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AN INVERSE GLC STUDY OF ASPHALTS USED IN THE 
ZACA- VIGMORE EXPERIMENTAL ROAD TEST 

T. C. DAVIS and J. C. PETERSEN' 

ABSTRACT 

Inverse gas -liquid chromatogr a phy (GLC) was used to study asphalts 
evaluatecl in the Zaca - Wigmore Experimental Road Tes t. The retention 
behavior of a number of test compounds was determined on ~he asphalts 
both before and after oxidation w ith,n the GLC column. The retention 
behavior of the test compound pheno~ on H' e oxidized as phalt.s correlated 
with the performance cf the asphalts in road service, and t.nis vIas fur­
ther supported by a eimilar correlation with accelerated weathe:-ing 
durabilities of coatin~-grade asphalts. The phenol test compound re­
(elltion data on the oxidized road asphalts were also found to relate to 
changes in viscosity as measured by the microfilm durability test . Be­
cal:.se test compound retent,on behavior is related to chemical composi ­
tion and molecular association forces of the asphalt, the correlation 
with performance affirms the impor~ance of chemical composition tf) 
asphalt periormance on the road. 

INTRODUCTION 

Inverse GLC, a technique for studyin~ petroleum asphalts, was devel­
op~d by Davis, Petersen, and Haines (3) and extended by Davis and 
Petersen (1,2). In the technique, asphalt is used as the liquid substrate 
in a GLC column and is cha acterized by measuring the retention be­
havior of 5ebcted test compounds possess ng different functionai 
groups. To study oxidation characteristics, the asphalt is oxidized 
withh the GLC column, and retention behavior of the test compounds is 
determined on the oxidized asphalt. Retention behavior is a measure 
of [lmctional group interactions between the test compound and the as­
phalt and is thus rt!lated to the chemical composition of the asphalt. 

The Zaca-Wigmore Experimental Roa,l Test, eponsored by the Cali­
fnrnia Stahl Department of Public Works, Di.vision of Highways, has 
provided considerable test data on the lJehaviOl of a selected group of 
asphalts in highw::&.y pavements (6,7, 8). With the eyception of one as­
phalt product!d from a Mid-Continent crude oil by a refinery in Arkan­
~as, thes~ asphalts represented differe t crude oil sources and methods 
oC manufacture in California at the time. Although not fully accom­
plished, an effort was m.lde in this road test to hold the design and con­
struction varIables constant in order that the performance of the various 
asphalt cements could be compared. 

This report covers the Inverse I-;LC .study of 15 of the 17 asphalts 
used in the Zaca-Wigmore test project (6). Relationships were found 
between Inverse GLC data on the oxidized Zaca-Wigmore asphalts and 
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their performance in road service. Thcse results were . supported by 
Inverse GLC-accelcrated weathering studies of 20 coatmg-grade a~­
phalts previous ly 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 teet (7) were also 
found. 

EXPERIMENTAL 

Inverse GLC data were obtained on a Beckman GC-2 gas chromato­
graph,2 using a 1/4-in.::h by 13-foot GLC column packed with 1 part as­
phalt on 10 parts hy weight of Fluoropak 80 (56 grams t?tal). T~e co.l­
umn was then condilioned for a minimum of 6 hours, uS1l1g a hehum 111-

let gage prcs s ur e of 15 psi and an instrument operating temperature of 
130 C (normal tcsting conditions). Following conditionmg, the test 
compounds were introduced, and their retention behavior wa~ ~eter­
mined, as pre\'iously described (3). The aspl:\alt was the.n oX.Idized (1.' 
within the column by replacing the helium cr..rrier gas 'wlth flltered alI' 
at an inlet gagc pressu1'C of 15 psi; the flow rate was apprOXi?lat~ly 30 
ml/min at the collll.m exit. The column tempera~re wa.s m.allltallled at 
130 C for an oxidation pcriod of 24 hours. Follow1l1g oXIdatlOn, normal 
tes ting conditions were reestablished, thE: column was reconditioned, 
and test compound retention data were again obtaincd. . . . 

The Interaclion CoeffiCIent (Ip) (3) was obtained b~' fIrst determ1l1mg 
on the asphalt tlte corrected retention volumes (YiP for a series of 
n-paraffins covering the molecular weight range of the, test compounds 
used. The logarithms of the YR's for the n-paraifins were then plotted 
as a function of their molzcular weight. The llJ for a given test com­
pound on the asphalt is defined as: 

Ip = 100 (log VR - log VR ] t p 

where 

V~ corrected retention volume of test compound, and 

yO 
Rp corrected retention volume of ~,fPotnetical n-paraIfin. 

The hypothetica l n-paraffin is one having the same molecular weight as 
the test compound, and the logarithm of its VR is obtained fr~m the 
plot de~ 'ibed previously. The experimental value of Ip obtruned has a 
reproducIbility of ± 1. . 

