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Solvent Removal from Asphalt 

B. L. BURR, R. R. DAVISON, C. J. GLOVER, AND J. A. BULLIN 

Asphalt recoveries by the Abson and Roto-vap methods we.re 
performed at variou temperature and for everal asphalt v1s
co ities. Solvent (trichloroe1 hylene, T E) concentra11ons after 
recovery were mea ured by gel permeation ch_roma1owaphy. 
Asphalt visco i1ies and residual olvenc concentra11011 dunng sol
vent removal were determined for tank , oven-aged, and olvent
exposed asphalt 10 evaluate the effectiveness of the procedu~e 
and operating parameters. mall am unt of solvenl caus 1g
nificant decrea es in vi cosity . and present recovery me th d · do 
not remove olvent adequately. Jn general , recovery rate increase 
strongly with temperature in both methods. High vi. c ities and 
larger a phalt amples hinder solvent removal rare 111 the Abson 
method. Asphalt hardens signific.antly on .extended expo ure. to 
T E at both 200°F and 80°F. Thi hardening also occurs dur111g 
solvent removal processes, but removal at a reduced te~~erature 
through use of a vacuum in the early stages can mh1b1t 1t. 

To obtain asphalt properties that are representative of the 
binder in situ properties, procedures must be effective in 
removing the binders from the aggregate without changing or 
aging the asphalts. The solvents used for the extraction must 
be adequately removed from the asphalt binder, so as not to 
disrort the physical properties of the binder that are subse
quently measured. Problems have been reported with all a pe_ct 
of the asphalt extraction and reeovery process, mcludmg 
incomplete asphalt extraction, solvent hardening of the 
extracted material, loss of volatiles during recovery, and 
incomplete solvent removal. Incomplete solvent removal, which 
seems a imple problem but which has flawed many studies 
involving extracted asphalt, is emphasized. Typical residual 
concentrations of solvent can significantly distort the physical 
properties of asphalt. 

HISTORY 

Extraction and recovery of asphalt have been practiced in 
some form since the turn of the century. In 1903, as discussed 
by Abson (/) , Dow extract d with carb n di ulfide S2) and 
reco.vered u ing imple di tillation . ln 1927 Bateman and 
Delp (2) centrifuge-extracted with 2 and removed the .sol
vent by vacuum distillation. Soxhlct-type reflux ex tract10.ns 
u ing CS2 were common in this period. Several ~ther me.th
od were developed through 1930 but none gamed lastmg 
accep tance (l ,3). . 

Typically today, solvent is removed after extraction by. the 
Ab~on method introduced in 1933 or by rotary evaporation. 
These two methods share equal popularity. The literature 
shows six instances of rotary evaporation and eight of the 
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Abson since the mid-1970s. Before that time, the Abson method 
dominated. 

The Abson method involves recovering benzene-extracted 
asphalt at 300°F to 325°F with the aid of bubbling carbon 
dioxide (C02). Abson tested seven asphalts ranging in pen
etration from 175 to 26. After being mixed with benzene, the 
asphalts were recovered to within 3 percent of original pen
etrations. The method was designated ASTM Dl856 and 1s 
still the recommended method (1). Rotary evaporation meth
ods became common in the mid-1970s. ASTM is considering 
a standard method for recovery using this apparatus. 

Through the years, several solvents have been used for 
extracting asphalt. CS2 was commonly used initially, but it 
was phased out because of its high volatility and flammability. 
Benzene became its primary replacement after Abson's method 
appeared . In the 1950s and 1960s chlorinated solvent became 
populaJ'. The most common were trichloroethylene (T E), 
11 1-trichloroclhane, and methylene chloride. In 1960, Abson 
tested several of these and found TCE to be as effective as 
benzene (4). Adding about 10 percent ethanol or methanol 
to benzene remo ed more asphalt from the aggregate (5). 
This practice has become quite popular among many research
ers. Because benzene has been proven carcinogenic, its 
use has been phased out, and TCE has been the primary 
replacement. 

Although Abson (1) showed that solvent can be completely 
removed using his method, many researchers have had prob
lems caused by residual solvent that often they do not even 
realize. 

