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lUs paper gives the results of a laboratory 
study of the properties of a coal-modified tar 
binder, produced by the high-temperature 
digestion of finely divided coal In tar and hlg^-
bolllng tar oils. 

Comparisons were made of the properties 
of this binder with a normal tar pitch, an 
RT-12 road tar, and an 85-100 penetration 
grade of asphalt cement. The properties cf 
laboratory mixes made with the modified 
binder, road tar, and asphalt cement were 
also compared. 

The results Indicate that the coal digestion 
Improves the properties of a tar with respect 
to increasing its resistance to hardening and 
apparently makes the material somewhat less 
brittle than a normal tar pitch. However, the 
improvements are not considered sufficient to 
warrant considering the material equal to an 
asphalt cement with respect to these properties. 

Immersion-compression tests indicate that 
the mixtures made with the modified-tar binder 
have greater resistance to deterioration from 
water than similar mixtures made with asphalt 
cement. 

• CONSIDERABLE interest was aroused when the Curtlss-Wrlght Corporation announced 
the development of a new coal-based road binder. This was the result of the research 
program it conducted in an effort to find new uses for coal and coal products. The great 
Interest in this material by groups in several States (especially those seeking ways to 
use more coal in distressed coal-producing areas) and the potential effect of such a 
binder on the National Highway Program prompted the Physical Research Division of 
the Bureau of Public Roads to follow this development very closely. TbiB report sum­
marizes the results of the tests made and the findings of the Bureau concern^ this 
material. 

The basic principle used in preparing the new binder is the simultaneous digestion of 
powdered coal in coal tar and tar oils at a tenq>erature of 500 to 600 F. It was claimed 
that by adjusting the proportions cf tar, tar oils, and coal, binders could be prepared 
covering the same penetration range as asphalt cements. It was the intent of the de­
veloper that the modified binders would be used in the same manner as asphalt cements 
In hot plant mixtures. 

The digestion of powdered coal in tars and pitch has been used for a number of years 
in pipeline coatings and in pitches for steep, built-up roofs. No previous attenqpt has 
been made in the U. S. to use this principle in the manufacture of a binder for pavements 
although studies of the effects of powdered coal on road tar properties have recently 
been conducted in South Africa (1). 
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Hie details of the manufacture of the binder and background information concerning 
its development are discussed elsewhere and the description of the construction and 
performance of the first experimental pavements built with the new binder is given in 
two reports by the Kentucky Department of fflghways (3, 4). 

Through the courtesy of the Curtiss-Wright Corporation and the Kentucky Depart­
ment of Highways, samples of the coal-modified tar binder and various materials were 
obtained for this study. Laboratory studies were conducted to determine the physical 
properties of the new binders and to compare these with the properties of normal tar 
and asphalt cement. Two series of tests were made. In the first, a sample of the 
coal-modified tar binder obtained directly from Curtiss-Wright Corporation was com­
pared with a water-proofing tar pitch. In the second series, tests were made to com­
pare the modified binder, the base tar, and the asphalt cement used in one of the ex­
perimental pavement sections constructed in Kentucky. 

COMPARISON OF MODIFIED BINDER WITH PITCH 
Li the first series of tests, the properties of the coal-modified tar binder were com­

pared to the properties of a tar pitch meeting AASHO specification M-118, Type B. 
Table 1 gives the results of these tests. 

The tar pitch used in these comparisons was selected so as to have the same soften­
ing point as the modified binder. The penetration at 77 F is also about the same for 
both materials. However, the absolute viscosity results, determined by the Koppers 
vacuum-operated capillary tube viscometer (5), show the modified tar binder to have a 
somewhat lower viscosity-temperature susceptibility. Values of -4.71 and -4.99 were 
obtained for the coal-modified binder and the tar pitch, respectively, when log log ab­
solute viscosity was plotted against log absolute temperature in degrees Rankine (F plus 
459.7). 

Penetration tests made at different temperatures also indicated lower susceptibility 
for the modified binder, the slope of the log penetration vs temperature curves being 
0.0258 and 0.0427 for the modified binder and tar pitch, respectively. 

The thin film oven test (Vs in. 5 hr) run at the standard temperature of 325 F (AASHO 
T-179), showed very high losses and extreme hardening for both materials. Because 
this temperature is higher than would likely be used for materials of this nature, tests 
were repeated at 250 F. The results at this temperature showed a greater resistance 
to hardening for the modified binder. Impact resistance, as measured by the height 
at which a 1-lb steel ball produced fracture of a rigidly supported Vss-in. cube of ma­
terial at the indicated test temperature, showed the modified binder to have better re­
sistance to impact than the pitch. Except for ductility, the results of tests made on 
the residues from the thin film oven tests at 250 F showed the same general trends as 
the results of tests on the original materials. No specific conclusions regarding com­
parable ductility can be drawn. The original ductility of the modified binder was higher 
at 77 F than that of the tar pitch, but at 60 F the reverse was true. At 77 F, the 250 F 
residue of the tar pitch was more ductile than the modified tar binder even though hardei 
as judged by penetration test. At 60 F the tar pitch had no ductility compared to 8 cm 
for the coal-modified tar material. 

