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; 387 AN INVERSE GLC STUDY OF ASPHALTS USED IN THE . '
- iy ZACA-WIGMORE EXPERIMENTAL ROAD TEST :
. Rt T. C. DAVIS and J. C. PETERSEN! ] '
' ABSTRACT -_ -
is on , |
s ety 489 Inverse gas-liquid chromatogruphy (GLC) was used to study asphalts \ i
evaluated in the Zaca-Wigmore Experimental Roud Test. The retention ' »
d behavier of a number of test compounds was determined on *he asphalts ? t :
i 541 both before and after oxidation within the GI.C column. The retention P o
""" Lehavior of the test compound pheno! on tte oxidized asphalts correlared ! b
with the performance cf the asphalts in road service, and tnis v-as fur- i L]
ther supported by a similar correlatior with accelerated weathering ] L]
_____ 562 durabilities of coating-grade asphalts. Ihe phenol test compound re-~ !
tention data on the oxidized road asphaiis were also found to relate to 1
582 changes in viscosity as measured by_thﬂ.microfilr’n durabil_ity test Be_- { o
----- cavse test compound retention behavior is related to chemical composi-
tion and molecular association forces of the asphalt, the correlation
with performance affirms the imporiance of chemical compositien tn
e 615 asphalt performance on the road.
INTRODUCTION
e g 632 . -
Lnverse GLC, a technique for studying petroleum asphalts, was devel- | 3
oped by Davis, Petersen, and Haines (3) and extended by Davis and !
v 673 Petersen (1,2). In the technique, asphalt is used as thz liquid substrate I
= in a GLC column and is characterized by measuring the retention be- ! .
i 703 havior of selzcted test compounds possessing different funclionai [ s
groups. To study oxidution characieristics, the asphalt is oxidized | £
PR - 731 within the GL.C column, and retention behavior of the test compounds is | =
determined on the oxidized asphalt. Retetition behavior is a measure
of fanctional group interactions betwcen the test compound and the as- k
= 751 phalt and is thus related to the chemical composition of the asphalt,
e s The Zaca-Wigmore Experimental Roa. Test, sponsored by the Cali- [
fornia State Department of Public Works, Division of Highways, has |
------ 785 provided considerable test data on the behaviol of a selected group of | I
.. 191 asphalis in highway pavements (6,7, 8). With the erception of one as- ‘ |
e phalt produced from a Mid-Continent crude oil by a refinery in Arkan- ': 1 Doyl
------ 821 sas, these asphalts represented different crude oil sources and methods 1 - ,f
------ 822 of manufacture in California at the time. Although not fully accom- : '
------ 827 plished, an efiort was made in this road test to hold the design and con- | 3
e 831 struction variables constant in order that the performance of the various . 3
J asphalt cements .:ould be compared. !
nas 839 This report covers the Inverse LC .study of 15 of the 17 asphaits !
g used in the Zaca-Wigmore test project (6). Relationships were found : £
----- . 847 between Inverse GLC data on the oxidized Zaca-Wigmore asphalts and | -
...... 849 s, = l .
‘Research Chemist, and Project Leader, respectively. Laramie Petroleum Research
A Center, Durcau of Mines, U.S. Department of the Intericr, Larn.nie, Wyoming. The oral |
on Jresentation was given by Dr. Petersen. | <
| ]
| e
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9 AVIS Al INVERSE GLC STULY
grouped in this paper according to censtruction periods in which they
were used. Pavl'_"‘:. periods 1 and 1A were from October 14 1954 lu.‘
November 3, 195: and December 16, 1954 to December 21 ’195-1 re-
spof:ti‘-" 1y;_ asphults used during these periods were consic,iered :v; ond
paving period fo.r the purpose of data comparison in this and the i‘nin il
report (6). Paving period 2 was from February 21, 1955 to March 21
1955. , L

S:tn.]plcs of 20 coating-grade asphalts were supplied by Gre~ufeld
and .\k right of the National Bureau of Standards. These investigators
obtained the carbon-arc accelerated weallic: ing durability dala (4 '1
cited in the present study. 4

-Th(.) usual consistency tests, as well as » number of spécial chariu
Eerwjahon tests, on the asphalts used have previously been reporied
4, 6).

their performance in road service. These results were supported by
Inverse GLC—accelerated weathering studies of 20 coating-grade as-
phalts previously investigated by Greenfeld and Wright (4, 5). Relation-
ships between the Inverse GLC data on the Zaca-Wigmore asphalts and
viscosity changes during the microfilm durability test (7) were also

found.