For example, in 1963, Lottman et al. (6) modified the 
extraction-recovery procedure because he was experiencing 
excess hardening (probably because of solvent aging). He 
replaced the O~ di tribution coil with a smaller one. This 
change lowered the hardening to 2 percent on test amples. 
However, wh n tudying hot-mix samples he discovered vis
cosities lower than the originals, or negative hardening, during 
the mix proces ·. In the di cu ion of Lottman' paper, Rostler 
suggested that negative hardening was probably caused by 
residual solvent in the sample. 

A classic example of how incomplete solvent removal can 
ruin a massive research project was given by Carey and Paul 
(7) in a study of factors affecting asphalt in the extraction
recovery proces . The project goal were to study the effect 
of time in TCE for aged and unaged a phalt , the effect of 
reduced asphalt concentration during recovery, intra- and 
interoperator variations the effect of solvent during primary 
distillation, and the effect of fine in aggregate mix on recovered 
asphalt properties. Carey and Paul performed Abson recov
eries after 54 similar AC-30 samples and 54 artificially aged 
samples had spent different lengths of time in TCE. Using 
ANOVA, a statistical package, they concluded that the time 
in a solvent before recovery directly affected viscosity. This 
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result had been shown by other researchers . However, 22 of 
the 54 A - 30 samples bad lower viscosities after: so lvent aging 
and recove ry. The aged samples (30 ,000 to 200,00 p ise) 
softened 40 ou t of 54 time . 

ary and Paul noted this oftcning but gave no explanation 
for 'it 7). Re idua l solvent may have cau cd so ft ning and 
added enough scatter to th data that the variable of intere! t 
had negligible effects in compari ·on. Thi effect probably 
masked mo t of the effects of solvent aging also. Larger asphalt 
samples had lower vi co itie follow inR recovery, incl icaling 
incomplete olvent removal. 

In 1983, the Pacific Coast Users Group tested the Abson, 
Roto-vap, and two other recovery methods (8). On four dif
ferent asphalts having vi. CO' ities from 4.000 to 50,000 p i e, 
they found that no met'hod outperformed the others . The 
Abson method had the lowest reproducibility rating and failed 
to remove the so lvent adequately from two of the four asphalts 
tc. ted. Consequently, the residues' viscositic were about 75 
percent of the original. The other methods caused excessive 
hardening on the other two asphalts tested. Viscosity increases 
were as high as 50 percent. 

Other authors have noticed or had data that indicated the 
presence of solvent removal problems. Roberts and Gotolski 
(9) , Sandvig and Kovalt (10), and Gietz and Lamb (11) noted 
viscositic. on recovered road samples that ometimes decreased 
with time on the road. This effect may actually occur , but 
decreasing viscosities are probably caused by an extraction
recove ry problem. Noure ldjn and Manke (12) reported work 
in which recovered a phalt had been hardened by the recover 
proces . They l wered the Abson time and temperature and 
almost certainly compensated for solvent hardening by leaving 
residual solvent in the asphalt. 

The problem of incomplete solvent removal is not as simple 
as it sounds. First, direct verification of solvent removal is 
rarely performed. Usually, an asphalt of known properties is 
mixed with solvent , recovered, and tested again. The devia
tions from original properties indicate the effectiveness of the 
recovery for that asphalt, which is assumed to be the same 
for sim.ilar asphalts. Petersen et al. (13) mention using infrared 
to detect solvent in asphalt. In 1936, Bussow (14) u ·ed odor 
and loss of heating as criteria for residual solvent concentra
tion. Secondly, 1he mechanism of solvent evaporation may 
not be well unde rstood. In a di ·cussion of a paper by Hagen 
et al. (15), Pet r en state , "When dealing with lo\ concen
trations of solvents left in re idues, boiling point is no longer 
a major factor and diffusion and molecular a ociations between 
asphalt and solvent become controlling factors for solvent 
removal ." 