Retained samples of 15 Zaca-Wigmore asphalts were furmshed by 
the Materials Division of the Bureau of Public Roads. The aspha.ts are 

• Reference to specific CO!lH.lercial materials or models of equipment is made for iden· 
ti!icatlOn only and does not imply endorsement by the Bureau of Mines . ' 
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grouped in this paper according to cLnstruction periods in which they 
were used . Paving periods 1 and l A were from October 14, 1954 to 
November 3, 195 i and December 16, 1954 to December 21, 1954, re­
spectiv'ly; asphalts used during these periods were conSidered as olle 
paving period for the purpose of data comparison in this and the initia l 
r eport (6) . Paving period 2 was from February 21, 1955 to March 21 
1955. ' 

Samples of 20 cuating-grade asphalts were supplied by Gre.~nfeld 
and Wright of the Na~ional Bureau of Standards. These investigators 
obtained the carbon-arc accelerated weathel in!; durability data (4, 5) 
cited in the present study. . 

The usual consistency tests, as well as <:. number of special charac 
terization tests, on the asphalts used have previously been reported 
(4,6). 

RESULTS M-m DISCUSSION 

Inverse '3LC-I.sp:lalt Performance Studie~ 

The Inverse GLC data for 15 of the Zaca-V'igmcre asphalts are 
sho\yn in Tables I and n. S~rvice performance of the asphalts in the 
road was judged by a team of obs ervers and reported in Ule origina l 
study (6) as the surface performance rating. Rat:ngs aitel' 51 months 
of service for paving- periOdS 1 and lA, and 47 months service for pav­
ing period 2 a:ce reproduced in Table m. The ralings are based on 
'lisual observations and crack surveys and are reported as a numerical 

.\ :::'~ :J"' . 
~pou~o;j 
!.',' O(elo'. 
· '; e: ,o. , l=mhe 
... e: : e: - e_1 
~;e: ':":f:e "yde 

Table 1. Inverse GLC Retention Data on Zac;\-Wi\::Tlore Asphalts­
Pavinl;; Periods 1 and IA 

1t~ leroc'ion CoeHicienr (Ip) 

Before colVlnn oxidalion 
Arter column a.idalion I 

J. 8-1' ~ - .!!. .£. ~ .l. .i. J.. !:.. 8- : - .!!. .£. ~ 
-5 0 -I -I 0 ·1 0 0 ·5 I 0 0 I 2 0 -3 I I 0 -2 0 I 5 58 .. 
2 3 2 2 3 2 1 3 3 2 3 2 2 2 31 36 34 35 37 34 37 

.l. 

I 

4 

3 

.i. 

I 

3 36 31 36 35 36 38 34 38 37 • · ·,'t' r" , 'P/rrolidin 40 I 43 41 51 
43/ 

« 46 50 120 ! ':: .. , 1 . . 
46 ' 49 47 49 52 50 54 51 47 54 55 58 58 54 61 59 ' .< - eo 48 46 46 47 47 48 50 48 ' 7 49 47 49 50 48 50 43 . .. :. .... ..... ~ 53 52 ~ 55 57 56 60 59 ~4 59 58 6~ 62 5a 6· 66 

;,:;, .:::!: ... 60 67 '3 74 66 72 16 84 : •• ,' It" , IPI,idine 60 68 62 65 67 64 67 67 60 69 '-6 66 70 64 68 72 :- .: '-e.- {'o""ine 61 67 65 69 68 62 72 76 :: ;..:;.:. - j,: oc: id 70 ~2 84 92 93 93 98 97 84 94 100 105 107 I " 114 125 :' .: e:' ;.-ir rile 78 80 75 79 86 82 86 83 77 81 80 81 83 82 86 85 
:t,·· , 'e 

90 89 87 91 95 93 98 96 97 102 103 108 99 104 III I~ : -c: '~ ,I wff!)Jlide 107 122 122 120 108 125 122 12. 107 1 133 132 132 124 132 126 129 
; e ,)1 

118 123 118 124 127 127 133 134 
::~ I :~~ 14a 150 154 ItO 165 17C C ";:r- ;:c 131 '43 141 143 148 150 155 154 158 158 !57 160 169 ~ '. , • ~ > .. r\. 130-C, IS pi! o,r Inlel preuure. 

: . '::'t :,1 Colibrn'o designations. 
: ;:;. -; ;)er i:w1 IA. 

' 'l \ :e-<t ,j/Poe in the Gle column greoter rhon l.so m:nutf . 
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Ta bl n In erse GLC Relentlon Irta on Zaca-Wlgmore Asphallll-Paving Period 2 e v 

Int.roctidn Co.Hici~nt (Ip) 

After column oXldotiQn 
, 

Be rorc column oxidotion 
I---

Aoph.I" ... ~ H-2 A-l . . - -
feu ComDOund 

!uty! occtote I I -2 
Triethylamine -1 3 -I 
Denne· 1 3 3 2 
H..ploldchyde 37 37 35 
I-M.thylpyrrolidinc 45 39 41 
But<J"'t01 52 53 48 
101",.". 49 SO 46 
Nirromethone 58 59 57 
Piperidine 64 79 69 

67 2-M.thylpyridine 67 69

1 
66 74 67 Cyclohexyla.."ine 

82 PrQfionic odd 82 94 
Acetonitrile SO 84 SO 
Pr"ol. 93 96 90 
Dimethyl sulfo.<ide 127 127 123 
Phe nol 124 120 124 
formomidc ISO 147 145 

124 houn, 130'" C, 15 pli air inl~' preuure. 
1 Stole of CQlifornio dcsignations. 

