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In recent years considerable research has been devoted to the 
physical and chemical properties of asphalt. Because of the 
dependency of the physical properties on chemical composition, 
there is a need for more fundamental knowledge of their inter
relationships. This study was conducted to determine relation
ships between chemical composition and rheological properties 
of paving-grade asphalts. 

Rheological properties and chemical compositions were de
termined for nine paving-grade asphalts. Flow properties at 
45, 77, and 120 F were obtained by means of a sliding-plate 
microviscometer. A modified Corbett-Swarbrick chromato
graphic method for chemical composition data was employed. 

Multiple-linear-regression analysis yielded equations that 
related flow properties at 120 F to chemical composition. The 
coefficient oi thermal expansion was found tu btl a 1:1ignificanl 
quantity for the description of the flow properties at the lower 
temperatures. Regression equations were obtained for the flow 
properties at 45 and 77 F, and for the Walther viscosity
temperature slope when the expansion coefficients were in
cluded in the regression analysis. 

It was concluded that the flow behavior of a sphalts in the 
lower range of service temperature was more dependent on 
factors such as association and colloidal state than on the rela
tive content of the generic chemical groups used in this study. 

•THE characteristics of asphalts of immediate importance in most applications are of 
a physical nature. However, it has been realized for some time that the physical prop
erties are all dependent on the chemical constitution of the asphalts. Much of the mo
tivation for the large amount of research concerning the chemical composition of as
phalts has been the desire to establish relationships between composition and physical 
properties. However, despite the plethora of literature on the subject, few meaningful 
relationships have been developed. Most of the studies have yielded only qualitative 
results that arc not generally applicable to different types of asphalts. Insufficient 
knowledge about the chemical constitution of asphalts and the use of empirical physical 
tests have been the main impediments to progress in asphalt technology. Recent ad
vances in composition analysis and the measurement of fundamental physical properties 
promise to provide increased knowledge about the nature of asphalt. However, use of 
the new techniques in studies relating to rheological behavior has been limited. 

It is the object of this paper to present the partial results of a study on the relation
ships between certain rheological properties and composition of paving-grade asphalts. 
This study is a cooperative research effort between the Department of Chemical Engi
neering at the University of Arkansas, the Arkansas State Highway Department, and the 

Paper sponsored by Committee on Characteristics of Bituminous Materials and presented at the 
47th Annual Meeting. 
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U.S. Bureau of Public Roads. A companion project being conducted by Professor J. R. 
Bissett, Department of Civil Engineering at the University of Arkansas, is concerned 
with the investigation of changes in physical properties of asphalt as a function of time 
and service conditions. It will be approximately two years before the complete results 
of these two studies are available. 

BACKGROUND 

Asphalt is a complex heterogeneous mixture composed of a large number of molecu
lar species. Its components are primarily chain and ring hydrocarbons, but as much 
as 10 percent oxygen, sulfur, and nitrogen may be present. Even with present analyti
cal techniques and instruments, it appears to be virtually impossible to determine com
pletely the chemical composition of asphalts with respect to all the myriad species pres
ent. Due to this complexity, composition analyses usually consist of separations of as
phalt into generic groups that have similar chemical characteristics. 

The use of liquid chromatography to separate asphaltic components has become wide
spread, and most recent chemical analysis techniques have employed chromatography 
to various extents. Chromatographic separations are based on the principle of selec
tive adsorption of chemical compounds on the surface of porous, adsorbent solids. 
Fractionation is achieved by passing different solvents through the column to remove 
portions of the adsorbed materials. The most popular adsorbent materials are silica 
gel and alumina, but several others have been used. Likewise, several different sol
vents have been used as elutants. Traxler (11) gives a history of the application of 
chromatography to the separation of asphaltic materials, and a few of the recent in
vestigations will be discussed. 

Before performing a chromatographic separation of an asphalt, the asphaltenes are 
usually removed by treatment of the asphalt with a light hydrocarbon. A solution of 
maltenes is passed through a column filled with adsorbent solids, and the heavier com
ponents are selectively drawn to the surface of the adsorbent. Solvents of increasing 
solvent power are successively added to elute, or desorb, the more strongly held ma
terials. The fractions obtained are arbitrary since they depend on the adsorbent, sol
vents, and temperatures used. However, the judicious application of chromatography 
has resulted in the separation of asphalts into useful generic groups with similar 
characteristics. 