EXPERIMENTAL PROCEDURES 

In order to determine the effectiveness of the existing recovery 
methods, examine the procedures' responses to changes in 
process variables, and establish new conditions that would 
guarantee complete solvent removal, a method of directly 
analyzing solvent concentrations in asphalts had to be found. 
TCE was chosen because of its common use . Recoveries were 
performed using the Abson and Roto-vap methods at various 
temperatures and asphalt sample sizes, on a wide range of 
asphalt viscosities. An in situ sampling method was developed 
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so that samples could be taken at several different times dur
ing a recovery . To show the effect of solvent, the viscosities 
uf ·ulvenl-contaminated asphalts were compared to their orig
inal viscosities in term of a hardening index (ratio of the 
viscosity of recovered asphalt to that of the original asphalt). 

The general procedure was to dissolve the asphaltic material 
in TCE and recover either by the Abson or Roto-vap method. 
Sample size, temperature, and asphalt viscosity were varied . 
During the recoveries, small samples of asphalt were with
drawn and imfllyzed for solvent content, so that the solvent 
concentration versus time for each set of conditions could be 
determined. 

The tendency of solvent to harden asphalt was also studied. 
The asphalt-solvent solution was allowed to stand for different 
lengths of time before recovery at room temperature and at 
200°F. A few Roto-vap recoveries were made under vacuum 
to achieve a low recovery temperature and less hardening. 

Three asphalt viscosities were used. A 2,000-poise tank 
asphalt was used and was hardened to 20,000 and 200,000 
poise. Recovery conditions were 325°F, 340°F, and 380°F with 
the Abson procedure ; 280°F , 280°F at reduced pressure ; and 
325°F, 350°F with the Roto-vap method. Sample sizes were 
50, 75, and 100 g for the Abson method and 50 g for the 
Roto-vap. 

Most data were for 50-g samples . Although contrary to the 
Abson specification of 70 to 100 g, an inconsistency exists in 
the Abson specification. The equipment for extraction by the 
specified Method A of ASTM D2172 will generally allow a 
·ample size of about 1 kg. With most mixe. , this sample size 
yields only 50 to 60 g of asphalt. In general, as shown later, 
larger sample sizes only aggravate the deficiencies of the 
standard Abson procedure. 

TCE Analysis by Gel Permeation Chromatography 

The residual concentration of TCE during solvent removal 
can be measured easily by gel permeation chromat graphy 
(GPC). An earlier study of extracted pavements indicated 
that TCE elutes as a single peak with no interference from 
othe materials of small molecular ·ize in the sample. A dis
tinct I eak of small molecu lar ize appeared on the chromat
ograms. No such peak had been seen on tank or oven-aged 
samples. 

The GPC analyses were performed on an IBM Model LC-
9533 high-pressure Uquid chromatograph. A 100-µ.L sampl 
[7 weight-perce nt a phalt in tetrnbydrofuran (THF)l was 
injected into lhe carrier o l ent flowing at l mU min th.rough 
two Polymer Laboratories (PL) column in cries containing 
PL gel material or 500- (Column 1) aod 50- (Column 2) 
pore izes. The detail are de ·cribed by Donald -on et al. (16). 

Stnndnrd b.lcnds of TCE in THF were mad~ for calibration 
of the solvent analysis. Dilutions in THF equivalent to those 
that occur in GPC analysis of 5, 2, 1, 0.5, 0.1, and 0.05 weight
percent TCE in asphalt were analyzed by GPC; the relative 
peak areas related linearly to the TCE concentrations with 
an r2 value of 0. 997. Analyses of TCE in asphalt samples were 
performed similarly . Solvent concentrations were determined 
using the calibration. Residual solvent concentrations in 
recovered asphalt ranged from 0 to 2.5 percent. 
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Asphalt Viscosity 

Asphalt vi c ities, measured according to ASTM D2171 were 
obtained at l40°F in anoon-Manning viscometer . All amples 
were melted and mixed well before viscosity measurement , 
because a phalt tends to stratify during cooling. Samples taken 
near the top while cool and hard tended to have much higher 
TCE concentrations because of this stratification. 

Fourier Transform Infrared Analysis 

A Nicolet Fourier transform infrared (FT-IR) spectrometer 
was used to analyze the functional chemistry of samples. Some 
of the hot mixes left a mysterious oily film on the flask sides 
after recovery. This film was run on the FT-IR because of 
the small sample size required. An attenuated total reflec
tance method worked well (17). The samples were applied as 
thin films onto a special zinc selenide prism. 

