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CHANGES IN CHARACTERISTICS CF SLOW-CURING ASFHALTIC OILS

Turing thg'?ast few years, consideréble research has been performed
on different types of asphaltic materials and bituminous mixtures to develop
a iabofatory pfocedure whereby the durabiliiy and service behavior of a
bituminous material ﬁay be predicted ﬁith scme degree of accuracy.

Sevefa; important factors have made the problen, relativé tc slow
curing asphaltes, difficult to selve; first, the fact that although certain
chemical ané weathering teste will show comparatively that one product
will withstand a certain léboratory treatment better than another, these
tests are not indicatiﬁe that the prodﬁct which fails in the laborateory
will fall in service; second, insufficient data is available on the change
in characteristics of asphaltic materials after incofporatiqn in bituminous
mixtures and third, the definitipn %s to what constitutes an undesirable
property of leW'curing.asphaltic materials has not béen definitely
egtablished. | |

Puﬁlishéd research reports pertaining to the durability and service
béhavior of slow—curlng asphaltic oils are comparativel& recent and few in
number. The wéfk done by the Public~ﬁcads Administration and reported by

Lewis and Hillman 1,2,3

includes a comparative study of the changes in
physical and chemical characteristics of slow-curing asphalts proﬁuced in
the varioue lsboratory itesgts and when the same materials are exXposed to

sunlight, heat and air. Also their work has inciuded a more recent study

where they have attempted to correlate changes in physical and chemical




properties of liquid asphalts present as binder in road surface mixtures
and subjected to similar service conditionz with the results of conventional
iaboratory teéts and with the results of é%posure tests. The asphalts were
exposed in thin films to the action of solar 1light, heat and air; the
amount of volatile matter lost was determined and the residues were tested
for consistency, ductility and solubllity. Mixtures of the liquid asphalts
“with aggregates were tested for Stability and toughness. The mixtures were
also tested on a circular track exposed to weather ccnditions and subjected
toc controlled traffic of rubber-tired wheels. |
More recently a comprehensive study on the subject has been completed
jointly by the University of Wisconsin and the Wisconsin Highway Department
and reported by Bolberg, Hougen and Zapata.4' The purpcse of their investi-
gation was to find an explanation for the differences in service. behavior
of slow curing asphalis meeting the same specifications; to determine the
value of the requirements of current specifications and to aseertain their
relation to behavior and durability in service; to determine the influence
of chemical and physical properties of slow-curing asphalts upon their
adhesion and resistance to stripping by water from aggregates and to study the
effect of compositioh on the properties of the slowucuring asphalis. Slow-
curing asphaelts were separated into their asphaltene, resin and oily con-
gstituents, recombined using predetermined proportions of the three con-
stituents and subjected to laboratory analyses and weathering tests. Bit-
wninous materials were recovered from bituminous mixtures subjected to road
service and studied to determine changes in properties and characteriatics.
In 1935, the Michigan State ﬂighway Départment initiatedra 1a¥ge bit-

uminous program involving the constructicn of several hundred miles of oil
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aggregate surfacing per year. A program such as this would naturally re-—
gquire a considerable amount of slow-curing asphaltic material of the S5C-6
type. Realizing the failure of current specifications tc furnish the neces-
sary information enabling engineers to predici the durability and behavior
of this type of material under Service'conditions,‘the Highway Deﬁartment, in
June 1936, authorized an extensive investigaticn on asphaltic materials of
the 8C-6 type. The purpose of the investigation was to determine the changes
in characteristics of slow-curing asphalts before and after weathering with
the idea of perfecting a laboratory test whereby it would be possible {o
distinguish between bituminous materiais possegsing good or undesirable
weathering qualities before théy gre incorporasted in the bituminous mixture.

'It is a well egtablishea fact that bituminous materials.harden with
age, either in & container or in a road surface. In the case of a road
gurface the change in consistency of a.bitﬁminous material may be due éhiefly
to the loss of oil constituents by evaporation, absorption, and weathering.
This being true there shnuld be some kind of relationship between change in
consisiency and length of service whereby if the characteristics of aﬁ
asphaltic material which has undergone excessive change in service were known,
a laboratory test could be devised to duplicate theée chargcteristics on the
original material. Consequently, the investigatibn was developed with that
thought in mind. |

As originally planned, the scope of ithe investigation included three
impoftant phases of the Subjéct of durability, namely, the viscosity-
témperature relationship of bituminous materials before and after ﬁeathering,
physical and chemical surface phepomena, and the effect of change in cor~

stituents upon durability. This work wes to be augmented by field studies
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rélative tc the service behavior of existing bituminous surfaces constructed
with materials of the 5C-6 type.

This report presents = review of the work completed at the present
time énd will include the following subjects: the viscosity-temperature
relationship of sixteen different SC-6 asphaltic materials before ané‘after
being subjected to various laboratory 'tests; a methed for recovering asphaltic
materials of the slow*curing‘type; and the change in some characteristics of

slow-curing asphalis recovered from existing road surfaces.
VISCOSITY-TEMPERATORE RELATIONSHIP STUDY

It was desired to study ihe change in viscosity with temperature be-
cause it was consldered to be the moét ;dvantageous method of evalusting the
chéﬁge in characteristics of a bitumincous materlial upon weathering. Because
of the limitetions of present standard methods for determining viscosity, a
type of %iscosimeter was chosén whereby the viscosity of all the asphaltic
oils at different consistencies and temperatures could be determined in ab-
solute uﬁits, thus obtaining a definite basis for comparison of the consistency
by 4 COmmOR Mmeasure. |

Bituminous Materisls

The asphéltic materials used in the investigation were of the 80-6 type
used in low cost bituminous road construction. The materialé were selected
as follows: firsi, the manufacturer who wduld be in a position to furmish
materials to the Miéhigaﬁ bituminous progream; second, the type of crude
from which the ﬁaterial was made and third, the method of ménufacture. The
materials include the residue of-topﬁing, cracking eand straight run processes,

the blending of one type of residué with another and the residue cbtained

Y



by cutting back heavy residues with lighter digtillates. According to the
manufacturers of these materlals:-they were pfoduced from the following crudes,
Mid—Continental, Urbana, Smackover, Mexican, Oregon Basin, California, Kansas,
‘and Wyoming. The various materialg together with their source, manufacture
and physical characteristics are summarized in tables 1 and 2.

Viscogimeter

A viscosimeter suitable for the viseosity-temperature relationship study

nad to meet the following reguirements; (1) sufficiently accurate within <2.0
percent, (R) the time required for test not to exceed 2,006 seconds, (3) must
operate on not mores than 5 cc of meterial, (4) capable of measuring the vis-
cogity of any product regardless of its viscous characteristics, providing
true Tluid fiow is obtained, (5) usefulness of the viscosimeter should not be
limited by temperature, (8) must be capable of making several determinations
on the same sample at different temperaturss, (7) applicable to opague liguids,
and (8) the determination of viscoslty must be in absolute units.

After careful consideration and study, the Koppers Viscosimeter based
upon tﬁe capillary rise method and developed by Rhodes, Volkman and Barkers
was gselected as- the best instrument available, TWith this instrument, vis-
cosity 1a determined by timing the flow of the material under test through a
capillary tube. The material is'm&dé to aséend.through the capillary tube.

7 This is accomplished by iﬁmersing the lower end of a capillary tube into the
Vsampie of material to be tested, the upper eﬁd of thé.caéillary ubs being
connscted with a partly evacuited regsrvior. - Two fized points are chosgsn

on the capillary tube and the time required for the passage of the air-
sample interface be?ween these two points is noted. From the time, vdcuum

applied, the distance between the points, and the radlus of the bore of the.

capillary tube, the viscosity of the sample can be calculated. The viscosi-
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_'rABiE NO. 1

SOURCE OF ASPHALTTC MATERIALS USED IN THE INVESTIGATION

Lab, :
Ident. {Field Crude Process
A Mixed Mid-Continent | Cracked Residue
B Mixed Mid—Continent Blend of cracked and uncracked residues
C Mixed Mid-Continent | Cut-back, heavy residue with gas oil
D Urbana Urbana Regidue from topped crude
B Urbana Urbana Blend of cracked and uncracked residues
F Smackover Smackover Gutnﬁack, topped crude with gas oil
G Mexico Mekican Straight run residue
H Mixed Mid-Continent | Blend of cracked residues
T Oregon Bagin | Oregon Straight run residue
J Mixed California Blend of steam distilled residues
K Mixed Kansas Straight run residue
L Mixed Kangas Blend of cracked and uncraclted regidues
M Mixed Wyoming Straight run residue
N Mixed Wyoming Blend of cracked residues
0 Miﬁed Mid-Continent | Cracked regidue
P Mixed California Regidue from topped crude




