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ABSTRACT

Performance and use being the major factors in the appli- 

of asphalts under varying temperature conditions, the relation

ship between viscosity and temperature is a fundamental consi

deration for prediction of temperature-susceptibilities of the 

asphalts in general. Morever, considerable studies and research 

are being made in the field of rheological behavior of asphalts 

with an idea of determining the structural complexities by cor

relation of non-Newtonian flow characteristics with other physi

cal properties*

This investigation has been directed along similar lines. 

Viscosities of the different samples have been determined over 

a wide range of temperatures by means of a Brookfield Synchro- 

Lectric Viscometer. Penetration, another arbitrary property of 

asphalts, has been determined at various temperatures for each 

sample, following the ASTM specifications. Temperature at zero 

penetration for each asphalt, considered by the investigator to

ill
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be a specific characteristic for each sample, has also been 

obtained. An extended correlation has been found to exist 

among three properties—  viscosity, temperature at which the 

viscosity is measured, and temperature of zero penetration—  

and has been expressed in a mathematical form. A second rela

tionship has been developed and is found to correlate ductility 

with viscosity behavior.

A comparative study of the different properties of asphalts 

has been attempted from a different point of view. Since there 

is no known substance with which asphalts could be compared in 

relation to their properties, a process has been developed which 

enables one to get an approximate idea of the use, and behavior 

of an unknown asphalt in terms of those of a known one, provided 

the physical properties of both the samples are known. Specific 

industrial use being an important consideration, it is believed 

that the method might be of value in classifying the asphalts 

under special categories according to their use, performance, and 

behavior. Use has been made of the established relationship 

between viscosity and molecular weight to make an approach to a 

study of the structure of asphalts based on the theory of 

absolute reaction rate being applicable to liquids according to 

Glasstone, Laidler, and Eyring. By the use of available data, 

values for the energy of activation for the five different 

samples have been obtained. An attempt has been made to find 

the ratio of molecular weights in terms of the quantities in the
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above relationship# However it was found that the ratio of 

molecular weights as calculated from this relationship does 

not agree with the ratio of two known polymers# The negative 

results Indicate that other complexities are involved in poly

mers, asphalts, and other compounds of higher molecular struc

ture which are not liquids. So, a natural conclusion is that 

the relation as postulated by Glasstone, Laidler, and Eyring, 

being applicable only to liquids, does not seem to hold for 

polymers and asphalts, because their complexities of structure 

are not taken into account.
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INTRODUCTION

The wonder materials of the present age -— as all the 

products of petroleum are —  have constantly engaged scientists 

and engineers in determining their properties and commercial 

applications. Asphalt either as a material of native origin or 

a product of petroleum, has been extremely useful in the service 

of mankind for ages unknown because of its varied uses. Neces

sity being the mother of invention, asphalt research, in a nor

mal way, has attracted the curiosity of science, which in its 

turn, is gradually opening up avenues to the scientist and the 

engineer for mastery in this field in the future. Because results 

of up-to-date research in rheological properties of asphalt have 

indicated great promise of future advancement in this field; 

outstanding authorities in the United States and other parts of

the world are busy making contributions in this direction.
16

An asphaltic substance as summarized by LeMaire, is 

defined as a dark material that varies in texture from a vis

cous fluid to a solid at atmospheric conditions and may be

1
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obtained from many sources. In nature it is found in such 

minerals as gilsonite, wurtzlite, grahamite, etc., in flowing 

deposits as the asphalt lake in Trinidad, and in several types 

of shale. Artificially it may be obtained from the destructive 

distillation of wood, peat, lignite, and coal. The straight 

reduction of some crude oils, the solvent precipitation or 

extraction from the treatment of petroleum fractions, and the 

cracking of petroleum products are major sources of supply for 

asphaltic materials today. Recently asphaltic materials have 

been derived from agricultural wastes, from the hydrogenation 

of coal in the manufacture of synthetic oils, and in the refi- 

ning of shale oils.

Asphalt is a complex material, the structure of which has 

been assumed by many to be similar to that of a polymer of a high 

molecular weight. It is also assumed to be a mixture of hydro

carbons varying considerably in molecular structure, depending 

upon the source and the method of production. The results of 

many investigations indicate that the hydrocarbons present may 

consist of saturated,unsaturated and complex aliphatic groups 

of chain structure and eyeloparaffins and aromatics of ring 

structure. The latter are not simple rings but large molecules 

of multi-ring structure to which may be attached various hydro

carbon chains. As a result, knowledge of structure of asphalts 

is very incomplete at present.

An intensive search of literature, including recent develop

ments, has shown that much work has been directed towards the
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non-Newtonian behavior of asphalts and considerable information 

has been gained about their susceptibilities to temperature effects* 

The American Society of Testing Materials has set up a number of 

arbitrary tests for asphalts, which, in general, are comparative 

studies of different kinds of asphalts obtained from different 

sources and which give information as to their varied uses and 

performances. These are the tests that have been commonly accep

ted by the road research laboratories and by the civil engineers.

So far as basic research is concerned, some correlations have been 

obtained between such arbitrary ASTM standards such as penetration 

and ductility, with some physical properties, such as viscosity, 

temperature, specific volume and specific gravity. Since asphalts 

have been found to behave as non-Newtonian liquids, determination 

of consistency has been the major concern in all these correla-
i

tions.

Since the present investigation has the same objective, 

it will be worthwhile to review some of the work that has been 

done in this field.

The sensitivity of asphalt to temperature is a factor of 

prime consideration in its various applications. So, before it 

can be put to different uses, the product generally has to be 

brought to proper consistency. On the other hand, asphalt is 

usually required to maintain its consistency after its applica

tion, in the face of changes of temperatures to which it is 

exposed, hence, a certain consistency will ensure the best per

formance. Important as the factor of consistency is, it has been
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generally recognized that all the following ASTM teats are 

fundamentally measurements of viscosity:

Type of Tests

1. Ring and Ball Softening Point

2. Penetration

5. Ductility

4* Float

5* Brittle Point 

As a consequence of the foregoing, the trend of fundamental 

research on the rheological properties of bitumen has more recently 

been in the direction of absolute viscosity measurements over a 

range of temperatures. It is preferable, if not always possible, 

to make determinations to cover the wide range of viscosities, and 

great practical difficulties are involved in developing a single 

instrument to evaluate rapidly and accurately all types and consis

tency of asphalts over the wide temperature ranges desired, con

sequently, it has been found convenient in asphalt-technology 

practice to utilize a number of different types of viscometers*

The more important types of these instruments may be classified 

under the following headings:

1. Flow-from-orifice viscometers

2. Capillary tube viscometers 

Co-axial cylinder viscometers

4. Falling sphere viscometers

5. Rotating cylinder viscometers

6. Torsion type viscometers
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7* Flow-along-inclined-plane viscometers 

8. Miscellaneous 

No matter what type of instrument was used, it has been 

found that the viscosity-temperature relationship in each case 

was reported to show a measure of a temperature-susceptibility 

index by each investigator and it has been presented in as many 

as six different graphical ways as follows, mainly with a view 

to obtaining some straight-line relation:

1. Log viscosity vs ordinary temperature

2. Log viscosity vs log ordinary temperature

2* Log viscosity vs log absolute temperature

k. Log viscosity vs reciprocal of absolute temperature

Log viscosity vs reciprocal of square of absolute temperature

6. Log log viscosity vs log absolute temperature

The different foregoing relations have appeared in litera

ture in the following mathematical forms:
27

(a) Log - k - mt, which is Saalfs relation .