Sampling 

An in situ sampling technique was devised. It was first thought 
that asphalt could be drawn into a 1-mL disposable pipette 
during the recovery. The asphalt would thens lidify and ould 
be stored until time for GPC sample preparation. However, 
the asphalt had to be melted and drained into a scintillation 
vial. During this process, solvent was apparently lost. Con
sequently, this method yielded solvent concentrations that 
were low and imprecise. To remedy this, 8-in. pieces of Ys
in.-ID Nalgene autoclavable tubing were substituted for the 
glass pipettes. After sampling, these tubes were cut lengrhwi e 
at room temperature to allow easy removal of the a phalt for 
GPC sample preparation. This method seemed to be more 
precise than any alternative. 

Materials 

The asphalts were derived mainly from locally sampled Exxon 
AC-20. Hardened samples were produced by bubbling oxygen 
into 450°F Exxon AC-20 for from 3 to 8 hr. The two 300-g 
samples of hardened asphalt had viscosities of 20,000 and 
200,000 poise. After each recovery, the asphalt was remixed 
with solvent for use in another recovery experiment. The small 
changes in properties caused by reusing material were insig
nificant in their effect. Recovery data on several extracted 
hot mixes were also taken. The recovery solvent, TCE, was 
recycled after each run. No serious changes in the asphalt's 
or solvent's properties were detected. 

Abson Method 

The Abson method (ASTM D-1856-79) removes solvent by 
distillation with the aid of a C02 purge. About 150 mL of a 
concentrated solution of asphalt and solvent, containing 50 
to 100 g of a pha lt, are charged to a 250-mL widemouth, 
round-bottom flask. The flask is electrically heated. The liquid 
boils and is condensed and collected in a receiving flask. The 
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C02 flow is set at 100 mL/min once the temperature reaches 
275°F. When the temperature is 315°F, the flow is increased 
to 900 mL/min . The temperature is then maintained between 
320°F and 330°F for 15 min, or 5 min after the last drop has 
fallen, whichever is longer. In this study, the last drop had 
fallen within 10 min in every case but one, and that was only 
a few seconds over. In the case of material having a penetra
tion less than 30, the method specifies 20 to 22 min. Therefore, 
the Abson time would be 15 min for all but the 200,000-poise 
material, and 20 to 22 min for these runs. 

Instructions set forth in ASTM Dl856 were adhered to 
trictly except for varying ample size, time , and temperature 

to tudy these parameters. The 0 2 flow was accurately metered 
nsing a Gilmont R- 012 flow meter. A variac and heating 
mantle supplied heat to the flask of asphalt and . ol ent. Tem
perature control was found to be difficult from the beginning. 
Because of a lag in the response of the asphalt temperatures 
to heater action, significant excursions outside the specified 
limits were difficult to avoid. Consequently, an analysis of the 
heater system with r~specl to temperature control was per
formed to obtain the sequence of heater settings that would 
give good control at 320°F, 340°F, or 380°F, as required. Man
ual control of the variac using these setting profile made 
temperature control easier and more accurate. 

Roto-vap Method 

The Roto-vap method, which uses a rotary evaporator to mix 
the solution and a vacuum and vent gas to vaporize and sweep 
away so lvent, has a di tinct adva ntage over the Abson method 
in that the re is no need for a primary distillation of the solution 
down to 150 mL before proceeding with the recovery. Large 
volumes of solution can be handled in this apparatus. Recov
eries were run on mixtures of 100 mL of TCE and 50 g of 
asphalt to save time and solvent. 

No formally ap1 roved R to-vap recovery procedure is 
available, but a tentative ASTM method and another used 
by the Pacific Coast User's Gr up (9) appeared identical 
and well studied. These methods formed the basis for the 
procedure. 

Initially, the oil bath is heated to 280°F. A 1,000-mL round
bottom flask containing 150 mL of concentrated solution is 
attached to the Roto-vap. C02 is metered at 500 mL/min 
through a tube that touches the solution's surface. The flask 
rotates at 45 rpm in the oil bath. When the bulk of the solvent 
has been distilled, a 600-mm (Hg) vacuum is applied and the 
C02 flow is increased to 600 mL/min. These conditions are 
held for 15 min. In an alternate method studied, no vacuum 
is applied but the 0 2 flow is increa cd t 900 m min . 