LABORATORY ANALYSES

TABLE NO. 2

OF SLOW CURING ASPHALTIC MATERIALS

LABORATORY IDENTIFICATION A B c D E F G || I J K 5 M N 0 ' P
Specific Gravity, 25°C/25°C 1.082f 6.992 10.979]0.980| 0,995 [0,976]10,98411,05210,22310.87211.00911.025]10,9386 0.99911.055 0.378
Water snd Sediment, per cent Q.G 0.3 0.4 0.05 0.0 0.0 0,08 [0.02 |0.05 0.0 0.2 0.0 0.05 {0.0 50.4 0.0

)
Flash Point, (Cleve. Open Cup) °C 182 130 148 |214 145 150 |14C 1155 (140 11s6  [150 {154 |174 (170 {210 1205
VTiscogsity Saybolt Furocl, 60°C, Sec, 480 448 465 1420 849 552 |59% 1487 1498 [522 (435 472 [683 |637 {488 532
Posi-|8l.Pos-|Nega~|ega~|S1.Pos~|Hega-|Nega—|Posi~|Nega— |[Nega- |Nega—|Posi-|Nega~|Posi-|Posi- |Nega
Heterogeneity Test tive litive ltive [tive litive |tive itive |tive |tive |tive [tive ltive itive [tiye (tive itlve
|_Asphaltenes, per cent 26.00]1 B.95 {iz2.66l6.46 | 8.80 [8.81 120.41{19.05(15.14110.00]11.78}14,66/14.07;1%.04;13,2915.08
DISTILLATION
0 to 225° ¢, % G.0 0.0 0.0 |}0.0 0.0 0.0 lo.o jo.0 0.0 (0.0 0.0 (0.0 {0.C {90.0 0.0 {0.0
0 to 315° C, % 0.0 1.5 0.2 |0.0 0.0 tracel3.0. [tracejtrace|0.C [traceftruce(0.0 {trace{0.0 10.0
0 to 380° ¢, % 1.8 7.0 7.0 105 0.5 %.0 i12.0 43,5 2.5 11.5 1.2 11.0 jtracel0.5 10.0 0.5
TESTS OH DISTILLATION RESIDUE .
Bitumen Soluble in CCla, % 99.08] 93.05 [99.99]99.94) $9.97 199.98]99.91]99.85199.87%(99,94199.95{92.89199,83199.94193,.52199.80
TESTS ON 100 PENETRATION RESIDUE . :
Actual Penetration or Residue 95 105 93 20 23 i07 llo7 94 29 95 28 100 28 A 107 30
Heating time to sbove Residue, nrs. |1-1/2: 11 8 22 11-1/2 19-1/2(3 2-1/2{¢9 7 4-3/4|3 8 4-1/247 —
Total Residue, % 84,0 | 79.1 |7a.s |75.5 | 80.1 |82.% {75.3 }81.8 |76.2 |79.7 [77.4 {8C.1 |76.3 {8l.2 |84.6 70.C
Ductility, 25° C, 5 cm/min, cms. 105 100 111 }148 110 140 1125 |13% Jios (95 150+ (148 94 - 136+ |70 117
Ductility, 4° C, 5 cm/min, cms. 0 5.5 6.5 {”.0 B.5 9.5 (9.5 |1l.0 (9.5 [7.0 7.0 17.0 12.0 |5.5 4.5 19.4



meter 1s illustrgted by the diagrammatic sketch in figure 1. At the
pregsent time, the Koppers Viscosimeter is so'well known that no further
explanation of its operation is deemed necessary. Its use as an instrument
for meaéuring the consistency of fars hasrbeéﬁ illustrated by Messrs.
" Rhodes, Volkmann and'Bérker. Recently, Lewis and Halstead 6have shown that
it is equally:adaptablerto megsu:ing the consistency of asphalts egpecially
of the liqﬁid ﬁ}pe.-
THE KOPPERS VISCOSIKETER AND ITS USE WITH
SLOW-CURTNG ASPHALIS

At the time of purchage of the Koppers Viscdsimeter-we ﬁad no know-
ledge that it was ever uged,for measuring the viscogity of liquid asphaltic
materials. Consequently, a study was made to determine the suitability of
the Koppers Vigcosimeter for our work.

In order to check the accuracy of the instrument as it would be
used under ordinary laboratory cqnditions, a sample of heavy ¢il of
known viscosity was cobtained from the.United_States Bureau of Standards.
This oil had an absolﬁte viscoslty of 31.3 poise$ at 25°Q. The twelve
éapillary tubes pu:chased with the instrumeﬁt.were-marked énd an indepen-

dent determination was made with each tube. The average results from

these tests are to be found in table 3.
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TABLE 3

AVisaosity Detefﬁiﬁéﬁiéngmby Kopper Viscosimeter
U.S5.E.S5. Sample 7

Capillary * Viscosity at 2&5¢ O Percent
Tube “Centigtokes Poiseg Diff,
1 3423 3l.4 0.3
2 3392 ' 31.2 0.3
3 2444 31.8 0.9
4 3449 : Z1.7 1.2
5 3439 31.6 0.9
8 3371 31.0 C.9
7 3360 30.9 1.2
8 3575 31l.1 0.8
9 3570 . 51,0 0.9
10 3444 ' 31.6 0.2
11 3386 31.2 0.3
12 3417 2l.4 0.8

At the 25° C. determlnatlon, the value for all cap1llarj tubes was
equal to, or well under the accuracy specified for this viscoslmeter.
The Pressure-Time Relationghip for Capillary Tubes.

7 :
Bingham states that'tle quantity of liguid which transpires through

a capillary in a glven time and at a given temperature is directly pro-
portional te the pressure, or in other words, the same liquid flowing
through the saine eapillary at different pressures should give a congtant
value for pressure times the time of flow. Gruehisen showed that this con-
dition is by no means rigidly fulfilled by viscosimeters of the Ostﬁald type
in which the liguid flows under its own hydrostatic pressure.s

To determine if this law is fulfilled by the Koppers viscosimeter,
tests were made using three different gfades of materials. The data from

these tests will be found in tables 4, 5 and 8, The results show that in

the case of the three materials chosen, this law is in general true.




TABLE 4

Reproducibility of the K0ppér Viscogimeter on a Lew Viscosity
' Materizl, U. S. B, 3. Sample ¥Wo. 7

Temp. Driving Time of Rate of : Viscosity Deviation

of . Forces Flow Flow - Centis- from
Test P cm Hy0 t sec. em/sec.- Pxt tokes Average
20° C 15.75 42.5 .1892 666,23 5,857 1.71%
20° C. 11.70 55.0  .1454 64%.50 5,720 0.53%
200 ¢. 10.00 65.0 1251 65000 5,720 0. 35%
20° G, 8.0 . 81.0  .0988 3 656.10 5,670 1208
260 C. 8.50 104.8 L0765  681.20 5,764 0.43%
20° C. 5.80 121.8 .0857 682,08 _ 5,725 D.24

Average 5,739 0.70%:




TABLE NO. 5

1Y PEODUCTEILITY OF KOPPER'S VISCOSIMETER
~ FoR ,
SLOW-CURING ASPHALT MATERIAL "AM

-
"
oy

Pressure
or Rate of Diff.
Driving Force Time Flow Viscosity From Percent
Cm.Hg. Secs.  Cm/Sec PXT Centistokes Average Diff.
42.0 38.5 L0520 162 136,675 3,877 2.76
38.2 428 L0466 163 136,900 3,652 259
33.5 50.8 L0394 169 142,740 2,188 1.55
26.1 65.0 .0308 169 141,000 448 .32
19.0 90.2 L0222 17. 143,000 2,448 1.73
14.8 115.2 L0174 170 143,000 23448 1.73
Av.140,552 Av.l.78%
415 3.2 L2340 1420 10,930 134 1.24
35.3 "39.4 2030 1390 10,800 4 .04
28.6 . 49.6 L1615 1410 10,900 104 .96
23.1 61.0 .1310 1410 10,750 46 43
1744 81.4 .0985 1415 10,680 116 1.07
13.4 107.2 L0748 1430 10,720 76 7L
, Av. 10,796 Av, 7%
11.80 33.5 2388 3995 2,940 10 o34,
10.20 3707 .2LeR 385 2,860 70 2.38
8.10 50.4 L1587 407 2,970 40 1.36
6.20 67.L L1194 416 2,880 50 1.70
4420 103.4 0773 435 2,930 0 .00
3.37 137.3 .0583 L6R 2,950 20 68
: Av. 2,930 Av., .91%
410 37.0 .2L60 152 1,020 26 2.62
3.25 47.1 .1695 153 990 4 40
254 66.1 .1215 168 1,000 6 60
2.01 88.2 L0910 176 988 6 .60
1.76 107.2 L0749 189 986 g .81
1.42 153.0 L0522 217 979 15 1.52
Av. 994, Av.1.09%
2.05 35.8 2240 73 415 2 .5
1.82 43.2 1850 79 423 6 1.4
1.34 9.1 160 93 401 16 3.8
1.24 88,4 .0905 109 425 8 1.9
1.13 102.8 L0780 116 - 4e2 5 1.2
.98 143.8 .0555. 140 418 1 9
Av. 417 Av.1.61%
R R S ———— . . _ _




