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INTRODUCTION 

Current techniques used in the paving industry for measuring pavement 
deterioration first require that the asphalt binder be recovered by solvent 
extraction [l]. 
developed during asphalt aging and which may be responsible for some of the 
detrimental changes in pavement properties [2] . 
is being developed as a non-destructive quantitative technique for the 
characterization of asphalt binder quality and deterioration, for both the raw 
asphalts as well as from cements and pavement cores. 

This practice may disrupt the molecular structuring that has 

Fluorescence microphotometry 

EXPERIMENTAL 

Analysis of fluorescence intensity at 600 nm and the measurement of 
spectral distribution between 510 - 750 nm were performed using a Leitz MPV-I1 
microscope photometer system [3,4]. For both methods light energy from either 
a high-pressure xenon or mercury-arc lamp was passed through a heat filter 
(suppressing red and infrared wavelengths) and then through a series of 
interference filters which defined the appropriate excitation and measuring 
wavelengths. 
490 nm (blue light) excitation, 510 nm dichromatic beam splitter and 515 nm 
long-pass barrier filter. 
reflection short-pass dichromatic beam splitter and condensed onto the sample 
through a 50X NPL FLUOTAR air objective. 
dry nitrogen atmosphere to eliminate photooxidation and the total 
magnification of the optical system was 625 times. 
back through the dichromatic beam splitter, and a 515 nm long-pass barrier 
filter blocked any residual reflected excitation light. From this point, the 
measuring system became significantly different depending upon the desired 
measurement, i .e., intensity at a single wavelength or spectral distribution. 

For measurement of intensity, the fluorescence emission passed through a 
measurement filter centered around 600 nm (570-630 nm). 
were transformed into electronic signals by an EM1 9558 photomultiplier and 
amplified. 
of stable fluorescence intensity (uranyl glass), a statistically adequate 
number of intensity readings were accumulated [4]. 
relative intensity by wavelength (spectra), fluorescence emissions were passed 
through a motor-driven Kratos GM200 double-grating monochromator with 20 nm 
bandwidth, and then to a RCA C31034A water-cooled photomultiplier for 
measurement. In this system wavelength and intensity were calibrated over the 
range of visible light and the spectra were corrected with respect to color 
temperature [5]. 

Analyses were performed using filter combinations utilizing 390- 

The excitation light was reflected by a 510 nm 

All measurements were made using a 

The light energy passed 

The optical signal(s) 

Once the photoelectric system was calibrated to a glass standard 

For the measurement of 
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Various samples were obtained inc lud ing  twelve raw asphal ts from the  
Mater ia ls  Reference L ib ra ry  (MRL, [SI) as we l l  as samples o f  t h i n - f i l m  oven 
residues (TFOT) and pressure vessel (TFO-PV-Air) aged asphal ts from Western 
Research I n s t i t u t e .  Each o f  these samples were prepared i n t o  plug-mount 
subsamples su i tab le  f o r  microscopy as discussed elsewhere [4]. About 30 p lug  
mounts were made f o r  each raw asphal t .  
preparat ion was analyzed and the  remaining subsamples were sealed i n  f o i l  
mu l t i laminate  bags i n  an argon atmosphere and re f r i ge ra ted  a t  -5" C. For 
comparison, some asphal t  samples were exposed t o  room cond i t ions  (but 
protected from l i g h t )  f o r  var ious per iods o f  time. 

absorpt ion l imestone), RD ( low absorpt ion l imestone), RB (gran i te )  and RJ 
(gravel) .  Each aggregate was s p l i t  and stage-crushed t o  pass a 200 mesh (e74 
pm) screen. Along w i t h  these aggregates, p a r t i c u l a t e  (e  lmm) t e f l o n  was used 
as an iner t -sur face  add i t i ve  t o  determine the  e f f e c t s  o f  d i l u t i o n .  In  
addi t ion,  four  f resh  asphal ts were obtained (AAA-1, AAG-1-2, AAM-1 and ABO) 
from the MRL f o r  p repara t ion  o f  asphalt/aggregate mixtures o r  mastics. 