This series of tests confirmed the improved properties of the modified binder over 
those for a normal tar pitch and indicated that further research to compare the proper­
ties of the new binder with asphalt cement and their relative behavior when used in 
paving mixtures was warranted. 

COMPARISON OF PROPERTIES OF MODIFIED BINDER, 
NORMAL ROAD TAR, AND ASPHALT CEMENT 

The second and more extensive series of tests was made on samples o£ materials 
used in the Kentucky experimental paving project 11 (urban) located on US 25 in London, 
Ky. The materials included the modified binder, the RT-12 road tar used as the base 
for the binder, the 85-100 penetration asphalt cement used in the control sections, the 
powdered coal, and the aggregate used in the mixtures. The properties of the three 
binders were determined to show their relative viscosity-temperature susceptibilities 
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TABLE 1 
COMPARISON OF PROPERTIES OF COAL-MODIFIED BINDER WITH TAR PITCH 

P r o p e r t y 
C o a l - M o d i f i e d W a t e r p r o o f i n g 

B i n d e r P i t c h 

Sof tening point ( R & B ) ( " F ) 117 117 
S p e c i f i c g r a v i t y at 7 7 / 7 7 F .,, , , 1. 248 1. 269 
S o l u b i l i t y i n C S 2 (%) 7 4 . 6 8 1 . 1 
D i s t i l l a t e to 572 F ( A A S H O T 52) (%) 2 . 4 6, 7 
A b s o l u t e v i s c o s i t y ( p o i s e s ) : 

A t 140 F 1 , 3 3 5 747 
149 F 594 310 
158 F 
167 F 
173. 5 F 9 2 . 
176 F 

160 
130 80. 

44 . 0 

V i s c o s i t y - t e m p e r a t u r e s u s c e p t i b i l i t y ^ - 4 . 7 1 - 4 . 9 9 
P e n e t r a t i o n : 

A t 77 F , 100 g, 5 s e c 
5 3 . 4 F , 100 g, 5 s e c 
39. 2 F , 200 g, 60 s e c 

P e n e t r a t i o n - t e m p e r a t u r e s u s c e p t i b i l i t y ^ 
D u c t i l i t y , 5 c m / m i n ( c m ) : 

A t 77 F 
60 F 

I m p a c t r e s i s t a n c e ^ ( in . to f r a c t u r e ) : 
A t 77 F 

60 F 
53 . 5 F 

T h i n - f i l m t e s t s at 325 F ( 1 / 8 - i n . f i l m , 5 h r ) : 
L o s s (%) 
Sof tening point of r e s i d u e (" F ) 
P e n e t r a t i o n of r e s i d u e , 100 g, 5 s e c a t 77 F 

T h i n - f i l m t e s t s a t 250 F ( 1 / 8 - i n . f i l m , 5 h r ) : 
L o s s (%) 
P e n e t r a t i o n of r e s i d u e : 
A t 77 F , 100 g, 5 s e c 

53 . 4 F , 100 g, 5 s e c 
39. 2 F , 200 g, 60 s e c 

R e t a i n e d p e n e t r a t i o n a t 77 F (%) 
P e n e t r a t i o n - t e m p e r a t u r e s u s c e p t i b i l i t y ^ 
D u c t i l i t y , 5 c m / m i n ( c m ) : 
A t 77 F 

60 F 
I m p a c t r e s i s t a n c e ^ ( in . to f r a c t u r e ) : 
A t 60 F 

53. 4 F 

1 log l o g V 2 - l og log V I 

V i s c o s i t y - t e m p e r a t u r e s u s c e p t i b i l i t y = — — — — ^ — — 
log T 2 - log T j 

V = v i s c o s i t y i n c e n t i p o i s e s ; 
T = t e m p e r a t u r e i n d e g r e e s R a n k i n e ( F + 4 5 9 . 7 ) . 

2 log P 2 - log P i 
P e n e t r a t i o n - t e m p e r a t u r e s u s c e p t i b i l i t y = . ; 

2 " 1 

P j = p e n e t r a t i o n a t t e m p e r a t u r e t j ; 
P 2 = p e n e t r a t i o n at t e m p e r a t u r e t2; 
t = t e m p e r a t u r e , d e g r e e s F . 

^ O n e - p o u n d s t e e l b a l l on 1 / 2 - i n . cube . 

63 62 
15 6 
23 11 

0. 0258 0. 0427 

51 41 
30 59 

9+ 5 
5 2 
5 2 

1 1 . 4 9 . 4 

70 162 
0 0 

1. 4 2 . 9 

27 15 
5 1 
8 1 

43 24 
0. 0310 0. 0498 

38 61 
8 0 

2 3 / 4 
1 1 /4 1 
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and degree of hardening when heated. Coiiq)arisons were made of the properties of 
laboratory mixtures made with each binder and the aggregate used in Kentucky. Other 
selected aggregates were also used with the binders in making the comparisons. 

