Q.7 0.7 M.?7
——— 75 — 3 ——— ———— —— — 15 80,6 2.9 0.2 0.6 15.7
— 75 —— 2.5 —_— —— — ———— 15 1.1 2.4 0.2 0.5 15.8
we= ' 75 — i 1. 83,3 amww w—em 0.5 16.2
vus 50 — —— ——— — ——— ——— 50 50.0 ==m=  mem- 1.4 48.6
—— a5 —— ——— —_—— 50 — ——— 25 25.0 0.2 44.8B 4.2 25,8
— 25 ——— —_— —— 20 — —— 23 35.7 0.1 25.6 3,0 35,6
_— 25 — —— s 100 ———— ——— 25 16.7 6.3 59.7 S.1 18.2
—— 25 —— — -— 60 —— —' 25 22.7 0,3 4B.8 4.4 23.8
—_— 25 — ———— —_— 70 ——— - 25 20.8 0.3 52,2 4.6 22.1
-—— 20 — —— cuma —_— ———— —— 40 33.3 e-em e 1.9 64.8
- " 20 O T ———— mmem 40 27.8 0.1 14.9 2.8 54.4
—— 20 [R— —— —— 24 — ——— 40 23.8 0,1 25,8 3.4 47.1
-_— 20 ———— —— —— 80 —— ——— 40 16.7 0.2 44.8 4.4 23.8
— 20 — —— et 36 ———— ——— 40 26.8 0.2 33,7 3.6 41.7
——a 20 [ — ——— 48 —— ———— 40 18.5 0.2 38.8 4.1 37.4
— 40 -—— _— —— ——— —— — 20 66,7 +—- =r== D.9 32.4
——— 40 ——— — —_ 50 —— m—— 20 33.3 0.2 44.8 3,8 17.8
—— 40 — —_— R 120 —— — 20 22,2 6.3 59.7 4.8 12.9
—— 40 - — ——— an ——— — 20 44,4 6.2 25.8 a.0 22,8
- 4o _— —— ——— 70 ———— ———— 20 30.8 0.2 48.2 4.2 16.8
——— 4D — —— - 50 - —— 20 36.4 0.2 40,7 3.6 19,1
_— 4 — —_— —— —— — ——— 20 16,7 ——rr e 2.4 80.89
—— 4 e 9.8 —— ——— ——— 20 11.8 25.5 1,9 2.5 58.2
e 4 I 14.4 ——— —— R _— 20 10.4 33.5 2.6 2.4 51,1
——— 4 _— 15:2 - — —— —— 20 9.3 38.7 3.0 2.4 45.8
—— 4 ——— 2.4 —— —— — ———— 20 15.2 8.1 0.6 2.4 73,7
——— 4 ——— 4.8 —— n— —— -—— 20 13.9 14.9 1.1 2.4 67,7
—_— 4 —— 7.2 _— ——— — —— 20° 12.8 20,6 1.6 2.4 62.8§
_— 2 ——— —— ——— —— [— —— 20 8.1 ecus —e—e 2,6 8B.3
J— 2 ——— 2.2 ——— a—— ——— — 20 8,3 8,1 0.6 2,6 8S0.4
—— ] 6.6 —— ——— P — 20 7.0 20.6 1,6 2,6 68,2
. 2 n —— — — ———— 20 6.2 20,8 2.2 2.6 59,3
-——- 20 ——ee - B8O cmmm mme= emme e--— 20,0 0.2 23.3 33.8 22.8
-—— 20 ——— 4.7 75.3 —— —— wew— 20,0 4.4 22,2 32,0 21.4
—-—— 20 ——— B.9 71.1 —— — w=w- 20,0 8.2 21.3 30,3 20,2
—-— 20 ——— 16.0 64,0 — ———— ——— mee= 20,0 14.5 19.7 27,5 18.3
cma 20 B8O —_—— — ——— cma- cm—— == 20.0 37.8 12.2 1%.3 10.7
—— - 25 80 —_— —— —— —— —— 20 20,0 30.2 9.7 15.9 24.1
cee 28 80 mmm= mmee meme emee e 32,8 20,0 25,8 B.6 4.4 30.1
-em 33 g0 —_— ——— —— m—— ~e-m= 83,3 20,0 22,7 7.3 12.5 37.5
- 44 1o —— ——— R ———— ——— j: 1] 20,0 7.3 5.8 10.1 47.0

0.COI

R
RN

Filter Paper
Spot  Test

Rating®

Hicroscope

Tost

Segrogation

3.27
<0.1
«0D.1
0.1

0.18
<0.1
“0.1

0.46

1.20

2.65

0.78

0.€1

1.78

0.50

0.30
<0.1

0.14

0.91

0.15

0.46

0.23

0.31

3.47

0.51

0.18

0.15
<0.1
<D.1
<0.1
<0.1
<0.1
«0.1
<0.1
<0.1
<g.1
<0.1
<0.1
<0.1
<0,.1
<0,1
<0.1
<0.1
<g.1
<0.1
<0.1
<0.1

0.44

0.66

©.87

0,11

0,22

0.33
<0.1

Q.10

0,30

0.50
<D.1

0.21

0.41

6.79

3.53

1.26

0,89

0.61

a.37

@

5

[ I~ R /T N U A )

+ + o+

*
+*

-, + one week

+

~, + one week

+

FRS

-y + three
=« + three _
+

(IR

+ + ¥ + & 4
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Test
Ho.
Y-65
Y66
v-87
¥-58
Y-59
¥-70
¥-71
Y12
¥~73
V-74
Y75
Y=76
Y77
=78
¥-78
=80
Va8l
v-82
¥~83
V-84
V-3
V-85
v-87
v-88
v-88
V=90
v-91
Y52
Y=-83
V=94