EXPERIMENTAL

Inverse GLC data were obtained on a Beckman GC-2 gas chromato-
graph,? gsing a 1/4-inch by 13-foot GLC column packed with 1 part as-
phalt on 10 parts by weight of Fluoropak 80 (56 grams total). The col-
umn was then conditioned for a minimum of 6 hours, using a helium in-
let gage prescure of 15 psi and an instrument operaling temperature of
130 C (normal testing conditions). Following conditioning, the test
compounds were introduced, and their retention behavior was deter-
mined, as previcusly deseribed (3). The asphalt was then oxidized (1)
within the column by replacing the helium carrier gas with filtered air
at an inlet gage pressure of 15 psi; the flow rate was approximately 30
ml/min at the coluian exit, The column temperaturce was maintained at
130 C for an oxidation period of 24 hours. Following oxidation, normal
testing conditions were reestablished, the column was reconditioned, road was judged by a te: A :
and fest compound retention data were again obtained, stady (6) as vt }_I‘l n(..th f) L ";“1"('15 f’*“d x'L'l’(‘_"“‘d in the original

The Interaction Coefficient (Ip) (3) was obtained by first determining of °cr\"co} N L’m ft‘c ‘_1,0'{[01 SLL2 r“““'ﬁ- Ratings after 51 months
on the asphalt the corrected retention volumes (V) for a series of in::‘ J(-l':dd 20; -p-‘l-“'l'_ per fms: 1 "f“d 1A, and 47 months service for pav-
n-paraffins covering the molecular weight range of the test campounds 'n'i;ulql ébserv;;tL‘ Teproduced "" Table III. The ratings are based on
used. The logarithms of the VR’'s for the n-paraffins were then plotted - 1ons and crack surveys and are reported as a numerical
as a function of their molocular weight. The Ip for a given test com-

pound on the asphall is defined as:

RESULTS AND DISCUSSION

Inverse GLC-lsphalt Performance Studies

Thc? Inverse GLC data for 15 of the Zaca-Wigmere asphalis are
shoyn in Tables I and Il. Service performance of the asphalts in the

Table L. Inverse GLC Retention Data on Zaca-Wigmnore Asphalts-—
Paving, Periods 1 and 1A

Ip = 100 [log V§, - log VR, |

T RIS Gt IR e S

F—— {ip) ]
where 2 ___Before colum SRR ___;_f":cal.?u o_x;_ 5 {
Ve T[afsifnlo]e |zl
V§ = corrected retention volume of test compound, and =4 ey . o ) dit e s et
' 3l Aok 2 o 1] 1!
i [ o
Vf{p = corrected retention volume of * ypotnetical n-paraffin. 3' 33 3? Igz 3; J; 3.: Jg , 33 { “ ( 33|nr
:; :Z :: 47 | 54) 55 | s sBISAJMI'l
The hypothetical n-paraffin is one having the same mnolecular weight as 53 | 52| 3 “ ;‘;l ;; ;? ; ! a8 ) 50| a|
the test compound, and the logarithm of its V§ is obtained from the g bt o8 B A B e 1B L5 [
plot dec -ibed previously. The experimental value of Ip obtained has a s 67 a5 | e ; I jo ’
reproducibilily of +1. ) S : 84 | 941 100 1y
Retained samples of 15 Zaca-Wigmore asphalts were furrished by e i R L W1 - g B I
the Materials Division of the Bureau of Public Roads. The aspha.ts are Poed ! v e i T o o a1k 107 (133 | 132
- = '3 i _IiLlis_iiJ_@ lng ): | ::; | :::Ji.:;

2Reference to specific commercial materials or models of equipment is made for iden-
tification only an does nol imply endorsement by the Burcau of Mines, v

*C, 15 pst air inler pressure.,
farnia devignalions.

= in the GLC calyme greatec than 150 minuts
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. Inverse GLC Relention D~ta on Zaca-Wigmore Asphaits—Paving Period 2

L—- Intaractidn Coellicient {ip)

Before column oxidation

c2lnafazloafezler fez | ez

Buty! acetate -2 1 o
Trigthylomine -1 5 ™
Decene-1 2 2 8
Heataldehyde 35 37 38
L<Mathy lpyrmlidine 41 50 F
Butanal 43 52 53
Toluane 45 7 | 49 48
Nitramethane 57 59 58
Jine &9 85 L A