REPRODUCIBILITE OF KOPPER'S VISCOSIMETER
FOR
PHALT MATERIAL D"

TABLE NO. 6

SLOW-CURING AS

_
Pressure
Temp. or Rate of Diff.
of Driving Force Time Flow PXT= . Viscoslity Trom Percent
Test Cm. Secs. Om/Sec.., k Centistokes  Average Diff.
30°0 4R2.3 YN L1793 1886 15,056 2 oL
n 35.8 5246 «1520 1883 15,990 68 A
" 30.3 62.8 1273 1902 16,077 19 AR
# 25.3 7545 .1006 1910 16,082 24 .15
" 19.8 8449 L0843 1879 15,943 115 AN
ft 14.8 1i32.8 L0753 1965 16,202 144, .90
Av.16,058 Av.0.38%
40°C 22.1 29.0 2159 641 5,394 g 15
L 17.5 36.5 L2191 639 5,329 73 1.35
u 13.3 £49.8 1606 662 5,478 76 1.40
" 1.7 56.7 L1410 663 5,443 . s .76
" 7.3 92 .8 0862 677 5,382 20 .37
n 6.4 105.6 L0763 676 5,386 16 29
Av, 5,402 Av.0,72%
50°C 7.10 36.5 L2191 259 2,081 16 ST
" 5.40 49.2 626 266 2,066 1 .05
" 4420 62.2 L1286 261 2,052 13 .63
" 3.00 97.3 .0822 292 2,084 19 92
" 2.52 120.6 L0663 304 2,063 2 09
n 1.65 215.0 0372 354 2,043 R2 1.06
Av. 2,065 Av.0.59%
60°C 4,20 30.2 L2649 127 972 5 50
" 2.90 46.6 1716 135 979 2 .20
" 2.23 61.0 (1331 142 970 7 J7L
n 1.72 Q4.4 L0847 162 982 5 <50
" 1.69 97.6 0819 165 976 1 .10
" 1.33 140.0 L0571 186 980 3 .30
Av. 977 Av.0.38%
70eg 2.36 31.2 2564 120 505 7 1.51
n 1.97 4D.8 L1960 80 518 6 1.17
n 1.73 49.0 L1632 85 519 7 1.31
& 1.46 6044, 1324 88 518 6 1,17
n 1.32 73.1 1094 96 504 8 1.56
" 1.06 113.0 L0708 120 509 3 0.58
Av. 512 Av.1.18%

)

w2,

)

217 )




Tor a viscogs material, thelraté of flow is proportional to the
pressura apd flow should start no mﬁtter how small a pressure-is applied.
The plotting of pressure versus rate of flow for‘the three materials is
shown in figure 2. |

The results obtained with the Koppers Viscosimeter and illustrated
in tables 4, 5, and 5 show that the instrument is suitable for liguid asphalts
and may be expected to check within t 2.0 per cent or better.

It is interegting to note that c?acked material showed é greater de-
viation from the mean than the uncrackedrmaterialp.

A R. H. Lewis.and'ﬂ. J. Halsteada have shomm recently that this instrument

is-also applicable to semi-solid asphalts when certain refinenents are
observed.

Viscosity Determinations.

Since the chenges in consistency of slow-curing asphalts caused by
weathering were to be measured in viscosity units, it was necessary first
to determine the %iscosity of the sixteen different materizls at two or
more temperatures. The following tempera‘.ture‘s, 20, 25, 30, 40, 50,:60 and
70° ¢, were pelected for ihree reasons;'first, to determiné_the suscept-
_ibility of the various ﬁatérials over a wide range and second, to establish
a viscosity temperature relationship fof comparative purposes, and third,
this range ofrtemperature was the most ideal from the standpoint of material
and eguipment. |

The viscosities determined, shown in table 7, are the average of at
least thres determinations;

It is interesting to note that at 202 C. the maximum viscosity for all




of the asphaltic‘materials was 335,179 centistokes and the minimum

52,156 centistokes, while at 702 C. the maximum and minimum viscositieg
were 692 énd 413 centistckes respectively. Or, in other words, at elevated
temperatures the various asphaltic olls will approach to approximately the
same viscosity while at low temperatures there is a wide variation in
viscosity values; This will no doubt refleet upon the characteristic

behavior of the different materials at depressed iemperatures.

EiscosityATempefature Relationship

In order to obtain a better underSténding of the viscoéity—temperature ,
relationshi§ of the various materialg, the viscesity of each asphsltic
0il as shown in table 7; was plotted on a specially prepared log graph
paper and was found to lie on a straight line in accordance with the

A.S.T.M. ‘equation.

log log (VK + 0.8) = b+ long T. (1)

‘The ordinate is the log log of the viscosity in centistokes, and the
abscissa is the log of absolute temperatufe in eentigrade. TEarly in the
investigation it was found that the constant 0.8 appesring in the A.S.T.M.
equatlion could be dropped in tﬁe cage of liquid asphaltic meteriels of the
slew-curing type without affecting materially the accuracy of the plobtting
or the viscqsity value cobbained by using the above eguation.

Figure 3 shows the viscosity temperature rslationship of several
asphaltic meterials. These curves not only verify the usefulness of the
A. S. T. M. equation but they slso reveal the susceptibility of sloﬁ-cur—

ing asphalts to temperature change.
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TABLE NO. 7

VISCOSITY OF SLOW-CURING ASPHALTS

DIFFERINT %EMPERATUREﬁ
DEGREES CENTIGRADE
Hannle . :

No. 20 25 30 40 50 60 70
A 335,179 120,476 51,4217 10,814 2,811 1,003 413
B 47,695 25,723 14,414 5,724 2,181 1,031 534
¢ 43,964 24,798 13,554 4,688 1,925 909 479
D 52,156 26,293 15,321 5,253 2,066 954 498
B 89,525 41,810 23,306 7,211 2,74 1,179 573
) 80,311 40,281 23,209 7,801 3,028 1,403 691
G 53,840 26,125 17,370 6,232 2,649 1,173 6l
H o 168,23 63,918 31,616 7,850 2,443 976 417
T 74,853 35,385 19,907 6,405 2,501 1,115 552
J 155,200 63,363 32,610 9,313 2,814 1,160 536
K 58,857 25,759 14,602 5,121 2,009 948 LT
L 113,935 46,407 244430 6,879 2,347 1,004 469
Mo 114,271 51,128 29,459 g,121 3,111 1,386 662
N 143,389 67,071 34,88, 9,727 3,384 1,397 656
0 211,795 784,839 34,846 7,348 3,080 900 413
P 112,285 55,105 26,812 7,906 2,671 1,152 433

Vigcogity Values in Centistokes

N
iL)” Fiict s



TABLE #0. 8

MAXTMUM, MINIMUM AND AVERAGE VISCOSITY FOR ALL MATERLALS

Temp. Maimam Hindimam Avérage
200C 335,179 43,964 115,968
259C 120,475 20,190 49,3607
300G 51,427 13,555 24,199
4000 10,818 4,688 7,275
5000 3,385 2,010 2,609
60°C 1,403 900 1,106
7000 592 413 528

Vigcosity values in centistokes
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The Susceptibility Factor

Adopting the A. 8. T. M. chaft for the viscosity range covered,
and assuming that viscosity plotted againsp temperature on the chart
will result in a stralght line, a very simple evaluation of the viscosity-
temperature characteristics or susceptibility is possible. The visgcosity
at a knbwn tem?e;ature and the slope of the vigcogity-temperature curve
will define the viscosiiy of the material at eny other temperature.

The tangent of the angie of slope of the viscosliy-tempersture
cufve on the A.S.T.M. graph was chosen as the indicator of the suscept-
ibility factor. The slope "b" of the V-T curve may be calculated from
equation (1) when the viscosity at two temperatures is known. The equatioh

for slope may be expressed as follows:

-b = log log V, - log log Vo
Log Ty - Log Ty

The use of the slope of the V-T curve as a temperature susceptibility
index was first proposed by H. G. Neviti 9 in his study on lubricating

cilis.