Corbett and Swarbrick (1) developed a chromatographic technique for the separation 
of asphalts that effected relatively clean-cut fractionation and required only a moderate 
amount of time. The asphaltenes were separated from the maltenes by refluxing the 
asphalt with n-hexane. The maltenes were fractionated into paraffins plus naphthenes 
(saturated hydrocarbons) and aromatic oils in a chromatographic column packed with 
activated bauxite. The saturated hydrocarbons and the aromatic oils were eluted with 
iso-octane and pyridine, respectively. The overlap between fractions was reported to 
be small, with the amount of aromatics in the saturate fraction being consistently less 
than 3 percent. 

Various analytical techniques, ultraviolet, infrared, nuclear magnetic resonance, 
electron paramagnetic resonance, molecular weight, and carbon-hydrogen analyses 
were used to determine the general characteristics of the fractions. The saturate 
fraction contained paraffins and cycloparaffins with side chains. The average molecu
lar weight for this fraction was in the C40 to Coo range. The aromatic oils consisted of 
highly branched aromatic rings connected by aliphatic chains and had molecular weights 
of 800 to 1100. The asphaltenes had the highest molecular weights and consisted of 
highly condensed aromatic rings with a few short side chains. 

In a subsequent paper, Corbett and Swarbrick (2) modified their technique to yield 
five asphalt fractions. The asphaltenes and maltenes were separated by refluxing with 
hexane as before. The paraffin plus naphthene (PN) fraction was eluted with n-heptane . 
Then, the single-ring aromatic compounds (SRA) were removed with a mixture of hep
tane and benzene. Benzene was then used to remove the low-molecular-weight multi
ring aromatic compounds (LMA). Heavy multiring aromatic compounds (HMA) were 
eluted with pyridine. 
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The PN fraction was a mixture of paraffin and naphthene hydrocarbons with alkyl 
side chains. The SRA fraction contained single aromatic rings with several long ali
phatic side chains. The LMA and HMA contained more aromatic rings per molecule 
and possessed higher molecular weights. The asphaltenes were multiple-ring aro
matics with very short aliphatic side chains and possessed an average molecular weight 
of about 3000. Essentially, the difference between this technique and the previous one 
is that the aromatics fraction obtained in the first technique was separated into three 
relatively distinct fractions. 

Tucker and Schweyer (13) used a variation of the Corbett-Swarbrick technique to 
separate asphalts into fivegeneric groups. The asphaltene (HX) and PN fractions were 
obtained as by Corbett and Swarbrick (2), i.e., by refluxing with n-hexane and elution 
with n-heptane. The first aromatic fraction was obtained by using benzene as the elu
tant and was called the light aromatic fraction (LA). This LA fraction contained both 
the SRA fraction and the LMA fraction, which Corbett and Swarbrick had separated in
dividually. The column temperature was then increased from 45 to 65 C before the re
maining aromatic fractions were removed. The first heavy aromatic fraction (HA1) 
was eluted with 1-butanol. Benzene was used to remove the second heavy aromatic 
fraction (HA:J from the column. The total of the two heavy aromatic fractions was 
designated heavy aromatics (HA). This technique was used to separate three asphalts 
and several products obtained from air-blowing and sulfurizing the three charge stocks. 
Infrared analyses were used to determine the effect of the various processes on the 
asphalts. 

The various versions of the Corbett-Swarbrick separation method have proved use
ful in studies concerning the aging and durability of asphalts (!., ~. §., 13). However, 
to the authors' knowledge, no studies have been reported where the Corbett-Swarbrick 
method has been used to relate composition to rheological properties. In 1965, 
Schweyer (8) reported that such research was being conducted at the University of 
Florida. At that time, work had not progressed to the stage where composition could 
be correlated with any type of performance. 