COMPATIBILITY TESTS ON DLERDS OF VALLEY ASPHALT COMIONENTS

TABLE IX {Continued)}

Concontratos Blended, Parts

~ & Rl 1 &~ 4
@ P > o & o 4
‘;? i;? ~§? 5; dngg CF Jg:Q 5; ;E
& & & &N e ¢ & s
— 20 immm mmem mmm— mmm= meee B0 m.—- 20,0
amm 20 —_— 10 a——— ——— 70 ———  20.0
20 ceew 20 —— 60 — 20.0
-— 20 ——— 30 mm—w wews  cum= 50 cm= 20,0
waw 35 even  mmme mews === me== @5 ---=  35.0
-—— 50 cece  mmme wmem meee 50 we——-  50.0
e umee memm mmee o—de —aeme B0 mem eme= 20,0
- 20 —— 10 T ——— ] 20.0
- 20 ——e 20 cmme cwew weee 21 49 20.0
- 20 —_— 20 mmme mmem eme- 35 35 20.0
.- 20 ——— )0 mmmm mmem mmee 48 21 20.0
- 20 a—e- 1D PR ——— ——— 20.0
e 20 cam= 10 —— 13 ——— e 87 20.0
-— 20 ——— 10 -—2 218 ——— 17 40 20,0
—am 30 —— 10 w— 13 ———  28.5 28.5 20.0
-—— 20 e 10 ——- 13 cu—— 40 17 20.0
~—— 20 —— 10 e 13 —— 57 ———  20.0
— 20 ———— 1D a——e 20 cmes cmee 5O 20.0
—— 20 —— 10 amm— 20 —— 15 35 20.0
——— 20 — 10 m—— 30 ——— 28 25 20.0
o-e 20 —_ 10 w—— 20 amm= 35 15 20,0
— 20 ceem 10 —— 20 —em 50 wee 20,0
100 2.7 swem mmme mmee mmem meem | =—ee 22,3 10,9
100 2.7  emes emem seew meee meee 22,3 see- 10.9
100 4,45 cmae emms meem eeem mmem ——-- 36,2 10,9
100 4,45 awue —— ——— ——— —— 36,2 w——— 10.8
100 7.3 aooe uiwe sism memm eemme e=e= 58,5 10,9
100 7,3  e===  wmm= mwam seee mmee 58,5 sewn 10,9
100 13,3  =ere mee= emem —mmm —mee ——— 10B.4  10.9
100  13.3 -— ——— e Lo ——w . 108.4 ——  10.9

b Averagas of three obEervers:

1 = Severe syneresis; 2 = Definite aynoreais;
3 = Slight syneresia; 4 = Trace of syneresis;
5 = No syheresis; f = Flocculation
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B.9
17.8
26.8

2.3

8.9

8.2

8.9

8.9

8.9

8.0

8.0

2.9

8.0

9.0

8.0

9.0

9.0

8.0

9.0
33.2
33.2
9.5
29.5
24.9
24,9
18.7
18.7

6.7
1.2
1.6
1.9
2.5
12.3
12,8
13.1
13,4
13.8
16.6
15,0
19.2
19,5
15.9
11.3
11.8
10.1
10.8
8.5
9.5
6.4
7.7

Filter Paper
Spot  Test
Rating*

Microscope
Test
Sepregation

<0.1
3.30
7.16
11.7
<0,1
<0.1
<0,}
0.13
0.18
0,25
0.40
3.30
0.16
0.22
0.31
0.49
3.4
£.18
0,25
0.35
0,54
3.46
1.21
3.07
0.87
2.95
0.59
2.80
6,35
2.49

B R o ) o W b o R NN R NN e AR DN e

+
+

+ s5light
+

4+ slight
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Test
Ho.
B-0
B-1
B-2
B-3
B4
B-5
B-6
B~T
B=-8
B-5
B-10
B-11l
B-12
B=13
B-14
B-15
B-16
B=17
B=18
B-18
B-20
B.21
B-22
B-~23
B-24
B=25
B-26
B-27
B-28
B-29
B=30
B-31
B-32
B-33
B-34

B-38
B-36
B-37
B-38
B-39
B-40
B-41
B-42
B-43
B-44
B-45
B-46
B-47
B-48
B-49
B-50
B=51
B-52
B-53
B=54
B-55
B-56
B-57
B-58
B-59
L~60
B-61)
B-62
B-63
n-64

COMPATIBILITY TESTS ON BLENDS OF BOSCAN ASPHALT COMPONERTS

TABLE X

Concentrates Blended, Parts

; 5% Q‘}g :‘JV ;{
& % & & . & &

& & & £ & S & &

< 3 & & o
100 =--e —— —— — —— ——— —_— cmm= 27,8
— 50 — ——— 50 . ——— —— -——— 50,0
—— 50 cmee mmee mmme mmme mmee eeee 5D 50.0
-—— 50 ———— ——aa —— — mm—— 50 ~mmw  50.0
-—— 50 — —— ——— 50 —— — - 50.D
-—— 45 10 — — - ——— 45 45.0
- 40 20 ——— ——am ———— — 40 40.0
——- 30 —_—— 40 comm e ——— - 30 30.0
cee 25 50 B —— J— 25 25.0
-— 35 30 _— ——— —— 35 35.0
-—— 35 — 35 —— —— —— ——— 35 33,3
——- 40 —_—— 40 - — — —— —_—— 20 40,0
--= 50 —_— 25 — o — — 25 50.0
— & — 10 m—ee’ mimm mmmm emee 30 50.0
-—— &0 ——— 15 _— [ —rmm —— 30 57.1
-—= 25 —_— 25 —— — —_— 50 25.0
— 15 —— 55° — — —— - 30 15.0
-— 25 — 35 — ——— —— 50 22.7
.- 20 — m—— 80 —— —— ———-  20.0
-—- 20 —m——— 4.7 75.3 — — — 20,0
— 20 -— 8.2  71.} —— — — ———  20.0
-—— 20 —— 16.0 64.0 ———— — — wom= 20,0
——— 20 80 _— — J— ———— —— m——— 20,0
== 28.7 80 —— —— e—— ——— —— 27 20,0
=== " 30 80 . ——— — wuaw 4D 26,0
-—- 35.8 80 - —_— ——— _— —wes 62,4 20,0
wem  46.6 8o —— —— ———— m———  106.4 20.0
wee 20 —_—— ——— — —— 80 ———— 20.0
-— 20 — 5 — w——— 80 —— 19.0
-—— 20 ——— 10 ——no —~—— —— 70 ——— 200
-— 20 -— 20 —— —— 60 ——— 20,0
e 35 —— —— ——— — 65 cmus 35,0
- 50 ——— —— —— 50 ——ww 50,0
--- &5 — —— -—— 3s swe-  B5.0
-— 20 ———— mmem e B0 cevn  mme= 200
loo 8.3 —— — - —_— — ——— 24 27.8
100 8.3 mmmm ewem —mem mmme mawm 24 m— 7.8
100 13,9  cem=  ———=  cmem  mmmm mmm= mme= 36 27.8
100 13,8 —— ——— — — ———— - 38 -——— 27,8
o0 21,7 — ——— —— —_— ——— — 56 27.8
100 21.7 —— —-—— —_— —— ——— 56 —— 27.8B
00 37.0 ——— —_— —— wm——— —— — 86 27.8
oo 37.0 — ———— — . —— 96 -——— 27.8
-— 20 1o —— —— —_— —— 70 20.0
= 20 10 —_—— ———— —— 21 49 20.0
-— 20 10 —— —_— — 35 a5 20,0
- 20 1 —— mmme e 49 21 20.0
-— 20 —- 10 m—mm mmem mem= 70 —— 20.0
—- 20 — 10 —— 13 —— ——— 57 20.0
aue 20 ——— 10 ——ee 13 17 40 20,0
——— 20 — 10 ——— 13 —— 28.5 28.5 20.90
- 20 —— 10 —— 13 40 7 20,0
———  ZD ——— 10 ———— 13 57 ———— 20,0
— 20 —_— 10 —-— 20 ——— — 50 20.0
——— 20 ———— 10 —— 20 — 15 35 20.0
- 20 —— 10 20 — 25 25 20.0
-—— 20 ——— 10 20 —_— 35 15 20,0
a—— 20 ——— 1D ——— 20 e 50 ——— 20,0
-— 72 —— 10 ———— ~—— ——— — 18 72.0
--- &0 —— 25 ———— _— —— ——— 15 60.0
— 48 ———— 40 ——— -—— — ——— 12 48.0
- 44 — 45 ———— — 11 44.0
—— 40 —— 50 ——— — —— — 10 40,0
- 38 ———- 55 mem mmmm mwem mmee g 36.0
--- 32 _— &0 [— ———— e —_— 8 32.0
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R