Asphalt sampling wa ·imilar to thnt for the Abson method. 
The l ,000-mL flask wa modiried with the addition of a 24/ 
40 ground-glass fitting approximately 45 degree · from the 
flask 's neck. The co1rnection was closed with a ground-glass 
cap. During the recovery, the fla k rotation was · t pped, the 
cap was r moved, the Nalgene sample tube was inserted into 
the hole, and the sample was pulled using a pipetter. Imme
diately afterward , the cap wa replaced and rotation resumed. 
This proce. took appr ximately 20 sec to pcrf rm when there 
was no vacuum and about 35 sec if a vacuum wa used. 
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RES UL TS AND DISCUSSION 

Extraction and Solvent Removal Effects on Viscosity 

F igure 1 shows the viscosity relative to initial vise sity (the 
hardening index) of asphal t during solvent removal proccsse. 
for three situations. The tank (AC-20) and oven-aged (rolling 
thin-fi lm oven test, RTFOT) asphalts were well di ssolved in 
TCE at room temperature, and solvent removal was initiated 
within 1 hr. The refluxed sample was a mixturt: uf approxi
mately 25 weight-percent tank asphalt (AC-20) in TCE that 
was refluxed for 4 hr at 200°F before initiating solvent removal. 
This reflux procedure simulated the conditions of hot extraction 
methods such as ASTM D2172, Method B. 

These data indicated several effects of the extraction and 
recovery procedures on asphalt viscosity. The first factor was 
the considerable softening of asphalt by even small amounts 
of residual solvent. Even 0.5 percent of residual solvent can 
produce viscosities that are 50 percent low. Second, there are 
different degrees of residual hardening on reaching zero
solvent concentration for different asphalts and situations. 
The tank asphalts typically harden 5 to 10 percent above their 
original values. This effect probably results from a loss of 
volatile components during recovery. The RTFOT samples 
return to their original viscosities, because their volatiles were 
removed in the oven-aging test. Asphalts exposed to hot reflux 
(simulating a reflux extraction procedure) may exhibit a 20 
to 40 percent increase of viscosity , indicating significant sol
vent hardening beyond that attributable to volatiles lost. 

Figure 2 shows that the solvent-hardening phenomenon also 
occurs at room temperature after extended exposure times . 
A series of Roto-vap solvent removals (asphalt recoveries) 
were conducted for mixtures of 7 weight-percent asphalt in 
TCE. Before recovery, however, the mixtures were allowed 
to incubate at room temperature for the lime · shown in Figure 
2. For short room-temperature incubati n times , hard ning 
caused hy vol~til e.s lo and solvent aging in the hot-rec very 
R t -v p mt:th d was from 14 to 18 percent . For extended 
times, hardening was in excess of 40 percent. For comparison , 
a sample was recovered immediately after dissolution using 
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a vacuum to obtain a reduced solution temperature of approx
imately 100°F. This short, room-temperature exposure pro
duced about 10 percent hardening , close to that caused by 
volatiles loss only. 

Abson Solvent Removal Method 

everal recove rie at tricl Ab on conditi a consistently 
resulted in ignificant T E pre e nce after the time requ ired 
by the method. The experiments also ·h wed Lile reprodu
cibility of the Abson recove ry and sampling method u ed 
( · igure 3). Approximately 0.19 percent of the T E re mained 
in the asphalt after the Abson time on recoveries of 2,000-
poise asphalt. From Figure 1, this value implies about a 10 
percent decrease in viscosity. If the recovery procedure is 
calibrated with no TCE analysis technique and u ing tank 
a phalts , inadequate operating parameters are established 
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b cau e tank asphalts show n . viscosity decrease even though 
their residual TCE levels are about 0.1to0.2 p rcent, because 
the presence of solvent is offset by a las of volatile . 