The corresponding viscosity index, A.V.I - 100
29

has been the work of Traxler and his co-workers
18

(b) Logr^ - k - n log t , which is Mitchell and Lee's relation •

The corresponding viscosity index has been termed the"logarith

mic temperature coefficient" and has been expressed as follows:

L«T«C. a n a log^- log^]/ log t2 - log tq
1 x 15

(c) Log?|» k - n log T , which is Lang and Thomas's relation »

and the V.I. - Log Vise, at 53° F - Log Vise.at 77°F
Log Tyy - Log T33

2
(d) Log^s Log A - B/T Log e , which is Andrade's relation •
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(e) Log*[ m b - m/T2 , which is Umstatter's relation .
21

(f) Log A(yU_ + 0,8) = KT“m , which is Nevitt's relation •

The corresponding viscosity-temperature susceptibility index
22

has been written by Nevitt and Krchma as follows:

r Log ( v, ■+• 0.8 )
...... Log ( Vt + 0.8 J3

Log t 2 / t , -

In the above relations, the symbols indicate the following: 

is absolute viscosity in poises 

t is temperature in °P or °C 

T is temperature in °Rankin or ^Kelvin 

yU. is kinematic viscosity in centistokes 

A,B,k,K,m,n are different constants*

As has been mentioned before, all these graphical procedures 

have been directed toward obtaining straight-line relationships 

between viscosity and temperaturejbut all of them are subject to 

the general limitation that they are true only within a limited 

range of temperatures and not over a wide range.

Since the arbitrary standards of ASTM measurements of pene

tration, ductility, and softening point have been agreed upon as 

being nothing but a determination of viscosity, considerable atten

tion has been focused on correlating them with viscosity and tempera

ture in a manner similar to that above* A short description of 

such work has been attempted in the following:

Temperature-susceptibility factors based on penetration have 

been formulated as follows:
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(a) T.S.F. = -Fan at 115°F(50r., 5sec)- Pen at 52oF(a00jr,>60Bee)
Pen at 77°F(lOOg#5sec)

(b) T.S.F. = Pen at ,100°F (lOQg, 5sec) 
Pen at 77°F (IGOg, 5sec)

(c) T.S.F. = Pan at 77°F (lOOf;. gaac)
Pen at ^2°F (200gf60 sec)

(d) T.S.F. = Pen at 39,2°F (200g,60 sec)
Pen at 77°F (100g, 5sec )

These susceptibility factors have been criticized by Traxler 

and his associates on the grounds that they measure susceptibilities 

under unknown and varying stresses which change at different rates.
2k

Pfeiffer and Van Doormal proposed a penetration index based 

upon the assumption that the penetration of all asphalts at the 

temperature of their softening points is approximately 800. They 

determined the penetration-temperature susceptibility(PTS) of asphalt 

as the slope of the log penetration-temperature line by the following 

formula:
PTS - 80Q - log penetration at 770F(lOOg»!? )

ring and ball softening point °F - 77
and the penetration index has been correlated by the above investi

gators according to the relation:

Penetration index = ....__  jj£........ ... 101 4- 90 PTS

But the statement that the all asphalts will have 800 penetra

tion at their softening points has been challenged and shown to be
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otherwise by Broome, Traxler, Lewis, and Welborn.
4Bencowitz and Eoe's relation connecting penetration and 

temperature is

P = A + B. Gt

where P is penetration* t is temperature centigrade, and A,B,C, 

are constants*

The susceptibility index of Bencowitz and Boe^ is expressed

as equal to -*1
\ dP . U  = p2 - Pl

where P2 and P^ are penetrations at two different temperatures
17t2 and t^# Lewis and Welborn's considerations of a true index 

of susceptibility are based on the slope of the log penetration 

temperature curve, and their index is shown as*

Susceptibility Index = m - **1__
t2 - tx

20Keppe’s modifications of the Bencowitz and Boe,and Lewis and 

Welborn shows*

Susceptibility Index = log P2 - Pj for Bencowitz and 3oe 

Penetration-Susceptibility Factor =• (tpen)l00 - (*Lpeyi)X0

for Lewis and Welborn 

Saal’s empirical relationship connecting penetration and absolute 

viscosity has been expressed as*

•a = (5.15)(109 ) / (Pen)1,95 
As it was in the case of viscosity-temperature relationships, 

objections and arguments came forward against the validity of all
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the above formulas, and they have been agreed upon only under 

certain limitations#

Other correlations are as follows*
30(1) log 1^-O .543 M - 0.232 Traxler, Schweyer, and Romberg 

where M is the ring and ball softening point temperature;

(2) Penetration Index = (30/1 + 90 <* ) - 1 0

Pfeiffer and van Doormal 

whored - (log 800 - log pen at 77°F)/(R & B softening point- 77°F)

(3) Log M = a logP + logK Holmes,Collins and Child^

(4) Fluidity Factor

(Furol vise at 275°F - pen at 77°F) (pen at 77°F) Zapata‘S
100

Work has been done to correlate ductility with different 

variables in the past, and some of the important observations that 

have been made by several investigators are the following*

(a) Neppe has for convenience made use of the temperature at

which the ductility is exactly 1 cm as one of the critical
points in his work. The other critical point is the tempera

ture at which the ductility is exactly 106. The interval

between these two temperatures is an important link in the

chain for assessing the Theological properties of bitumens.

(b) Abraham states that it is desirable that the maximum ducti

lity should coincide as closely as possible with the average 

temperature to which the material is to be subjected in prac

tice.

(c) Lewis and Welborn and Renzo have shown that ductility can be
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reasonably expressed as a logarithmic function increasing 

linearly with temperature upto a point close to the maxi

mum ductility value, where the curve changes its direction.

The present investigation has been directed toward obtaining 

a measure of temperature susceptibility, and correlations have been 

found to exist in terms of the physical properties of the different 

samples of asphalts. Moreover, following the same graphical pat

terns of a Duhring's plot, a method has been developed to inter

relate the asphalts in terms of their different properties. This 

may permit prediction of the character, performance, and uses of an 

unknown asphalt by a comparative study with a second one whose charac

ter, performance, and uses are known. A possibility for further 

investigation remains in the determining of a different system of 

classification of asphalts in terms of their fundamental proper

ties, and applied to their performance and uses.

Since one of the purposes of this present investigation is 

to attempt a determination of the molecular structure of asphalts, 

some very preliminary steps have been taken in that direction. On 

the assumption of the theory of absolute reaction rates, which 

correlates viscosity with molecular weight, determination of values 

for the energy of activation has been attempted. An effort has 

been made to determine the ratio of molecular weights of asphalts, 

but as will be seen later, the method has not been found effective*



DISCUSSION OF THE PROBLEM

Statement of the Problem

The purpose of this investigation is

(1) to study the rheological behavior of asphalts and 

to develop relationships between their temperature 

susceptibilities and other physical properties,

(2) to suggest a new method of interrelation between 

known and unknown types of asphalts in terms of 

their physical properties,and

(5) to introduce a line of approach in the determina

tion of the structural complexities of asphalts on 

the basis of the application of the theory of abso

lute reaction rate to viscosity.

Practical Considerations

It is well-known that when a bitumen is subjected to changes 

in temperature, the material passes successively through a solid 

state at a temperature near the brittle point to first a semi- 

plastic solid state, then a liquid plastic or semi-liquid state,

11
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and finally a liquid state at a temperature above the softening 

point. These steps are reversible and depend on the range and 

direction of the temperature change. The condition of a bitumen 

at any moment is a matter of equilibrium between the processes of 

transformation in the direction solid-liquid, on the one hand, and 

liquid-solid on the other. In practice, bitumens may at different 

times be subjected to a wide range of temperatures. In some ins

tances, the temperature may be well over 400°F for prolonged periods 

during pumping and storage operations in a refinery, whereas in

others during application in road construction, it may vary accor-
o oding to circumstances, from about 2^0 F to 550 F. Then the actual

oservice conditions on the road may range from below 0 F to as high 
as l40°F or higher by direct radiation from the sun in summer, 

particularly since the surfaces are black and heat absorbent.