26.6
1.0
2.8
7.7

15.3

30.6

33.3

23.0

25.5

30.6

19.1

7.7
10.9
19.1
q2.1
24.4
1.9
5.2
8.3
13.6
28.2
21,1
18.8
15.8
12.1

3.7

7.7
15.3

20.0
20.0
17.8
17.8
15.0
15.0
11.4
11.4
7.7
1.7
7.7
7.7
7.7
8.4
B.4
8.4
8.4
8.4
2.8
B.8
&.8
B.8
B.8
7.7
18.1
30.6
31.4
38.3
42.1
45.9

A

21.5
22.4
1.6
40,7
1.6
3.2
6.4
8.0
4.8
5.4
6.4
4.0
1.6
2.3
4.0
8.8
5.1
35.8
34.5
33.3
31.2
25.2
18.8
16.8
4.1
10.8
2.5
3.2
3.8
5.1
2.1
1.6
1.1
3.7
16,1
16.7
14.3
15.0
12.1
13.1
8.2
10.6
1.8
2.3
2.7
3.2
3.8
12.2
12.7
13.1
13.5
14.0
7.9
8.3
18.7
18.0
19.5
1.6
4.0
6.4
7.3
8.0
B.8
8.7

Ay

17.8
19.6
1.3
47.6
4.6
1.7
2.2
3.0
2.4
2.8
2.7
2.8
2.1
1.3
1.6
2.7
3.5
3.0
31.3
28,7
28.3
25.9
19.2
14.9
13.5
11.7
9.4
76.2
72.8
67.2
58.3
§1.9
47.6
33.3
54.5
13.8
30.5
12.5
34.8
10.5
40.0
8.7
46.3
2.4
21.8
34.8
47.7
§7.2
2.2
9.0
29.6
40.2
56,0
3.7
17.6
26.8
36.1
50.0
1.0
1.8
2.6
2.8
3.1
3.3
3.6

Composition of Blend, %

P

6.3
7.0
48.7
0.8
1.9
44.0
38.3
30.0
25.3
34.8
33.1
20.2
24.8
28.4
28.2
49.2
30.2
44.8
11.2
10.6
10.1
5.3
7.4
25,2
30.8
38.3
47,7
1.3
1.3
1.3
1.3
1.0
0.8
0.6
21.8
22.3
5.0
27.6
4.6
34.2
4.1
42.9
3.3
6B.3
48.2
34.8
21.4
1.3
56.2
39.9
28.9
17.9
1.6
48.6
5.3
25,7
16.1
1.7
7.7
15.1
12.4
11.5
10.6
9.8
8.8

Filter Paper
Spot Test

Rating®

Microscope
Test
Segrepgation

4.22
D.14
«<0.1
<0.1
1.47
o.1B
©.35
1.02
1.51
0.66
0.77
10.9
0.77
0.26
0.3%
0.38
1.38
0.54
0.15
.49
0.82
1.46
3.81
0.84
0.6
0.42
0.25
<f.1l
2.85%
5.82
11.8
<0.1
<0.1
<Gl
<0.1

0.90

4.00
0.64
3.87
0.44
3.66
0.27
3.45
0.2
0.16
0.22
0.36
5,92
.15
0.2
0.28
0.47
5.25
0.18
0.25
0.34
a.55
5.18
0.44
1.26
2.47
2,99
3.61
4,30
5.22

L

BB L3 b B o B R U R G G G B N R L s PR W WN
L T T ]

[P
[T

W NN W NN MNNOGNMNN

+
+ WwWax
+ Wax
- wax
- wax
+ wax
-, + one week

- wax
« slight, wax
+

+ spreads
+ wax
- WaX
+
+ wax
- trace wax
- trace wax
+ wax
+ wax
WAX
wax


http://www.fastio.com/

TARLE X (Continuvd)