Recovery temperature and asphalt visco .ity noticeably affect 
the Abson method' abi li ty tor move T E . Figures 4- show 
the TCE concentration profiles for recoveries of 2,000-, 
20,000-, and 200,000-p i e asphalt each at 325°F, 340°F, and 
380°F. Figure 7- 9 how the same data for each aspha lt grad . 
T he e data how, without fail that removal i · ach.ieved · oner 
for lower-visco ity and higher-temperatur material. The poor 
removal at high viscosities a t 325°F illu rrate tbe need to 
modify the existing conditi n . T he viscosity o'f the 20,000-
poise material wa lowered n arly 30 percent at completion 
of th pre ·cribed method . 

Changes in recovery temperature and asphalt visco ity should 
affect the method 's performance. As the olvent is removed, 
the ·olution behave like a pure molten a. phalt. The high 
viscosities of these materials lower the mobility of the solvent, 
because of increased diffusion resistance . This resistance slows 
the solvent in reaching the liquid-vapor inl rface where evap· 
oration occurs. So, although equilibrium may be maintained 
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FIGURE 4 Residual solvent concentrations versus Abson 
recovery time at three temperatures for a tank (AC-20) 
asphalt. 
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FIGURE 5 Residual solvent concentrations versus Abson 
recovery time at three temperatures for a 20,000-poise asphalt. 
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FIGURE 6 Residual solvent concentrations versus Abson 
recovery time at three temperatures for a 200,000-poise asphalt. 
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FIGURE 7 Residual solvent concentrations versus Abson 
recovery time for three asphalt viscosities at 325°F. 
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FIGURE 9 Residual solvent concentrations versus Abson 
recovery time for three asphalt viscosities at 380°F. 
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FIGURE 10 Residual solvent concentrations versus Abson 
recovery time for three sample sizes for 2,000-poise asphalt at 
325°F. 

at the asphalt surface, significant quantities of solvent remain 
in the bulk asphalt, its removal rate being limited by diffusion. 
Furthermore, higher-viscosity asphalts have lower diffusion 
ra tes, resulting in increa d difficulty in removing sol ent. 
Al o , the hi.gher a phalt viscosities reduce the mixing 
effectiveness of the o? purge. 

Figure 10 show that increasing sample ize detrimentally 
affects solvent removal. The Ab on procedure (ASTM 01 56-
79) , while al.lowing recovered asphalt quantities greater or 
le · than the pecified 7 to 100 g. states that this may aff ci 
the properties of the recovered material in which case , 75 to 
100 g should be recovered. T his pecification would appear 
to be incorrect. Figure 1 l how · how poorly rhe Ab n pro
cedure removes solvent at higher ample izes (except at 3 0°F). 

Roto-vap Solvent Removal Method 

Figure l2- 14 show Roto-vap method residual o lvent pro· 
files for the A - 20, 20 000-poise and 200,000-p ise mate· 
rials respectively at three removal ternperatur~. Zero rime 
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FIGURE 11 Residual solvent concentrations versus Abson 
recovery time at three temperatures for a 100-g sample of 
200 000-poise asphalt. 
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FIGURE 12 Residual solvent concentrations versus Roto-vap 
recovery time at three temperature for an AC-20 asphalt. 

is that of the last-observed drop from the solvent condenser. 
Unless otherwise indicated, the Roto-vap method used was 
that without vacuum (i.e., with a C02 purge only). The pro
files show pronounced temperature depend nee, but, sur
prisingly, no discernible viscosity dependence. Also, the use 
of a gas purge alone seems to be as effective as that with a 
vacuum at 280°F (Figures 11 and 12). In most cases, the 280°F 
recoveries, vacuum or gas purged, left significant solvent res
idues after the method ' ·ugge ted time of 15 min past the 
!<1st sign of condensation. However, the 325°F and 350°F runs 
showed complete removal after 15 min. 

The Roto-vap method appears to be less reproducible than 
the Abson method. Two separate recoveries of20-kpoise asphalt 
at 325°F gave drastically different solvent rem val profile , 
one having complet removal in less than 2 min. Thi differ
ence may have been cau ·ed by the difficulty in determining 
when lhe la I ign of conden ate disappears, though other 
factors are likely co contribute. 