0-2 0-2 a· 2 -

I I 0 
-2 5 I 
2 2 1 

35 37 35 
41 50 44 
52 52 5' 
47 49 I 49 
57 59 57 
64 85 70 
66 67 65 
66 76 70 
91 97 93 
76 86 81 
94 96 94 

109 126 127 
125 128 127 
147 146 146 

J Residence lime: in GLC calunn greafer thon ISO minutes_ 

E-2 (-2 H-2 A-2 10-2 G·2 8-1 IE-2 -- ~ --- -
-

2 0 0 0 I 0 0 I 
6 ., . 
4 3 2 3 2 3 2 4 

38 16 37 36 

'? I 
37 37 38 

51 
57 53 56 51 59 57 53 53 

49 48 SO 4' SO SO 50 49 
59 58 63 65 62 61 58 61 

90 . 
68 68 71 68 69 70 72 69 
86 . 
98 94 106 96 105 113 111 123 

11~ 
83 83 84 SO 8<' 86 as 

112 95 100 109 99 97 102 
134 133 133 In 127 127 128 127 

162 1170 137 ISO ISO 147 151 164 
l57 166 160 155 167 166 168 155 

scale with one (1) being the best. In Tables I and IT the .asphalts are. 
arranged in the order of their decreasing performance 111 the road (111-
creasin(; nlllnerical ratings) from left to right. In T~blc I the. t ~st com­
pounds are list:!d in the order of increaSing Interac.tlOn CoeffiCient on 
asphalt J before column oxidation; the same order IS u.sed in Table .II. 

The ability of Inverse GLC to show dilferences among asphalts IS 

demonstrated in Tables I and IT. The large Ip's ob~ined wi~h many of 
the tetit compounds indicate strong functional group 1I1terachc'1s be: 
twe!::n the asphalt and the test compound. Oxidation of the aS~halts 1l~­
creased the Interaction Coefficients for most test compounds, the 
increase was greater for the more polar test compounds. These 

Table m. Surface Performance R.'ltlngs' on the Zaca-Wlgmore Asphalls 
r---

p""jng pe,jad. I ood IA Poving period 2 

Svrfoce performonce roting Surfoc.e performcnce roting 
!tupho" orrer 51 monfhs Alph." ofter -47 months 

J I C-2 1-

A 2 H-2 1-

8-1 3 A-2 1-

C2 3+ 0-2 I 

H • 0-2 2-

0 • 1-2' 2-

G 5 8-2 2 

f 7 E-2 4105 

E Foiled 

I AlPha1h were rared nUf1'lerically with} being ,he best (reference 6) 
2 !his KImple WOi not ovailable for Inver~ GlC study. 
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increases suggest that oxidation 0: the asphalt procluces polar grou:)s 
which interact more strongly with lolar test compounds. The retentill/l 
beh~lvior of the basic test compounds on oxidized asphalts is highly de­
pendent on the nature of the funccio'1al grou;ls. For example, the ip of 
~ methylpyridhe is only slightly affected by the (\xidation of the asph.llt . 
whereas the stronger b:!se, piperidine, is held tightly by the oxirli'l.ecl 
column . These dilferences in the behav or of ttc organic bases may U0 
indicative of the acidic character of the oxidation product" tormed . . The 
acidic tes t compounds show a fairly r egular increase in the Ip irom 
left to right in Tables I and II, both before and after oxidation. This 
r egularity suggests a relationship between the Ip of acidic tt'st COm­
pounds and performance . 

A goou correlation was fOUlld between tre r oad surface performnllce 
: atings and the Ip's after oxidation of the asphalts for the acidic test 
compound, phenol. Figure 1 shows the correlation for the asphalts used 
in paving periods 1 and 1A. The location of the points for asphalts J 

c 
2 
<; 
~ 

~'210 .. 
'" o 

..c 

V 190 
N 

>­
z 
w 

g 150 ... 
w 
o 
'-' 
z I;)v 
o 
>= 
u ... 
e; 110 
>-

='= 
-J 

~ 90~------~F~O~ile~d~~7~--~ti----~5-----L4----~3L---~2----~ ______ ~ 
"- SUllFACE PfRFORMAlICE RAT/fiG AFTER 5i " f)'ITHS- (qe'erence 41 

Fig. J. Re :l ':l",o hip between Interaction Coefficient and Pavement 
Surface Performance Rating--Paving Periods 1 and lAo 

and E with respect to performance is uncertain because the surface per­
formance ratings of "1 " and "failed" may not be linear with respect to 
the r est of the scale; however, the scale was assumed to be linear in 
plotting the data . .\5 shown in Figure 1 those asphalts which perform 
better in service h' ve lower phenol Ip '~. 

The performance dat? from paving period 2 are not comparaLle with 
thOse of paving periods 1 and lA because of differences in the plant 
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mixes and in the properties of the completed roads. Hence, paving 
period 2 must be considered as a separate test. Although the perform­
ance data in this test (Table III) have insufficient spread to allow mean­
ingful correlations, the data show the same trend as the paving period 
1 and lA asphalts. T;.e complete Inverse GLC data on the paving period 
2 asphalts are tabula ted in this paper for use when final road perform­
ance data are av;1ilable. 