Table 2 gives the results of the tests made on the binders. These include normally 
determined physical characteristics and absolute viscosities in poises at various tem­
peratures ranging from about 60 to 350 F. To determine viscosities over this wide 
range of temperatures three Instruments were used—the Shell sliding plate microvls-
cometer (6) at the lower temperature range (60 to 115 F), the Koppers vacuum c ^ i l -

TABLE 2 
TEST PROPERTIES OF KENTUCKY BINDERS 

P r o p e r t y R T - 1 2 C o a l - M o d i f i e d A s p h a l t P r o p e r t y 
T a r B i n d e r C e m e n t 

S p e c i f i c g r a v i t y 7 7 / 7 7 F 1. 265 1. 267 1. 019 
P e n . 77 F , 100 g, 5 s e c 235 71 92 
Softening point ( R & B ) ( " F ) 96 115 116 
D u c t i l i t y 77 F , 5 c m / m i n ( c m ) 54 182 
S o l u b i l i t y i n C S 2 (%) 79. 5 71, 3 99. 9 a 
O r g a n i c i n s o l u b l e 20. 5 2 8 . 0 0. 1 
D i s t i l l a t i o n t e s t ( A A S H O T 52): 

T o 455 F (%) 0, 0 0 . 0 
518 F (%) 0. 3 0. 3 
572 F (%) 3 , 8 2 . 7 

R e s i d u e (%) 95 . 7 97 . 2 
Sof ten ing point of r e s i d u e ( ' F ) 113 128 

A b s o l u t e v i s c o s i t y ( p o i s e s ) : 
A t 61. 5 F 1 , 5 0 0 , 0 0 0 2 4 , 5 0 0 , 0 0 0 8 , 8 0 0 , 0 0 0 

77 F 1 6 0 , 0 0 0 2 , 3 0 0 , 0 0 0 1 , 2 0 0 , 0 0 0 
86 F 4 2 , 0 0 0 6 6 0 , 0 0 0 4 1 8 , 0 0 0 
95 F 1 7 , 5 0 0 2 0 0 , 0 0 0 1 6 9 , 0 0 0 

105 F . . 5 6 , 0 0 0 4 4 , 0 0 0 
115 F — 2 8 , 0 0 0 2 0 , 0 0 0 
123, 6 F 492 
149. 4 F 6 5 . 7 
1 5 7 . 9 F 4 0 . 9 
160. 3 F — 217 — 
180 F 1 0 . 3 60. 1 169 
195 F 4 . 9 2 2 9 . 0 < : 
210 F 2 . 7 7 12. 8 43.2** 
250 F - - 2 . 5 2 
275 F — 1 .26 4, 35 
300 F — - - 2. 18 
350 F — — 0 , 7 4 7 

V i s c o s i t y - t e m p e r a t u r e 
s u s c e p t i b i l i t y ® - 4. 78 - 4. 38 - 3. 51 

* S o l u b i l i t y i n c a r b o n t e t r a c h l o r i d e . 
^ A c t u a l t e m p e r a t u r e = 1 8 0 . 8 F . 
*̂  A c t u a l t e m p e r a t u r e = 1 9 5 . 9 F . 
^ A c t u a l t e m p e r a t u r e = 2 1 1 . 7 F . 
e log l o g V 2 - l og l o g v j 

l o g T 2 - log T J 

V = v i s c o s i t y i n c e n t i p o i s e s ; 
T = a b s o l u t e t e m p e r a t u r e i n d e g r e e s R a n k i n e ( F + 459 . 7 ) . 
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lary viscometer in the intermediate range (115 to 200 F), and the Saybolt-furol vis­
cometer (with conversions to absolute values) in the higher range (200 to 350 F). 

Figure 1 shows the viscosity-temperature relations of the three Kentucky materials. 
Although viscosity in poises and temperature in degrees Fahrenheit are indicated in 
the figure, these curves were obtained by plotting log log viscosity in centipoises 
against log of absolute temperature in degrees Rankine (F -f 459.7). There is a good 
straight line relation indicated by the data points for all the binders even though they 
were obtained by the different instruments as mentioned. The difference in slope of 
the curves for the asphalt and the coal-modified binder is significant. The RT-12 has 
substantially lower viscosity values for the same temperatures but it is only slightly 
more susceptible to temperature than the coal-modified material. The calculated 
slopes of these lines are -4.78, -4.38, and -3. 51 for the tar, coal-modified binder, 
and the asphalt cement, respectively. 