Jones (5) used the modified Corbett-Swarbrick method proposed by Tucker and 
Schweyer \13) to separate asphalts in a study of changes exhibited by asphalts in con
struction and service as a pavement binder. He found that the HX and HA fractions 
increased with aging, while LA and PN decreased. Since the viscosity of asphalts 
usually increases with aging, the ratio (LA + PN)/(HX +HA) appeared to be a param
eter that might prove useful in correlation studies . 

Simpson, Griffin, and Miles (9) used a chromatographic technique to separate an 
asphalt into four fractions, namely, asphaltenes, resins, aromatics, and saturates. 
These fractions were recombined, holding the asphaltene content at 25 percent, to 
form a series of model asphalts with different compositions. Tests of these model as
phalts indicated that viscosity was a direct function of the ratio of resins to saturates. 

In a durability study of several commercial paving asphalts, Traxler (12) found 
fair correlation between composition and oxidative hardening. The asphalts were 
separated by solvent extraction into asphaltenes, resins, cyclics, and saturates. A 
coefficient of dispersion was defined as the ratio of resins plus cyclics to the sum of 
asphallenes and saturates. The rationale of lb.is ratio was lhal a well-dispe1·sed as
phalt contained an excess of resins and cyclics, and would therefore have a large co
efficient of dispersion. In general, the asphalts with the largest coefficients of dis
persion exhibited the least hardening. 

Exact comparison of the fractions obtained by various separation methods is diffi
cult because of the different techniques used. For example, the HA fraction obtained 
by the Corbett-Swarbrick method and the resins fraction obtained by the Traxler
Schweyer method (12) are both considered to be highly aromatic materials that tend to 
peptize the asphaltenes. It is highly probable that if the two fractions were obtained 
from the same asphalt they would not be identical in eit.lier quantity or chemical nature. 
However , general characteristics of the fractions should be similar. 

From the work of Simpson et al (9), viscosity was a function of the ratio of resins 
to saturates. In terms of the fractions obtained from the modified Corbett-Swarbrick 
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technique (13), the ratio would be HA/PN, The dispersion coefficient of Traxler (12) 
should be approximately equivalent to the ratio (LA + HA)/(HX + PN). ..,....--

EXPERIMENTAL 

Flow properties and chemical compositions were determined for nine paving-grade 
asphalts. Five of the asphalts were from an AC-10 series supplied by the U.S. Bureau 
of Public Roads. These are designated by a prefix B, e.g., B2975. The AC-10 as
phalts chosen varied greatly in flow characteristic from Newtonian to non-Newtonian. 
The four asphalts without the letter prefix were obtained from Arkansas paving projects. 
These asphalts were derived from Smackover crude oil. 

A sliding-plate microviscometer was used to obtain the flow properties at 45, 77, 
and 120 F. The instrument and operating p1·ocedure were as described by Griffin et al 
(4). An area-correction technique was used with the microviscometer that allowed 
plate displacements of over 2500 microns. This technique was described in a previous 
publication (6). A linear relationship resulted between shear area and plate adjustment. 

Chemical-compositions were determined by separating the asphalts into five trac
tions by a modified Corbett-Swarbrick chromatographic method (5). The technique 
was identical to that described by Tucker and Schweyer (13) except for the method of 
activating the Porocel adsorbent. Tucker and Schweyer heated the Porocel at 700 F 
for two hours, while a heating time of three hours at 270 :I: 5 F was used in the present 
study. A detailed description of the apparatus and procedure was given by Jones (~. 

RESULTS 

The viscosity data for the nine asphalts are given in Table 1. The viscosities shown 
are the apparent viscosities evaluated at a constant power input of 1000 ergs/sec-cc, 
as proposed by Romberg and Traxler (7). Also included are viscosities determined at 
a shear rate of 0.05 sec-1

• The power law was found to provide an adequate description 
of the mir.roviscometer results at the three temperatures. The logarithmic form of 
the power law is 

log F = A + B log S 

where 

F =shear stress (dynes/cm2>; 
A = intercept on shear stress axis; 

TABLE 1 

ASPHALT PROPERTIES 

tic t!Q.05 

Asphalt 45 F 77 F 120 F 45 F 77 F 120 F 
(108 poise) (108 poise) (104 poise) (lo' poise) (10' poise) (104 poise) 