'1'11 - correlation shown in Figure 1 is based on data on the oxidized 
asph~lts, even though for this gI"oup of asphalts the as-received asphalts 
sho\' a similar trend. The preference for the oxidized data is based on 
a pr..;vious study (2), which showed that the phenol Ip increases rapidly 
du r ing 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 reliable because the samples may be different distances up 
the steep p2.rt of the oxidation curve. Oxidation to the plateau portion 
of the curve provides an equitable state for comparison of properties. 
In a study of coaling-grade asphalts in which the degree of OXidation of 
the as-received s rtmples was highly diverse, durability as measured by 
carbon-arc accelerated weathering tests (Weather-Ometer) correlated 
with the Ip data from the column-oxidl7.ed samples; however, the rela­
tionship was poor on as-received asphalts. Although paving asphalts 
would, in gelleral, receive less oxidation during manufacture than 
roating-grade asphalts, the differing degrees of prior oxidation playa 
suffiCiently important role in affecting the Ip to dictate the use of data 
on uniformly laboratory-oxidized samples. 

The correlation of phenol Ip's '1"'tth surface performan-:e of road 
asphalts is supported by the previou::; ly mentio.led correlat:on of phenol 
Ip'" with dura!:Jility of coating-grade a::;phalts. Grp~nfeld and Wright 
(4,5) con ucted accelerated carbon-arc Weather-Ometer 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 
penetration of an electrical spark. Thus, this durability test depends 
upon the inability of the weathered asphalt to conform under stress, 
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 serving as a binder to conform under imposed :;h·ess. 
Thus, if the phenol Ip data correlate with the tendency to for m cracks 
in the road, they st.odd also correlate with the tedency to form cracks 
in the Weather-Ometer. This is true, as shown in Figure 2 in which 
the durability data of Greenfeld and Wright are plotted against the Ip of 
phenol on oxidized samples. 

The similar trends of the two tests strengthen the Zaca-Wi~ore 
correlation in ODe of its weak pOints. The asphalts, with OIl': exception, 
were from one geographical area. Results of several tr~.:)ts for predict~ 
ing asphalt performance are highly dependent on the geographical are~ 
of the crude oil source (4,9). Without further tests it might be sus­
pected that it may not be possible to extrapolate the data from the 
Zaca-Wigmore asphalts to asphalts from other crude oil sources. The 
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ACCELERATED WEATHERING DURABILITY, do,s 10 toilu,. 

Fig. 2. Relationship between Interaction CoeHicient and 
Durability of Twenty As phalts . 

100 

asphalt~ studied J:ly Greenfeld and Wright were manufactured from 
crude mls of ~ou.r major producing areas-Mid-Continent, Venezuela, 
Southeastern Um.ted States, and Califorma. Three experimental, labo­
ratory-b.lown, MId-Continent asphalts (5) were also included. Since the 
correlatIon between phenol Ip and durability holds for the wide variety 
of aspha.lts studied by Greenfeld and Wright, an extrapolation of the 
Zaca-'H.\gmore results to asphalts from other sources appears reason­
able. 
onc The corr~lations indicate that the cracking tendencies of asphalt-

of the prIme causes of failure-can bc measured by the nhenol Ip 
Also, because the vabe of the Ip obtained depepds upon the 'chemistr~ 

a10ff~hC asphalt, t:le importa:1ce of asphalt chemistry to performance is 
lrmed. 

In\'crsc GLC-Viscosity Studies 

th . The vi~cOSity of asphalts has long been considered important to 
Cl~ SerVH'e performance. Changes in viscosity of (he Zaca-Wigmore 

asp aIts were studied by Simpson, et al. (7), using a microfilm 

7 
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durability test. Simpson related the changes in viscosity (reported as 
the aging index, which is defined as the ratio of the viscosity af~e: .oxi­
dation of a 5/l film of asphalt in air for 2 hours at 225 F to the mltial 
viscosity) to the performance of the asphalt in service. In general, 
thos e asphalts showing the smaller aging indexes performed better in 
Ule road. 

In Figure 3 ~he aging indexes obtained by Simpson are plotted ~s a 
function of the phenol 1p's on the Zaca-Wigmore asphalts after oXlda­
tion in the GLC column. A correlative trend is shown which is consis­
tent with the cOTl"elation of pheoni Ip and servi~~ performance shown 
in Figure 1. . . 

Simpson pointed out that the hardening of an asphalt dUTln~ the ml-
crofilm durability test could result from either oxidation or los.s of . 
volatiles. To determine the e[[ect of volatility, he r an the test m a nt­

trogen atmosphere as well as in air. Based on changes in viscosity in 
nitrogen, asphalts F, G, B-2, 
G- 2, and particularly asphalts 
E and E- 2 were found to be 
significantly more volatile 
than the oUler asphalts. Fig­
ure 3 shows that these more 
volatile asphalts have both 
higher aging indexes and 
higher Ip's. 