COMPATINILITY TESTS ON BLENDS OF BOSCAN ASPHALT COMPONENTS

Concentpates Biunded, Payip
~ S r
=~ ¢§ Q;? ¢?
Test .:-Q\s .‘tg = ‘?9 4:' Composjtion of Blend, % . Féltfr ;a.p:r Iuc;nsut:upe
ﬁ_ __"_ & ¥ N & _i_ _L __fil_ _:‘__2__ :_ n p:nti n:'f Segr::a tion
BaBd  —u- 24 —— — 6 24,0 53.5 1)1.3 4.1 7.1 7.53 5 -
B-66 --- 16 ——— — 4 16.0 61.2 12,9 4.6 5.3 1.5 5 -
B-67 --- 54 —_— - 36 54.0 1.6 1.6 1.5 35.3 0.22 41 +
B-68 wu 435 —— ——— 30 45.0 18.1 4.0 2.2 29.7 0.64 4 -
B-69 «-u 30 ————— ——— 20 30.0 38,3 8.0 3.3 20.4 1.88 5 -
B-70 --- 24 ——— —— 6 - 24,0 45.9 9.7 3.8 16.6 2,7¢ "5 -
B-71 - 18 —— 70 — —_— —— — 12 18.0¢ 53.6 11.3 4.2 12,9 4.15 S
B=72 =un 15 ———— 75 —_— —_— — — 10 15.0 57.4 12,1 4.4 '11.1 5.17 5 -
B=73 === 10 —— 10 — —_— ——— 80 10,0 1.6 1.6 2.7 78.1 0.10 1f +
B=74 aua 10 —— 20 — —_— ———— ——— 70 10.0 1353.3 3.2 2.9 68.6 0.22 1 +
B-78 =v= 10 — 40 —— ——— S0 10.0 30.6 6.4 3.5 44.5 0,62 4 +
B=?6 ~u= 14 ———— &0 —_— ——— 30 i0.¢ 45.9 9.7 4.1 30.3 1.51 4 -
Ba77 w=m 10 — 70 —— —_— 20 10.0 S53.6 1)1.3 4.4 20.7 2.59 5 -
Br78 =em 10 — B8O —— —— — —— 10 10.0 61,2 12,9 4.7 11.2 5.46 5 -
B-79 -—- 12 v T amme eeee 7B 12.0 0.6 8.1 2.9 76.4 <0.1 ¥4 +
BaBO0 - 12 —_— —_— —_— 22, —— —— 76 0.9 1.1 16.3 3.6 68.1 0,1 1 +
BuBl —=- 12 ———— ——— ——— 40 — —— 48 12,0 2.3 32.5 4.9 48.3 <0.1 1 +
B-82 ~—- 1z —— —— —— &9 _— —_—— 28 12.0 3.4 48.8 6.2 29.6 0.11 2 + slight
BeB3 emm 12 T ——— e 18 12.0 4.0 56,¢ 6.8 20.3 ©0.20 2 -
B-f4 —— 8 —_— ——— - 80 —— -——— iz 8.0 4.6 65.0 7.6 4.8 0.31 2 -
B85 --- 15 e e e 80 5 15.¢ 4.6 65,1 7.4 7.9 0,58 2 -
B-BE w-e 18 N 71 - 6 18,6 4.3 61.8 7.1 8.8 0.48 2 -
B-87 -—-—- 24 N ST 8 24.0 3.9 55.3 6.4 0.4 0.37 2 -
B-B8 -—— 30 —_—— ——— T mm—— (1] 10 30.0 3.4 48.8 5.7 12.% .28 3 +
Be8% e 42 ——— —— — 44 - —— 14 42.0 Z.5 35.8 4.4 15.3 0.16 +
B=90 w-. 54 ——— — — 28 —— —_— 18 54,0 1.6 22,8 3.0 18.6 <0.1 5t +
Ba0l ~uo 60 ——— — —— 20 -— —— 20 60,0 1.1 16.3 2,3 20,3 <0.1 5L +
B-92 -—- €9 e e nem B mmme eeee 23 69.0 0.5 6.5 1.3 22,7 <0.1 5f +
B-93 ce-  £0 U 1 30 60.0 ---— 0.3 10.3 28.4 <0.1 5t +
Be84  wa- 50 —_— —— —_— ——— — 25 25 50,0 ——— 0.8 24.4 24.8B <0.1 47 +
Be85 —ew 40 carm meew mmem e eene 4D 200 40,0 -——- 1.3 38.6 20.1 <0.1 3 ? wax
B-96 =ua 30 - ————— —_— ——— - 55 15 30,0 cnem 1.8 52.7 15.5 «<0.1 2 ? wax
B=97 au= 24 —— - ———— ——— — 64 12 24,0 m=ee 2.1 6L.2 12,7 <0.1 2 7 wax
B=98 =r= 18 —-— —-—— —— —— —_— 73 9 18,0 we=== 2.3 68.7 10.0 <0.1 2
B-88 - 10 romee wewm memw mmmm wcee 85 5 10.0 =---- 2,7 81,1 6.2 <0.1 2

* Average of threo observers:
1 = Severe syneresis; 2 = Definite syneresis;
3 -~ 5)ght synerosis; 4 = Trace of syneresis;
5 ~ Ne syneresis; f = Floceulation
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Test
Yo,
A-O
A=l
A-2

A-5

A-10
A-11
A-12
A-13
A-14
A-15
A-16
A7
A-18
A-19
A-20
A-21
A-22
A-23
Au24
A-25
A-26
A=-27
A-28
A-29
A-30
A-31
A-32
A-33
A-34
A-35
4-36
437
A-38
A-39
A-40
A-41
A-42
A4-43
A-44
A-45
A-45
A-47
A-48
2-49
A-50
A-51
A-52
AuS3
A-54
A-55
A-56
A-57
A-58
A-59
A-60
A-B1
A-52
A-63
A-64