In gome instances, it may be nore practicable to handle the suscept- -
ibility factor graphically than by the aboée formula. Thig may be done
by plotting the V-T curve on a proper chart and scaling the ¥ and ¥
ordinates between the points Vl and VE' In order to obtain & rumerica
value for "b" equal to the value determined by the eqﬁatipn, it will be
necessary to apply a cortrection factor. Thig correction factor will be
different for every chart. By plotting the V-T curves of the different
materials used in the investigation on a chart.bésed on the A.S.T.M. scale,

a constant of 4.5348 wag coblained.

~10-~
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When the various bituminous materials were tabulated according to
their degree of suscentlibility, the resulie. in general, show that the
'susceptibility of 2 materisl varies with fhe scurce of the crude and the-
method of mamifacture. The results in table 9 show the cracked products
tc have the highest susceptibility factor of 4.74 and the steam refined
materials to have the lowest of 3.34. The various blends and cut-backs
fall in between the two extremes.

When the maximum and minimum viscosity values for the sixteen gif-
ferent materials were plotted con the A.S.T.M.Vgraph and the average suscept-
ibiiity curve establighed, it is significant that perhaps furfher study
should be given to the possibiiity of establishing viscogity limitations for
liquid asphalts at two temperatures and including the susceptibility factor.

This change would necessitéte the adoption of é standard methed of det-
ernining viécosities in absglute units, & method which we believe is
beccming more and more to be recognized.in both commercial testing and

research work.

CHANGES IN CHARAC&ERISTICS CF SLOW-CURING ASPHALTS WHEN
SUBJECTED TC DIFFERENT LABORATCRY TREATMENTS

The purpose of this study was to determine if the changes which cecur
in the charascteristics of slow-curing asphaltic materials when subjécted‘to
laboratory treatments could be correlsated with the changes occufing when
the materials are incorperated into bituminous mixtures.

The asphaltic materials were subjected tc four different treatments,
an oven volétilization test, the A. 5. T. M. diétillatidn test; blowing -

with air, and ultra-violet radiations by a modified weathercmeter test.

-11-




TABLE NO. 9

RELATION BEIWEEN SUSCEPTIBILITI

FAGTOR, PROCESS AND SOURCE OF MATERIAL

Tab. Suscepbibility

No. Process Source Factor

A Cracling Mid. Cont. Crudes LT

0 Cracking Mid. Cont. Crudes 455

H Cracking Mid., Cont. Crudeg 4.27

d Steam Residues California Crude PN IA

L Cracking & Straight Kongas Crudes 3.95
Blend

j= Steam Digtillation California Crude 3,94
Blend '

N Cracked Regldues BElend Wyoming Crude 3.86

E Oracked & Straight Urbana Crude 3.68

1 teanm Digtillation Wyoming Crude 3.64
Blend

T Steam Refined Wyoming Crude 3.63

C Vacwua Residue + Gas Kangsag Crude 3.56
01l Biend

D Topped Crude Cut Back Urbana Crude 3.55

X VYacuun. & Stean Dist. Kangas Crudes 3.54
Blend '

F Topped €rude + Gas 0il Smackover Crude 342

B Cracked & uncracked Mid. Cont. Crudes 3.43

G Steam Refined Mexican Crude 3.34

w.f Ry




After these treatments the viscoslty was determined at 259 C and 60° C., and

the susceptibility was computed.

Oven Volatilizaticn Test

The oven volatilization test was conducted in.the following manner;
the oil waS'weighediout in tared tins and theﬁ placed into =n ordihary lab-
orétory drying oven at a consgtant temperature for a definite period of time.
The tins, after removal from the oven were codled and welghed and the percent
loss.was computed.

Fburrmaterials, B, D, G, J, of varying degrees of volatility as shown
by the A. 5, T. M. éistillation tests to be 7, 5, 12.0, and 1.5Apercent
respsctively, were chosen to study the effect of time on the less of volatile

matter and consequent change in viscosity.




The data shoﬁn in table 10 and illustrated in figures 5 and 6 sghow
that there is a marked difference between the rates of hardening of the
two materials D and G.

In addition to the above volatility test on materials B, D, G, and J,
s five hour oven test at 163° C. - 50 gram was performed on the balance of
the gixteen materials as a malter of comparison between loss of volatile
matter and increase in viscosity to determine to what degree the change in
congistency of the residues would be comparable fo gain in viscosity of a

material in service.

Pistiilation Test

The sixteen materials were also subjlected to the A.S.T.M. distillation
test, The viscosity and susceptibility of the residue was determined upon

eompletion of the test.

Air Blowing

The thifd treatment invoived blowing. eir. through a 75 gram sample of
each asphaltic material at 180° ¢. for two hours at a rate of 500 cuble
centimeters per minute. Ai; wag introduéed.into the sample through a copper
tube similar to that used in the Abson recovery method. The qqmpressed air
was bubbled through NalH to remcve carbon dioxide and then HESGAtQ Temove
moisture before passing through a calibrated flowmeter which was regulated

to maintain a flow of 500 cubic centimeters per minute%;

- 13 -
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TABLE NO.

10

VISCOSITY DETERMINATIONS ON RESIDUES FROM
OVEN VOLATILIZATION TEST

50 grams < at 163°C -~ Time as given - Vigecosity in centistokes
B D G J
% % % %
Toss  Viecoeity |Loss Viscosity | Lesg  Viscosity! TLoss  Viscosity
| Terﬁperatu.re Fl.t 25°0¢
0 25,723 0 26,294 0 28,126 0 63,354
2.053 | 44,420 0,110 | 28,791 | 1.8361 44,633 | 0.76L 122,462
2.348 | 52,270 [0.305 {28,936 | 2.893( 606,043 | 1.392 129,837
3.234 {63,533 10.395 29,215 4110 81,343 1.6201 136,576
4.123' 75,526 | 0.401 30,160 4,185 85,195 1.890] 169,944
5.07, 112,005 |0.437 | 32,022 | 5.078] 108,725 | 2.308] 257,555
10,181 |791,628 | 2.520 62,487 113,673 1,940;705 6.08213.,307,108
15,500 13.200 118,870 |16.805 10.421
“Temperature at 60°C
0 1.031L 0 954 0 1,174 0 1,16
2.053 1,271 |0.110 898 | 1.836 1,507 | 0,761 1,268
2.348 1,590 |0.305 977 | 2.893 2,020 | 1.392 1,444
3.234 1,646 10.395 1,018 { 4.110 2,269 1 1.621 1,573
4.123 1,898 [0.401 1,034 | 4.185 2,525 | 1,890 1,615
5.0 2,316 10.437 1,087 | 5.078 2,821 1 2.308 1,849
10,181 | 7,546 [2.520 | 1,544 |13.673| 34,632 | 6.082]- 5,159
i15.__500 40,911 {3.220 2,613 |16.805] 277,300 | 10.421{ 37,596




Weatherometer Tests

The Eourth treatment involved mixing 15 grams of asphalitic oil with
485 grams of clean 20-30 grade Ottawe sand end exposing the mixture for
168 hours on a weatherometer. The weatherometer was manufactured by the
Atlas Electric Device Company of Chicago, I1linois, and consisted of two
arc lamps, one acting from the center and one from the side of the apparatus.
The weatherometer has a turntable for supporting the samples. The rotation
of the turntable W&S one revolution in 17 minutes and 35 seconds.

The bituminous mixtures were'placed in tins giving an exposed area
of A& squaré inches. The mixtures were stirred twic%daily to insure uni-
form exposure of all surfaces. The fempgéature of test was maintained at
140° F. by circulating air over the samples. The tests were performed in
g dust-free room. The reéults from the various treatmenis are presented
for comparative study in table 11l. Two materisls "AH . and YO were selected
s typical samples for representing graphically the V—T curves obtained
when the data in table 11 is plotted.k These curves are illustrated in

 figures 7 and 8.

Effect of Continued Weathering with Weatherometer

Further weathering tests were conéludéd'on meterial "% to determine
the rate of hardening which might be obtained on the weatherometer. "O"
was chossn because it appeared to be affected moét by the weatherometer
test. The material was mixed with Qttawa sand and subjected to the same
test procedure as defined shove for oils "AM, "G", and "D, with the
exception of time which was varied to give residues at 1 day, 7 days, and

12 days. Upon recovery the viscosgity and susceptibility was determined.

- 14 -
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TABLE NO. 11

VISCOBITY AND SUSCEPTIBILITY OF SLOW-CURING ASPHALTS
AFTER SUBJECTION TO LABORATORY TREATMENTS

Viscosity in Centistokes

| Originsl Aspheltic Qil Qven Voletilization Hesidue - Distillation Kesidue Air Blown Residue Residue Modified ﬁeathefometer
Viscosity Viscosity Susec. Vigcosity Suec. © Viscosity ~ Busc, Viscosity Susc. Viscosity Susac.