The question arises as to 
the dependence of the phenol 
Ip's on the loss of volatiles 
during the Tnverse GLC-oxi­
dation and testing procedure. 
The Ip's could be increased 

'OOr---,---r--..,---,---, 

400 

zoo 

100 .0 
60 

f • 

.r 

.r·z 

either by Ule concentration of i 20 

phenol-active material through ~ 
volatile or cxidalive loss of ~ 
phenol-inactive material, or 10 

by the oxida tive formation of 
phenol-active sites. To de-
termine the effect of volatile 
loss, asphalt E (one of the 
m.:>st volatile asphalts accord-
ing to Simpson's test) was 
tested in the GLC column at 
130 C under conditions de-
scribed in the Experimental 
section, except that the helium 
carrier gas was allowed to 
flow through the column for an 
extend cd per iod of 96 hours 
prior to the ~4-hOur oxidatiull 

• 

A9019 1n4 .. 4.1. " 
$4lllliOi. It .1 (rtf 7) 

130 140 150 160 170 110 
PHrNOL INHRACTION COEFfiCIENT IAI I., 24 hm 0.i4.li .. , 

Fig. 3. Relationship between the 
Interaction Coefficient and 
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period. The phenol Jp was measured after 6 hours &nd 96 huurs o[ the 
helium treatment, and after the 24-hour air treatment. The nearly 
colorless volatile oils which were stripped from the column were col­
lected and weighed at various time intervals. The weight-per cent of 
the Oils collected is shown as a [unction of time in Figure 4. Phenol 
Ip's at selected lime intervals are also shown. The rate of loss o[ 
volatile oils (exclusive of highly volatile hydrocariJons and oxidation 
products such as CO2 and water) is apparently the same [or both he­
J:um and air. The infrared spectra of the volatile oils collected under 

6.0r---.----r---,--- ... --..... --... --_r-~ 

5.0 • I 
~ COlumn ~cs· ... 

: oi, : 
! f : 
~ 4.0P,----- Column ~os-h.'jum----_""'I I, 

~ .,. 
.; 
• 
-'30 
I~ ... 
~ 
:II ... 
=20 ... 
~ 
o 
> 

1.0 

~Phenol 
Ip;170 

20 100 120 140 
TillE. houlS 

Fig. 4. Volatility Losses of Asphalt E in the CLC. 

both conditions were similar, thus indicating that oxidation I.oducts 
are. not being collected in the volatile oils. During th~ 96 hou ' ·s under 
helium, the JP. only changed from 134 to 135; however, during the 24 
~o,urs un~er aIr the Jp increased from 135 to 170. Thus, the higher 
p s. obtamed on oxidation of asphalts are not a result of volatile losses 

durmg the d::!termination, but must arise from an increase in polar 
groups in tile ?sphalts. 

To determine the effect on viscoj>ity of the volatiles lost from as­
phalt E during the GLC determinations, the viscosity of a sample f 1 Jm a ru . ·1 • 
of n .Sll~l ar .to that. reported in FigUl'e 4 was measured after 96 hour" 
.. s.tr.lppmg wltll hellUm carrier gas. A viscosity ratio of 4.7 (finalj 
~~.1~~1) was ?btained ac; compared with a viscosity r?tio of 56.5 obtained 

J unpson 111 the microfilm durability test under nitrogen. This 
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indicates that a large part or the volatiles lost in the determination of 
the aging index are retained and analyzed in the Inverse GLC-oxidalion 
technique. The relationship between the amount of volatiles and the Ip 
is not understood at this time. It is probably indirect, although it is 
possible that the volatile materials are among those that produce high 
Jp's on oxidation . The fact remains that the phenol Ip is indicating a 
change in CO'11pos ition 1I0t resulting merely from volatile losses. 

SUMMARY AND CONCLUSIONS 

Results of the Inverse GLC study of the Zaca-Wigmore asphalts 
show the potential usefulness of the technique in studying oxidative 
weatherin(; characteristics of asphalts. The retention behavior of the 
test compound phenol on the oxidized asphalts correlates with the per­
forma nce of the asphalts in road service, and t:.i.s is supported by a 
similar correlation with accelerated weathering durabilities of coating-

grade asphalts. 
The phenol Ip's also correlate Witll the viscosity changes as meas-

ured by lhe 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 volalile losses, but must result from an increase in polar groups 
on oxidation of the asphalts. 

Because Inverse GLC measurements are directly related to chemi­
cal composition, future interpretations of test compound behavior should 
aid in understa,nding the chemistry of oxidative weathering. 

ACKNOWLEDGMENT 

Th'e work reported by this paper was done under cooperative agree­
ments between tlle Bureau of Mines, U.S. Dept. of the Interior, and The 
University of Wyoming. 

LITERATURE CITED 

1. T. C . Davis and J. C. Petersen, Higlm'ay Research Record No. 134, HiGhway 
Research Board, National Research Council, 1966, pp. 1-7. 

2. ----, Anal. Chem" v. 38, No. 13, 1966, pp. 1938-1940. 
3. T. C. Davis, J. C. Petersen, and W. E. Haines, Anal. Chem., v. 38, 0.2, 

1966, PjJ. 241-243 . 
4. S. H. Gre\!nfeld and J. R. Wright, Material Research and Stalldards, v. 2, 

No.9, 1962, pp. 738-745, 
5. S. H. Greenfeld, Priv;1tc communication. National Bureau of Standards, 

Washington, D. C. 
6 . F. N. Hvcem, E, Zube, and J. Skog, ASTM Special Techllical publicatioll No. 