ChhPD

TADLE XI
COMPATIRILITY TESTS ON BLENDS OF ARKANSAS ASPUALT COMPONENTS

Conceniratea Blended, Parts

T -
.;." . _.'e'. & R4 __‘:‘\0 _ﬁ
& o
s £ & F 5 HK FF
_Qg & 5 ‘éa :?;"v ':,5‘ g 5 o Composition of Blend, %
& & ¥ & X ¥ 4 Pty & & A N A Ay P
100 e —— —— —— —— —— _— -——— 23,6 14.3 21.5 27.9 12.7
-—=" 50 ——— — 50 ——— ——— —— -——- 50,0 1.7 14.7 24,4 9.2
100 5.8 _— ———— —m—— — — 1e.1 —— 23.6 11.4 17.2 37.6 10.2
100 5.9 —— ——— ——— _—— —— ——— 18.1 23,6 11,4 17.2 22.3 25.5
100 15.1 — ——— —— —— —— 48.9 --—- 23,6 8,7 13.1 46.8 7.8
100 15.1 wmn- ——— —_—— —— —— ——— 48.9 23.6 8,7 13,1 17.0 37.6
100 24,3 ——— —— ——— — —— 78.6 —vm~’ 23,6 7.0 0.6 52.5 6.3
100 24.3 ——— — — ——— — —— 78.6 23.6 7.0 0.6 13.8 45.0
100 42,5 —ee —u—— wmm— m——= === 138.4 ~——— 23,6 5,1 7.6 59.2 4.5
W00 42.5 —— m—— —— mmmm me— ——=w 138.4 23.6 5.1 7.6 9.9 53.8
-==  23.6 —— —— —— —— -—— —— 12,7 65.0 =rwn av== 3,3 31.7
-—-  23.8 —— 5 - — ——— — ———— 12,7 57.1 7,9 2.8 4,1 28,1
- 23.6 —— 10 —— —— —— ———— 12.7 51.0 14.1 5.0 4.7 25.2
wem 23,6 —— 20 m—— —— w—— e 2.7 41,9 23.2 B8.2 5.7 21.0
—-  23.6 —— _—— -_— 5 ——— — 12,7 §7.1 1.8 7.1 6.1 27.9
-  23.6 _—— _— —_— 10 ——— ——— 12.7 51,0 4.2 12.5 8.3 25.0
w——  23.6 m— mme— ——— 20 - J— 12.7 41.¢ 5.3 20.7 1l.4 20.7
- 35 —— — ——— —— - J— &5 35.0 -—--= -—= 6.5 58.5
IRV 1 m—— 5 -— ——— —— — &5 33.3 3.% 1.1 6.7 55.8
——— 35 e 10 —— ——— ——— — &5 31.8 5.9 2.1 6.8 53.4
- 35 ————— 20 —— — —— — €5 20.2 10,7 3.9 7.1 49.1
== 35 - 2B ——— ——— —— —_— &5 28.0 13.1 4.6 7.2 47.1
-—— 35 — 30 ——— —— — — &5 26.9 15.0 5.4 7.3 45.4
-——= 35 ——— as —— —— ——— —— 65 25.9 16,9 6.0 7.4 43.8
-= 35 —— 40 —— — —— —— 65 25,0 18,6 6.6 7.5 42.3
— 25 — 45 w——— amme  sme- FRETS &5 24.) 20,2 7.2 7.6 40.9
——- 35 ——— 50 — ——— ——— _— &5 22.4 21.7 7.7 7.7 29.5
== . 35 —— 60 _— -——— — — 85 21,9 24,4 &7 7.8 37.2
—— 20 mmm— mmme mmmm o memmm - 8O -——— 20,0 == 1.9 74.3 3.8
-— 20 ———— 5 e —— — BO -——  18.1 3,1 2.9 T7L2 3,7
-—— 20 —_— 10 —_— — 80 -~--- 18.2 5.9 3.9 6R.4 3.6
-—— 20 _—— 20 — ——— 80 ee-- 16.7 10.9 5.4 63,5 3.5
-— 35 —— —o—— —— —_— ——— 65 wmme 35,0 —-—= 1.6 60.3 3.1
- 50 —— —— R —— —— 50 = 50,0 =m-= 1.2 46.4 2.4
—- 26 ——— 20 —— —— —— 60 -——- 20,0 13,0 6.1 57,7 3.2
— 20 —— 30 —— — ——— 50 -——— 20,0 19,6 8,2 49,4 2.8
—— 20 — 40 ——— ——— —— £0 -—-= 20,0 26.1 10.2 41,1 2,6
_— 20 —— — B0 —— — — -——— 20,0 2.6 23.5 39,1 .8
——— 20 —_— 4.7 75.3 —— —— — -ee= 20,0 5.5 23,3 37.2 14,0
—— 20 ———— 8.9 71.1 —— —_— _— e-—— 20,0 8,1 23.0 35.6 13.3
—-— 20 —_— 16,0 0 64.0 —vaw ———— man- ———— 20.0 12.6 22.5 32.8 12.1
— 20 80 —— e ———— ———— . wasm 20,0 14.6 23,6 30,0 11.8
- 21,8 80 ——— — —— ——— —— 7.1 20,0 213.5 21.7 2%.% 17.1
——— 25,6 80 ——— — — —— —_—— 23,1 20,0 11.3 18,3 23.8 26.6
-—— 33,9 80 —_—— ——— —— ———— —— 55.4 20.0 8.7 13.9 18,7 38.7
—— 20 —— —— -——— — B0 —_— ——— 20,0 1,3 6.0 51.5 21.2
cum 20 — 19 —— ———— ——— m——— 70 20.0 6.5 2.3 3.1 &8.2
w—— 20 ———— 10 ———— ——— ——— 21 49 20,0 &.5 2.8 22,0 48,7
——— 20 —— 10 — — —_— 35 as 20.0 6.5 2.2 34.5 35.8
— 20 PR 10 — J—— —— 49 21 20.0 6.5 3.5 47.1 22,9
-— 20 w— 10 —— —— ——— 70 ceee 20.0 6.5 4,0 66,0 3.5
—— 20 —— 10 —_— 13 —_—— —_— 57 26,0 8.5 9.9 6.1 85,5
-— 20 — 10 —— 13 ———— 17 40 20,0 8.5 10.2 21.4 299
-—— 20 J—— 10 —— 13 ——— 28.5 28,5 26,0 8.5 10,5 31.7 29.3
- 2D —— 10 —nae 13 ———— 40 17 20,0 8,5 10.8 42.0 18,7
_— 20 — 10 —— 13 —— 57 -——— 20,0 8,5 11,2 57.3 3.0
-— 20 — 10 ——— 20 —— —— 50 20.0 8,5 14,0 7.7 48,8
-—— 20 — 10 ———— 20 —— 15 35 20.0 8.5 14,3 21,2 35.0
-—— 20 — 18 —— 20 —— 25 25 20,0 8.5 4.5 30.2 25.8
-— 20 f— 10 ——— 20 ———— 35 15 20,6 8,5 14.8 38,2 16.5
e 20 — 10 —— 20 —— 50 eme- 20,0 8.5 15.2 52,6 2.7
- T2 —_— 10 —— — — ——— 18 72.0 &,5 2,3 2,2 17.0
—— B0 ———— 25 ——— — ——— —— 15 60.0 16.3 5.8 3.5 14.4
—em 48 —— 40 —— —— —— ——— 12 48.0 26,1 0.3 4.8 1.8
——— 40 ——— 5O ——— ——— ——— — 10 40.0 22,6 )6 3.7 10,1
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Filter Paper

] 8pot Tent
i Rating*
1,13 3
0.18
1,12 2
0.45 21
.12 2
0.23 p 34
1.11 2
0.16 1t
1.14 2

<0.1 1
«0.1 41
0.28 2f
0.56 3t
1.10 3z
<0.1 21
0.13 3t
0,26 3z
<0.1
<0,1
0.11
0.22
0,28
0,33
0.39 11
0.44 1L
0.48 1f
0.55 1
0.66 2
<0.2 2
0.84 2
1,64 2
3.1 2
<g.1 21
<0.1 31
4.06 z
7.00 3
10,6 - £
0,18 2
0,39 2
0.61 3
1.04 3
1.24 4
0.79 3
0.42 2
0.22 1
<0.1 1
0.10 11
0,13 b3
0.18 1
0.28 1
1.88 2
0,15 k24
0,21 1
0,29 2
0.45 2
2,83 3
0,18 . b
0,27 2
0.37 2
0.58 3
3,52 4
0.38 5f
1.12 5
2.2 41
3.22 5¢

¥icroscope
Test

_ Scgregation

L Y

[ I I |

+
-
+ very slight
+
+ slight
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TABLE XI {(Continued)