67 8 48
vz lohenylamine 7 &7 76 | 7 -
spionic ocid 82 97 3 94
Acetoniile 80 8 83
Pyerole 20 9 190
Dimethyl wlfoxide 1123 126

sathylpyridine &7

Phenol |12a| 125 s |1 e 150
so [ var [1is ) 17 Joaa [t fuss | v

_Foirmamide
V24 hours, 1P C, wir inlet pressure,

1 Srate of Callfar eiig 5
I Residence time In GLC column greater than 150 minutes.

scale with one (1) being the best. In Tables I and II the asphalts are
arranged in the order of their decreasing performance in the road (in-
creasing numerical ratings) from left to right. In Table I the test com-
pounds are listzd in the order of increasing Interaction Cocfficient on
asphalt J before column oxidation; the same order is used in Table 1I.
The ability of Inverse GLC to show differences among asphalls is
demonstrated in Tables I and II. The large Ip’s obtained with many of
the tesl compounds indicate strong functional group interacticns be-
tween the asphalt and the test compound. Oxidation of the asphalts ir-
creased the Interaciion Coefficients for most test compounds; the
increase was greater for the more polar test compounds. These

Table INT. Surface Performance Ratings® on the Zaca-Wigmore Asphalts

Paving petiodi | and 1A Paving petiod 2

Sutface performance rating

Surface performance rating
after 47 manths

sphalt ofter Slemonths

7
Failed

'Aip‘-.ull; were rated numericolly with 1 being the best (reference 6)
? This wmple wos not gvailoble for Inverse GLC study.

INVERSE GLC STUDY

increases suggest tnat oxidation o the asphalt produces polar grouns
which interact more strongly with polar test compounds, The rc-tc-a'i‘ !
behavior of the basic test compounds on oxidized asphalis je hirhlv1 !Il-j‘
pendent on the nature of the funerional greups. For exam-)l;z lm i .t ’
« methylpyridine is only slightly affected by the 4:\.1-:id;ttionl of,lho_ucl 'I'.".
whereas the stronger base, piperidine, is held tightly by the n;,-j.rn-.-‘l.-';!m !
column. These difterences in the behavinr of the organic bases m I:\' Lo
indicative of the acidic character of the oxidation producte fm‘mcd‘ : 'II"' o
acidic test compounds show a fairly regular increase in the Ip "ru'i" :
left to right in Tables I and I, both before and after oxic!."dim; :i‘h.i--.
regularity sugrests a relationship between the Ip of acidie l(‘."st e} :
pounds and performance. e

A goosi eorrelatior was found between the ro: d surface performance
ratings and the Ip’s after oxidation of the asphalis for the ncidichlru: t1t l
'Cump-.uud, phaenol. Figure 1 shows the correlation for the asphalts > sed
1a paving periods 1 and 1A, The location of the poinis for z;s";l)h:;lls- ;IM i

]
o

=
o

>
o

ERACTION COEFFICIENT (After 24 hours oxidation)

v
i

- - ~ —L 1 1 1
Failed 7 6 5 4 3 2 "

SURFACE PERFORKZNCE RATING AFTER Si “"%THS-{Reference 41

PHENOL IN

g elat, . e 2
. tiomehp betv cen Inter 1icti clilcy vemen
Fi 1 Re! neh v on Coef cient and Pa em t
Suxiacc Perfor mance l{atln& --F aving Per iods | and 1A

and E wi i
formr:l:cl“l rte_spo.‘ct t(:‘ performance is uncertain because the surface per-
ek r‘est ((?);'? Ings of “1” and “failed” may not be linear with respect to
Pritlinest ] g:t'slcalf; h}c:we\'er, the scale was assumed to be lineay in

2 g <. A8 shown in Figure 1, those asphy! ‘hich perfer
butt;l}'] in service hive lower phenol Ip’sz Y el

e - P = - -
iy p)zx"'f.ox”mangc data from Paving period 2 are not comparable with
paving periods 1 and 1A becausec of differences in the plant
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mixes and in the properties of the completed roads. Hence, paving
period 2 must be eonsidered as a separate test. Although the perform-
ance data in this test (Table IIT) have insufficient spread to allow mean-
ingful correlations, the data show the same treand as the paving period

1 and 1A asphalls. Tie complele Inverse GLC dala on the paving period
2 asphalts are tabulated in this paper for use when final road perform-
ance data are aveilable,