277, 1959, pp. 3-45. 
7. W. C. Si mpson, R. L. Griffin, and T . K. Miles, ASTM Special Tee/mical Pub-

lication No. 277, 1959, pp . 52-63 . 
8. J. Skog, A TM Special Technical Publication No, 277, 1959, pp. 46-51. 
9. C. D. Smith, C. C. Schuetz, and R. S. Hodgson, Ind. alld Ellg. Chem., Product 

Resea."ch and Development, v. 5, No.2, 1966, pp. 153-161. 

· . 
INVERSE GLC Hi. DY 

Discu s sion 

CHAIRMAN W. J. HALSTEAD: We have no prepared discuSSlOllS 
on this paper, so the paper will now be open for discussion from the 
floor . 
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MR. L. C. KRCHMA: You did mention that there were two test 
roads with very nearly the same asphalts in the Zaca-Wigmore eXp(; l 
mental road test, one of them period No. 1 and the other perio(l i-l'O ':'. 
You did show the asphalt property-performance relationship f0r pene'" 
1. Do your studies permit commenting on the same relationship for 
period 2? 

DR. PETERSEN: I am not personally acquainted with these road 
They were put in service long before wt: began our work. However 
they are reported on in the ASTM Special echnical Publication No: . 7 
by Hveem and coworkers. Paving pe i~ -I 2 asphalts were laid over 
existing concrete surfacinG: and so, in this sense, they are different 
from ~aving p:riod 1 whi.ch was.laid over new alignment. They :-or!, 
also different 111 thal pavmg penod 2 was !aid during the wet, winter 
season, and there was good weather for paving period 1. Steaming of 
thq aggregate may have caused the reduction in the degradation of the 
~sphalt in the mix plant . Anyhow, there was less oxidation during mix­
mg, and these asphalts therefore went down in the road with less voids 
on the average. Also, beC'.ause of the conCL'ete pavement underneatn "e 
p:-.ving period 2 asphalts, there was much less dp.flection in service'. l • • 

So ti:ere are a . number of things which are different wit h paving period 
~ WI.1C h make It really a separate test. There just aren't any failures 
1lI the performance data reported on paving periC'd 2, Except for As­
phalt E-2, the surface ratings have no spread, being eiUle, 1 or 2. As 
you well. know, you can't make evaluations until you get failures. 

I beheve the fina l :'eport on tile Zaca-Wigmore test is due t'o come 
out shortly, if it's not already out. I hav'?'\' t seen it. There may be 
~ore pe.rIormance data y0t to come. We hoped there would. That's 

hy we 1I1cl~d~d Inverse GLC data on paving period 2 asphalts. Our 
?LC a~lysls IS as complete on the paving period 2 asphalts as on pav­
mg perIOd 1, but we just don't have anything to run it against. 

i ~R. KRCHMA: But they are about the same asphalts, a!'l' they nol , 
n splte of the fact the performance VIas materially different ',' ' 

DR. PETERSEN: According to Hveem's p:lper, r think three or 
{tha0ur of them were cO!1sidered to be essentially the same, I wlders' '. r d 

t prod c . . ..... u ers were lust gearmg up to comply willi new specifications 
at t?(' time, and some asphalts from the sa.me producers for the two 
p~nodS were different. However, 'as I recall, three or \'::"Ir oi them 
w_ra supposed to be nearly idE'ntical. 

.MR. KRCIIMA: Your test, however, is independent of the different 
enVIronment that existed in period two over period one. 

DR. PETERSEN: Right. 
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MR. KRCIIMA: Then the next ques tion is: How well do the asphalls 
from P eriod 1 comp1.re 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 
I will let Mr . Th.vis ans wer that question. incidentally, he has done a 
good sh'lre oC the worl: on the GLC technique. 

MR. T. C. DAV LJ : I believe there were four asphalts that were sup­
po~cd to be lhe same, and we had three of them and the tl)ree looked 
\' .·Y clo:.c on the inverse G LC. 

1R. T. R. WELCH: Dr. P etersen, I am afraid I haven't h::d a 
c nce to study your paper, But I am rather interested in your conclu­
sieJ1l that t he higher phenol interaction coefficients are not a direct re­
s ull of volatile losses, but must result from an increase in polar groups 
on o.-idation of asphalts, It is our experience that in an evaporation or 
di~tillalion process there is a t endency for the chemical change to be 

ainly loss of saturates rather than that of aromatic compounds. 
Therefore, the asphalt during evaporation tends to become more aro­
I I'l l i al this 1s not through oxidatIon_ I wondered, i n fact, whether 
this CO <I ( cyplain your higher interaction coefficienls: namely, your 
1 13S of salurates making the asphalt more aromatic rather than the 
fo rmation of other compounds. 

DR. ] -~TEl1SEN: I don't think so, based on · ... e last slide. We ran 
fIG hour:; \"ith a carrier gas of helium passing .,rough the culumn, and 
it fil l ipp" d the co umn at essentially the same rate as .when we put air 
t hrouG I. Now, 90 hours under I)elium did not significantly change the 
inter action coefficient. The change was almost within experimenlal er­
ror. However, with air going through the column for 24 hours, and with 
only a small pe::" cent of the total volatile loss experienced in the first 
90 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. 
T nere was just a fraction of one per cent vola tile loss that took place 
.\ O!l~ with this large incr,~ase in the interaction coefficie nt, Further, we 
don't lose much volatile material in the GLC determination. 