COMPATIBILITY TESTS ON BLENDS-OF ARKANSAS ASPHALT COMPONENTS

Concentrates Blended, Parts

£ & R :;R &
o
s 508 F S s 5 F
a? qa‘ & 239 ."‘5 3 §° g & Compogition of Blend, % Filter Paper Microscape
Test ¥ o & 4 & & o & A P » A P N Spot Test
No., . — 7 T2 Rating® Sepregation
A-65 --- 32 — 60 - —— —— —— 8 32.0 39.1 13.% §.5 B.5 4.60 5 -
A-BE -——- 16 —— B0 —— ——— ——— ———— 4 16.0 52.2 18.5 §.2 5.0 10.4 5 -
AnB7 ~—- 10 —— 10 — —— —— ——— 80 10.0 6.5 2.3 6.4 74.8 <0.1 b T4 +
A-B8 -== 10 —— 20 —— — — — 70 10.0 13.0 4.6 6.8 65.6 0,20 1t +
AB9 —ee 10 ——— 40 —— ——— - - 50 10.0 26.1 9.3 7.4 47.2 0,55 2 +
A-TD e 10 _— B0 — ——— ———— a0 0.0 35,1 13.8 8.0 28,0 1.34 2 -
A-7Y - 10 U 70 —— —— 20 10.0 45.6 16.2 8.4 15.8 2.30 3 -
ATZ - 10 Y 80 —— ——— ——— _—— 10 0.6 52,2 18.5 8.7 10.6 4.92 -
AsT3 w54 ——— 10 —— —— ———— ——— 36 54.0 6.3 2.3 3.5 33.7 0.19 af +
A-74 -== 45 — 25 — —— 30 45.0 16.3 5.8 4.5 2B.4 0,57 3 +
A=75 ome 30 ——— 50 —— —— —— 20 30.0 32.6 11.6 6.4 19.4 1.68 at -
A=FE == 24 ———— 60 —— ——— —— 16 24,0 35,1 13.9 7.1 15.9 2.46 4 -
A~TT7 -e= 1B ——— 70 ——— J— —— 12 18,0 45,7 16.2 7.8 12.3 3.72 41 -
A-TB —— 12 —— 80 ——— — -— ——— 8 12.0 52.2 8.6 &.5 8.7 6.00 5¢ -
A-79 -——— 12 J— — 10 —_— _— 78 12,0 1.5 5.8 7.9 72.8 <0.1 1 +
A-80 —-= 12 ——— ——— 20 c——— wm— 68 12.0 3,0 11.6 8.9 63,5 <0.1 1 +
A8l == 12 —— — ——— 40 —— ——— 48 12,0 6.0 23.2 13,7 45.1 0,13 2 -
A-82 —we 12 — ———— —— 60 — — 28 12,0 8.9 34.9 17.6 26.6 0.33 3 -
A-83 =—== 12 —— ——— —_—— 70 m— - 18 12.0 10.4 40.7 18.6 17.3 0.60 3 -
A-B4  —em 8 — — ——— 80 — — 12 8,0 11,9 46.5 21.8 1l1.8 1.01 3 -
A-BS -——— &6 —- —_—- — 12 m—— — 22 €6.0 1.8 7.0 4.6 20.6 <0.1 4z -
A-86 -—— 54 — _—— — 28 ——— ——— 18 54,6 4,1 15.3 8.6 17.0 0.24 4 +
A-87 -—-- 42 — — —— 44 — -_— 14 42,0 6,5 25.6 12.5 13.4 0.48 5t -
A-88 -— 3 — — _— 56 —_ ——— 11 33.0 8,3 32.6 15.4 1}0.7 0.78 5¢ -
A-88 —-- 24 — —— —_— &8 [E— —_— 8 24,0 10.} 39,5 18.4 8.0 1.26 5f -
A-DO0 --= 15 ——— —-—— B0 —— ——— 5 15.0 11.8 46.5 21.3 5.3 2,24 14 -
A-81 ~em 6O —— — — — —— 10 30 60.0 ---- 0.2 11,3 28,5 <0.1 4t +
A-82 ——— 50 — _— _— —_— J— 25 25 50.0 ===w 0.6 24,9 24.5 <0.1 at +
AB3  w-= 40 — _—— —— [—— — 40 20 40.0 ---~ 1.0 38,5 20.5 <0,1 2f +
A-84 oe- 30 - _—— — —— —- 55 15 30,0 +~--= 1.3 52,1 16.5 <0.1 2 +
" A=B5 a—= 24 —— _— ——— 64 12 24.0 ~=ve 1.5 60.2 14.3 «0.1 1 +
A-96 --- 18 —— —— 73 9 18.0 -~—- 1,7 68,4 11,9 0.1 2 -
A-97 ~-= 10 —— —— — —— 85 5 10,0 —--- 2.0 79.2 B.8 0.1 1 -

L]
Average of three observers:

ClibPDF -

1

LI 2]

= Severe syneresisi 2 » Delinite syneresis;
n~ Slight syneresis; 4 -~ Trace of syneresin;
+ No synerestis; f = Flocvulation

www . fastio.com
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TAILE XIT
COMPATIRILITY TESTS ON BLENDS OF CANADIAN ASPHALT COMPONENTS

Concentrates Bleonded, Parts

& y 2 & & > &
S ¥ FF ef 5 F O F
‘-25" ‘?“ ‘:5' q._.':' S 4.," 5‘9 * 5 & Composition of Blend, %