Mastics were prepared by forming a 50/50% volumetr ic mix tu re  o f  each 
asphalt and aggregate fo l l ow ing  the  same methodology. About 50 g o f  each 
aggregate were d r i e d  i n  an oven a t  150°C f o r  10h. 
thoroughly heated and homogenized, each aggregate (o r  t e f l o n )  i n  t u r n  was 
removed from the  oven and, wh i le  s t i l l  hot, an appropr iate amount o f  asphal t  
was weighed i n t o  the  aggregate. 
were wetted w i t h  asphal t  (-5 min). 
i n t o  several preheated 2.5 cm diameter s tee l  molds f i t t e d  w i t h  s tee l  end caps 
and pressed under 4000 p s i  using a hydrau l i c  press. 
molds, some o f  t he  samples were placed i n  f o i l  mu l t i laminate  bags under argon 
and re f r igera ted .  Other samples were pushed from t h e i r  molds and the  sides 
and one end covered w i t h  masking tape and labe l led .  The exposed end was 
l i g h t l y  ground on 600 g r i t  abrasive paper t o  reveal  i n te r faces  between asphal t  
b inder and aggregate. 
desiccator before analysis.  

g iven asphal t  on the  day fo l l ow ing  preparat ion.  
determined using the  standard set-up. A t o t a l  o f  50 readings was necessary t o  
ob ta in  repeatable mean fluorescence i n t e n s i t y  values from the  asphal t  b inder  
when aggregate mater ia ls  were present. Spectral  analyses were a l so  performed 
on t he  asphal t  b inder p o r t i o n  o f  t he  mastics by determining the  mean spectra 
o f  readings taken from f i v e  d i f f e r e n t  areas. 

Fol lowing a cool-down per iod  ( lh), one 

Four aggregates were a l so  obtained from the  MRL, inc lud ing  RC (h igh  

A f resh  asphal t  was 

Mixtures were s t i r r e d  u n t i l  a l l  p a r t i c l e s  
Subsamples o f  t he  mix tu re  were then placed 

While s t i l l  i n  t h e i r  

Samples were allowed t o  warm t o  room temperature i n  a 

Fluorometric and spec t ra l  analyses were performed on a l l  mastics o f  a 
Fluorescence i n t e n s i t y  was 

RESULTS AWD DISCUSSION 

Measurement o f  mean fluorescence i n t e n s i t y  has been shown t o  p rov ide  
unique and cha rac te r i s t i c  values f o r  i nd i v idua l  raw ( f resh)  asphal ts [4].  
When measurements were made using xenon i r r a d i a t i o n  i n  a n i t rogen atmosphere 
the  mean i n t e n s i t y  o f  10 readings were found t o  be repeatable t o  within *0.1%. 
A p re l im inary  eva lua t ion  o f  f luorescence i n t e n s i t y  o f  twelve asphal ts w i t h  
t h e i r  i n i t i a l  physical  and chemical p roper t ies  revealed a weak c o r r e l a t i o n  
w i t h  v i scos i t y  ( a t  60'C). Figure 1 shows t h a t  f luorescence i n t e n s i t y  
decreases as v i s c o s i t y  increases. 
supported by comparison o f  t he  i n t e n s i t y  and v i scos i t y  values observed f o r  t he  
AAA-1, AAA-2 and AAE asphalts (Figure 1). These asphal ts were der ived from 

This re la t i onsh ip  was independently 
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the same petroleum source bu t  were manufactured d i f f e r e n t l y .  
was air-blown, which i s  a technique used t o  s t i f f e n  as asphalt,  and i s  
accompanied by a ra the r  l a rge  increase i n  v i s c o s i t y  as w e l l  as v o l a t i l e  l oss  
and ox idat ion.  
asphalt has been s i g n i f i c a n t l y  reduced compared w i t h  the  AAA-1 and AAA-2 
samples. 