The u e of a vacuum during the initial recovery seems to 
reduce solvent hardening. Two A - 20 recoverie. wer per
formed using a high vacuum , so that the boiling temperatur 
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was less than 100°F. Two others were run using no vacuum, 
and boiling points were about 200°F. Figure 2 shows that the 
vacuum-recovered asphalts hardened about 10 percent, which 
is barely above the hardening typically caused by volatiles 
loss. The hot-recovered samples hardened about 16 percent. 

Hot-Mix Recoveries and Volatiles Loss 

Several extracted hot mixes were recovered (Abson method) 
and found to behave somewhat differently than tank or oven
aged material. Figure 15 sh ws a solvent removal comparison 
between diesel- and gas-fired plants. Hot mixes from batch 
and natural gas-fired plants showed normal solvent removal 
behavior when conducted at 320°F. However, diesel-fired drum 
plant mixes, even though recovered at 340°f for 30 min, con
tained ignificant levels of material eluting where TCE does 
on the GPC. 

The diesel-fueled mixes were also different , in that they 
evolved a long-lasting fog and deposited an oily residue on 
the recovery flask's surfaces. These asphalts were all mixed 
at drum plants fired by diesel or fuel oil. Infrared analyses of 
the oily film showed it to be composed of highly oxidized 
hydrocarbons of small .molecular weight (Figures 16a and 16b), 
possibly from partially oxidized fuel oil. Other asphalts 
mixed at batch or natural gas-fired plants did not exhibit this 
phenomenon. 

The presence of this unusual and slightly volatile material 
may have given a false indication of residual solvent concen
tration and may account for the exces ive solvent removal 
times of these hot mixes. A hot mix containing this material 
was extracted with THF in a sequence of cold, batch extrac
tions using an amount of solvent that gave an overall con
centration suitable for direct GPC analysis. Because no sol
vent removal was performed, all the volatile impurities remained 
in solution and were detected on the GPC. Several new peaks 
and valleys appeared near the TCE elution time, leaving open 
the possibility that the apparent T peak in the h t-mix 
recoveries wa caused by residual oxidized fuel oil. Alth ugh 
the relative amount of this material in the asphalt was not 
determined, its significance to highway performance and to 
relating measured chemical properties to performance is 
potentially great and bears further study. 

SUMMARY 

The volatiles loss from virgin or unaged tank asphalts during 
solvent removal can produce 7 to 10 percent hardening of the 
original asphalt viscosity. RTFOT asphalts do not exhibit this 
hardening, apparently because of the loss of volatiles during 
the aging. 

The same asphalts show hardening of from 10 to 40 percent 
(including that caused by volatiles loss) on contact with TCE 
and subsequent solvent removal. Short times and moderate 
temperatures for incubation of the asphalt with solvent pro
duce little hardening; extended times at elevated tempera
tures (such as during reflux solvent extraction) can produce 
significan t harden ing. 

Experiment were al·o conducted on the Abson and Roto
vap solvent removal method for the purpose of eva luating 
their effectiveness in remo ing solvents. The Abson method 
taken to its standard recovery time, can leave enough solvent 
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FIGURE 16 FT-IR spectra for the recovered hot-mix asphalt 
(top); for the volatile material recovered from the diesel-fired 
hot mix (bottom). 

to produc significan t ·oftening, especially for larger quan
titie of recovered material and for hardened asphalts su h as 
those btained from aged pavement cores. Increasing the te m
perature of th s lvent removal and the rec very time can 
reduce this residual olvent c ncentn1tion alr~ough the pre
viou ly mentioned olvent-hardening e eets mu ·t be con id
ered. The Roto-vap method appears to be less consistent and 
less repr ducible than the Ab ·on method, but it may have 
some advnn1ag s for solvenl removal. 

For the Abson proc dure at 325°F, a minimum recovery 
time (after the last drop) for 50-g samples is about 25 min . 
For 100-g samples, 380°F will remove the solvent within 20 
min. For the Roto-vap procedure , 15 min past the last drop 
was adequate at 325°F. 

A complicating factor in hot-mix and pavement core recov
eries appears to be the possibility of fuel contamination from 
the hot-mix plant. Evidence of such contamination was found 
in some drum hot mixes, but the extent and significance of 
this possible contamination has yet to be determined. 
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