1370 4. 051 3.483 2. 833 1. 373 3. 264 3. 011 

2509 5.180 4. 268 3.631 1. 680 3. 902 3.924 

2661 6.906 5. 345 4. 018 1. 567 4. 978 4. 263 

B2963 0 . 4914 0 . 4911 0. 5954 o. 3907 0 . 4886 0 . 6705 

B2975 30.41 53. 49 1. 459 1. 619 34. 06 1. 678 

B3009 1. 892 1.012 1. 269 0.7316 0.9896 1. 392 

B3055 11. 53 3. 566 1. 436 1. 842 3.221 1. 707 

B3602 3.701 1. 270 0.9748 3.607 1. 269 1. 489 

4473 5. 314 3.767 2. 503 1. 463 3'. 701 2. 502 

Average 
Variation 7.83a 12.96a 9. na 12. 94a 10. 44a 7. 79a 

°Coefficient of variation. 
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B =non-Newtonian index; and 
S = shear rate (sec -1

). 

A least-squares technique and computer program were used for the determination of 
the power-law parameters, A and B, from microviscometer data (6). 

The non-Newtonian index, B, the Walther slope, m, and the coefficient of thermal 
expansion, a::T, are given for the nine asphalts in Table 2. The non-Newtonian index 
is a measure of an asphalt's deviation from Newtonian behavior. The closer the value 
of B is to 1, the more Newtonian the asphalt. 

The viscosity-temperature susceptibility is specified by the Walther slope, m, ob
tained from the relationship (14): 

where 

m =log log (100711) - log log (100712) 
log T 2 - log Ti 

1)1 = viscosity at temperature T1 {poises); 
1)2 =viscosity at temperature T2 {poises); and 
T =temperature {deg K). 

Various types of viscosity were plotted on Walther plots. Included were the apparent 
viscosities at several shear rates and the differential viscosities. However, the lin
earity of the constant-power-input viscosities was superior. Only the data for asphalt 
B2975 showed significant curvature on the Walther plots. The values of min Table 2 
were obtained from Tic data in Table 1, since the lines for 710.011 were curved for most 
of the asphalts. Two values of m are given for B297 5; the first is the slope between 
the 45 F and 77 F points, and the second is the slope between the 77 F and 120 F points. 
Also given in Table 2 are the coefficients oi thermai expansion caicuiated from density 
data. 

The composition data are shown in Table 3, as well as the three composition ratios 
previously discussed. 

Examination of the results given in Tables 1, 2, and 3 reveals no simple relation
ships between composition and rheological properties. The data were analyzed by a 
multiple-linear-regression computer program and the equations shown in Table 4 were 
obtained. These equations were the best obtained from numerous combinations of rhe
ological and composition variables. Only variables significant at the 80 percent confi
dence level were retained in the equations. 