Test < ¥ & ¥¥ a0 e g ¥ AT ® &, xor

€-0 100 ——— —— — —a— — ——— —_—— — 21.0 20.8 17.1 29.9 11.2
€l e 50 —— —_— 50 — —— ——— -—=~ 50,0 D.1 12,6 26.8 10.5
Cc-2 — 508 - ———— 50 —_— — 50.0 0.1 12.6 26,8 10.5
o] ——— 50 —_— —_— 50%s —— —— ———— === 50,0 0.1 14,6 21.2 14.1
c-4 W08 5.8 —— —— — ———— ——— 22.1 we=w  21.0 16.2 13.4 40.6 8.8
c-5 100 5.9 —— ——— ——— 22.1 21.0 16.2 13,4 23.4 26.0
C-6 100 17.3 _— —_— — 3.7 —-——— 22,4 12,2 10.D 48.% 8.5
c-7 100 17.3 — J— —_— — — — 53.7 22.4 12.,2. 10.0 17.5 37.9
Cc-8 100 22.7 —— ——— —— - e 85,2 ———— 21.0 10,0 8.2 55.4 5.4
Cc-9 300 22.7 ——— ——— ——— ——— om—— —— 85.2 21,0 10.0 8.2 14.4 46.4
C=10 === 20 ———— — ——— — ——— 80 - 20.0 1.3 3.0 70.8 1.9
C=1l === 35 ——— —— —— ———— —— arinr 65 5.0 --—-- 0.3 3.1 61.8
C-312 ——- 35 ————— 20 —— —— ——— -———— 65 28,2 10.4 4.0 4.5 51.9
€-13 --- 233 — 40 —— m—— —— ——— 65 25.0 17.8 6.7 5.5 45,0
€-14 --n 35 ———— &0 ——— —— — - 65 21,9 23.3 B.7 6.3 35.8
€15 == 35 80 am—— mea- 85 19.4 27.7 10.3 6.9 35.7
Celf === 35 —— 100 —— ——— ———— ——— 65 17.5 31.1 1.8 7.4 32.4
Crl7 we= 35 —-—— 120 —— —— —— — 65 15,9 33.9 12,6 7.8 29.8
C=1B === 35 ——— - ———— — —_— 65 —_—— 35.0 1.1 2.4 57.5 4.0
C-18 e~ 50 ——— — — — —— 50 — 50.0 0.8 1.8 44.3 3.0
c-20 -—— &5 e a— mmem ——-- 35 -—- 65,0 0.6 1.3 3.0 2.1
€-21 —— 20 — —— 80 — ——— — ——== 20.0 0.2 '20.1 42.8 16.8
Ca22 auw 20 ——— 4.7 75.3 —_—— ——— —— ———— 20.0 3.2 20.0 40.8 16.0
C=-23 =-wm 20 ——— 8.9 1.1 e — —_— —— 20.0 5.7 18.9 39,1 15.3
1% -7 Q— 20 ———— 1.0 64.0 —— —— ———— ——— 20.0 0.2 18,7 36.1 14.0
Ce25 o—- 20 80 — rmes  aren  eees oses === 20,0 20,6 18,9 28,7 I1.8
Cr26  vew 22.2 80 — — ——— ———— ——— 8.7 20.0 18.5 17.1 26,3 18.)
Cu27 = 26.3 80 — - - —— 25,1 20.0 15.6 14.5 22.8 27.1
C=2B w=n 28.2 80 — — — o= ——— 32,9 20.0 14.6 13.5 2.4 30.5
C-29 -—- 20 —— - — —_— B0 RO, -——- 20,8 O0.B 6.4 50.0 22.8
€-30 --- 20 _— —— m——— Boesr e euwes 20,0 1.3 6.0 51.5 21.2
C-3) - 20%xn —_— —_— —_— - 80 — — 20.0 0.8 6.4 50.0 22.8
Ca32 = 20 ——-— 5 —_— ——— 75 20,0 4.3 3.9 67.0 4.8
€33 --= 20 QI 10 " S 20,0 7.4 4.8 63.1 4.8
C-34 == 20 —— 20 _— —_—— - &0 ——— 20,0 13.5 €.8 55.4 4.3
Ca35 wem= 20 —au ———— — — ———— ———— 80 20.0 ===~ 0.4 3.B 75.8
C=836 ~cw 20 .10 -——— — _— —— 70 20,0 6.2 2.6 4.5 6B6.7
€-37 -— 20 20 ——— —-——— L —— 60 20.0 312.4 4.9 5.2 57.5
Cal3B  wu-m 20 ——— k{] —— — ——-——— — 50 20.0 18,7 7.1 5.8 48.4
C-38 -—— 20 ——— 40 wwee meem oo o= 40- 20,0 24.9 9,3 6.6 39.2
C—40 ——- 20 — 50 -— ——— - ———— 30 20,0 3I.1 1.5 7.3 30.1
Cedl =wm 20 ———— 60 . ———- —— ———— ——— 20 20,0 37,3 13.8 8.0 20.9
C-42 —-= 20 i0 ———— PR —— —_— 70 20.6 6.2 2.6 4.5 66,7
C-43 --- 20 — 10 mamm e emem 21 19 20.0 6.6 3.3 22,0 48,1
Cedd wmw 20 ———— 10 LT m——a ———— 35 5 200 6.8 3.7 33.8 35.7
CmdS mum 20 ———— 10 — — —— 49 21 20.0 7.1 4.2 45.5 23,2
[0 1 R—— 20 —— 10 ——— —— —ee— 70 ———— 20.0 7.4 4.8 63.1 4.6
€-47 -~ 20 ——— 10 — 13 ——— —— 57 20.0 6,9 12.B 5.3 55.0
CodB mmw 20 ——— 1o —— 13 - 17 40 20,0 7.2 13.3 18.8 398.9
Cadf  wmm 20 ——— 10 _—— 13 —— 28.5 28.5 20.0 7.4 13,7 29.2 29.7
C-50 —-~ 20 —— 10 — 13 ———— 40 17 20,0 7.6 14,1 38.B 19.5
C-51 =-a 20 ——— 10 - 13 —— 57 ——— 20.0 7.9 14.6 §53.1 4.4
CrS2 wwa 20 —— 10 n—— 20 —— ——— 50 20.0 7.3 1B.3 5.8 48.6
Cu53 === 20 —m—— 10 ——— 20 — 15 35 20,0 7.5 18.7 18.4 35.4
Cabd mmw 20 —enu 10 —_— 20 ————— 25 25 20.0 7.7 19,1 28,7 25.5
LS55 === 20 —————- 1o —_—— 20 — as 15 20.0 7.9 19.4 35.1 17.6
CnbE === 20 ——— 10 —_—— 20 ——— 50 m—— 20.0 8.1 18.9 47.7 4.3
Ce57 === 72 —ua- 10 _— — —— —— 18 72.0 6.2 2,4 2.0 17.4
C-58 ==~ €0 ——— 25 ——— b—— —— 15 60,0 15,6 5.8 3.8 15.0
£e59  wmwa 48 —— 40 ——— —— —_— —_——— 12 48.0 24.9 8.2 5.2 12.7
C-60 ——— 90 —_— 50 ———— —— — - 10 40.0 31,1 11,5 6.3 1.1
€-61 --~ 32 —— &0 ——— ——— —_—— — 32,0 37.3 i3.7 7.4 9.6
Caf2 === . 16 e 80 — ———— ———— ——— 4 18.0 49%.8 18,3 8.5 6.4
Catil =aa 54 —— 10 _—— ———— — ———- 36 54.0 6.2 2,% 2.8 34.4
Coufd mmm 45 —— 25 JES—— —— ——— ——— 30 45.0 15.6 5.8 4.3 29.2

wavwfastio.com

Filter Paper Kicroscope
N Spot Test Test
B Rating* Sepregation
1.86 4
<f.1 +
<0.1 -
<0.1 *
1,84 3 - wWax
G.62 3 - Wax
1.88 3 - wax
0.32 3r +
1.85 3 - wax
0.22 1f +
0.27 beads
<0.1 1f +
0.20 2r +
0.40 2f +
0.59 31 +
0.78 3 +
0.9 3 -
1.14 3 -
0.28 21
0.27 4t -
0,29 -1 4 -
<0.2 2 +
0.20 3 +
0.37 3 -
0.73 3 -
1.75 4 -
1,02 3 -
0.58 3 +
0.49 2 +
<0.1 it +
<0.1 +*
<0.1 + slight, wax
0.90 2 «~ beads
1.81 3 - beads
3.14 3 - beads
<0.1 f +
<0.1 1t
0.22 1t +
0.39 21 +
0.64 2 +
1.02 3 - wax
1.78 4 -
<0.1 1 +
0,14 L4 +
0.18 i +
0.32 2 + wWax
1.61 3 4 wax
0.13 1f *
0.18 2f +
0.25 2f +
0.39 2 + beads
1.80 3 + wax, besds
0.15 1r +
0.21 2f
0.29 2 -
0.45 2 + wax
1,88 3 + wax
0,36 14 +
1.04 41 -
1.96 51 -
2.80 3 4 -
3.8% 51 -
7.8 4 -
0,18 21 +
0.53 3r +
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TADLE XII (Contlnucd)