Th- correlation shown in Figure 1 is based on data on the oxidized
asphalts, even though for this group of asphalts the as-received asphalts
shovw a similar trend. The preference for the oxidized data is based on
a provious study (2), which showed that the phenol Ip increases rapidly
during the initial stages of oxidation, but levels off at a near maximum
after 24 hours. Thus, comparison of the Ip’s of as-received samples
may not be relialle because the samples may be different distances up
the steep part of the oxidation curve. Oxidation te the plateau portion
of the curve provides an equitable state for comparison of properties.
In a study of coatings-grade asphalts in which the degree of oxidation of
the as-received snomples was highly diverse, durability as measured by
carbon-arc accelerated weathering tests (Weather-Ometer) correlated
with the Ip data from the column-oxidized samples; however, the rela-
tionship was poor on as-received asphalts. Although paving asphalts
would, in general, receive less oxidation during manufacture than
coating-grade asphalts, the differing degrees of prior oxidation play a
sufficiently imporiant role in affecting the Ip to dictate the use of data
on uniformly laboratory-oxidized samples. ;

The correlation of phenol Ip’s with surface perfornianze of road
asphalts is supporied by the previously mentio..ed correlat’on of phenol
In's with durability of coating-grade asphalts. Greanfeld and Wright
(4, 5) conducted accelerated carbon-arc Weather-Omcter studies on thin
films of the coating-grade asphalts and reported durability in terms of
days-to-failure. Failure was defined by sufficient cracking to permit
penciration of an elecirical spark. Thus, this durability test depends
upon the inability of the weathered asphalt to conform under siress,
whether internal or external, to which it is subjected. Cracking of the
asphalt pavement in service should also be a function of the inability of
the asphalt cerving as a binder to conform under imposed ciress,

Thus, if the plienol Ip data correlate with the tendency to form cracks
in the road, they shon!a also correlate with the tendency to form cracks
in the Weather-Cmeler. This is true, as shown in Figure 2 in which
the durability data of Greenfeld and Wright are plotted against the Ip of
phensl on oxidized samples.

The similar trenss of the two tesls sirengthen the Zaca-Wigmore
correlation in one of its weak points. The asphalts, with op~ exception,
were from one geographical area. Results of several tests for predict-
ing asphalt performance are highly dependent on the geographical area
of the crude oil source (4,$). Without further tests it might be sus-
pected that it may not be possible to exlrapolate the daiz from the
Zaca-Wigmore asphalls to asphalls from other crude oil sources. The
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Fig. 2. Relztionship between Interaction Coefficient and
Durability of Twenty Asphalts.

asi)h:lll§ studied by Greenfeld and Wright were manufactured from
217'1"_1? '0115 of fou_r mujor producing arcas-—Mid-Continent, Venezuela
Soutleastern United States, and Califorma. Three experimental ’nbr,1—
ratory-blown, Mid-Continent asphalts (5) were also included Sfx]gz(‘ the
correlation between phenol Iy and durability holds ior the wide 'B.I"i(‘l
olj nsphf}'lls studied by Greenfeld and ¥right, an extrapolation of 'the 4
Zn‘;l!!;.:l-‘.'- gmore results to asphsdis from other sources appears reason-
L Zlf":h?l)iiexfEi(-)T]iim“ml?'tmt the cracking tendencies of asphalt—
i b’.‘.(‘d:we.‘;. clulcs of lel]lll‘(‘—(‘L‘lfl be measured by the phenol Ip.
- thz- .{sph{it 1'11C( \lil 1€ ?f —tl-nc: Ip'o‘bln'mcd dep-_ends upon the chemistry
Sryod-, al, G nporwace of asphalt chemistry to performance is

Inverse GLC-Viscosity Stud:es

“'O:hcc_ viscosity of asphalts has long been considered important to

] ary . 3 z

= )M;LL“ ire perfo_x mance. Changes in viscosily of the Zaca-Wigmore
“phalts were studied by Simpson, et al. (7), using a microfilm

.

Wi

T W
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8 DAVIS AND PETERSEN

durahility test. Simpson related the changes in viscosity (reported as
the aging index, which iz defined as the ratio of the viscosily after oxi-
dation of a 5p film of asphalt in air for 2 hours al 225 F to the initial
viscosily) to the performance of the asphalt in service. In general,
those asphalts showing the smaller aging indexes performed better in
the road.

In Figure 3 "hr aging indexes obtained by Simpson are plotled as a
function of the phienol Ip’s on the Zaca-Wigmore asphalts after oxida-
tion in the GIL.C column. A correlative trend is shown which is consis-
tent with the corcelation of pheoni Ip and servize performance shiown
in Figure 1.

Simpson poinled out that the hardening of an asphalt during the mi-
crofiim durabilily test could result from either oxidation or loss of
volatiles. To determine the effect of volatility, he ran the test in a ni-
trogen atmosphere as well as in air. Based on changes in viscosily in
nitrogen, asphalts F, G, B-2,
G-2, and particularly asphalts

» and E-2 were found to be L T T ]
significantly more volatile a0 of |
than the other asphalts. Fig- L el 3
ure 3 shows that Liese more
volatile asphalls have both 200 4
higher aging indexes and
higher Ip’s.