Figure 2 shows the furol viscosity values for the three materials. These curves 
were used to determine the various mixing teDq>eratures for the studies of laboratory 
mixtures to be discussed later. Furol viscosi^ is directly related to kinematic vis­
cosity in Stokes rather than absolute viscosity In poises. The data points shown in 

ASPHALT CEMENT 

COAL-MOOIFIEO BINDER 

RT-12 TAR 

\ 
60 100 ISO 200 250 300 350 

TEMPERATURE " F 

F i g u r e 1 . V i s c o s i t y - t e m p e r a t u r e r e l a t i o n s h i p s f o r b i n d e r s used i n Kentucky exper imenta l 
p r o j e c t s . 
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these curves are the basis for the absolute viscosities in poises given in Table 2 for 
the temperatures indicated. 

Although it is well recognized that tars are more volatile than asphalt, and that they 
should not be subjected to as high temperatures as asphalts during the manufacture of 
hot paving mixtures, one of the claims stressed by the press releases of the developers, 
which was the basis of much of the interest in this material, was that it could be used 
in the same manner as asphalt cement in bituminous concrete construction. Thus it 
was of Interest to compare the materials with respect to their relative resistance to 
hardening when subjected to heat. 

For this purpose, the thin fi lm oven test ( V a in . , 5 hr) which is commonly used as 
a specification test to evaluate the hardening characteristics of asphalt cements was 
employed. Tests were made at temperatures ranging from 210 to 325 F on the three 
binder materials. In addition, the standard AASHO oven-loss test (T-47) was made 
on the modified tar binder and the asphalt cement. The results of these tests are 
given in Table 3. 

Figure 3 shows the comparison of the weight loss during the thin film tests of the 
asphalt cement, the modified binder, and the RT-12 tar at the various test tempera­
tures. Even though this particular asphalt cement showed small gains in weight, most 
asphalt cements of this grade have small weight losses in this test. In the study of 
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TABLE 3 
EFFECT OF OVEN EXPOSURE AT VARIOUS TEMPERATURES 

T e s t 
R T - 1 2 

T a r 
C o a l - M o d . 

B i n d e r 
A s p h a l t 

C e m e n t ^ 

O v e n l o s s t e s t ( A A S H O T - 4 7 ) : 
L o s s (%) — 2. 36 0. 02 
P e n e t r a t i o n of r e s i d u e , 100 g, 5 s e c , 77 F -- 40 80 
R e t a i n e d p e n e t r a t i o n , p e r c e n t -- 56 65 

T h i n f i l m t e s t s { 1 / 8 - i n . f i l m , 5 h r ) 
A t 210 F : 

L o s s (%) 1 .46 1. 05 +0. 08 
P e n e t r a t i o n of r e s i d u e , 100 g. 5 s e c , 77 F 128 50 79 
R e t a i n e d p e n e t r a t i o n (%) 54 70 86 

D u c t i l i t y , 5 c m p e r m i n , 77 F ( c m ) 73 46 228 

Sof tening point (" F ) 103 121 119 
A t 250 F : 

L o s s (%) 3. 60 2. 68 +0. 23 

P e n e t r a t i o n of r e s i d u e , 100 g. 5 s e c . 77 F 71 31 75 

R e t a i n e d p e n e t r a t i o n (%) 30 44 82 

D u c t i l i t y , 5 c m p e r m i n , 77 F ( c m ) 151 42 239 
Sof ten ing point (" F ) 114 129 121 

A t 275 F : 
L o s s (%) 5. 67 4. 47 -H). 25 

P e n e t r a t i o n of r e s i d u e , 100 g. 5 s e c . 77 F 41 18 68 

R e t a i n e d p e n e t r a t i o n (%) 17 25 74 

D u c t i l i t y , 5 c m p e r m i n , 77 F ( c m ) 75 27 230 

Sof ten ing point ( " F ) 122 137 122 

A t 325 F : 
L o s s (%) 11. 35 9 . 9 8 + 0. 11 

P e n e t r a t i o n of r e s i d u e , 100 g. 5 s e c . 77 F 3 2 60 

R e t a i n e d p e n e t r a t i o n (%) 1 3 
f 

65 

D u c t i l i t y , 5 c m p e r m i n , 77 F ( c m ) 1 c 247 
Sof tening point ( " F ) 150 164 126 

^ P l u s s i g n i n d i c a t e s g a i n i n we ight , 
2 Not r u n ; s p e c i m e n c o u l d not be p r e p a r e d p r o p e r l y . 

asphalt cements recently conducted by the Bureau of Public Roads (7), the highest loss 
shown by any of the 85-100 penetration grade asphalts was 2.18 percent. Eighty-seven 
percent of the 85-100 materials in that investigation had losses of 0. 5 percent or less. 
Because the loss for the modified binder was 10 percent at 325 F, it is evident that it 
is quite different from asphalts with respect to its volatility. Hie loss for the RT-12 
was 11.3 percent at 325 F. Thus the results for the two tar materials are generally 
comparable. 