TABLE 2 

ASPHALT PROPERTIES 

B Walther .... ... .. 
Asphalt Slope U:T" JU 

45 F 77 F 120 F (m) (17deg F) 

1370 0. 6873 o. 9401 o. 9542 3. 6335 3. 63 

2509 0. 6841 o. 9243 o. 93 52 3. 5920 3.69 

2661 0. 6021 0. 9451 0. 9486 3. 5966 3. 50 

B2963 o. 9046 o. 9511 0.9435 3. 7358 3. 53 

B2975 0. 3435 0.8156 0. 9159 2. 1529 4. 36 
7. 4273 

B3009 0. 6914 o. 9527 o. 9460 3. 7419 3. 67 

B3055 0. 5394 0. 9069 o. 8961 4. 2152 3. 95 

B3602 0. 9975 0.9985 0.9696 4. 1002 3. 79 

4473 o. 6412 0. 9843 1. 000 3. 7299 3. 53 

Average 
Variation 0, 0315a 0.0387a o. 0171a 

0
Standord deviation . 
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TABLE 3 

CHEMICAL COMPOSITIONS 

Fraction Percentagesa 
HA LA+PN LA+HA Asphalt PN' HX+HA HX+PN 

HX HAi HA, HA LA PN 

1370 15. 00 14. 32 4, 80 19. 12 34.78 31.11 0.615 1. 931 1.169 

2509 14,89 17.18 4. 97 22. 15 31. 43 31. 54 0.702 1. 700 1. 154 

2661 16.76 12. 36 3. 90 16. 26 35. 49 31. 39 0.518 2. 025 1. 073 

B2963 13. 65 12. 89 2. 86 15. 75 31. 11 39. 94 0.399 2. 401 0.8818 

B2975 9.45 22. 44 5. 07 27. 51 30.69 32. 35 o. 850 1. 706 1. 392 

B3009 12.13 18. 05 3, 80 21. 85 28.62 37.40 0.584 1. 943 1. 019 

B3055 10. 53 19. 29 4. 50 23. 79 32.06 33. 62 o. 708 1. 914 1. 265 

B3602 4. 75 26. 57 2. 61 29. 18 34.82 31. 25 0.934 1. 948 1. 778 

4473 11. 74 13. 15 4. 87 18. 02 37.20 33. 05 o. 545 2. 361 1. 233 

Average 
Standard 
Deviation 0.26 0.94 o. 36 1. 27 1. 35 2,40 0,054 0.072 0.086 

0
HX = Aspholtenes, HA 1 = First Heavy Aromatics, HA2 =Second Heavy Aromatics, HA= Total Heavy Aromatics, 
LA= Light Aromatics, and PN =Paraffins and Naphthenes. 

No significant relationships were obtained between the rheological properties of the 
asphalts and the percentages of the composition fractions. When the three composition 
ratios in Table 3 were used to supplement the fraction-percentage data, regression 
equations were obtained for '17c, the apparent viscosity, and B, the non-Newtonian in
dex, at 120 F. This indicated that the chemical composition method used in this study 
provided sufficient information for the characterization of the flow properties at 120 F. 
However, the composition data did not yield regression equations for the flow proper
ties at the lower temperatures. Evidently, at the lower temperatures, factors other 
than the chemical composition, such as the colloidal state, have an influence on the 
flow behavior of the asphalts. 

Table 3 contains coefficients of thermal expansion obtained from density data, using 
a pycnometer. When the coefficients of thermal expansion were included with the com-

TABLE 4 

REGRESSION EQUATIONS 

Tic at 45 F (90% confidence): 

log TJc
46 

= 9. 48368 - 0. 17511 (HX) + 0. 22041 (LA) - 7. 11288 (~) - 4. 0187 (~) + 1. 78584 0T X 10? 

B at 45 F (85% confidence): 

B .. = 4. 4161 + 0. 04841 (HX) - O. 1198 (LA) - 3. 3140 (:) + 3. 3279 (~ : ~) - 0. 6097 (°'T x 10? 

'le at 77 F (99. 5% confidence): 

log 11c
77 

= -8. 45403 + 0, 10255 (HX) + 0.11518 (LA) + 2. 65554 (°'T x 10? 

Bat 77 F (99. 9% confidence): 

Sn = 1. 8958 - O. 009740 (HX) - 0. 2253 0T x 10? 

'le at 120 F (99. 5% confidence): 

'1c
120 

= [67. 507 - 0. 9763 (LA) - 1.355 (PN) - 7.808 (:) + 8.634 (~ : : )] 10
4 

B at 120 F (98. 5% confidence): 

B120 = 8. 3343 - O. 1130 (HA,) - 0. 1981 (LA) - 0. 05015 (PN) - 3. 2272 (:) + 3. 9992 (~ : : ) 

m, Walther slope (99. 5% confidence): 

m = -1. 8314 - 0. 029628 (LA) - 2. 9636 (~) + 1. 7895 (~ : ~) + 1. 7263 (°'T x 10) 
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position data, regression equations were obtained for the flow properties at 45 and 77 F, 
and for the Walther slope. No explanation can be given for the significant effect of the 
expansion coefficients on the regressions. The coefficients were included because of 
their apparent correspondence with rheological behavior. The significance of the ex
pansion coefficient might be due to its relation to the free volume of the asphalts. Free 
volume is defined as the volume of material packing irregularities (3). Equations have 
been developed that show an inverse dependence of viscosity on the free volume of liquids 
(10). However, the coefficient of thermal expansion reflects the total change of both 
free and occupied volume with temperature. If the thermal expansion could be consid
ered as reflecting primarily a change in free volume, the viscosity-temperature sus
ceptibility would be expected to be a direct function of the expansion coefficient. This 
appears to be the case, as revealed by the equation obtained form. The equation indi
cates that an increase in the expansion coefficient would increase the Walther slope. 