Knowledge of the consistency or flow properties of bitumens 

over wide ranges of temperatures is thus of fundamental importance 

in asphalt paving technology. Brittleness of bitumens at low 

temperature and instability at high temperatures are two extremes 

over which a thorough knowledge is essential for the asphalts to 

be properly selected for application. For these reasons, study 

of the flow characteristics—  penetration, float, softening point, 

and ductility—  is essential. These tests, as a general rule, 

give indefinite measurements of the rheological properties of the 

asphalts, because they are all arbitrary ASTM tests. The most 

useful way of determining the consistency of bituminous materials 

is the measurement of viscosity at different temperatures. In fact,
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the ASTM tests mentioned above are a measure of viscosity in 

some way or other. Even for the control of the product in a 

refinery, as well as for mixing operations in road construc

tion, viscosity is an Important factor that is always taken 

into account.

Temperature-Suaceptibility of Bitumens

The term "temperature-susceptibility” as applied to 

asphaltic bitumens has been generally applied to express change 

in consistency with change in temperature. It is useful in indi

cating the suitability of bitumens for specific purposes# The 

practical aspect of temperature susceptibility has aroused much 

interest, because it supplies information relative to physical 

properties at both extremes of temperature change. Therefore,in 

practice, the rate of change of consistency with temperature has 

a definite bearing upon the cost of a project, besides affecting 

the quality of the work.

Elaboration of the Problem

Having stressed the importance of temperature-susceptibility, 

the present investigator has endeavored in this work to find a 

suitable correlation between the fundamental properties of asphalt 

and temperature changes. The knowledge and experience of the past 

work, as summarized in the introduction, have been of great value 

as a guide and as on impetus for the present investigation. Past 

research attempts in this field amounted to the establishment of 

a few relationships between temperature, viscosity, and penetration# 

But all of them have been criticized because of their limitations#
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The present work has been initiated in an effort to determine 

a correlation which will be free from these deviations*

But before any work of this nature could be attempted, it 

was very important to determine the general properties of the five 

samples of asphalts. The standard ASTM tests have been performed, 

and the ductility and penetrations have been determined within a 

very xd.de range of temperatures. The softening points have been 

found for all the samples, and shatter tests have been performed 

at the temperature of zero penetration for each of them* Consider

ing the evident fact of a very wide range of viscosity with change 

in temperature for the asphalts, a viscometer has been selected 

which could take these factors into account. This is Brookfield- 

Synchro-Leetrie Viscometer, which operates on the same principle 

as a rotational viscometer and can read a viscosity range of 

8000 to 32 million centipoises. Viscosities of all the samples 

are obtained at different temperatures by means of this instrument*

The rates of shear for the samples are found by use of a modified 

Stormer viscometer.

After all these data were obtained, the main attempt has been 

to tie them into a single relation that could explain the behavior 

of asphalts idth respect to temperature. In all relations, some 

Characteristic points have been stressed emphatically. The present 

investigator has assumed the temperature of zero penetration to be 

a characteristic constant for each sample, because at this temperature, 

the sample is assumed to approach infinite viscosity and meet the
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the requirement of a solid body* The aim has been to correlate 

this point with viscosity and with the temperature at which the 

viscosity is recorded.

Since the second part of the problem deals with an inves

tigation for finding a suitable means of comparing different 

asphalts, an adaptation of Duhring's rule has been tried in this 

work. Duhring’s plots are based on comparing the vapor pressure 

of different liquids with that of water at different temperatures.

The plot is made with temperature of the liquid as the ordinate 

and the temperature of water as the abcissa, each point being 

plotted at the identical vapor pressures of the liquid and the 

water. So, at any temperature of water whose vapor pressure is 

known, the temperature at which the liquid will have an identical 

vapor pressure, could be read directly from the graph. Undoubtedly, 

Duhringfs plot is important to the engineer as a source of much 

information. The same procedure has been tried in the case of 

asphalts, the only difference being that in place of vapor pressures, 

identical viscosities have been considered as the basis and the 

temperatures, ductilities, penetrations, and rates of shear have been 

plotted. A major difficulty, however, has arisen in this case. In 

the Duhring’s plots, all the liquids are related to water, which 

is taken as the standard, the properties of water being sufficiently 

well-known to be listed in any handbooks. But in this case, no 

material of suitable consistency is known. And consistency being 

an important consideration, the situation turns out to be a 

complicated one. However, the asphalts chosen being of paving
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qualities, one of them can be taken as such a standard and the 

others compared with it. Thus, the quality of one asphalt with 

respect to the others could be compared in their different proper

ties so far as their use and performance as a paving material are 

concerned.

In discussing the third part of the problem, it seems neces

sary to consider some very important theoretical points.

Non-Newtonian rheology is a network of conflicting ideas, 

whose adherents are so distributed among rheologists that no parti

cular group predominates. But eminent authorities like Newton, 

Poiseiulle, Bingham, Buckingham, Reiner, and Eyring have worked on 

the subject; and their line of work could be taken as a background 

for further study in this field. The study of the effect of varia

tion of temperature on the viscous behavior of non-Newtonian 

materials may be expected to lead to important information about 

the molecular structure of these materials, just as similar studies 

of Newtonian materials have led to such information. For Newtonian 

material, visco s i t y , , is independent of the shearing stress, S, or 

rate of shear,s , and is a constant at any one temperature. Therefore 

for such a material, the variation of viscosity with temperature, , 

is singly defined without regard to shearing stress or rate of shear. 

This relation is expressed by Arrhenius equation:

^  =  A exp( - AE/RT) 

where R is the gas constant and A and AE considered as

constants over limited temperature changes. The quantity-AE can be 

viewed as the energy of activation of flow, and A. depends largely on
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the entropy of activation of flow. Since viscosity is defined 

as the ratio of shearing stress to rate of shear, the above rela

tion can be put as

s = A exp(-AE/RT) I 

For non-Newtonian material, however, viscosity at a fixed 

temperature is dependent on shearing stress or rate of shear. If 

it is desired to retain the form of the above equation, either A 

or or both must be functions of shearing stress or rate of shear. 

Accordingly, viscosity is no more a single valued function of 

temperature.

According to Glasstone, Laidler and Eyring,in their book The 

Theory of Rate Processes, the flow of a liquid is a rate process 

and takes place with a definite velocity under given conditions) it 

seems reasonable to suppose that the theory of absolute reaction 

rate can be applied to the problem of viscosity.

From their "Hole Theory”, dealing with the jump of molecules 

from one hole to the other because of the flow of the liquid they 

finally derived a relationship between viscosity and molecular 

weight as follows*
-h

^  = (1.09)(10"5) — L i   e
W , E vap

where M is molecular weight

E is energy of activation per mole of viscous flow 

T is temperature °Abs 

V is molar volume 

E is molar energy of vaporization



18

According to the same theory, since the energy of activation 

for viscous flow is related to the work required to form a hole 

in the liquid, the experimentally observed activation energy E 

may be expected to be some fraction of Evapj thus,

In order to determine the factor n which gives an indica

tion of the size of the hole necessary for viscous flow, viscosi

ties were computed from relation 5^,page 495» of The Theory of 

Rate Processes and it was found that for nonpolar molecules the

long chain hydrocarbons—  the value of n is 4* The work of P.J.

8 kcal for polyesters, and in this present work, some of his data 
have been taken for the sake of comparison*

Now, since molar volume V is equal to the molecular weight 

divided by the density or M/D, where M is the molecular weight 

and D is the density, and since ^Vap *̂s e9.ual the

equation can be written asi

E 'yap
n

value of n is but for polar molecules and others —  including

direction shows values of E to be of the order of

(l.osO C io- -7)
E/RT

-3 T TV
yi = ( i . o 9) ( io  ? )  L J L

M 4 . nE
E/RTor e

By transposing and taking logarithm,

(1 *0j)) (10**̂ ) (T̂ *) (D^)

(I) (II)



19

. ^  .Therefore, if a plot of in ̂ against 1/T has to be a

straight line according to the formula, then the first term(l) 

of the above equation will be the intercept and the last term(Il) 

will be thr slope. Prom the values obtained for slopes for 

different asphalts, E, the energy of activation per mole for 

viscous flow, could be calculated and the values of E for differ

ent asphalts compared with each other. By taking values for the 

intercepts for two different asphalts, their ratio could be deter

mined, and since densities of asphalts will be practically the
25same from 0 to 60 penetration at the varying temperatures 

according to Pfeiffer, they will cancel each other. Thus a ratio 

of molecular weights will be obtained.