The question arises as to | -
the dependence of the phenol il ]
Ip’s on the loss of volatiles L ]
during the Inverse GLC-oxi- 3
dation and testing procedure, £ 1
The Tp’s could be increased F [ 1
either by the coneentration of g 20} 1l
phenol-active material through J
volatile or cxidative loss of g
phenol-inaciive material, or 0t o
by the oxidalive formation of 8l g
phenol-active sites. To de- 6k 4
termine the cffect of volatile i 1
loss, asphalt E (one of the i Aging index dota by 1
most volalile asphalls accord- i Simpion, ol ol (ret 7} =
ing to Simpson’s test) was & |
tested in the GL.C column at
130 C under conditions de-
scribed in the Experimental o 1 N ]

130 140 150 160 170 150

section, except that the helium
carrier gas was allowed to
flow through the column for an
extended period of 96 hours
prior to the 24-hour oxidaiion

PHENOL INTERACTION COEFFICIENT {Af'2r 24 hours oxidalicn)

Fipg. 3. Relationship between the
Interaction Coefficient and

2 N, g ST
the Agiag aadcx,

INVERSE GLC STUDY

period. The phenoi Ip was measured after 6 hours and 96 Lours of {
helium treatment, and after the 24-hour air treatment. The n(-;u-l..‘
colorless volatile oils which were stripped from the column were J(-ul_
lected and weighed at various time intervals. The weight-per cent of
the oils collected is shown a= a function of time in Fig;u-c 4. Phenol
Ip’s al selected time intervals are also shown. The rale o[-los« of
volatile oils (exclusive of highly volatile hydrocarbans and ()‘.;f;}':fi "
products such as CO, and water) is apparently the same f01“boih ;IL-
lium and air. The infrared spectra of the volatile 0ils collected under

60 T I ST Y T T I
50— . :
> Colyma ges- IH» 1
- ! air 1
< i |
Eaop— Colemn gas-halium——~—— oy :
a | SR g
z : ~Fiiacl
§ ip=170
Tk Pheot 19z 138
LS ~
wl
=
x
=
= 20
g 4
-
o
>
10
ooJ, L o 1 el L -
0 20 40 60 80 100 do— 140

TIME, hours

Fig. 4. Volatility Losses of Asphalt E in the GLG,
s o —— s
'l:glnzcl)l:h.hom were similar, thus indicating that exidation products
1tk tlen:g collected in the volatile oils. During the 96 hous unc&nr
s iy, (l’lO.Ip' only changed from 134 to 135; however, during the 24_
s o}u!z_.el air thc. Ip increased from 135 to 170, Thus, Lhebhi[;hnr
du”nrrjth;ngdton oxidation of asphalts are not a result of volatile ‘c: oS

g <termination, but must ari ¥ an iner i r
Pl gty b t arise from an increase in polar

T o ; .

fort C;E:d:te_l nuPc the effect on viscosity of the volatiles lost from as-
e sin:,'limg the GLC determinations, the viscosily of a sample ¢ ym
ittt lrrar _to lhat- reported in Figure 4 was measured afler 96 houra
initial)l:-“o thh_ helium carrier gas. A viscosily ratio of 4.7 {final/
g :as _obtamod-as compared with a viscosity ratio of 56.5 obtained
pPson in the microfilm durability test under nitrogen. This

he

T~ g




10 DAVIS AND PETERSEN
{ndicates that a large pa rt of the volatiles lost in the determination of
the aging index are retained and analyzed in the Inverse GLC-oxidation
technique. The relationship between the amount of volatiles and the Ip
is not understood at this time. It is probably indirect, aithough it is
possible that the volatile materials are among those that produce high
Ip's on oxidation. The fact remains that the phenol Ip is indicaling a
change in composition not resulling merely from volalile losses.

SUMMARY AND CONCLUSIONE

Results of the Inverse GLC study of the Zaca-Wigmore asphalts
show the polential usefulness of the technique in studying oxidalive
weathering characteristies of asphalts. The retention behavior of the
test compound phenol on the oxidized asphalts correlates with the per-
formance of the asphaits in road service, and tiis is supported by a
similar correlation with accelerated weathering durabilities of coating-
grade asphalls.