Figure 4 shows the relative hardening characteristics of the three materials as 
measured by the percent of original penetration retained after the thin film test at 
various test temperatures. The wide differences between the tar products and the as­
phalt is again illustrated. Different asphalts, of course, show different percentages 
of retained penetration, but in no case would the percentage be as low as that shown 
by the tar products. For example, the asphalt already mentioned as showing the 
highest loss encoimtered with 85-100 penetration grade materials had a retained pene­
tration of 33 percent. This is considerably higher than the 1 and 3 percent shown by 
the two tar materials under the same conditions. 

Although the hardening in the thin film oven test has been shown to relate to the 
hardening in an asphalt during mixing in a hot plant, there is no information concerning 
the relation of the hardening of tar materials in such tests to the actual hardening in 
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the mixing and laying operations with this class of materials. Because of the rela­
tively large amount of volatile matter in tar products, it is quite possible that the long 
time of oven exposure compared to the time the mixture is at high temperature prior 
to compaction on the road would produce considerably greater hardening in these ma­
terials than is actually encountered in construction operations. Nevertheless, it is 
believed that the relationships shown are important. They empbasize the fact that the 
modified binder has quite different properties from asphalt; therefore it is not re­
alistic to consider it as an alternate to asphalt in all respects. 

STUDIES OF LABORATORY MIXTURES 
To further compare the behavior of the coal-modified tar binder, RT-12 tar, and 

asphalt cement, the characteristics of laboratory-prepared mixtures made with each 
binder were compared under several conditions. The changes in stability after various 
periods of oven aging and after various periods of immersion in water were deter­
mined. Another series of stability tests at different temperatures was made to evaluate 
the effect of the observed differences in the viscosity-temperature relations of the 
binders. 

Because of the relatively wide difference in the specific gravity of the three binders, 
all of the laboratory mixtures prepared for the various phases of this part of the study 
were designed using equal volumes of binder per unit weight of aggregate (5.85 ml of 
binder per 100 g of aggregate). This was considered to provide a better basis for 
comparison than tests on mixtures prepared with percentages of binder on an equal 
weight basis. Because of the difference in temperature susceptibility the mixing and 
molding temperatures were controlled so that the fiu-ol viscosities of the binders were 
approximately the same for each individual phase of the study. 

The a^egates for all of the mixtures were heated overnight at the predetermined 
mixing temperatures. The binders were heated to this mixing temperature just prior to 
mixing with the preheated aggregates in a modified Hobart mechanical mixer. The 
mixing period was 2 minutes. Marshall specimens were prepared in a mechanical 
compactor with 50 blows of the hammer applied to each face of the specimen. The 
specimens for the imconfined compression test were molded by the double plunger 
method with a 3,000-psi load held for 2 minutes. 

EFFECT OF AGING AT 140 F ON MARSHALL STABILITY 
To determine the effect of laboratory-aging tests on strength of mixtures, as mea­

sured by Marshall stability, specimens were prepared with the three binders as re­
ceived, and with the RT-12 tar in which 10 percent of the tar was replaced by powdered 
coal. The latter tests were made to obtain some measure of the filler effect of the 
coal. 

As indicated earlier, all the mixtures were proportioned with the binder on an equal 
vohime basis and were mixed and molded at an approximately equal furol viscosity. 
After molding, one group of specimens was tested immediately and the balance were 
aged in an oven at 140 F for periods ranging from 1 to 30 days. After each aging 
period, Marshall stability was determined at 140 F. The stability values obtained, 
along with pertinent information on proportioning and mixing, are given in Table 4. 
Figure 5 shows that the stability for all materials increases with aging in the oven, 
and that the increase for the modified tar binder is significantly greater than that ob­
tained with both the asphalt and the RT-12 tar. 

Oven loss tests previously indicated the RT-12 tar had slightly greater volatility 
than the modified tar binder, and therefore a somewhat greater increase in stability 
would be expected for the RT-12 mixture if such increases were attributed to vola­
tility alone. Also, if the effect of the powdered coal was primarily a "mechanical" 
effect of mcreased fine material, stabilities of the RT-12 mixtures to which the coal 
was added should be more nearly equal to those obtained with the coal-modified ma­
terial than the stabilities of the RT-12 mixtures. This is not the case. Although 
the specimens containing the powdered coal did have higher stabilities for the same 
conditions, the difference accounted for only a very small proportion of the total 
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TABLE 4 
EFFECT OF OVEN AGHNG AT 140 F ON MARSHALL STABILITY VALUES 

P r o p e r t y R T - 1 2 R T - 1 2 p l u s 
C o a l ^ 

C o a l - M o d . A s p h a l t 
T a r 

R T - 1 2 p l u s 
C o a l ^ B i n d e r C e m e n t 

S p e c i f i c g r a v i t y b i n d e r at 77 F 1. 265 1 .267 1. 019 
Weight of b i n d e r p e r 100 g of agg . (g) 7. 40 7. 41 5. 96 
V o l u m e of b i n d e r p e r 100 g of agg. ( m l ) 5. 85 — 5. 85 5. 85 
M i x i n g t e m p e r a t u r e ^ 210 210 243 300 
M a r s h a l l s t a b i l i t y at 140 F ( lb) 

300 

A f t e r ag ing i n o v e n at 140 F ^ : 
F o r 0 d a y s 132 139 . 321 238 

1 day 180 210 532 292 
3 d a y s 243 304 817 336 

10 d a y s 311 456 1, 334 410 
30 d a y s 571 856 2, 569 574 

^ 10 p e r c e n t by we ight of the t a r r e p l a c e d by p o w d e r e d c o a l u s e d i n m a n u f a c t u r i n g c o a l -
m o d i f i e d b i n d e r . 