Assume

X-, - In (l.09)(10~?)(Tf(D)Va
(«*•)( n Ej) 

°r Antiiog x. =
(M^K n Ei) 

Taking ratio for two asphalts,

m -
^2 \ I 2 \ Antilog X2
m T

Antilog X^

Since is known from the value of the slopes from the two

different plots for the two different asphalts, it is evident 

I M2 \ can be calculated from the above identity.
Ur



EXPERIMENTAL WORK

Test Samples
The five test samples used in this investigation are 

briefly described below*

(1) State Testing Laboratory Asphalt

This is a sample of typical paving asphalt supplied to 

the State of Colorado. Source unknown.

(2) Standard of Indiana Asphalt
This is a 20-50 penetration oxydized asphalt, a regular 

plant product of the Standard Oil Company(Indiana).
(5) Lion Oil Company Asphalt

This is a 30~k0 penetration asphalt, a product of the 

Lion Oil Company.
(4) Straight Reduced Asphalt

This was purchased from the Denver Fire-clay Company. 

Source unknown.

(5) Laugunillas Asphalt

This is a reduced product from Venezuelan crude oil.

20
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Tho material has been stripped of light fractions, 

cracked, and vacuum reduced.

Experiments: Apparatus, Theory and Significance
y

I. Experiment on Ductility: ASTM Designation D 113-44 
Apparatus
(1) Mold

A standard mold was used to form solid test specimen.

(2) Water Bath

The water bath was maintained at a specified temperature
ovarying, not more than 0*1 C. The volume of water was 10 

liters, and the specimen was immersed to a depth of not 

less than 10 cm and supported on a shelf 5 from the 

bottom of the bath*

(5) Ductilometer

For pulling the sample of asphalt apart, an apparatus was 

used which was so constructed that the specimen was conti

nuously immersed in water, while the two clips were pulled 

apart at a uniform 3peed, as specified, without undue vibra

tion#
14Theory and Significance of the Test

Ductility is measured by the distance in centimeters that 

a standard sample of asphalt will stretch before breaking. The 

rate of pull of the two ends of the sample was 5 cm per minute* 
Ductility is often regarded as a measure of the adhesive, 

cementitious, and binding properties of bitumens. Since changes
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of temperature in road structures inevitably give rise to 

great disintegrating forces due to expansion and contrac

tion, it is essential for a satisfactory bituminous binder 

to withstand distortion under such stresses without actual 

rupture* Consequently the bitumen should be sufficiently 

ductile under all conditions to prevent road failures by 

cracking. The importance of low-temperature ductility can

not therefore be overemphasized, particularly in regions 

where low-temperature performance is critical. Similarly, 

it is important that where a structure is subject to vibra

tion, the bitumen should have high ductility within the 

particular temperature range at which such stresses are 

encountered. Excessive ductility, on the other hand, is 

undesirable from the point of view of stability. The presence 

or absence of ductility in a bitumen at a given temperature is 

undoubtedly of more importance than the actual degree of ducti

lity. Tests at various temperatures have special significance 

where road surfaces are subjected to extreme ranges of tempera

ture.

II. Experiment on Penetration: ASTM Designation: D ^ - 2*>

Apparatus

(1) Container

The container in which the sample was tested was made of 

metal and had a flat bottom. Its dimensions met ASTM 

specifications.
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(2) Needle

The needle was a cylindrical steel rod approximately 

2 in, in length and 1.00 to 1,02 mm. in diameter.
(5) Water Bath

It had same specifications as that used in the ductility 

test.

(4) Penetration Apparatus

The appratus is s h o w  in the figure. The needle was 

allowed to penetrate without friction and was calibrated 

to yield results in accordance with the definition of 

penetration 

Theory and Significance of the Test

Penetration is defined as the consistency of the bitumi

nous material, expressed as the distance that a standard needle 

vertically penetrates a sample under known conditions of load

ing, time, and temperature. The distance is always expressed 

in tenths of a millimeter

The test determines the hardness of the sample and is 

fundamentally a measure of viscosity. For many of the uses of 

petrolatum, the penetration figure is a good measure of the 

properties desired.

III. Experiment on Ring-and-Ball Softening Points ASTM Designation D 5-55 

A p p a r a t u s

(1) Ring

The ring was made of brass and was 5/8 in. ID and 1/4 in. 

depth. The ring was attached to a No. 15 B.& S. gage brass
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(2) Ball

The steel ball was >̂/6 in* in diameter and weighed 

between 2*45 and 2*55 go*
(5) Container

A 600-ml beaker was used as a container.

(4) ASTM thermometers

Theory and Significance of the Test

Under definite prescribed conditions, the softening point 

represents that temperature at which the cohesion of a bitumen 

is overcome sufficiently to permit a sample to fall through the 

standard brass ring.

From the point of view of practical usefulness the soften

ing point test offers a good basis for selecting asphalts suit

able for different purposes and also in conjunction with other 

properties, such as penetration, is most useful for indicating 

susceptibility characteristics.

IV. Shatter Test at a Value of Zero Penetration 

Apparatus

(1) A detachable aluminum ring

(2) Glycerol bath at -20°C

(5) A 296.6-gm steel weight

(4) A meter scale 

Significance of the Test

The test is indicative of whether the sample has acquired 

the solid state and is brittle.
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V. Experiment on Viscosity 

Apparatus
(1) The Brookfield Synchro-Leetrie Viscometer

(2) A series of spindles numbered from 1 to 7
(5) An oil bath containing mineral oil and stirrer

(4) Suitable thermometers

(5) A small powerstat to control the temperature 

Theory and Significance of the Test

The principle upon which the Brookfield Synchro-Leetrie 

Viscometer operates is the measurement of the drag produced 

upon a spindle rotating at a definite constant speed while 

immersed in the sample under test. The drag is indicated on 

a rotating dial by a pointer which is attached to the spindle 

shaft and represents the tension produced on a spiral spring, 

the core of which is fastened to the spindle shaft and the 

outside coil terminal to the dial which is directly connected 

to the motor shaft. To obtain the desire accuracy over the 

entire range of viscosity within the limits of the instru

ment, a series of spindles of various capacities is provided,

each covering, in centipoises, the range shown on the table

below according to the speed of rotation. A hexagonal knob 

located on one side of the upper case of the viscometer is 

provided to obtain changes of speed. These knob, which has 

a number on each of the four sides, may be turned in either 

direction, and the number uppermost indicates the speed at 

which the machine will operate. It is preferable to have
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the motor running when changing speeds. After completion 

of the tests, the speed indicator is set at 2 rpm, as at 
this position there is no strain on the leaf spring which 

controls the gear shift.

Spindle Ranges in Centipoises

RPM # 1 au 2 4L>r 3 # 4 #5 # 6 # 7
10 8 M 32 M 80 M 160 M 520 M 800 M 3.2

5 16 M 64 M 160 M 520 M 640 M 1.6 M 6.4

2 4o M 160 M oo M 800 M 1.6 MM 4.0 MM 16

1 80 M 320 M 800 M 1.6 MM 3-2 MM 8.0 MM 32

where,

M is 1 thousand 

MM is 1 million

Since the purpose of the investigation is to correlate 

other properties with viscosities, it Is very important to have 

a wide range of readable viscosities for each sample, and the 

above instrument offers that scope, with convenient means of 

manipulation and control.

This instrument has a great advantage for control work 

with materials of non^Newtonian properties since measurements can 

be determined directly in the batch as variations in composition 

are made. Although the Brookfield viscometer affords sufficient 

accuracy for control work, its accuracy 1b not adequate for 
scientific studies.