Since the expansion coefficient is only a measure of the gross change in volume, its 
relationship to the viscosity or non-Newtonian index at particular temperatures is not 
apparent from the free-volume theory. No previous use of the expansion coefficient in 
relationships with rheological properties of asphalts has been discovered by the authors. 

As indicated by the regression equations in Table 4, the effect of an increase in the 
expansion coefficient would be positive for the viscosities and negative for the non
Newtonian indices. That is, the viscosities would increase and the flow behavior would 
become more non-Newtonian. Due to the form of the equations, it is difficult to analyze 
the effect of specific chemical fractions. In the equation for Bat 77 F, an increase in 
the asphaltene fraction would cause a decrease in B. However, substitution of data re
veals that the expansion coefficient has a more significant effect than does HX. Like
wise, in the equation for Tic at 77 F, the expansion coefficient is a more significant 
variable than are HX or LA. In the rest of the equations, the effect of the composition 
ratios further complicates the analysis of the effects of individual fractions. It is ob
served that each of the composition ratios appears in at least two of the equations. 

The confidence levels shown for each equation in Table 4 are the confidence levels 
that the correlations are valid. Table 5 contains the values of the multiple R2 obtained 
for each equation. These numbers are the fraction of the variability of the data that is 
explained by the regression equations. 

Numerical comparisons between predicted and measured values are given in Table 5. 
The average differences between the predicted and measured viscosities at 45 F and 77 F 
are seen to be about three times as great as the variations given in Table 1 for replicate 
microviscometer determinations. The regression equation for t'/c at 120 F provided 
predictions that differed from the measured values by an average of only 11. 9 percent. 
This average difference is about the same as the experimental variation of 9.7 percent. 
When the viscosity range of the asphalts is considered, the predictions of the regression 
equations appear to be acceptable. For example, the range of t'/c at 77 F was about a 
hundredfold, while the maximum difference for the predictions was about twofold. 

The predictions for B showed close agreement with the measured results. In fact, 
for the temperatures of 77 F and 120 F, the variations in the predicted values of B 

were smaller than the variations be
tween replicate experimental determi

TABLE 5 

DEVIATIONS FROM REGRESSION EQUATIONS 

Quantity 
Multiple 

R' 

T7c at 45 F 0. 93545 

T7c at 77 F o. 90963 

'le at 120 F o. 94499 

Bat 45 F o. 87319 

Bat 77 F 0.98088 

Bat 120 F 0.97312 

m o. 98682 

Average 
Difference 

21. 3'.< 

36.4% 

11. 9% 

0. 052 

0.005 

0.004 

0.42% 

Maximum 
Difference 

83. 5% 

0.100 

o. 016 

o. 007 

1. 45% 

nations. 
The results calculated from the re

gression equation form showed excel
lent agreement with the experimental 
data. As mentioned earlier, the data 
for asphalt B207 5 were not used in the 
derivation of the regression equation for 
m because of the nonlinearity of the 
viscosity-temperature plot. When the 
composition data and expansion coeffi
cient for B297 5 were substituted in the 
regression equation, a Walther slope 
of 4. 7 582 was predicted. This value of 
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m was greater than the values for the other asphalts, and indicated a slope between the 
two values of m obtained from the Walther plot for B297 5. 

CONCLUSIONS 

The composition results as obtained in this study yielded information that provided 
significant relationships between flow properties at 120 F and composition of the nine 
asphalts examined. However, at lower temperatures, the data indicated that there is 
a poorer correspondence between the flow properties and chemical composition as re
vealed by the analytical technique used in this study. The coefficient of thermal ex
pansion was found to be a significant quantity for the description of flow properties at 
lower temperatures. Since the coefficient of thermal expansion is a function of the 
composition and molecular structure of a material, and since at lower temperatures 
association of molecules is more likely to occur than at higher temperatures, then it 
is reasonable to conclude that the coefficient of thermal expansion would be more sig
nificant at lower temperatures. Indeed, the data obtained in this study supported this 
conclusion. 