0il 25°% C 80° C ) 80° ¢ 60° G : 60¢ ¢ EQ° ¢ :

A 120,480 1,005  4.741 3,671 4.898 5,810 4.919 6,884 4,719 22,847 4,907
B 25,720 1,032 5.429 2,316 ~ 3.658 4,195 3.664 5,945 3.798 51,2794  3.915
C 24,800 909 3.562 2,104 3.640 3,016 3.682 8,32 5.6857 30,208 3.282
T 26,290 954 Z.EBL | 1,001 5.561 , 1,080 5.520 1,628 5,584 lo,B41" 3.815
E 41,810 1,179 3.679 2,520 .,5'956 2,120 3.768 4,535 4,014 28,650 4.451
F . 40,280 1,403  3.4%4 2,392 3.415 4,335 3.497 8,18% 3.852 18,851 5.730

G 28,120 1,174 3.743 ] 2,821 5.%06 11,440 3.440 22,104 | 3,476 - 5,207,400 3.257
H 63;920 | . 978 4.275 3,301 4.329 3,118 4.281 13,344 5.404 314,885 4.2%4
I 35,390 1,118 3,629 2,821 3.662 2,342 - 2,788 5,080  3.585 58,059 3.833
J 83,360 1,161 4,043 2,318 4.285 2,209 4,439 2;943 3,901 96,878 4.041 |
K 25,780 949 3,540 2,182 3.721 | 2,848 3.843 6,750 - 3,870 12,250 ‘4.086

. L 46,410 1,006 3,952 3,885 4.044 2,800 - - ;4.048 12,558 ‘ 4,030 77,224 5.242
M. 51,130 1,386 3.644 2,292 3,583 . 1,695- 3.636 5,475 3.842 50,968 4.252

N 67,070 1,398 5.855 3,298 3.236 3,908 3.772 17,923 3.889 165,620 4,415
o] 78,840 8Co 4,551 1,043 4,289 1,287 4.799 3,652 3.687 10,682 5.6831
P 55,110 1,152 3,939 1,403 3.044 ' 1,551 3.917 2,127 4,130 10,276 3.929




The resulis of this study show that the viscosity temperature curves when

" plotted indiecate the rate of hardening of the residue. At the end of 7

days tegt the residue of material "0" had lost its adhesive properties
and appeared toc be completely dried out. The V-T curves ére illustrated in
figure g.

From the data obtained from the oven test, the distillation test, air
blowing, and the weatherometer tests, it may be concluded that the-oven

volatilization test will give residueg comparable to those obtained from the

other three tests if given the proper length of exposure at 163°C. The

‘weatherometer test produces the greatest change in consistency of the residue.

A presentation of these data in'graph form seems to indicate that the major
increase in consistencies of the varicus residues was caused by evaporation
of the volatile materials present in the original asphalt. The slope of the
V~T curves also indicates that gfome materials undergb-other changes in their

characteristics due to conditions imposed by the test.

CHANGES IN CHARACTERISTICS OF SLOW-CURING MATERIALS INCORPURATED
INTC BITUMINOUS MIXTURES

This phase of the investigatlon was to correlate the changes in
characteristics of recovered asphaltic materials with those changes occur-~
ring from laboretory tests previously described or to be developed.

With this end in view, test sections were established In November
1937, and every year thereafter on certain agphaitic cil sggregete pro-

jects; The projecis were selected for location and type of asphaliic

-15-
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matérial used as 2 binder. At the time the test section was established,

réamples were obtained of the original bituminous material goiﬁg into the

mixture. A'sample_of the bituminous mixture was also obtained and an
snalysis made to determine the change in consistency of the asphaltic
material after.incorporation into the mixture. Also, a check was made oﬁ
the percentage of ssphalt present.

‘Yearly thefeaftér samples of the road surface in the test area were
obtained and analyzed in thé laboratory.

. In additicn te the establishment of test sections, a survey was made
tﬁis year of all bitgminous surface of ‘the SC type with special-consideration
given t0 those which were showing signs of disintegration and those which
were in need of surfacé treatment. Samples were obtéained for 1éboratory study
to determine the present characterictics of the bituminocus binder as compared
with the originel materizl. It is hoped that the data from these two field
studies will throw some light on the limitation requirements for an accelerat-
ed durabilityltest and perhaps furnish desirable_information pertinént to

writing future specifications for matsrisls of this type.

The Recovery of Slow—éurigg Asphaltic Materlals,

Because of the presgence of considerable amounts of volatile matter
and light distillates in slow-curing asphalts, it was believed that the
recovery methods employed for recovering paving ssphslts would hot be desir-
able for this work. ﬁhis was verlfied by the erratic resuits which were
obtained when they'wére tried.. Consequently, after considerable trial and
experimentation, the following recovery method was developed which has

proven guite satifsfactory for materials of thisg character.

- 16 -




iﬁ é;neral, the recovery method consists of removing the asphaltic
meterial from the aggregate by means of a solvent; the removal of fine parti-
cles and foreign colloidal matter in the asphalt-solvent solution by filtration
and the seﬁafation of the asphaltic material from the solvent by means of
' vacuum—distillation with an inert gas as an aid.

Solvent

Benzol (Thiophene free Gé—Hé) was used throughout the invesiigation
for all recovery tests. After consideraﬁle experimentation With‘other
solvents it was found that Benzol gave the mosf consistent results.

Extraction

All extractlons were performed by the Dulin Rotarex Extractor in
accordancé with A.A.8.5.C. method {T-58-37). Each extradtion consisted of
a charge of bitgminous material sufficient to give approximately 50 grams
of recovered asphaltic material.

Filtration

It was found that the quantity of fine #articles pesging the fiiter
in the extractor varied from one percenf to eight ?ercent of thé welght
of the recovered asphaltic material. Such quﬁniities of fine material if
allowed to remain‘in the recovered as?halt Will~natﬁra11y affect the visco-
sity and other charactéristics of the recbvered materiai.

Fo: the removal of fine'particles from gsephalt-benzol solutiqns sedi-
mentation, filtration, and super-centrifuge methods have been used by various
investigators. B However, m study of the éharacteristics of the asphalt-~
benzel solution and the miperal matter cqqtained therein revealed the possi-
bility of removing the fine mdterial 5y filtration.

A method of filtration suggested by the John-Mansville Company end modi-

fied somewhat for this work is illustrated in figure 10, and described as

-—17‘
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follows. A slurry consisting of clesn benzol and cne to two ounces of

Standard Super-Cel filter eid ig prepared aﬁd pgured,onto a filter paper
in the Buc@ner funnel "W" and vacuum applied. The filter aid forms a cake
on the filter paper and any filter aid going through the paper will go
into flacsk nen, Just béfore the cake on the paper beccmes dry, the
agphalt-benzol extract is poured cnto the mat in the. Buchner funnel angd

a small amount of the sclution is allowed teo run inte flask "e" to insure
elarity of the filirate. The stop cock "j" is then turned to divert

the filtrate‘intc flegk "u". After all of thelésphalt—benzol solution

has been filtered, successive washes of 50 cc portions of Benzol are’

poured upon the mat until the washes show a filtrate that is only slightly

discolored. The filtrate is now ready for distillation.

To prevent clogging of the filter mat due to fhe presence of
water in the solution, one percent of filter aid by weight of sclution
is added to the sclution upon extraction and thoroughly shaken The
sclution is allowed to stand about 15 minutes before filtering.

Distillation

A vacuum—distillation method for asphalt recovery originated by
Buida, Benigni, and Janisch;o and later modified by Greuterti 1 was ad-
apted for use in recovering the slow-curing asphalis. In order to make
the procedure applicable to slow-curing asphalts, considerable experi-
mentation was necessary to determine the correct time for complete dis-
tillation, rate and temperature of distillation, the gquantity of materisal
to recovey at cone time, the amount of vacuum necessary, -and the method
andlrate of applying the inert gas. _fhe récovery apparatus is illustrated

in figure 10 and the recovery technigue is described as follows:

-18-"




:Aé;f@ The asphalt-benzol solution is fed‘into the distillation flask

at a rate equal to the amount of solvent being distilled off, keeping

a constant level of approximetely one-half the depth of the flask. During
thig distillation period the temperature of the water bath surrounding
-the distillation flask is malntained at a constant temperature of 65°C,

by thermostatic contrel. The vacuum is maintained by means cf a water

pump at 22 inches gf mercury during the entire distiliation period.