VI. Experiment on Rate of Shear 

Apparatus

(1) The Stormer Viscosimeter
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(2) A 1000-gm standard weight

(2) Mineral oil for oil bath

(4) A stopwatch

(5) Suitable thermometers

(6) A gas burner

The description of the stormer viscosimeter is briefly 

as follows. The weight attached to a string falls vertically 

from the instrument. The string pays out over a vertical 

pulley as the weight falls, and unwinds from about the shaft 

of a large toothed wheel, this wheel lying in a horizontal 

plane. The large wheel fits into a small gear on the shaft of 

the viscometer cylinder. When the large wheel is caused to 

revolve by the falling weight, this shaft is turned, and the 

cylinder attached to its lower end is revolved in the molten 

asphalt in the cup. A screw gear at the top of this shaft fits 

into the teeth of an indicator wheel, and the whole instrument 

is so geared that a complete revolution of the indicator wheel 

represents hundred turns of the cylinder in the cup below. A 

small bath of oil surrounds the container cup, and rough tempera

ture control may thus be maintained.

Experimental Procedure 

Ductility Tests

The surface of the standard mold was cleaned with solvents and 

acids, and was rubbed with mercury on all sides to prevent any asphalt 

from sticking to it. It was then placed in position on a metal plate 

which was treated clean in the same manner. The sample of asphalt
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was melted and poured carefully into the cavity of the mold and 

any extra amount of asphalt was levelled off from the surface of 

the sample by means of a red-hot spatula* The plate with sample 

was placed inside a refrigeration chamber for about JO minutes to 

allow the sample to solidify. Afterwards, the mold was taken off 

the plate and placed in position under water in the ductility 

apparatus. The removable sides of the mold were detached, and the 

sample was allowed a period of 1J minutes to attain the same tempera

ture as that of water. The temperature of the water was maintained 

constant throughout the experiment. The machine was then run at a 

speed of 5 cm per minute, and the stretching of the sample was 
observed carefully. The breaking point of the thread was noted on 

the scale, and the distance traveled was reported as the ductility 

of the sample. The test was repeated three times under the same 

conditions at the same temperature, and a reproducible value of 

ductility was obtained.

The temperature of the water bath was then varied, and in a 

similar manner the ductility of the same sample was found at differ

ent temperatures, with a confirmation of three identical reproducible 

results each time. Five test samples were tried in a similar manner, 

and their ductilities were reported at the varying temperatures of 

the water bath. It might be well worthwhile in this connection to 

mention some of the limitations of the experiments.

(1) The centimeter scale on the machine is limited to a 

maximum theoretical reading of 162 cmj but the moving pointer on 
the scale could read upto a distance of 1J2. cm for all practical
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purposes,

(2) The liquid in the machine being water, a maximum temperature 

range of 160°F could be attained only with difficulty. The whole 

bath could not be uniformly heated, because of its length, by any 

means of heating devices. Under the circumstances, a practical 

range of temperature was chosen, and the plot of ductility versus 

temperature was later extrapolated to compensate for these difficulties. 

Penetration Tests

A can containing the sample was heated to melt the asphalt and 

it was placed in a refrigerator to solidify the sample and thus give 

it a smooth surface required for the test. It was then immersed in 

a constant-temperature water bath for about 15 minutes to attain the 
desired temperature. It was taken out and immediately placed under 

the penetrometer needle, which went down through the body of the 

asphalt under a specified load of 100 grams and a time period of 
5 seconds. The amount of penetration was noted on the circular 

scale. The test was repeated three times with reproducible results.

Thus a column of data for penetration was obtained at various 

temperature in a similar manner with repeated reproducible readings 

in each case. The temperature of the water bath was kept constant at 

different stages by adjusting the flame of the burner. Five test 

samples were satisfactorily tried in a similar manner, and their 

penetrations were reported against the corresponding temperatures.

The temperature of zero penetration for each sample was determined 

by slightly modifying the above process. Instead of being immersed 

in a water bath, the sample was immersed in each case in a glycerol
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obath kept at a temperature of -20 C. The sample was then tested 

under the needle for penetration values as its temperature gradu

ally came up to the room temperature. The temperature of the sample 

when a reading of zero penetration was observed, was recorded as the 

temperature of zero penetration. This was confirmed by repeating 

the experiment three times under the same conditions. In a similar 

way, the temperature of zero penetration for all the five test 

samples was noted.

Ring and Ball Softening Point Testa

The sample was melted and stirred to avoid incorporation of 

air bubbles in the mass. It was then poured into the ring so as to 

leave an excess on cooling. The ring was placed on an amalgamated 

plate to prevent the asphalt from sticking to it. After the sample 

had cooled for a while, the excesB material was cut off cleanly 

with a slightly heated knife. The glass vessel was filled to a 

depth of 5*25 with freshly boiled distilled water at 5°c* Th® 

standard ball was then placed in the center of the upper surface of 

the bitumen in the ring, and the complete set-up was placed in posi

tion in water so that the bottom of the ring was 1 in. from the 

bottom of the glass vessel. The thermometer was placed into the 

apparatus, and heat was applied at the rate of ^ C  increase in 

temperature per minute.

The temperature recorded by the thermometer at the instant 

the bituminous material touched the bottom of the glass vessel was 

reported as the softening point of the sample. The softening points 

of the five different test samples were obtained in a similar manner,
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and three check results were determined.

Shatter Tests

A detachable aluminum ring was coated thoroughly with 

mercury, and the molten sample of asphalt was poured in. The 

sample was allowed to cool, and the excess material was cut off

clean from the surface by means of a slightly heated knife. The

ring was then placed in the cold bath of glycerol until the sample 

attained its temperature of zero penetration. The ring was taken 

out of the solution and was detached to give the sample a tablet 

form. The sample was placed on the floor, and from a measured height 

of 100 can, a 296.6-gm weight was dropped upon the surface and its

effect was recorded. The tests were repeated three times on each

sample.

Viscosity Tests

The Brookfield Synchro-Leetrie Viscometer was set up as shown in 

the figure. Five hard-glass test tubes were filled to a proper height 

with five different test samples. A mineral-oil bath with a boiling 

point above 160°C was placed in position. The sample in the test tube 

was clamped tightly and fixed into the bath without allowing any oil 

to enter the test tube. The suitable spindle was then very carefully 

attached to the machine. The bath was heated by a flame, and a 

uniform distribution of temperature was made by means of a stirrer.

The spindle was immersed into the sample to the depth indicated by a 

groove cut in the shaft, only when the sample was soft enough to allow 

the insertion. The level of the Instrument was next adjusted by- 

means of screws by bringing in the bubble to the center of the bubble



52

chamber. The motor was then started. By adjustment of the flame 

intensity and by the control of the powerstat, temperatures at 

points where readings of the dial had to be taken were held fairly 

constant to ensure the steady state of the sample. Headings were 

taken when the pointer reached a position where it was stationary 

in relation to the rotating dial. Several revolution of the spindle 

were required to establish this position. Since each spindle had a 

specified range of viscosity to cover, the next one in the order 

was substituted one after the other to take care of the viscosity 

range and consequently of the increasing temperature. The operation 

was carried through a range of temperature (for each sample) at 

which the spindles could produce readable dial readings. To trans

form the readings into absolute viscosity in centipoises, they were 

multiplied by specific factors described in this thesis elsewhere.

The test was applied in a similar manner to all five samples, and 

their viscosities were recorded against corresponding temperatures 

of operation.

Comments

Reproducibility of these readings was limited because insula

tion difficulties were encountered with the oil bath, because the 

body of the sample did not heat up uniformly, and because difficulty 

was experienced in maintaining constant temperature during the period 

the readings were being taken.