The phenol Ip’s also correlate with the viscosity changes as meias-
ured by the microfilm durability test. Those asphalts that showed lar-
ger viscosity changes in the microfilm durability test showed larger
phenol Ip’s on oxidation. The higher phenol Ip’s are not a direct re-
sult of volatile losses, but must result from an increase in polar groups
on oxidation of the asphalls.

Because Inverse GI.C measurements are directly related to chemi-
cal composition, future interpretations of test compound behavior should
aid in undersianding the chemisiry of oxidative weathering.
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INVERSE GLC §:UDY

Discussion

CHAIRMAN W.J, HALSTEAD: We have no prepared discussion:
on this paper, so the paper will now be open for discussion from the
floor.

MR. i.. C. KRCHMA: You did mention that there were two test
roads with very nearly the same asphalls in the Zaca-Wigmore exp
mental road test, one of them period No. 1 and the other period Wo
You did show the asphalt property-performance relationship for pern
1. Do your studies permit commenting on the same relationship for
period 27

DR. PETERSEN: I am not personally acquainted with these rond
They were put in service leng before we began our werk, However
they are reporied on in the ASTM Epecial Technical Publication Nx:n‘.
by Hveem and coworkers. Paving peri~? 2 asphalts were l2id over
existing concrete surfacing. and so, in this sense, they are different
from paving period 1 which was laid over new ai[g_nm..'-ut. They 2re
also different in that paving period 2 was 'aid during the wet winter
season, and there was good weather for paving pcri::-(l i S{c-’:'.minlT of
th(; aggregate may have caused the reduction in the degradation of“tlu-
:'ts.phalt in the mix plant. Anyhow, there was less oxidation during mix-
ing, and these asphalts therefore went down in tire road with lnssn\@inig
on the average. Also, because of the concrele pavement u=:-.l--!-'ne ath
;S::.\' tl:v:: period 2 asphalts, there was nuch less deflection in s;or\;'-ir{-.. .
. a st. > just aren’t any failures
in the performance data reported on paving peried 2. Exc(‘pi for Aq:
phali E-2, the surface ratings have no s;..a';-.-.:‘: being eiliuel'- 1or?2 lAs
you wc]l_knov-.', you can't make evaluations unl’i] youhg'et fzti-]urt,-.C;.gl
ol ahorTiy, 1 ¥ S0k Lloaats it IRTATT S T AL

2 ; av2n’t seen it. There may be
:1}:‘)rc pc.rf.r.rlrnlmc:u;c data yet to come. We hoped there would. Thatl’s
‘hy we included Inverse GLC data on paving period 2 3 :
GLC analysis is as complete on :I:e 1;113':1:1?6‘1;:;30; " a:1;13111““5. 0u1'
ing period 1, but we just don’t hav Ahin l B bty A
! s s iave anything 1o run it against.

) I\?R. KRCHAMA: But they are about the same asphalts, are they nof
in spite of the fact the performance was materially different

i ‘DR. PETERSEN: According to IIveem’s paper, I think three or
uc:z; :lfotkllxltlzgr\;c:fc: coz_lsiderod .io be essentially tl_lc same. I undersu.ud
e alld\.;,re just gearing up to comply with new specifications

& ; ome asphalls from the same producers for the twe
periods were different. However, as I recall, three or 1o'ir of them
were supposed Lo be nearly idenfical.

Z _MR. KRCIHMA: ‘Your fest, however, is independent of the different
nvironment that existed in period two over period one.

DR. PETERSEN: Right.
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MR. KRCHMA: Then the next question is: How well do the asphalis
from Period 1 compare in your test with Period 2 in spite of the fact
that the performance was different out in the field?

DR. PETERSEN: We have that information in the preprint. I think
1 will let Mr. Davis answer thal question. Incidentally, he has done a
good share of the worl on the GLC technique,

Mit. T. C. DAVIY: I believe there were four asphalls thal were sup-
poccd {o be the same, and we had three of them and the three locked
viy cluse on the inverse GLC.

MR. T. R. WELCH: Dr. Petersen, I am afraid T haven’t b=d a
chnece to study your paper. Bul I am rather interested in your conclu-
sion that the higher phenol interaction coefficients are not a dircel re-
sull of volatile losses, bul musi result from an increase in polar groups
ot oxidation of asphalis. It is our experience that in an evaporation or
distillafion process there is a tendency for the chemical change to be
mainly loss of saturates rather than that of aromatic compounds.
Therefore, the asphalt during evaporation tenas to become more aro-
podie and this is not through oxidation. I wondered, in fact, whether
this cou!d explain your higher interaction coefficients: namely, your
loos of saturates making the asphalt more aromatic rather than the
formation of other compounds.