The r e s u l t s  o f  spect ra l  analysis showed t h a t  70% o f  t he  raw asphalts had 
t h e i r  wavelength o f  peak f luorescence i n t e n s i t y  f a l l  between 664 and 672 nm, 
w i t h  two asphalts (AAO-1 and AAE) having s l i g h t l y  lower peaks a t  about 640 nm 
and another asphalt (AAK-1) having a s i g n i f i c a n t l y  lower peak a t  544 nm. 
Generally, a l l  o f  the spectra show a very rap id  r i s e  i n  f luorescence i n t e n s i t y  
i n  the  range o f  -510-530 nm fol lowed by a gent le  increase t o  t h e i r  respect ive 
peak values. Most o f  the asphalts show a s l i g h t  dec l ine i n  i n t e n s i t y  f o r  t he  
next 70-100 nm fo l l ow ing  the peak value and then a sharp dec l i ne  t o  zero 
between 730-760 nm. However, f ou r  o f  t he  asphalts (AAE, AAG-1-1, AAH-1 and 
AAK-I) show a sharper dec l ine i n  i n t e n s i t y  fo l l ow ing  peak fluorescence. Note 
t h a t  the peak wavelength o f  the AAE asphalt was lower (640 nm) and the  
spect ra l  d i s t r i b u t i o n  narrower compared w i t h  the AAA-1 (665 nm) and AAA-2 (670 
nm) asphalts. 

A comparative study where two asphalts (AAA-1  and AAB-1) were maintained 
r e f r i g e r a t e d  i n  argon (RA-stored) or exposed (Exposed) t o  room condi t ions f o r  
d i f f e r e n t  durat ions demonstrates the in f luence o f  molecular s t ruc tu r ing .  
Figure 2 shows t h a t  f luorescence i n t e n s i t y  decreased w i t h  increas ing exposure 
t o  room condi t ions,  whereas very l i t t l e  change was observed when stored under 
argon i n  a r e f r i g e r a t o r .  These t e s t s  were performed on samples from which the  
top m i  11 imeter  o f  asphalt was removed before measurement, thereby removing t h e  
e f f e c t s  o f  s k i n  development and surface ox ida t i on  [7] and revea l i ng  changes 
t h a t  have occurred i n  the bulk  asphalt.  Clearly, we be l i eve  t h a t  f luorescence 
i n t e n s i t y  decreases w i t h  increased molecular s t ruc tu r ing .  
asphalt molecules develop an interconnected s t ruc tu re  through the  development 
o f  hydrogen bonding, d ipo le  i n te rac t i ons  and Van der Waals forces, t he  
v i s c o s i t y  o f  the mater ia l  would increase as wel l .  

The TFOT and TFO-PV-Air t e s t s  were used t o  measure t h e  aging 
d e t e r i o r a t i o n  o f  asphalts through progress ive ly  more severe ox idat ion.  
Depending upon the  asphalt employed, these t e s t s  can r e s u l t  i n  changes i n  
asphalt v i s c o s i t y  o f  one t o  th ree  orders o f  magnitude. Table 1 g ives 
f luorescence i n t e n s i t y  and wavelength o f  peak f luorescence as they compare t o  
concentrat ion o f  carbonyl and su l fox ides (as determined by Western Research 
I n s t i t u t e )  ox ida t i on  products f o r  f ou r  d i f f e r e n t  asphalts. These func t i ona l  
groups represent p o t e n t i a l  f luorophor ic  s i t es ,  however, as found w i t h  a i r -  
blown asphalts (AAE), a progressive decrease i n  f luorescence i n t e n s i t y  w i t h  
increas ing s e v e r i t y  o f  aging/oxidation was observed. Upon severe aging (TFO- 
P V - A i r ) ,  t h ree  o f  the f o u r  asphalts showed a decrease (b lue s h i f t )  i n  the 
wavelength o f  peak f luorescence and a narrowing o f  the spec t ra l  d i s t r i b u t i o n .  
As can be seen i n  Table 1 peak wavelength and concentrat ions o f  carbonyl and 
su l fox ides were more va r iab le  ( i  .e., some increasing, o thers decreasing) f o r  
t he  TFOT samples. 