Test to Determine the Rate of Shear

The Stormer Viscometer, commonly used for the measurement of 

viscosity, was used somewhat differently in the present test to
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obtain rates of shear for the different samples of asphalts* The 

usual weight was detached from the apparatus along with the string, 

and a standard weight of 1000 grams was fixed in place and suspen

ded over the pulley by means of a stronger thread* This was done 

to obtain rates of shear of appreciable magnitude within a shorter 

period of time. The cup was filled to a fixed height with a molten 

sample of asphalt, with mineral oil in the outer cup to act as a 

temperature bath. Temperature control was maintained by increasing 

or decreasing the intensity of the flame placed underneath the cup. 

Care had to be taken to make sure that the rotating cylinder did not 

touch the sides of the cup,and the cup was cebtered in position by 

adjustment of the thumb screws. At an established temperature, the 

clutch was*freed and the time for one revolution of the rotating 

cylinder was noted by means of a stop watch. The experiment was 

repeated for readings at various temperatures under the same constant 

load and for one revolution of the cylinder.

In a similar way, rates of shear were obtained for all the 

different test samples, and confirmation of the readings was estab

lished by repeating the test at each temperature for each individual 

asphalt. The accuracy of the test was limited because of lack of 

temperature control,and time required for one revolution of the 

cylinder at the low temperature range. The results however, are 

felt to be comparable.
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Experimental Data and Results

Table 1 ~  Ductility Data (Average of 5 trials) 
Plot t Ductility ve Temperature 
Graph Reference t Page 3 5

Temp. 
(°C)

State
(cm)

Lion Oil 
(cm)

Std. of Ind. 
(cm)

Reduced
(cm)

18 135 - - -

25 85 79 - -

32 52 58 152 0
37.5 36 47 90 3
45 22 54.5 54.5 10
60 15 18 16 32
70 12 15 1 51

Laugunillas
(cm)

0

3
6.5
12
29
46

Table IX — —  Softening Point Data (Average of 3 trials)

Types of Asphalt Softening Point

State Testing 59
Lion Oil 47.5
Standard of Indiana 60
Reduced 91.5
Laugunillas 95•5
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Table XII --- Penetration Data (Average of 3 trials)
Plot * Penetration va Temperature 

Graph Reference : Page

Temp.
( °c )

State
(dmm)

Lion Oil 
(dmm)

Std. of Ind.
(dmm)

Reduced La- 
(dmm)

-16.5 0 - - -

- 6.5 5 - - -

4.4 12 - - -

5*5 14 0 - -
12.5 24 5 0 -

15*0 51 8 5.5 -

17*5 4o 14 9*0 0
24.0 60 26 16 0.5
52.0 122 122 56 2.0
57*5 200 - 56 5*5

45*5 - - 101.0 6*5
49*0 mm - - 11.5
65.5 - - - 44.0

71.0 - - - 59*0

87*5 - - - 122.0

Table IV — - Zero Penetration Data (Average of 5 trials)

Type of Asphalt Temperature °C

State Testing - 16.5

(dmm)

Lion Oil 6.6

Standard of Indiana 12.75

Reduced 17*75
Laugunillas 15*0

1.0
2.2
6.0
9*5
14.0

20.0 
62.2
112.0
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TableY ' Viscosity Data (Average of 5 trials) 

Plot x Viscosity vs Temperature

Temp<
(°C)

165

150
125
120
100
90

80

75
60
50

45
40

55

Graph Reference x

State Testing 

Lion Oil 

Std. of Ind• 

Reduced 

Laugunillas

State Lion Oil Std# of Ind, 
(c.p*) (c.p•) (c.p.)

1021

21000

64000

600000

2800

7400

^8000

580000

6600

52000

190000

Page

41
42-

45

44
45

Reduced
(c.p.)

10000
25000

160000

1700000

55000000

1565000
19000000

28 4750000

25 20000000

Laugunillas
(c.p.)

15000

115000

1500000

55000000

550000000
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liable VI --«» Viscosity-Temperature Data
Q( Computed From Flory^s Original Data 

As Plotted In The Graph Referred Below)

Graph Reference t 9 Page

Flory*e Sample t Decamethylene Adipate Polymer

Temperature M. W. 7100 M. W • 45IO
(°C) (viscosity c.p.) (viscosity c.p.)

187 1770

167 - 550
162 5160

157.9 - 998
155 6j500

115.9 - 1680

96.2 -  5010
82.4 . - 4750

81 19900
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Figure 2. The Stormer and Brookfield
Viscometers
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Table VII —  Rate of Shear Data (Average of 3 trials)

Plot * Rate of Shear va Temperature 

Graph Reference * Page 47

Temp. State Std. of Ind. Lion Oil Reduced Laugunillas
(°C) (sec/rev) (sec/rev) (sec/rev) (sec/rev) (aec/rev)

170 2 5
160 5 18

152 50
148 86
146 - 152
140 12
154 5 -
125 5 -

120 -  2 78 
115 8 -

110 - - 170
100 25 6 2
95 85 -
9 0 - 1 6  4

80 11
7 5 - 8 4  -

74 - - 25 -

7 0 - 1 1 5  

65 - - 127
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Table VIII --- Temperature Data at Common Viscosity Levels

Plot * See Noted) below

Graph Reference : Page 49
Viscosity

(op)
State

( °o )
Std.of Ind

( °c )
.» Lion Oil 

(°C)
Reduced
(°C)

Laugunillas
( *c )

10000 95.5 97.5 110 I66.5 156
100000 69 77 79 150*5 122
1000000 46 48 61 106.5 96

10000000 24.8 26 44 86 70

Note(l)i Temperatures for different asphalts from the viscosity- 
tamperature plots at the above four identical viscosity levels have
been tabulated. Temperatures of State Testing Asphalt have been 
plotted along the ordinate as reference and temperatures of the remain
ing asphalts were plotted along the abscissa.

Table IX   Temperature Data at Common Viscosity Levels

Plot : See Note(2) below

Graph Reference t Page 50

Viscosity
(cp)

State
T/Tpo

Std.of Ind. 
t/t 

Po
Lion Oil
T/T ' Po

Reduced
T/Tpo

Laugimi!
T/Tpo

10000 1.420 1.517 1.540 1.514 1.640

100000 1.555 1.255 1.254 1.590 1.450

1000000 1.245 1.150 1.170 1.506 1.450

10000000 1.160 1.070 1.110 1.255 1.550

Note(2)t A ratio of absolute temperatures to absolute tempera
tures of zero penetration has been computed for all the asphalts at 
the above four identical viscosity levels, and similar procedures of 
plotting have been followed with State Testing Asphalt data as the 
reference* T is the temperature at which the viscosity has been 
read and Tp represents the temperature of zero penetration for the 
individual 0 asphalts.
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Vise •» Vise*
Table X  Ductility vs  SStS:--------- aiy T>S.,P’ X 100= [ V ]

Vise.
& S. P.

(a) State Testing Asphalt

Viscosity at softening point(S.P, 59°C) lf600f000 cp

Temp.
(°o)

Viscosity
(op)

Ductility
(cm)

[V] Corrected D.V.Ct- 
[̂ l{] from graph

70 100000 12 95.7 95.7
60 240000 15 85 80.0

50 560000 17.5 65 66.5
49 620000 19 61.5 59.0 4.99

45 1000000 22 57.5 44.0

45 1150000 25 28.1 29.0
41.7 1500000 27 18.75 18.75
40 1500000 51 6.25 -

Plot : Ductility vs Cv]
Graph Reference t P a g e  5*3 for (a); Page 53  for(b);

Page 53 for C*0 •
*D.V.C. Ductility-Viscosity Coefficient Slope of the plot

(b) Standard of Indiana Asphalt

D.V.CTemp.
(°C0

Viscosity
(cp)

Ductility
(cm)

tv] Corrected 
[y] from gr

70 90000 1.5 1.5 74.3
67*5 125000 4.0 64.4 63.0
65 170000 7.5 51.4 47.0
62.5 250000 11.5 28.6 28.6

4.56
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(c) Lion Oil Asphalt

Viscosity at softening point (S.P. 47*5°C) 700,000 cp

Temp.
( °c )