DR. ' "TERSEN: I don’t think so, based on e last slide. We ran
©0 hours with a carrvier gas of helium passing .rough the column, and
talvipped the colnn atl essentially the same rate as when we put air
hirough, Now, 96 hours under helium did not significantly change the
interaction coefficient. The change was almost within experimental er-
ror. MHowever, with air going through the column for 24 hours, and with
only a small per cenl of the total volatile loss experienced in the first
96 hours, the interaction coefficient increased from 135 to 170.

So I don’t see how you can explain this on the basis of volatile losses.

There was just a fraction of one per cent voiatile loss that took place
along with this large increase in the interaction coefficient. Further, we
doni't lose much volatile material in the GLC determination.

DR. F. S. ROSTLER (written discussion): The paper by Davis and
Pelersen presents an original approach to the characterization of as-
phalts. It is an interesting contribution to our knowledge of asphb=lt
chemislry in geveral respects. The paper is parficularly valualie and
informaltive because the asphalls investigated are well defined, well
known, and have been studied by other investigators who use different
techniques,

We Loliave it mighi be of interest to workers in the ficle o compare
a sct of ¢ 1 we collected on the same asphalts with those presented,
sinee they are believed to support the findings of Petersen and cowork-
ers. These dafa are for fractional composition of the Zaca-Wigmore
asphalts and the calculated parameter, (N + A,)/(P + A,), expressive of

INVERSE GLC STUDY

Table A. Asphalts of Paving Period 1

Azphall Designatic D
Surface Performance Rating® 4
Calitornia Abrasion Tesl**

Grams loss at 65 F.

wing Indox Afler Microfilm

Durabllity Test, n,/np 1.8 « = H 14.3
Phenol Interzction Coclficient,

Orijinal 118 123 124

After 24 hours Oxidation 141 146 150
Fractional Composition, &1

A 16.0 1G6.5 S 11.6 14.9

N 15.7 31.2 ' 39.8 36.5
21.2 12.2 f 12.9 19.7
34.3 24.6 ’ 20.6 17.0
12.8 15.5 . 151 124
(N+A)NPLAY) 0.78 1.23 . 1.48 1.89

1

A
A
P

* After 51 months” service; duta (rom Davis and Petersen relecence 6.
** Aged 500 hr. at 140 F; data from Davis and Petersen reference 6.
I Data from Davis and Yetersen reference 7.
! Unpublished data; test method described in Rostler and White, Proceedings, Association of Aspiv
Paving Technologists, Vol. 31, January, 10962, pp. 35-89. iy

the ratio of more reactive ¢~ lecs reactive componenis. The two tables
A and B show these data compared with some of the characte.istic val-
ues deiermined by the authors and previous investligators.

Petersen and coworkers postulated in their previous publications
(references 2 and 3) that Inverse GLC can be cxpeceted to be a measmre
of typical functional groups in asphalts and of the extent ol oxidation and
weathering. No correlation is shown in the Ere t paper bel R IRV
tional groups of the retention compounds and functional group: i1 (he
asphalis. This correlation could, of course, not yet be found, since _th:'-
functional groups present in the asphalts are not known, but f’urlhr‘r l

Asphalt Designation c-2
Surlace Performance Rating® 1-
Callornia Abrasion Tests*
Grams loss at 65 F, 24.0
Aging Index after Mierofilmt
Durability Test, na/mo 15.8
" "(;'.r'l Interaction Coefficient,
Tiginal 124 1
Alter &4 hours Oxidation 159 1:3 ::: 131
Fractional Composition, %1 =
A 12.4 17.0
A ; . - : 24.6
; 38.9 35.9 36.4 ; 25.9 24.4
Al 14.7 15.3 13.4 i 19.1 21.3
A, 19.0 ig.4 248 + 16.2 149
15.0 134 16.2 ’ . 12.2 82
1.58 1.61 1.21 k 1.48 1.94

. s o
“:!'z*;r‘._" manths ‘sc:vicc; daia frem Davis and Petersen reference 6.
”_,:- 500 hr. at 140 F; data from Davis and Petersen reference 6.
-[.'J from Imvis and Petersen reference 7.
= Ll ethad descri
e ©d data; test method described in Rostler and White, Proceedings, Association of Asphalt

W Tecknolagists, Vol. 31, January, 1962, pp. 35-gu.