Results such as those presented here may prove useful in studies of asphalts from 
specific crudes. However, for more general correlations, a more sophisticated an
alytical method is needed to delineate or separate the chemical entities that are im
portant in determining the flow properties at service temperatures. 
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Discussion 
H. E. SCHWEYER, Research Professor, University of Florida -The conclusions and 
comments of the authors as evaluated from their data seem to be both reasonable and 
technically correct for the type of studies carried out. In view of the results indicated, 
it was thought that the following points might be mentioned as corroborating the type of 
results obtained: 

1. The paper points out the necessity for low-temperature rheological evaluations 
of viscoelastic responses. This is a definite indication of why there is interest being 
shown in such measurements by a large number of investigators. Among such deter
minations are the use of the glass transition temperature as well as other low-tempera
ture rheological determinations. 

2. It should be pointed out that simple shear ra.te-slress measui·emenls are not suf
ficient to characterize asphaltic materials at a given temperature unless they are New
tonian liquids. Thus, at low temperatures the evaluation of viscoelastic r esponses is 
going to be more important as time goes on. Reference should be made to a paper in 
this RECORD by Majidzadeh and the writer that emphasizes this point. 

3. The sliding plate viscometer is not the instrument for low-temperature sophisti
cated evaluation for three reasons: (a) this instrument merely measures simple shear
stress relations, which do not permit the low temperature evaluation of viscoelastic 
materials; (b) the instrument permits only limited deformations before calculations are 
invalid unless area-change corrections are made; and (c) the instrument is limited in 
its capacity to materials of relatively low consistency unless it is adapted for use in 
other machines. 

4. The low-temperature rheological responses are not determined by gross group 
comp0nent quantities as has been shown by the authors. Rather, it is necessary, first, 
that the rheological responses be defined specifically and, second, that these responses 
be correlated with the material parameters of any component group. Such material 
parameters would be degree of aromaticity, molecular weight, branchiness index, etc. 

5. The colloidal and structural effects of viscoelastic materials must be related in 
the long run to composition, but as yet we have not developed the necessary techniques 
to do so. This does not mean that this is an insurmountable task, but it will require 
considerably more research. 

CHARLES W. LAMB and JAMES R. COUPER, Closure-The authors concur with 
Dr. Schweyer's comments on all points. However, we will comment upon each point 
raised. 

1. There is a definite need for more low-temperature rheological evaluations of 
viscoelastic responses . If the thermal expansion could be comsider ed as reflecting pri 
marily a change in free volume, the viscosity-temperature susceptibility would be ex
pected to be a. direct function of the expansion coefficient. This appears to be the case, 
as revealed by the equation obtained for m. The equation indicates that an increase in 
the expansion coefficient would increase the Walther slope. 

2. The authors are aware of the fact that simple shear rate -stress measurements 
are not sufficient to characterize materials at low temperatures, unless they are New
tonian liquids . Comments on this point were made in Lamb' s dissertation (6). A paper 
by Majidzadeh and Schweyer in this RECORD elaborates on the fact that more luw-l1:1m
perature work is necessary. 

3. In addition to using the sliding-plate microviscometer, viscoelastic measure
ments were made in this study in a conicylindrical viscometer. This latter instrument 
and the apparatus were adapted for low-temperatur e conditions and studies are cur
rently continuing and, in addition, include obtaining of stress relaxation data. The re
sults obtained from the microviscometer were corrected for area change. This point 
is discussed at length by Lamb (~). The reason for using the conicylindrical viscometer 
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was that a much broader range of consistencies could be handled in this instrument than 
in a sliding-plate microviscometer. 

4. Studies are presently under way in which an attempt will be made tO correlate 
rheological responses with molecular weight, branchiness index, etc. 

5. Yes, considerably more research is required on rheological responsE!s and 
chemical composition, but the ultimate determinant of the physical properties is ob
viously chemical composition. 