Wnen the bulk of the sclvent has been distilled off and the rate
of distillation becomés slow, the tempereture of the water bath is gradually
increased from 65°C. to 100°C and maintained at that femperature for the
balance of the disﬁillation period. TWhen the temperature of the water
bath beccmes 100°C., carbon dicxide 1g introduced inte the residue,
=y slowly at first and gredualiy increased to a rate of 150 cc per minute
= as measured by a flow meter. . The rate of gas flow_is maintained st
150 ce/minute for a pericd of thirty minutes from @he time distillation
ceases. The recovered asphaltic material 1s poured into a container where

it is allowed to remaln at room temperature for one hour before viscosity

determinations sre made.

The Becovery Procedurg
| The asphalt-benzcl solution from the extrzctor is intreduced into
. the apparatus via the Buchner funnel "Wﬂ containing filter paper covered
by a mat of filter aid which removes dust in the manner desecribed pre-

viously. {See Fig.l1l0). The solution free of mineral dust passes down

inte flesk "b". TWhen filtration is complete, stop cock "p" is turned into

distillation position and a vacuum of 22 inches of mercury on the manc- -

&
i
=




meter ﬁvﬂ is maintained. The filtrate in flask "b" is admitted into
digtillation fiask "J" by simply opening stop cock "p" which controls

the feed line into “Jﬁ. It i# thus poselble to contrel the rate of feed
to maintain a constant level in the distillation flask. The digtillation
fiask "J" is‘surrounéeﬁ by a thermostatically contrclled water bath "G".
Tﬁe apparatis 1s so arranged thai when the great bulk of sclvent has dis-
tilled off, carbon,dioxide'iﬁ tank M"AY can be admitted into bottle "BY
theq through fiow meter ¥CY into distillétion flagk "Jﬁ by means of

stop cock "O" and capillary tube "I". The use of carbon dicoxide gas

is necessary to insure removal of the last iraces of sclvent. The benzol
vapors on leaving the distillation flask rige into refiux columrn "RV
which being packed with 1/2 inch length glass tubes aids in fractiona-
ting the heavier from the lighter vapors. The rate of distiliation is
controlled by the rate of reflux and the temperature of the vapor as it
passes the thermometer "G" located in the top of the column. OConden-—
gsation of benzol vapors is brought about by a pair of gfficient cold water
condensers "8" and "T". The liquid distillate of benzol ig caught in
reservoir "X" which is arranged so that it can be emptied by siphoning.
The vacuum is furnished by én ordinary water pump. The distillation
flask is fitﬁed with ground glase Jolnts and the whole sysﬁem is com~
pletely sealed and at no time during the recovery process does the asphélt—
benzol solution come iﬁ contact with air. All solution movements after
filtering are actuated by vacuum. It is possible to control the vacuum
in the system within very parrow limits, insuring guite uniform dis-

tillaticn. Temperatures camnct gel out of control, and fire hazards are
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at a minimum. .The cemplete recovery from filtration to recovered asphalﬁ
will average from three to four hours.

The outstanding features of the method are that all ﬁanual opera-
tions have been reduced to a minimuﬁ; very little attention is hecessary
on the part of the operator, and it is possible to operaté all recoveries
under practically the same conditicns. Exeellent correlation was ob-
tained between the physical properties cf the.original and those of the
recove?ed bitumens. Results of check determiqations ﬁefore and after
recovery are shown in table 12.

EFFECT OF RECOVERY PROCELURE ON PHTSICAL AND CEEMICAL
PROPERTIES OF SCME MATERIALS

Filter Process

Check tests were made to determine whether or not the filter pro-

cesg materially changed the characteristies of the recovered material. Re-

sults of these tests are shown in table i3. Fifty gram samples of eight

slow-curing asphalts were split and dissolved in benzol to Proper con—
centration comparahle to aectual recovery. Half of the samples were
passed through the filter and recovered. The cother half was recovered
without filtering. The results in table 13 show close agreement in

most cases.

Presencé of Benzol in Recovered Material

The following test procedure wés deveioped to detect the presence
of benzol in the recovered material. This method was used to determine
limitations in the recovery procedure.

Recovery Procedure and the Letection of Benzene

The procedure used in the recoﬁery of zsphaltic oils was at first
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VISCOSITY DETERMENATIGH Oﬁ SLOW-CURING ASFHALTS

ABLE NO. 12

BEFORE AND AFTER RECOVERY

ViSCos}ty in centistokes
L " PR

25°C 25°C 6055_ 5000
Original Recovered Original Recovered
Viscoglity Vigcogity Vigcosity Viscosity
— 1 135,228 130,968 - 1,004 1,019
- B 217,559 27,523 973 980
C 2y 228 23,916 954 o2
D 26,294 26,718 954 954,
1 £ 41,911 40,832 1,165 1,133 7%
2 F by y 640 38,194 1,446 1,368
} ¢ 31,067 30,976 1,243 1,227
— 1 78,632 78,539 1,124, 1,113
I 40,030 37,882 1,130 1,159
J 75,960 80,458 1,240 1,248
K 30,493 - 35,183 989 1,040
L 51,585 56,712 1,099 1,110
M 58,515 46,020 1,517 1,414
— N 75,115 73,400 1,409 1,444
0 84,995 86,920 846 452
P 42,562 37,811 1,161 1,010




TAHLE 0. 13

SHOWING COMPARISON CF FILTERED AND RECCVERED
VERSUS

ERED AND RECOVIERED JAMPLES

UHFILT

Sanpls Vig. in Cenbisgtokes at 25°0 Vig, Centigtoies at 60°C Gephaltene Contben Sp. Gr, at 25°C
Humber Unfiltersd | Fillered Uanfiltered | Tillcred Infiltered Filterad (Unfiltered Filiered
| 1 28,300 28 .3100 490 G0 6.68 6,46 &4 974
P 25,200 25,100 1,020 Q91 6058 6.69 ST 975
3 45,500 40,800 1,280 1,310 8.96 2.88 .998 .990
4 36,?OQ 35,100 1,300 1,210 9.54 g.96 991 986
5 46,180 £9,190 1,590 1,590 17.70 18.22 .08 987
6 39,100 35,450 1,600 1,470 17.52 17,76 .586 988
7 29,020 2%,13%0 1,170 1,180 9,60 9.54 LG74 974
g 21,370 31,800 1,210 1,340 i 9.36 9020 277 978




establighed empirically by trial; and the criteria of good procedure
being the degree of success attained in matching viscosity determinations

before and after recovery. With the development of a sensitive chemical

test for the detecltion of benzene in bituminous substances, it was ﬁow
possible to check the procedﬁre in a toially different way.

In thic study one asphaltic oil was used, solutions of 1000 cc

'ﬁ of benzol to 50 g of asphaltlc oll were recovered. It was attempted
to keep all conditions of recovery constent except to vary the time of
firal flow of gas when disgtillation hsd cessed. The data as presented
in table 14 shows the relation of time to complete femoval of benzol.

Deseription of Tesi

A sclution is prepared cohsisting of approximately 10 cec of car-

bon tetrachloride benzene free and 40 cc of bitumen. The carbon fet-

G
o rechloride ig then distilled off; 1f benzene was present in the bitumen

the carbon tetrachloride distillate will be contaminated with benzene.
Hence it is then possible to convert the‘benzene to nitrobenzené by
adding a specislly prepared 50-50 mixture of nitric and sulphuric acide
{HNG3) (HZSOA) in the presence of carbon tetrachioride and shaking well.

The carbon tetrachloride is not affected by these acids. The acids are

removed by adding water and separating the water lsyer from the carbon
tetrachloride layer in a separatory funnel. If the éarbon tetrachloride
layer ccntaing any nitro-bensene, evaporation of carbon tetrachloride
should leave nitro-benzene which can be identified by its characteristic

odor.

However, to make thig test more effective, due to the masking ef-

:‘47WTQ3 fect of econflicting cdors, it was found necessary to use a chemical test,
B L
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TABLE NO. 14

FFFECT OF THE TIME OF GAS FLOW

ON RECOVERY PROCEDURE

Time of Gas | Quantity Viscosity |Presence of |Viscosity 25°C
Flow at 100°C of Gasg Vacuum 25°C Benzene inrecovered
S15 min. 150 ce/min. | 22 in. hg.] 31,400 Pregent 33,800
25 min. n " 34,350 Trace "
{ 30 min, i H 34,500 None 1
i 40 min. " " 35,950 None | .
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that is the addition of stannocus chloride SnCl2 plus concentrated hy-
drochlicric acid te preduce aniline hydrochloride wiich on the addition of
excess of 5 normal sodium hydroxide and subsequent steam distillation,
préduces traces of aniline. Aniline can be conveniemtly tested for by
sddition of a few drops of freshly prépared and filtered bleaching pow-

der solution. A violet red coloration is cbtained if aniline is present.