COHPATIBILITY TESTS ON BLENDS OF CANADIAN ASPHALT CUMPONERTS

Congentyales Blended, Parts
& ‘-z- & !;9 K . :"i
O Y R Y
§F & & A & & & Lompowsition of Blend, %

O A A S N

Calld e 20 e 8D cmmm mmem emme eeee 20 0.0 31.1 11.5 6.8 20.6
Celif  —wnm 24 ———— 60 m——— —— ——— 16 24.0 37.‘3 11.8 7.8 17.1
Coli7 == 18 w——— 70 = ——— ——— 12 18.0 43.5 16.0 8.8 1J.7
Cafill e 12 —— 80 ——— —— ——— c—— 8 1z.0 49.8 18.3 9,7 10,2
Cof w-- 10 —— 10 —— —— —_— ——— 80 0.0 5.2 2.7 .9 76.2
C=70 === 0 —— 20 —— —— —— ——— 70 10,0 12.5 4.9 . &7.0
Ca7l ~ww 10 ——— 40 —— —— —— —— 50 10,0 24.9 9.4 7.0 44.7
€72 e 10 — 60 — —— ——— — 30 10.0 37.% 13.9 8.4 10.4
Ca?3 —-= 10 —— 70 ——— — N ——— 20 le.0 43.5 16.1 9.1 21.3
Ca?d4 ——0 10 — 80 — —— —— 10 10.0 49.8 18.3 9.8 12.1
C-T5 mew 12 cmee miee eeee 10 == === 7B 12,0 0.5 8.3 4.8 74.4
C-76 == 12 ——— — ——— 20 ———— — 68 12.0 1.0 186.1 5.5 65.4
Cu??  wmw 12 — — ——— 40 —— - 48 12.0 2.1 3l.7 6.8 47.1
Ca78 =-= 12 ———— —_— e 60 —— — 28 12,0 3,2 47.4 8.1 20,2
Co78 == 12 ——— —— ———— 70 —— 18 12,0 3.7 §5.2 8.8 20.3
C-80 --- B Fo— — ————— 80 ———— 12 8.0 4.2 63.0 9.7 15.1
CeBl  www 66 — ———— — 12 — —— 22 66.0 0.6 9.8 2.4 21.4
C=B2 cu= 54 _——— —— —— 28 ———— ——— 18 54.0 1.5 22,1 4.0 14.4
C=B3 e 42 —_—— - 44 ——— 14 42.0 2.3 34.7 5.7 15.3
C=-B1 === 43 ———— —— —_— 56 — ——— 11 33.0 3.0 44.1 6. 13.0
C-85 === 24 —— —— — &8 —— ——— 8 24.0 3.6 53.6 8,1 10.7
CeB6 ==n 15 ——— — —_— BO ———— 5 15.0 4.2 #631.0 8.4 B.4
CaB? === 60 P —— ———— —_—— — 10 30 €60.0 0.2 .5 10,3 22,0
C-88 === 50 R — ——— — —— 25 25 50,0 0.4 1.1 23.3 25,2
Cu8Y ——a 40 — — ——— 40 20 40.0 0.7 1.6 46.3 21.4
Cull —-m 30 — ——— ——— —— 55 15 3.0 0.9 2.1 49.4 17.8
Cull wme 24 — ———- ——— —-— e 64 12 24,0 1.1 2.4 57.2 15.3
C-92 - 18 — ———— —— — _— 73 ] 18,0 1.2 2.8 65.0 3.0
C-93 wew 10 — — —— —— — 85 5 10.0 1.4 3.2 75.5 g9.8

* Average of throe cbservers:
] Sevare syneresis; 2 - DBefindto
i) Slight synerceis; 4
5 Nn syncresiy; [

synereslin;
= Trace of syncresiag;
+ Floecttlation

* From Valley Asphalt

) Froam Arkonsas Aspbalt

www . fastio.com

Filioer Paper

Microscope

] SpolL  Tost Tesl
. Rating+ Seproegalion
1.51 49 +
2.18 5 1
qJ.17 5 1onlight
41.88 5 -

0.1 7 ]
0,14 1£ t
.51 2 [

1.23 3+ [
2,04 4 1
4.12 5 -

0.3 7 '
«0.1 1 1
«0.1 21 +
0,11 H] ]
0.18 3 1
0.28 41 [
<0.1 3r [
<0.1 ar 4
0.15. 4f 4+ slighi
0.23 ar 1
0.34 4f [
0.50 5F [
<0,1 ar ]
~0.3 31 +
w01 ur +
0.1 2 1
<0.% 2 i boad
<0.1} 2 + bend
0.14 z r bead |
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TABLE XIII

EFFECT OF ASPHALTENES COMPOSITION
ON MUTUAL COMPATIBILITY OF COMPONENTS

Test No. V-1 Cc-1 C.-3 c-2

Fraction "A" _
% in Blend 50 50 50 50
Source Valley Canadian Canadian Valley

Maltenes free of
- Fraction "N"

% in Blend - 50 50 50 50
Source ~ Valley Canadian Valley Canadian

Component Analysis, %

A 50.0 ' 50.0 50.0 50.0
N 0.1 0.1 0.1 0.1
Al 14.6 12.6 14.6 12.6
A2 21.2 26.8 21.2 26.8
P 14,1 10.8 4.1 10.5

Microscope Test
Segregation - -+ + -

ClihPD v fastio.com
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Figure 3

-

Filter Pope'r Spot Test Ranking

Rating Syneresis

Example

Severe

Definite

Slight

Trace

None

KOTE:

In judzing syneresis, only the ring surrcunding
the asphalt deposit is considered. The faint
outer ring is a residue from the benzene selution
and is disregarded. The ring surroundiag the
asphalt doposit visible in example 5 is not

detectable with the naked eye.

It is due to the

time exposure needed in taking the photopraph.
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