DR. F. S. ROSTLER (written discussion): The paper by Davis and 
Petersen presents an origif,al approach to the characterization of as­
phalts, It is an interesting contribution to our knowledge of asphalt 
c 'lemistry in several r "spects. The paper is par icularly valuaHe and 
informative because the asphalts investigated are well defined, well 
known, lind have been studied by oUler investigators who use d ifferent 
techniques . 

We u0li2ve it might be of interest to workers in the field to compare 
a set of C In. we collected on the same asphalts with those presented, 
since they are believed to support the findings of Petersen and cowork­
ers. These data are for fractional composition of the Zaca-Wigmore 
asphalts and Ule calculated parameter, (N + A1)/(P + A2), expressive of 

'. 
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Table A. Asphalts of Paving I'erlod 1 

Asph.\\t Designation J A B-1 C H D G F E 
SurClre Pcrtorm:l.Jlce Rating- 1 2 3 )+ 4 4 5 7 F.u ll 
C.lutornia Abrasion Test· · 

Grams los. at 65 F. 6.0 20.0 22.0 27.5 29.0 27.5 18 .0 29.5 4 5 
Apn& ~Idex Arter Microfilm I 

Dur.btllty Test. ~./r;o 7.8 8.5 17 .1 17.8 14.3 15.8 33 .2 29.6 428. 
Phenol Inlen.ction CoeChctcnl. 

Orlpn.11 118 123 118 124 In 1'-7 133 131 
Aller 24 hours Oxidation 141 146 148 150 154 160 165 17C 

.' racllonal Composition, % I 
A 16.0 10.5 21.7 11.6 14 .9 9.5 26.6 25.6 27 3 
N 15.7 37.2 26.8 39.8 36.5 34.3 21.8 26.7 13.2 
AI 21.2 12.2 19.0 12.9 19 .~ 175 20.5 20.8 21.0 
A, 34 .3 24.6 18.2 20.6 17.0 24 .0 14.9 15.3 14.7 
P 12.8 15.5 14.3 15.1 12.4 14 .7 16.2 11.6 8.S 
(N + A,)/P + A,) 0.78 1.23 1.4: 1.48 1.89 1.34 1.36 1.77 2.0\· 

• Alter tj1 month!;' service; d .... ta from Davis and Peters en reference 6. 
•• Aged 500 Ilr. al 140 F; dala Crom Davis and Pelersen reCerence 6. 

f Data from Da.vls and Petersen reference 7. 
I Unpublished. data; I~sl method described \0 Restler and While, Proceedings. Association of J\;pltal/ 

P aw'IJ Tee/mol0K'sl •• Vol. 31. January. 1962, pp. 35-89. 

the ratio of more reactive t lcz.s reactive components. The two tables 
Apnd B sho\\< ~hese data compared with some of the charactc_'istic val­
ues determined by the authors and previous investigators . 

Petersen and coworkers postulated in their previous publications 
(references 2 and 3) that Inver~e GLC can be expected to be a measllre 
of typical functional groups in asphalts and of the extent 01 Oxidation and 
~eathering. No correlation is shown in the P"c~ t paper bet- . -. f '" .;­
lional groups of the retention compounds and functional group:·. i.:l ,e 
asph~lts. This correlation could, of course, not yet be found, since the 
functional groups present in the asphalts are not known, but further 

Table B. Asphalts of Paving Period 2 

Asplutl Designation C-2 M-2 A-2 0..2 G-2 B-2 E-2 
S~rr:a.ce Performance Rating. I- I - I- I 2- 3 4-5 Cal Uornla Abrasion Tesl" 

Gr>.ms loss al 65 F. 
ACIng Index arter Mlcro!ltm I 

24 .0 33.0 16.0 27.1} 30.0 26.0 62.0 
Du .. bllily Tesl. ~./~o 15.8 27 .< 9.6 1.3 59.0 65 .4 282. Phenol (nleractlon Cacmclenl 
Original ' 124 120 124 125 128 Arter <~ hours Oxidation 127 137 

Fracllonal Composltl:>n % I 
150 150 1., 151 164 1&2 170 

A ' 12.4 17.0 
S 

9.2 8.8 25.7 24 .6 30.7 
A, 38.9 35.9 36.4 35.4 23 .8 25.9 24.4 
A, 14 .7 15.3 13 .4 13 .7 19.7 19.1 2l.l 
P 19.0 8.4 24.8 25 .5 18.3 18 .2 14.9 

(..'1 + A,)/(P + 1.,) 
15.0 13.4 16.2 16.6 12.5 12.2 8.' 1.58 1.61 1.21 1.17 1.41 1.48 1.94 

• Afler 47 monlh.· 5e I . da C ., A ed SOO rv Ct, ta rOm Davis and Petersen reference 6. 
I ~ hr. al 140 F; dala Crom Davis >.nd Pelersen reCcrer.te 6. 

~ fr om Invls and Petersen reference 1 
: Unpublis~cd data' tcsl th d d ' 

/\Jun,: T<c/:noloCiSls V I 3~eJ 0 cscrlbed In Restler and White. Proceedings. Associali"" of A phall 
• o. ,anuary, 1962, pp. 35-811. 
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work with well defined asphalt components might lead to some insight 
in this respect. 