Viscosity
(cp)

Ductility
(cm)

tvl Corrected £.Vj 
from graph

70 74ooo 15 89.5 86.5

65 115000 16 8 5 .6 82.5
60 190000 18 75 74.5
55 500000 22 57.2 55-5
50 500000 28 28.6 28.6

Comments

The softening points for Reduced and Laugunillas asphalts 

are 91*5°c an^ 95*5Pc» respectively. Because of the difficulties 
encountered in heating the water bath of the ductility machine to 
higher temperatures, data could not be obtained for the above two 
asphalts from the range of the softening point temperature onwards. 
Therefore, no similar tables could be drawn up for them.
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Table X I  Viscosity-temperature data in special forms

Plot i In y > x "T A 10
Graph Reference* Page s5

m lT 5/*.
1 4 4  x 10

- 3*51 27.55
- 2.54 28.75

(a) State Testing
Q,56h 31
2.49 33.2

- 4.56 26.8
- 2,86 28.55

(b) Standard of Indiana
- 0.458 30.3

3.54 32.5
- 4.66 26.8

- 3.05 28.55
(c) Lion Oil

- 1.154 30.3
1.064 52.0

- 4.51 22.8

- 3.56 23.65
(d) Reduced

- 1.588 25.I5
0.888 26.8

- 4.05 25.65
- 1.92 25.4

(e) Laugunillas
0.62 27.55
4.025 50.50
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9Table XII Floryfs Viscosity-temperature Data In special forms

(computed)

In iL l *I  X 10 T
- 7*4 22.7

(a) Decamethylene Adipate ~ 6.7 24.4
Polymer. Mol. Wt. 4510 - 6.14 25.8

- 4.94 28.2
(b) Decamethylene Adipate - 6.54 21.75

Polymer. Mol. Wt* 7100 - 5*6 25.OO
- 4.88 24.5

- 5*49 28.25

Table XIII — - Calculated Results of Energy of Activation(E)

lypes of Asphalts «E«
(Kcal)

State Testing • e • 19*75
Standard of Indiana « • * 21.80
Lion Oil • • • 20.90
Reduced ♦ • • 29.80
Laugunillas • e * 24.60

Table XIV --- Calculated values of BE,f as compared to Flory's «En

Type of Polymer Mol.tft. Calculated Mean "E8 Flory's ”EB
nE“ values (Kcal) (Kcal)
(Kcal)

De camethylone
Adipate ... 4510 9*920

8.640 8.250
Decamethylene

Adipate ... 7100 7*560
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Sample Calculations

Viscosity Computation from the Reading of the Brookfield Viscometer

Lion Oil Asphalt Data 

Temperature = 40°C

Viscosity = 1565OOO op
R.P.M. = 10,5,2.

Corresponding readings= 44.8, 24.5 and 10.5
Viscometer Spindle No. 7 

According to the directions, the readings are to be multi

plied by the figures corresponding to the rpm as given in the 

table described under equipment and accessories, and, then divi

ded by 100 since "100" scale has been used.

Therefore, for 10 R.P.M., the viscosity reading is

^  = (44.8)(?.2 MM)
L 100

= M 5 J , 6 o o  cp

where M * 1000

MM = 1,000,000 

Similarly, for 5 R.P.M* the viscosity reading is

^  =  o j g Q
1 100

= 1,568,000 cp 
For 2 R.P.M. the viscosity reading is

r) s lio.5)li6 m l
t 100

= 1,680,000
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Taking an average of these three figures, the viscosity at 40°C 

is found to be I5630OQ cp.

Temperature Calculation

For Temperature vs Temperature Plots

From the viscosity-temperature plots, a common viscosity 

level e.g., 10,000 centipoises is chosen and temperature of all 

five asphalts are read corresponding to the same viscosity* Thus 

at 10,000 cp the corresponding temperatures of the different 

asphalts are respectively

State Testing ... 95*5°C

Lion Oil ... 97*5°C

Std. of Indiana ... 110.0°C

Reduced ... 166.5°0

Laugunillas ... 1^6,0°C

Similarly other viscosity levels are chosen, and the corres

ponding temperatures are noted.

For T/T vs T/T Plots 
Po Po

Lion Oil Asphalt Data 

At common viscosity level of 10,000 cp

T in °Abs = 275 - 95 = 568°K

Temperature of zero penetration

T in °K = 275 + 6.6 = 279.6°K
po

Therefore,

T/T = 568/279.6 = 1.317

Thus the T/T data are obtained for the other asphalts at thePo
same viscosity level.
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Ductility-Viscosity Coefficient Calculations

Lion Oil Asphalt Data 

Ring and Ball Softening Point = 47*5°0 

Viscosity at 47.5°0 = 700,000 cp

Assume

Any temperature above softening point temp.= 50°C 

Then,Viscosity at 50^0 - 5000,000 cp 

Also, Ductility at 50°C = 28 cm 

Therefore
Vise. - Vise

|_V ] = .... » * S,.P.________ at temp T greater. ..than syP»y100
’ Vise.

at S.P.

- (. 700>000 - 500 >000) 100 = 28.6%
700,000

Similarly LV21 - 57*2 % 

when T2 = 55°C

and viscosity at — 500,000 cp
and ductility at T = 22 cm

cL

With the avilable data for two points, the slope of %  V U  

vs Ductility can be calculated according to the formula and desig

nated as follows

Ductility-Viscosity-Coefficient(D.V.C.) = A  ^ ^
Dl" d2where, Dj and D2 are the ductilities at two different

temperatures. Therefore

Lion Oil Asphalt(D.V.C) -  L Q i L -  £7.rj L  _ -2,8.6 -4.78
2 8 - 2 2  6 

The slope being negative, the minus sign is not taken into account.
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Calculation Related to Eyrinp; Equation
i ^  /In order to obtain values for In -3 against 1/T, the
j /%

following types of calculations are made

Lion Oil Asphalt Data 

Tx = 100°C - 575°K

Viscosity*^ at the above temperature = 6600 cp = 66 poises 

Therefore

^/T^- r 66/5751*5 = 66/7000 = 0.00945
-4Therefore, In (0.00945) — -4.66; and l/T^ = 1/575 - (26.8)(10 ),

Similarly, at T2 =■ 80°C

In =. - J.OJ and l/T = (28.J5)(10 )"J" va.
%

Since E/R is the slope of the plot, it can be easily calculated 

from the above data

E/R = t*c..ZzPZ U r p l  _ - 1.70 ,ln^
26.8 - 28.55 - 1*55 U  ;

-  10950

Therefore

E =: (R)(10950) - (1.987)(10950) =  21,800 calories.

*



INTERPRETATION OF DATA AND

DISCUSSION OF RESULTS

General Observations

Based on the properties investigated, there appears to be 

a difference in the characteristics of the sample#

Three of the samples representing finished asphalt blends, 

possess certain property agreements while those samples represent

ing products of the refining processes appear to have a different 

property agreement# These groups are as follows 

I# Blended Asphalts

A. State Testing Laboratory Sample

B. Lion Oil Company Sample

C. Standard of Indiana Sample

II. Refining Process Asphalts (Non-blended)

A. Straight Reduced Sample

B. Laugunillas Sample

The characteristics may be suramerized as follows

(1) The softening points of the blended samples are lower 

than the non-blended asphalts#

61
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(2) The ductilities of the blended samples decrease with 

temperature, while the reverse is observed with the non-blended 

samples*

(5) The extended lengths of the non-blended samples when 

allowed to stand following the ductility test shows evidence of 

recoiling in contrast to the other samples.

(4) During the tests in which the temperature of zero 

penetration is determined, it is observed that the temperature 

rise for the blended asphalts is more rapid than the non-blended 

samples indicating a difference in specific heats in the two 

groups.