From the  foregoing i t  appears t h a t  both molecular s t r u c t u r i n g  and 
aging/ox idat ion decrease the i n t e n s i t y  o f  fluorescence emissions and increase 
asphal t  v i s c o s i t y .  However, t h i s  may no t  be a d i r e c t  cause-and-effect 
re la t i onsh ip ,  but be due t o  the f a c t  t h a t  the chemical changes occu r r i ng  as a 

The AAE asphal t  

As seen i n  Figure 1, the  f luorescence i n t e n s i t y  o f  t h e  AAE 

Presumably, as 
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r e s u l t  o f  asphal t  ox ida t i on  or s t r u c t u r i n g  in f luence bo th  measurements. 
Figure 2 compares the  f luoromet r ic  i n t e n s i t y  in fo rmat ion  obtained from 
molecular s t ruc tu r ing  and TFOT t e s t s  o f  two asphalts. 
t he  fluorescence i n t e n s i t y  o f  t he  AAB-1 asphal t  has decreased t o  t h e  range o f  
t he  TFOT t e s t  w i t h i n  80 days, whereas the  loss  due t o  molecular s t ruc tu r ing  o f  
t he  AAA-1 asphal t  has no t  been as extensive over about the  same durat ion.  
Fluorometric d i f fe rences  i n  the  s e t t i n g  and aging proper t ies  o f  d i f f e r e n t  
asphalts may prove t o  be extremely valuable f o r  determining the  hardening 
po ten t i a l  and serv ice  l i f e  o f  asphal t  binders i n  contact  w i t h  aggregate 
mater ia ls.  

To determine the  inf luences t h a t  aggregate mater ia ls  might have on the  
f luoromet r ic  p roper t i es  o f  asphal t  binders, a ser ies  o f  mast ic samples were 
prepared. 
Generally, these data show t h a t  add i t i on  o f  aggregate t o  a d i v e r s i t y  o f  
asphalt b inders r e s u l t s  i n  'a r a p i d  ( w i t h i n  17 h) and s i g n i f i c a n t  decrease i n  
fluorescence i n t e n s i t y .  In comparison, a much smal ler  decrease was observed 
when t e f l o n  was used as the  aggregate, suggesting t h a t  n e u t r a l i z a t i o n  o f  
f luorophor ic  emissions i n  asphal t  b inders may be l i m i t e d  i n  the  presence o f  
mater ia ls  o f  l a r g e r  p a r t i c l e  s i z e  or o f  r e l a t i v e l y  i n a c t i v e  surfaces l i k e  
te f l on .  
does not d i f f e r  s i g n i f i c a n t l y  between aggregate mater ia ls .  
va r ia t i on  the  wavelengths o f  peak fluorescence f o r  t he  AAA-1 and AAM-1 
asphalts were no t  changed s i g n i f i c a n t l y  by the  presence o f  the  aggregates. 
However, peak wavelength decreased (b lue  s h i f t )  f o r  t he  ADB and AAG-1-2 
asphalts in t he  presence o f  aggregate. 
asphalts were from the  sample petroleum source except t h a t  MG-1-2 has added 
lime. However, t he  add i t i on  o f  aggregate t o  any one o f  t he  se t  o f  f ou r  
asphalts r e s u l t s  i n  a narrowing o f  t h e  spec t ra l  d i s t r i b u t i o n  i n  a manner 
s im i la r  t o  t h a t  observed from the  ag ing lox ida t ion  experiments. 