The mechanism of oxidation in the column and the effect of oxida­
tion on retention, i.e., the difference b( tween retention before and after 
oxi 'llion, is difficult to understand. It might be valuable if the authors 
would elaborate on what Lhey e..cpccl to determine and explain the under­
lying principles, and if illCY could give some examples. One would ex-
ect the degree of r etention 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 compowlds aIter oxi­
dation . Tris is hard to understand. 

It is demonstrated that the retention coefficient (especially of the 
test compound pheIlol) correlates well with performance of the Zaca­
Wigmore asphalts. The authors point out that the measured retention 
behavior is related to chemical composition, as should be expected. 
The two sets of data indicative of chemical reactivity, Petersen's and 
curs , show the same trend, a.lld both types of data correlate fairly well 
with performance rating and performance tests. This mutually support­
ing evidence affirms the fact, by now well established, that asphalt per­
formance is governed by chemical composition and that durability is 
definitely l~~ked to oxidation. 

It would be valuable if others who have data on the same specimens 
would also make them generally available. The practice of various in­
vestigators using the sa~le specimens and publishing their data is more 
apt to advance our l:no"; edge of asphalt than papers contradicting other 
findings but showing data collected on specimens which are neither well 
defined nor available to others. 

AUTHORS' CLOSURE: We wish to tI.ank Dr. Rostler for making 
available his analytical data on the Zaca-Wigmore asphalts which sup­
port our Inverse GLC studies. We certainly concur that it is most 
helpful when different investigators can report data on the same sam­
ples. 

Dr. Rostler has asked for some di!'cussion of the mechanism of 
'oxidation in tile column and the effect of oxidation on retention behav­
ior; what are ille principles involved, and why does ilie Interaction Co­
efficient increase for all test compoWlds (or at least does not decrease) 
after oxidation? 

Oxidation wiiliin the GLC column is simply a method of oxidizing 
the asphalt under controlled and reproducible conditions. The reactivity 
of the asphalt to oxygen is then reflected in the Interaction CoeffiCients 
obtained for thc test compotmds on the oxidized asphalts. As is well 
knoval., oxi ation of an asphalt at 130 C causes the production in the as­
phalt of a num!:>l~r of diffcrent types of oxygen-containing functional 
grOUllt ; for examp!e, carbo>..'ylic acid groups, carbonyl and hydroxyl 
gro . ,s , :> grou )s containing the various oxidation states of suUur. 

, Hh J , pect to the Inversc GLC intcractions, we can consider the 
oxygcn-containiI:g functional {;roups as acids or bases, and often both. 
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We must not think in terms c' • .e limited acid-base theory of aqueous 
systcms, howe, er, becaus c ., ,, <irc deallng with a non-aqueous systcm. 
Thus, in the bro:::d scnse considered her:" b.:!.:;(:~ al'e those groups 
..... hi h arc ele~troneg:Jfiw' "11' electron-rich, and acids are those groups 
whic h are electropositive, or electron-poor. For examr:le, a carboxyl 
~roup has both acidic and basi!' character . The carbonyl and hydroxyl 
oxygen of UlC carbo;..-y l group are electrop.eg~.t~·. c and will interact with 
:lll acidic test compound (or one containing an electrol1-poor center). 
On the other hand, the hydrm,-yl hydrog~!1 vf ilie carboxyl group is elec­
tropositive or acidic in character and will interact with a bas ;" test 
cOlllpowld (or one conhining an electron-rich r.enter) . Th : ,c;.l ille argu­
mcnls can be made for ox-ygen a.nd hydrogen of the alcoholi _ ur pl.Jel olic 
hydroxyl groups which r . .. y be formed on oxidation. 

Beca'lsc boCl acid and basic character are produccd in the asphalt 
by incorporation of oxygen on oxidation, one mig!lt expect changes in 
thc interactions of polar test compounds, whether these test compounds 
are acidic or basic in character, to be reflectcd as increased Interac­
tion Coefficicnts. This is consistent WiUl the data. 

The impl'rt'lnt fact is that althoug:. the Interaction Cocfficient iu­
creases on uJCidation of the asphalt for polar test compound interactions , 
thc J1hturc or magnitude of these interactions is 110t the same for aU 
tcst compounds . Certain inter ... ctlo.1S are stronger and morc specific 
than others. It is for this reason that t.h ,~ Interactio~ Coeliicient for 
phcnol sho\ved a correlation WiUl performance, while tile Interaction 
CoeffiCients lor many oUleI' test compowlds dld cot. 

What \~P ".eed 110\\:, as Dr. RosUer points out, is a knO\" e-:lge of the 
J4'1ture oC t i le mteractlOns between spccific funclion:l ~n:' l.)Js in the as ­
phalt and specific test compounds. Such information is iWldamental and 
will make possible ilie interpretation of the Inverse GLC dat'.1 in terms 
of ilie chemical composition of the asphalt. We hope information'of this 
type will be forili?oming in Ule future, ) .. il from our oWl: labora!ory 
and Ule laboratones of otllers who are interested in tile Inverse GLC 
technique . 