2 M i x i n g t e m p e r a t u r e u s e d to g ive a p p r o x i m a t e e q u a l v i s c o s i t y f o r a l l b i n d e r s (120 
^ Saybol t f u r o l - s e c o n d s ) . 

E a c h v a l u e i s a v e r a g e of 4 s p e c i m e n s . A g g r e g a t e w a s s a m e a s u s e d i n K e n t u c k y e x ­
p e r i m e n t and w a s g r a d e d a s f o l l o w s : 

P a s s i n g 
S i e v e 

P e r c e n t 

1 / 2 - i n . 100 
3 / 8 - i n . 98 
No. 4 72 

10 47 
20 34 
40 17 
80 3 

200 1. 4 

increase shown by the modified-tar mixture. These results indicate some factor (such 
as the development of internal structure) is present in the modified-tar binder which 
contributes to the considerably greater increase in stability than can be accounted for 
by the effect of coal as filler or by the increase in viscosity due to loss of volatile 
matter. 

In an effort to explore fiu-ther the relative tendency of the three binders to exhibit a 
difference in aging characteristics, a special series of viscosity tests was conducted. 
These tests were made as follows: Sliding plate viscosity specimens were prepared in 
the usual manner for viscosity determination with the microviscometer and the initial 
viscosity was determined at 77 F within 15 minutes after preparation of the specimens 
was completed. The sides of the glass plates were then taped with a nonpermeable 
plastic tape to minimize volatile losses and the specimens placed in an oven at 110 F. 
Absolute viscosity determinations at 77 F were made on the same specimen after 
periods of 1, 5, 8, and 13 days. Immediately after the viscosity determination on the 
13th day, the specimens were heated above their softening points (to a temperature of 
150 F) and viscosity at 77 F redetermined. This was done to obtain a measure of the 
nonpermanent hardening that had occurred. These results are given in Table 5 and 
shown in Figure 6. The vertical components of the lines in the figure at the 13-day 
period indicate the change in viscosity after the specimens were heated. 
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Although there are some inconsistencies In the data, all three binders Increased in 
viscosity during oven aging. For the RT-12, the viscosity Increased when the speci­
men was heated above its softening point after 13 days of aging, "ntus any possible de­
velopment of structure or "reversible" hardening was masked by a permanent harden­
ing probably caused by an tinavoidable loss of volatile matter. However, both the 
asphalt cement and the coal-modified tar binder gave significant decreases in viscosity 
at 77 F after heating to a temperature above the softening point and recooling. This 
decrease amounted to approximately 64 percent of the total increase for the modified 
binder and 22 percent of the increase for the asphalt cement. 

TABLE 5 
INCREASE IN VISCOSITY WITH 

TIME OF OVEN-AGING AT 110 F 

A g i n g V i s c o s i t y at 77 F ( x l O p o i s e s ) 

P e r i o d * R T - I E C o a l - M o d . A s p h a l t 
( d a y s ) T a r B i n d e r C e m e n t 

0 163 1 . 8 9 0 1, 230 

1 380 2 . 6 9 0 1. 520 

5 392 2, 830 1 . 8 7 0 

8 609 4 . 2 2 0 1. 840 

13 921 6. 770 2, 480 

1 , 0 5 0 3 . 660 2, 210 

^ S e a l e d s p e c i m e n s aged i n o v e n a t 110 F . 
•^Spec imens h e a t e d to 150 F a f t e r 13 d a y s 

d e t e r m i n a t i o n a n d v i s c o s i t y d e t e r m i n a ­
t i o n r e p e a t e d . 

C O A L - M O D I F I E D B I N D E R 

A S P H A L T C E M E N T 
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R T - 1 2 T A R 

0 I 
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5 8 
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E f f e c t o f aging a t 
b inde r v i s c o s i t y . 

110 F on 
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The tendency for bituminous materials to exhibit such hardening through the de­
velopment of internal structure with time is well recognized. Lee and Dickinson (8) 
attributed this phenomenon in tars to possible crystallization of constituents or a 
change in degree of dispersion of colloidal constituents. Brown, Sparks, and Smith 
(9) in discussing the ptenomenon in asphalts attributed it to "internal physical re­
orientation and reorganization at the atomic, molecular, and micelle levels, of the 
components of the asphalt." Although this study is not conclusive, the results of oven 
aging tests on both the mixtures and the binders indicate that the coal-modified tar 
binder may exhibit the tendency to develop such "structural" hardening to a much 
greater extent than either a normal tar or an asphalt. The effect of this phenomenon 
on the behavior of the materials in pavements should be considered in any further re­
search on such materials. 