First Part of the Problem

In the discussion of the corresponding states in thermo

dynamics, compressibility of a material is plotted against reduced 

pressure • The same idea has been adopted in the present case 

to plot viscosity against T/TpQ , where Tpo is the temperature of 

zero penetration and T is the temperature at which the viscosity 

was recorded. The only difference is that in place of compressi

bility, a measure of temperature-susceptibility in terms of vis

cosity and temperature is used. The plots for all the asphalts 

turn out to be straight lines. So the following relation seems 

to satisfy a correlation between viscosity and temperature of all 

the asphalts I
-»A.T/Tp o +  B   (1)

Sphere ^  ia viscosity in centipoises

T is temperature °K at which the viscosity is taken
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T is temperature of zero penetration °K 

mi and B are constants*

Temperature of zero penetration is assumed by the investi

gator to be a characteristic point for all the asphalts.

Softening point being an arbitrary characteristic property 

for an asphalt, viscosity at the above temperature can normally 

be assumed to be an important property too. Since, for all prac

tical purposes, the ductility tests could be rim upto only 70°Cf 

no ductility data are available above this temperature. The 

percentage change in viscosity between viscosity at the softening 

point and viscosity at any temperature above the softening point 

is plotted against the ductility at the higher temperature and, 

the relation, again, is found to be a straight line and has been 

expressed as follows for all the different asphalts:

/Vise ^ S°at T>S.P.>\ •100f----- -------------------------- j - KD +  0   (2)
' Visoat S.P. y

where D is ductility in cm.

K and C are constants.

If the left hand side of the equation is represented by 

for the sake of simplicity, then a ductility-viscosity coefficient 

(D.V.C.) could be written as follows from the slope of the straight 

line*

K = D.V.C. =
D1 “ d2 

Second Part of the Problem

For the paving and other types of asphalts, viscosity is a
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fundamental property. In the application, other properties 

such as ductility are particularly important. In addition, 

molecular structure of different paving asphalts is considered 

to play a part therein. Since the latter has to be investigated 

thoroughly before any definite statements can be made about it, 

viscosity, for the sake of simplicity, has been considered in the 

investigation to be a single important property. At common visco

sity level; temperatures, penetration, ductility, and the rate of 

shear have been computed for all the five samples of asphalts.

By taking one of the asphalts as a standard —  viz., the State 

Testing asphalt —  the others have been referred to it with respect 

to all the above data at common viscosity level.

An analogy between these plots and Duhring's plots may be of 

importance in the future when all the complexities of the struc

ture of asphalts are understood. The author believes that with 

all the data available about the structure of asphalts, comparative 

usefulness and performance could be decided from such plots as 

these.

Third Part of the Problem

Since the theory of absolute reaction rate according to

Glasstone, Laidler, and Eyring could be applied to liquids, their

formula correlating molecular weight and viscosity has been applied
9in the present case. Data from P.J. Flory's experiment have been 

taken for comparison. The energy of activation per mole for vis

cous flow for Flory’s polymers has calculated from the
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Eyring equation, and is found in perfect agreement with E values 

found by Flory. The plot ^l/T/r vs l/T gives a straight line; 

so the E values are easy to calculate from the slope of these lines. 

But the initial idea —  that a ratio of molecular weights could be 

obtained from the ratio of the intercepts for two asphalts taken 

at a time —  does not seem feasible. The ratio of the molecular 

weights for Decamethylene Adipate polymers as found from the ratio 

of their intercepts, does not agree with the known ratio of mole

cular weights for the polymers from Flory's data. Similar calcula

tions in asphalt showed a similar disagreement; therefore, it is 

concluded that the concept does not hold for the asphalts* The 

investigator believes that there have to be other factors in the 

Eyring formula to account for the non-Newtonian character of the 

polymers and asphalts.



CONCLUSIONS

Summary

1(a) An extended relation aeems to exist between viscosity 

and temperature of asphalts in the following form* which* 

according to the investigator* seems to be a measure of tempera

ture susceptibility;

log (m)( T/Tpo) + B ......... (1)

where *

is viscosity in centipoises 

T is temperature °K corresponding to viscosity reading 

Tp^is temperature °K at zero penetration 

m and B are constants.

The relation has been tried with the actual data and 

found to hold between wide viscosity and temperature ranges*

The relation seems to bear an analogy with the compressibility- 

reduced pressure correlations in thermodynamics* and there is 

a probability of an interpretation along this line in the future*

6 6
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1(b) Another equation that has been found to correlate 

the different properties of asphalts is as follows:

Vise. - Vise
 —    at_T>SiI\ x loo = KD +  C .. (2)

at S.P.
where

viscosities are in centipoises 

D is ductility in cm 

K and C are constants

From the above straight line relation, the following 

ductility-viscosity coefficient (D.V.C.) as been deduced:

K = D.V.C = Ev »] ~ fo*)
D1 - D2

where

V^ and V2 are two different values of the left hand 

side of equation 2 at two different temperatures.

The significance of the above coefficient is a stimulus 

for further investigation.

2. A method has been suggested for comparing asphalts

with each other in terms of their physical properties. Duhring’s 

way of plotting the temperatures of a liquid against those of 

water at identical vapor pressures has been of help in this

case. But since there is no standard material available for
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comparison with asphalts as there is in the case of Duhring’s 

plots, one of the paving asphalts has been taken as the refe

rence and the others have been compared with it. Duhring’s 

rule has been tried with most lifuids, and a considerable 

volume of information could be obtained from the plots. So, 

if with extensive research, all the paving asphalts could be 

investigated with respect to their controlling properties which 

account for the paving use, a large amount of useful data would 

be available.

3* In this part of the problem, an attempt to determine

the structure of asphalts through studies of their non-Newtonian 

behavior has been made. Indebted as the knowledge in the field 

of non-Newtomian rheology is to Dr. Henry Syring, one of his 

derived relations lias been used as the starting point for the 

approach of the present problem. The relation ties viscosity 

with temperature and molecular weight, as well as energy of 

activation per mole for viscous flow and the molar energy of 

vaporization. An overall approach has been made to determine 

the molecular structure by means of this relation, and values 

obtained for energy of activation per mole for viscous flow 

for the different asphalts will enable a future Investigator 

in this field to deal with the problem more elaborately. The 

quantities that were assumed constant in this investigation 

will have to be determined by experiments to enable future 

calculation of the ratio of molecular weights* Moreover, it
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is the belief of the investigator that since the Eyring 

formula is applicable to liquids only, other factors must 

be present in the equation to account for the complexities 

of substances of higher structures.

Possibilities in Future

A McKee consistometer or an Interchemical Viscosimeter 

may be used in place of the Brookfield Viscometer, because, in 

addition to measuring viscosity,the above machines measure the 

varying shearing stresses and the rates of shear. With these 

data available, asphalts could be compared with known polymers, 

and interesting information may be gained about the asphalts.

Another interesting phase of the work on asphalts may be 

the solution of asphalts in different solvents thus leading to 

the calculation of intrinsic viscosities, which are related to 

molecular weights. Moreover, inasmuch as a considerable volume 

of information is available for solutions of polymers like 

Styrene, Polystyrene, and Polyethylene, a suitable comparative 

study may be made towards the structural complexities of asphalts.

Possibilities lie in the determination of molecular weights 

by osmometric methods. Polystyrene solutions have been tried 

with Zimm and Myerson Osmometer by various researchers and have 

been found to yield valuable results.

Use can be made of the Photo-electric Colorimeter or the 

Micro-projector to count the number of asphalt particles in very 

dilute solutions by means of light transmission. The number of
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particles according to Debye seems to bear a direct relation 

with the molecular weights*

The molecular still can be employed to collect various 

fractions of asphalts, which can be analyzed by means of an 

infra-red spectrometer to indicate compositions of the varying 

fractions. Another method along the line has been used in the 

study of the pyrolysis fractions of polystyrene* Polystyrene 

has been pyrolyzed under high vacuum, and the fractions have 

been identified by mass spectrometer analysis. The investigator 

sees a possibility of determining the composition of asphalts 

in a similar way by using the same procedure.
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