Sensitivity Range of Test

1 part benzene per 20,000 oL, positive test .005% by volume

i n " 100,000 no test cbtained  .001% by volume

Effect of Recovery'on Some Phiysical and Chemical Properties

In this siudy four.different asphaltic oils from widely different
sources and processing were recovered. The effect of the method of
recovéry was ascertained by testing_the asphaltic oll before and aftisr
recovery in several ways; by viscosity, photelometer or light transmissicn
of like concentrations in benzene, and chemical means, that is by the
bromine absorption test. The data was tabulated and results indicate
thai the greatest variance exisis in viscosily, and is the best criteria
of success of recovery. Resulis of tesis are shown in table 15.

CHANGE IN CHARACYTERISTICS OF SLOW-CURING ASTPHALTS AFTER

WEATEERING UNDER SERVICE CONDITION

The purpcse of this phase of the investigation was to asgcertain what
changes in viscosity and susceplibility occur in,slow-curing-asphaltic oils
when they are incorperated into a bituminous mixture and subjected to
service 00ndifion$. It was thought that the resulis from this study

might be helpful in esitablishing certain deflnite relationships and to

;23-,




FFERECT OF RECOVERY O

SHOWING TBR K PERATTON ON S0ME ///
PHYSTOAL AND CHEMICaL PROPERTIED E
b il
T ToE op SENULEIC OTL | - g ] nin | WAL
B - - Original Becovessd Original hecovered (Originsl Recovered Original] Recovered
Ahgolute Viscosity 25°C - - 563 559 587 561 11856 1250 1110 1090
{Poise)
Bromine Absorption - - ?3.6 4.0 l 35.8 37.7 Al.H 1.6 30.8 30.9
Light Transmission of [No -
5 .1% Conc. Benzene Sol. Filter 33.9 ¢ 32.1 2445 2hel 12.0 18.9 33.3 33.1
n & n Red  [MaX. :
Filter Transmission 481 6.8 38.8 38.0 3%2.0 31.0 A7.3 L6.5
; 700 I
i n it Green fiax
o Filter Trenamission 23.9 22T 156.9 16.2 12.3 12.0 24..1 24.0
SL5 I
" d n Biune Max, 2.9 2.8 1.2 1.9 .9 .9 3.3 3.1
Wi lter Trangmission
400 m , i
: 1
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predict the normal rate of hardening of bituminous materials occurring
unﬁer actual service condition.

To pursue this.study, test sections were esteblished on newly con-
structed bituminous surfaces using asphaltic binders of the 8C-6 type
and from different scurces. These test Seétions were essential to facili-
tate fuvture sampling and to insure that thé same scurce of bitumincus
materiél woﬁld be cobtained throughout the study.

At present there have been 15 test projectS'éstablished embracing
six different types of 8C-6 asﬁhaitic oil all meetiﬁg Michipan State
Highway specificaﬁions, Two test projects were established in Rovember
1937, eight test projects were estgbliéhed in July 1939 and five test
projects were est&blishéd in July 1940. The test projects are located
throughéut the entire state where they will be subjected {tc varying traf-
fic and climatic conditions.

Un each test project a definite‘sampling area, approximately 50 feet
long was definitely located where the source of bituminous material going
into the mixture could be asceriained.

Each yeaf samples representing the top half of the rcad surface
will be removed from the gampling area of each test project.' The bltu~
minous material will be recovered by the method ?reviously deseribed. It
is contemplated to analyze samples from these test projects over an in-
definite period 6f years.

Analyses for Changes in Characteristlcs

At the preeent time insufficient data has been oblained to warrant

drawing any definite conclusions. However, the data presented in table 16

w2fm




]
!

&)
1':3 N
it

TABLE NO: 16

. TEST SECTIONS NO. 1 AND MO. 2
SIIOWING THE CHANGE OF VISCOSITY WITHE AGING

8l

—

Test Section
No. 1

Test Section
No. 2

Agphaltic 011 in Wiz
Vigecoalty 25°C
14 6{)0(}
Susceptibilivy
Sp. Gr. 25°0/2590

Hacovered Qil After 1 Year
Viscosity 2590
o 5000
Sugceptitdlity
Sp. Gr. 25°0/25°C

Racovered 04l After 2 Years
Viscoslhty 25°0
n &ood
Eusceptlbility
Sp. Gr. R59C/25C

Becoversd Qil After 3 Yeurs
Vigecogity 25°C
1 60°G
Sugceptibility
Sp. Gr. 25°C/25°C

3-6/5#; 395
2,928
3,679

-950

57,927 C.
1,702 C

oonde S

9

93,707
2,293
3.ATT

LG94

129,276
3,089
3437
1.G05

@
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and illustrated by figures 11 and 12 show very clearly that there is =a

continmious hardening taking place comparable in some respecis to the

hardening obtained when asphaltic materials of the SC-6 type are subjected

to laboratory procedures explalned previocusly.

The V-T curves in figures 11 and 12 also show that the rate of
hardening of the.two rebovered bituminous materials after three years
is practically the same.

The characteriétics of the original bitumincus materials discussed
are given in .table 17.

. Figure 13 represents in ancther way the rate of hardening of the

bituminous materials from the test projects when the viscosity of‘the
recovered asphalt at 60°C. is plotted against time in years.

CONDITION SURVEY OF EXISTING BITUMINOUS SURFACES USING
SC-6 ASPHALTIC MATERIALS AS BINDER

During the summer of 1940, an extensive survey waé made, inclyuding
g greater porticn of the slo#—curing bituminous-pavements in the state.
The pufpose wés to study the characteristics éf recovered bitumen froﬁ
surfaces showing normal changes. Particular atténtion was paid to the
scurce cof asphalt, age of road,rand physical condition of the surface.
From this survey, 28 bituminous surfaces were selected for laboratory
study. Samples of the mixture were taken from.the‘top ccﬁrse of each
project and subjected to laboratory =nalysis.

In judging the criteria of the complete fallure of the bituminous
substance in the pavement; the following factors were kepf in mind:

1. Conditions muat be general, not iocalized tc a few isoléted

spois as at edges or on hillsg,.
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TABLE NO.| 7

LABORATORY ANALYSIS OF BITUMINOUS MATERIALS
USED IN TEST PROJECTS NO. 1 AND NO. 2

Remariks HMaterial Material
Identification Test Project No. 1 Test Project Né. P h
3p. Gr. 25°C0/250C .981 .987
Furol Vis. 60°C 544 531
Flagh Point 21000 160°G
% 100 Pen, Res. 75.0 A 75.2
Duct. Res. at 25°C 150+ 100+
b Duct. Res. at 490 8.5 9
I % Sol. in CCILy 99.92 99.96
Distillation
022500 0 0
| 0-315°C 0 0
0-360°C Trace - 25
: Loss on Heating
: 50 g. 5 hr. 163°C 1765 2.93%

.
iy
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2. That subgrade failures éan cause raveling, alligatoring and crack-
ing of the surface.

This survey revealed that no bituminous surface had failed com-
pletely, although a few showed congiderable gigns of wear and excessive
alligatoring, reguiring a seal coat or surface treaiment to place tﬁem
in good conditien. The zlligatoring was caused by poor subgrade condi-
tions which were known to exist prior to laying of the pavement.