EFFECT OF WATER ON COMPRESSIVE STRENGTH 
The ability to resist loss of strength in the presence of water is an important prop­

erty of a bituminous mix. To show this characteristic, immersion-compression tests 
were made using two types of ag^egates, a quartzite and a granite, both of which had 
been shown to be relatively sensitive to water by previous BPR studies. Each aggregate 
was crushed and recomblned to the same grading as the aggregate obtained from the 
experimental project in London, Ky. Only the modified tar and asphalt binders were 
used in this phase of the study. 

Table 6 gives the results of compressive strength tests before and after immersion 
in water at 120 F for periods up to 18 days. The retained strengths and percentages 
of swell after each period also are given along with information concerning the mix­
ture composition and mixing temperatures. 

The results of the compressive strength test at 77 F and percent of retained strengths 
after various periods of immersion are plotted in Figure 7, which shows that the modi­
fied tar binder has higher initial strengths than the asphalt cement with each aggregate. 
The percentages of retained strengths were also higher for each of the mixtures con­
taining the modified tar binder than for comparable specimens made with the same 
aggregate and asphalt. Although the results for the mixtures made with quartzite ag­
gregate and modified binder were somewhat erratic, the strengths at 4 days being 
less than those at 12 and 18 days, they appeared to be little affected by water. 

EFFECT OF VARYING TEST TEMPERATURES ON 
UNCONFINED COMPRESSIVE STRENGTH 

Because of the differences in viscosity-tenqjerature susceptibility of the coal-
modified tar, RT-12, and asphalt binders, the relative change in stability with tem­
perature was of interest. For this series of tests 3- by 3-in. compressive strength 
specimens were used. As with the other series, the binders were added on an equal 
volume basis and the mixtures were prepared at equal furol viscosities. 

The aggregate for this series of tests consisted of crushed granite as the coarse 
aggregate, river sand as the fine aggregate, and limestone dust as the mineral filler. 

The specimens were tested for stability by unconfined compressive strength tests 
over a range of temperatures from 0 to 100 F. The results of these tests together 
with mixture composition and mixing conditions are given in Table 7. 

The relationships of strength to temperature for the three binders are shown in 
Figure 8. These results follow the generally e:q>ected pattern. They are in the same 
order as viscosity-temperature susceptibility of the binders themselves. Compres­
sive strength decreases as the temperature increases with the rate of decrease being 
greatest for the RT-12 tar and least for the asphalt cement. Further, when the curves 
for the asphalt and modified tar binders are extended, the modified binder shows higher 
strength at 140 F, the maximum temperature usually found in pavements. Thus it is 
indicated that the modified tar binder of the consistency used in these tests would pro­
vide higher stabilities than the 85-100 penetration asphalt at any temperature that 
would be encountered in service. This is not true for the RT-12 which intersects the 
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TABLE 6 
E F F E C T OF IMMERSION IN WATER AT 120 F 

ON COMPRESSIVE STRENGTH 
Q u a r t z i t e * G r a n i t e ^ 

P r o p e r t y 
C o a l -
M o d 

B i n d e r 

A s p h a l t 
C e m e n t 

C o a l -
M o d 

B i n d e r 

A s p h a l t 
C e m e n t 

W e i g h t b i n d e r p e r 100 g agg (g) 7 . 4 1 5 96 7. 41 5 96 

V o l u m e b i n d e r p e r 100 g agg ( m l ) 5 85 5 85 5. 85 5. 85 
M i x i n g t e m p e r a t u r e ^ 240 300 240 300 

C o m p r e s s i v e s t r e n g t h b e f o r e i m m e r s i o n ^ 258 151 363 257 

R e s u l t s ^ a f t e r 4 d a y s i m m e r s i o n 
C o m p r e s s i v e s t r e n g t h ( p s i ) 223 100 237 163 

R e t a i n e d s t r e n g t h (%) 86 66 65 63 

S w e l l (%) 0 1 0 5 1 .0 1 0 

R e s u l t s ^ a f t e r 11 d a y s i m m e r s i o n * 
C o m p r e s s i v e s t r e n g t h ( p s i ) 239 93 212 131 

R e t a i n e d s t r e n g t h (%) 93 62 58 51 

S w e l l (%) 0 2 0 8 1 3 1. 5 

R e s u l t s ^ a f t e r 18 d a y s i m m e r s i o n * 
C o m p r e s s i v e s t r e n g t h ( p s i ) 237 84 209 129 

R e t a i n e d s t r e n g t h (%) 9 2 56 58 50 

S w e l l (%) 0 2 1 4 1. 4 1 5 

^ G r a d a t i o n of both m i x t u r e s a s f o l l o w s ; 