. L =
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work with well defined asphalt components rright lead to some insight
in this respect,

The mechanism of exidation in the coluinn and the effect of oxida-
tion on retention, i.e., the difference bctween retention hefore and after
oxilation, is difficult {o understand. It might be valuable if the authors
would elaborate on what they expect to determine and explain the under-
lying principlos, and if they could give some examples. One would ex-
pect the degren of refention of specific test compounds to change be-
cause of oxidation and because of the corresponding change of specific
functional groups in the asphalt. The data presented by Petersen and
coworkers show increase of retention of all test compounds affer oxi-
dation. Tkis is hard to understand.

It is demonsirated thai the retention coefficient (espacially of the
test compound phenol) correlates well with performance of the Zaca-
Wigmore asphalis. The authors point out that the measured retention
behavior is related Lo chemical composilion, as should be expected,
The two sels of dala indicalive of chemical reactivity, Petersen’s and
curs, show the samo trend, and both types of daia corrclate fairly well
with performance raling and performance tests. This mutually support-
ing evidence affirins the fact, by now well established, that asphalt per-
formance is governed by chemical composition and that durability is

definitely linked to cxidation.

It would be valuable if others who have dala on the same specimens
weuld also malke thom generally available. The practice of varieus in-
vestigators using the same specimens and jpublishing their data is miore
apt to advance our knovledge of asnhalt than papers contradicting other
findings but showing dala collected nn specimens which are neither well
defined nor available to others.

AUTIIORS’ CLOSURE: We wish to thank Dr. Rostler for making
available his analytical data on the Zaca-Wigmore asphalis which sup-
port our Inverse GIL.C studies. Wo certainly concur that it is most
helpful when different investigators can report data on the same sam-

ples.
Dr. Rostler has asked for some discussion of the mechanizm of

‘oxidation in the column and the effect of oxidation on retention behav-
jor; what are the principles involved, and why does the Interaction Co-
efiicient increase for alf test compounds (or at least does not decrease)
after oxidation?

Oxidation within the GI.C column is simply a methed of oxidizing

the asphall under controlled and reproducible conditions. The reactivity

of the asphall to oxygen is then reflected in the Interaction Coefficients
obtained for the test compounds on the oxidized asphalts. As is well

known, oxi ation of an asphalt at 130 C causes the production in the as-
pralt of » pumber of different types of oxygen-containing functional
group:; for example, carboxylic acid groups, carbonyl and hydroxyl
groups, ! groups containing the various oxidation states of sulfur.
With 1o pect to the Inverse GLC interactions, we can consider {he

oxygen-containirng functional groups as acids or bases, and often both.

INVERSE GLC STUDY

We must not think in terms of Y0 limited acid-base theory of aqueous
systems, however, because © - ure dealing with a non-aqueous syslern.
Thus, in the bro.d sense considered her~ hases are those groups
which are electronegative ar clectron-rich, and acids are those Erouns
which are electroposifive, or electron-poor. For examjle, a cnrbu:-:,i
group has both acidic and basic character. The carbonyl and ln‘dru::'..!
oxygen of the carboxyl group are eleclronegiii. ¢ and will interact ith
an acidic test compotind (or one containing an electror-poor center).

On the other hand, tne hydroxyl hydrozon of the carboxyl group is elec-
troposilive or acidic in character and will interact with 2 has' - test
compound (or one containing an eleetron-rich center). Th me argu-
ments can be made for oxygen and hydrogen of the alecholi. or phf:a.;;llic
hydroxyl groups whick - v be formed on oxidation,

Becanse botlh acid and basic character are produced in the asphalt
by incorporation of oxygen ou oxidation, onc might expect changes in
the interactions of polar test compounds, whether these test CO.{1l])0lln(!ﬂ
are acidic or basic in characler, {o be reflected as increased Interac-
tion Cocfficients. This is consistent with the data.

The impoerfant {act is thai althoug'. the Interaction Coefficient in-
cro:l.:;cs on oxidation of the asphall for polar test compound interactions
the ifuture or magnitude of these interactions is not the same for all

s. iis reason that the Inferaction Coefficient for
phc‘nu_l showed a correlation wilh perforinance, while tne Inleraction
COD{{:,MG"(.S for man_y other test compounds did not., .

Vhat we r.'?ed now, as Dr. Rostler points out, is a knowiedge of the
nature of tie interactions between speeilie fonclions) zrowps in tihe as-
p!_r.lllll and specific test compounds. Such information 1c fu:u}:uncul::'-l‘-.‘,’nd
- -l AN = . .
of he chemtes compasno ot caonof 8 Ioverse GLC dal i terme
i e R J ...J) 12 l ve nupe inforimation of this
',1 ¢ forthcoming in the fulurce, ¥ & from our owr laboratory
it(x:lélmlllilgul;borulonos of others who are inlorested in the Inverse GI.C
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