However, the most important result of this survey is the realization
that many of the surfaces examined have given fair service behavicr to
date, yet they reveal that aﬁnormal hardening of the bituminous binder
has taken place and that the original flexible mat has'changed entirely
to a figid type of pavement similaf to bituminous concrete. The bitumin-
oug?ﬁhen once disturbed or broken up cannct be recompacted without addi-
tional bitumincus materiai, flux or applicatioﬁ of hest. Ths récovered
bitumen frém bituminous surfaees'of this nature had ViacoéitY'values‘of
4200 centistokes or higher at 60°C., thus indicating é 360 to 400 ﬁ?r:
cent increase over the original value. The pavements posséssing‘abpdrmal
hardness were between three and fdur years old. | 7 s

' The fact thab this premature change in bituminous surfaces'dffthé_
slow-curing type is caused by abnormsl hardening of the bitumihdus-%iﬁdér,
is brough£ out by further tests which show that the recovered bi{ﬁmgﬁé?]?_i
from a majority of pavements one to five yearg of age, irrespectiﬁéééf;; Q

the source of bitumen, had viscosgity values at 60°C. rénging from 1;00

to 3200 centistokes. At 60°C. the viscosity of slow-curing asphaltic




TABLE NO. 18

SURVEY OF EXISTING SLOW-CURING ASPHALTIC PAVELENTS

i " Original Recovered  Bitumen _ Richness
i Source Age Grade ° Viscoslty Viscosity Content of Observation
i Laboratory of in of 6o C 60° C Recovered Surfece  Subgrade  Surface on Removing
Designation Bit.Mat. Years Bit.Mat. Centistokes Centisﬁokes Sample -  Susc. Condition Condition -Mixture Deterioration Sample From Pavement
40 BR-14 v 3 SC-44A 1068 1410 . 2.69% 3.587 Excellent Good Normal Sownd Live
40 BR-4 v 4 n 832 , 1465 2.53% 3,548 " n n " n
40 BR-25 v 1 " 1138 15086 2.682% 3.489 n n " " , n
40 BR-39 VIII 1 n 1112 1856 3.01% 3.5E8 " n n " ‘ "
40 BR-26 - Vi 1 " 974 - 2034 3.47% 3,333 n " ] " 1
40 BR-40 VIII 1 w 1112 2118 3.15% 3.%21 Bad Spot Poor u Alligatored #
40 BR-1 iI 5 5C-3A 486 2131 2.05% 3.422 Fair Good n 8lightly Worn "
40 BR-15 v 3 SC~4A 1068 - 2140 5,354 3.414 Bad Spot Poor n Alligatored !
40 BR-22 VII 1 u 1112 2156 2.40% 5.464 " " n n "
. 40 BR-3 IrY 5 n 873 2236 3.59% 5.649 Excellent Good 51. Rich Sound n
40 BR-23 v 1 SC-7 1780 2309 3.08% 3.585 Fair n Normel n n
40 BR-10 v 3 SC-4A 984 2323 3.35%% 3.558 Excellent " " n N
40 BR-24 VI 1 n 1289 2385 2.63% 3.440 n " " " n
40 BR-17 v 3 " 1079 2428 2.65% 3.554 " n n u n
40 BR=-21 VIl 1 " 1112 2553 2.49% 3.507 Fair n n n n
40 BR-12 v 3 " 1062 2708 3.93% 3.504 Bad Spot Poor " Alligatored u
40 BR~16 I 3 " 1030 2804 2.98% 3,724 - Fair Good " Slightly ¥Worn ooon
| 40 BR-18 v 3 " 1065 2928 5.14% 3.878 " u " Sound n
| 40 BR-19 v 3 " 1055 . 3089 2.68% B.437 " n n " ooon
! 40 BR-2 v 5 i .. 1082 3161 2.33%  3.493 n " " " "
40 BR-Q v 4 " 1190 3352 C2.91% 3.566 Excellent . u L "
40 BR-20 Iv 3 n 1055 4268 2.56%.  3.810 Bad Spot Poor Si. Dry  Alligatored Hard,brittle top
40 BR-8 v 4 " 985 4540 2.44% 3,583 Excellent Good LA Sound Hard,top very live base
40 BR~5 v 4 " 942 4594 5.05% 5.676 Fair " " n noon " R "
40 BR-13 v z " 1233 4872 2.37% 3.455 - Poor " u Worn oo " n "
40 BR-11 v 3 " 1082 54,384 3.704  3.587 Excellent " " Sound LI " n
40 BR-7 v 4 " 952 1,089,542 1.77% 4,113 Bad Cond. " " Badly Worn Top brit., " n n
40 BR-8 v 4 " 981 1,630,848 3,58% 4,722 Fair .o Normal S81. Cracked Hard brittle, both
courses




illustrate the variation in hardening which might be expectéd, foﬁr pave—
ments were found from which the recovered bitumen showed a viscesity
greater than 54, 000 centistokes at 60°C. Also it was observed that in some
cases the bituminous material derived from the same processing and gource,
bebame abnormally hard in one surface while in ancother it remsined soft
and flexible over the same peried of tlme.

Toe degree of hardéning throughout the bituminous mai is another
factor to be considered. In general, it was found that the bitumiﬁous
mat consisted of a hard crust at the e#posad surface varying in thickness
as much 28 1 inch and the mixture under the crust was live and workable.
It is evident that the progressive hardening of the mat which is charact-
eristic'of this type of Eituminous road may develop in two ways, either
by a elow rate of hardening from the exposed surface of the mat towards
the baze, or by a gradual and uniforﬁ progréss throughout the entire mat.

Thegse facts bring out the importance of cansider}ng octher factors
affecting the relative rate of hardening of asphaltiic materials in bitu-
minous surfaces such as the permeabllity of the mai surface, the density
of the mixture, the composiiion of the mineral filler and to some ex-

tent the petfogenic charactéristice of the aggregates.
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CONCLUSIONS

While the primary purpose of the investigation hes not been com-
pletely accomplished, we believe that from the informstion presented, the
following conclusions can be drawn.

Since it would be adventagecus to the highwey industry that a recog-

nized method bé established for determining the viscosily of all grades

of bitumincus materials over a ﬁide range of temperatures in absolute
units and since aﬁ instrument ié available for the determination of abso-
lute viscosgity of liquid bituminous materials, it is evident that a stan-
dard method for deternining thg cénsistenéy of bitumincus materials in
absolute units should be‘adopted.

The plotting ‘of the double log of viscoéity against the log of ab-

solute temperaturé is a satisfaciory methoé'for studying the change in
viscosity of = bituminous material due to weathering or from other causes.

The relative positlon and slope of the viscosity-temperstures lines as

plotﬁed on the graph are indicalive to scme exteni of the physical and
chemleal changes taking pléce in the bituminous material. A parsllel

relationship of the viscosity-temperaturs lines seems to indicate a change

in consistency_dﬁe tc loss of volatlie oily.constituents; the specing

cf the viscosity—temperature 1iﬁes relative to one another illustrates
the rate at Which hardening of the bitumen or "setting" of the mixture

is progfessing and a marked divergence of.the viscosity—temperature lines
denotes that in additiom to the phyéical changes some chemical change

has occurred or it may mean that the suscéptibility of the volatile oily

constituents is not the same ag that of the residue.




It is efident that during the early 1ife of a bituﬁinous surface'
the gradual hardening of the bin&er is caused primarilﬁ by tﬁe iloss of
oily constitﬁents due to evaporation, absorptipn, an& weathering.

I% has been shown ﬁhat the réte of.change in the consistency of &

bituminous material when subjected to certain laboratery heat tests is

-comparable to a similar change occurring when the bituminous material is

uged as a binder in a road mixture. - It is evident that some kind of an
evaporation test would ald in the selection of suitable 1iguid asphaliic

materials of thé.slowfcuring type. It is a concensus of opinion that a

- bituminous binder with a low rate of hardening is mors desirable for

asphaltic o©il aggregate surfaces than one with a high rate of hardening.
Abnormal hardening of the asphaltic binder does not neéessarily
mean that the bituminous surface will not endure under service conditions,
nér doéé it necessarily mean that the bindér is.an inferior product. How-
ever, if we consider the initial purpose and design ofiasphaltic oil ag-
gregate surfaces, abnormel and‘excéSSive hardening of the binder is
objectionable. From the stagdpoint,dflireSent Michigan practice, ex—

cessive hardening is objectionable because of the maintenance problem.

. Stock piles of the bitﬁminous mixture are established at strategic points

during the construction of the road. It is desirable that the materisl
in the stock piles remain Iive and workable ofer a period of years to

serve ag patching material. Also, it is degirable in cases of total or

partial fallure of the surface to be able to scarify and recconsolidate

the existing materials into a serviceable road surface.
It is evident that an asphaltic oil aggregale surface may change

gradually from a flexible to & semi-rigid or rigid state over a period




of years. The rate of transformation is dependent upon the inherent pro-
pérties and consﬁituenﬁs of the mixture. It wés found that at the rigla
state the pavement had lost at least 25 percent of ifé original bituminous
coentent and in most cases the inherent binding and cementing properties
of the binder had practically diséppeared. Thus, in establishing critefia
for judging bituminous materials on the basls of théir service behavior
and durability,-it is evident that the following factors must be taken
into consideration, namely, the amount of.oily constituents and their
rate of dissipation, the cohésive,and adhesiﬁe properties of the bhitumen
when aged, the petrogenic characteriétiés of the mineral aggregates and
the inherent properties of the bituminous mixture.

It is believed that before any successful laboratory test can be
recognized, it will be necessary to establish, to the satisfaction of
all cqnéexﬂed, definite criteria as to what constitutes undesirable
qualities in a slow-curing asphalfic material and what the characteristics
of the binder shoqld be when the surface is judged fo be unsatisfactory

or hag failed completely. Yo this end, we dedicate ocur future work.
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