P a s s i n g S i e v e P e r c e n t 
1 / 2 - i n 100 
3 / 8 - i n . 98 

No 4 72 

No 10 47 

No 40 17 

No. 80 3 

No. 200 1 4 

M i x i n g t e m p e r a t u r e to g ive a p p r o x i m a t e e q u a l b i n d e r v i s c o s i t y (120 to 150 S a y b o l t -
f u r o l s e c o n d s ) 

' A l l r e s u l t s b a s e d on a v e r a g e of t h r e e 4 - by 4 - i n . c y l i n d e r s t e s t e d at 77 F 

asphalt curve at a temperature of 67 F, 
indicating that this material would have 
significantly lower stability at 140 F. Of 
further interest are the extremely hig^ 
compressive strength vahies for the coal-
modified tar and the RT-12 at 0 F. Hiese 
are approximately double those of the 
asphalt and are in the range of the strength 
of Portland cement concrete. 

The relation of the values obtained in 
these laboratory tests to stability values 
of the pavement after construction is not 
known. However, the conditions of lab­
oratory mixing, compaction, and test­
ing are such that the hardening occurring 
would most likely be less than that which 
actually occurred in construction. It 
would also be expected that the tar ma­
terials would exhibit greater differences 
between laboratory and field specimens 
than asphalts. Thus it can be surmised 
that actual differences in the stabilities 
of pavements made with the different ma­
terials were greater than those Indicated 
by these tests. 

Because no evaluation of the brittle-
ness or resistance to abrasion of the 
various mixtures was made, stability 
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TABLE 7 
VARIATION OF COMPRESSTVE STRENGTH WITH TEST TEMPERATURE 

P r o p e r t y R T - 1 2 C o a l - M o d A s p h a l t P r o p e r t y 
T a r B i n d e r C e m e n t 

S p e c i f i c g r a v i t y b i n d e r at 77 F 1 265 1 267 1 019 
Wt of b i n d e r p e r 100 g agg (g) 7 40 7 41 5 96 
V o l . of b i n d e r p e r 100 g agg. ( m l ) 5 85 5 85 5 85 
M i x i n g t e m p e r a t u r e ^ 220 265 320 
U n c o n f i n e d c o m p r e s s i v e s t r e n g t h (pai)* 

A t O F 5, 197 5 , 4 4 6 2, 568 
36 F 1, 503 2, 358 912 
75 F 220 544 291 

100 F 86 236 143 

^ M i x i n g t e m p e r a t u r e a d j u s t e d to g i v e a p p r o x i m a t e l y e q u a l v i s c o s i t i e s f o r a l l b i n d e r s 
2 (70 to 100 s e c ) 

E a c h v a l u e r e p r e s e n t s a v e r a g e of t h r e e t e s t r e s u l t s on 3 - by 3 - i n . c y l i n d e r s A g ­
g r e g a t e c o m p o s e d of 58 p e r c e n t c r u s h e d g r a n i t e { l / Z - i n No 10) , 37 p e r c e n t r i v e r 
s a n d ( p a s s i n g No 10) a n d 5 p e r c e n t l i m e s t o n e d u s t . G r a d a t i o n w a s a s f o l l o w s 

P a s s i n g S i e v e P e r c e n t 
l / 2 . i n 100 
3 / 8 - l n 90 
No 4 57 
No 10 42 
No. 20 23 
No 40 20 
No 80 7 
No 200 5. 2 
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values of the magnitude indicated by the tar materials at low temperatures should not 
necessarily be construed as being advantageous. It is quite likely that pavements con­
taining such mixtures would be subject to abrasion losses and cracking at low tem­
peratures, and such distress would be accelerated by any hardening of the binder's in 
service. As a matter of fact, the performance of these materials in the Kentucky ex­
periments indicated deficiencies in these respects. 

SUMMARY AND CONCLUSIONS 
The comparative tests made in this study showed that the coal digestion and the ad­

dition of high-boiling tar oils employed in the manufacture of the coal-modified tar 
binder reduced the viscosity-temperature susceptibility of the tar and made it some­
what more resistant to hardening at high temperatures. However, comparison with 
asphalt of a similar softening point (85-100 penetration grade) showed that the modified 
binder retained characteristics more nearly equal to those of the tar than those of the 
asphalt. In particular, the volatile loss and hardening in heat tests of the two tar prod­
ucts were about the same but were significantly different from results of similar tests 
on asphalts. Stability values at the same temperature for the modified tar binder were 
higher than those for the asphalts. However, the values obtained at low tenqieratures 
were such that a lack of flexibility resulting in possible brittleness might be suspected. 
The behavior of the materials in the Kentucky e:q)eriments indicated that this was the 
case. 

These results in general show that coal-modified tar binders such as the Curtiss-
Wright material should be considered as an improved tar. It would be expected to 
perform better than unmodified tars in a number of applications. However, it was 
also indicated that the precautions normally employed when using tars should be em­
ployed when using this material rather than attempting to substitute it for penetration 
grade asphalts. 
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