(MA-1 and AAM-1) and the  r e s u l t s  a re  shown i n  Table 2. 
were used t o  ob ta in  new samples f o r  t e s t i n g  and these r e s u l t s  were compared 
w i t h  resu l t s  f o r  mastics tha t  were exposed t o  room condi t ions.  
o f  mastics were used t o  study the  in f luence o f  storage i n  argon under 
r e f r i g e r a t i o n  (RA-Stored) and the  r e s u l t s  show an average increase o f  0.36% 
i n t e n s i t y  f o r  the  mast ic samples (excluding t e f l o n )  fo l l ow ing  storage. 
i t  appears t h a t  somewhat less  than 3% o f  the  35% decrease i n  f luorescence 
i n t e n s i t y  observed w i t h  the  add i t i on  o f  inorganic aggregates t o  t h e  AAA-1 
asphalt may r e s u l t  from storage e f f e c t s  and/or measuring va r ia t i on .  A 
s l i g h t l y  d i f f e r e n t  response was observed from reheat ing the  AAM-1 asphalt. 
F i r s t ,  there  was a r e l a t i v e l y  l a rge  decrease i n  the  fluorescence i n t e n s i t y  o f  
the  raw asphal t  which may be a r e s u l t  o f  ox ida t ion  and/or v o l a t i l e  loss  f r o m  
the asphalt. Secondly, f o r  t h e  asphal t laggregate mixtures there  was most ly a 
decrease i n  f luorescence i n t e n s i t y  averaging about 0.22% i n t e n s i t y .  
Therefore, about 2% o f  t he  -43% decrease i n  i n t e n s i t y  r e s u l t i n g  from the  
add i t ion  of aggregates t o  the  AAM-1 asphal t  may be a t t r i b u t e d  t o  ana ly t i ca l  
errors.  

When both  sets o f  mast ics were exposed t o  room cond i t ions  a s i g n i f i c a n t  
decrease i n  f luorescence i n t e n s i t y  was observed. 
from AAA-1 (Exposed 64 days) l o s t  s l i g h t l y  more i n t e n s i t y  than those made w i th  
the  AM-1 (Exposed 101 days) asphal t ,  i.e., 1.74% vs 1.58%. The d i f fe rences  
observed i n  measured i n t e n s i t y  among the  d i f f e r e n t  mast ics a re  no t  much 

The f i g u r e  shows t h a t  

I n t e n s i t y  and peak wavelength values f o r  each are  g iven i n  Table 2. 

The average decrease i n  i n t e n s i t y  was d i f f e r e n t  f o r  each asphalt, but  
With some 

It must be mentioned t h a t  these two 

Fluorometr ic i n t e n s i t y  analyses were repeated f o r  two o f  t h e  mast ic sets 
D i f f e r e n t  procedures 

The AAA-1 se t  

Thus, 

On average the  mastics made 
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greater  than the v a r i a t i o n  found dur ing the repeat analyses which means t h a t  
the type o f  aggregate used i n  our mastic preparat ion has much less i n f l uence  
on changes i n  f luorescence proper t ies compared w i t h  the  type o f  asphal t  used. 

CONCLUSIONS 

Fluorescence microphotometry techniques employ o p t i c a l  microscopy t o  
f a c i l i t a t e  the  d i f f e r e n t i a t i o n  o f  asphalt binder from aggregate ma te r ia l s  
thereby e l im ina t i ng  the need t o  so lvent  ex t rac t  t he  b inder  f o r  evaluat ion.  
the cu r ren t  research, techniques f o r  the uni form measurement o f  f luorescence 
i n t e n s i t y  and spectra were developed and appl ied t o  the cha rac te r i za t i on  o f  
raw asphalts. Relat ionships were found between f luorescence i n t e n s i t y  values 
and v i s c o s i t y  as measured i n  o r i g i n a l  and laboratory-aged asphalts. As 
v i s c o s i t y  increases, i n t e n s i t y  decreases, a re la t i onsh ip  thought t o  be due t o  
the dependence o f  both these proper t ies upon ox ida t i on  and/or molecular 
s t ruc tu r ing .  
mixing of aggregate mater ia ls  w i t h  asphalt,  the magnitude o f  the change being 
inf luenced more by the asphalt b inder  used r a t h e r  than the  aggregate type. 
Just as observed f o r  raw asphalts, t he  f luorescence i n t e n s i t y  o f  asphal t  
binders i n  contact  w i t h  d i f f e r e n t  aggregate mater ia ls  continues t o  decrease 
w i t h  curing/aging time. 
f luorometr ic  measurement o f  asphalt i n t e n s i t y  has p o t e n t i a l  f o r  use in 
monitoring asphal t  ox ida t i on  during manufacturing and p l a n t  mixing, pavement 
cur ing and as a technique t o  monitor the de te r io ra t i on  o f  asphal t  pavements 
tha t  are i n  service. 
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