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INTRODUOTION

Within reeent years the spplicatien of asphaltie eils %0 the
tmprovemsat and comstrustion of roads and highways has becsme ome
of the formmest intustries of this somatry. AlWhough W o the
preseat time there has beea very little direet ressarch saxried en
with %he ssle purpose of detormining the properiies or eonditions
vhidh help these oils beeems move offigdent in theliz wpplisation
%o e Tosds, 13 1s By Delisf that in erder %0 have an efficient
rosd oil sartain fuportant Wdhesive properting must de presmns,
Sines thare are mmsrous metheds of changing these propertiss, |
1% 15 poasDle What oils may be eamparatively fmproved by & simple
shangs in any ene er moye of theae pwopertiecs, Eowever, 14 will
208 30 the purpoes of this Resis 0 find ;mt the ddanges hat may
e made, dut its purpose is %0 Gstermine same of these properties
and siwple metheds of nesswuring them, The peoper shmges and
motheds are loft Lo later yessareh Wk,

Ia their ressarch repords, A.R. Lee (1) aad C, Maek (2)
mmwmm_m-mmuumm
They state that these mlations, ensrgy of adhesion, interfacial
onergy, and spreading evefficients of ®he oils with agpregates, was, vw
wil slight varistions, in proportion % the mrface tmsion of he
asphalis and sgpegntes, Asswxing that these relations axre trwe,
1% 15 e purpose of thia Yhwsis te daviee a siple wans of deternining
%0 swrfeee tensien of asphalts and %0 test ®he asphalts % see if
mnwﬁmm»tomrmtlmmmmm



puedics the eoniitions that will de pressat when $he oils are weld
in a nix with the tested agzregates. |

Throughout this thesis, the words asphaltie oils, asphelts,
and oils, will de used inteyehangeadly $0 mean the smme thing,

Sinse the swrface temsion of liquids is very impartant in this
thesis, I delieve a definitkion of Surface Tension is well im erder.

P& Ao Moleowler Theory of Matter, each moleeule within a liquid
attrasts mmd 49 atirested by surrounding molecules. ZEach molesuls
may thes bde pictured as surrounied by s sphere of attrection. Forees
then oxisth between Sack molecule and other molecules withia i%s sphere
of attrection. Ia the body of a ligquid the resultant of These ferees
is sero, since each moleeule is eompletely surrounied by similay
molecules; in the suwrface layer this dass no$ hold, as the moleeules
in e Wper half of the sphere of attrasiioa are sempratively few,
Consoguenily, ¥he £>00 surface of & liquid bdedaves as 1if 14 were in
a state of stress. Yoress act acress the swfase Whisk are ¥e
direst result of melecnlar attrestion snd comsequenily Wwir msasurement
is of tmportanse. If & straight 1lins 1 en. In lengW is &vem ia the
surface of the liquid in eentest oaly With 14s omn vaper, then the
m-m-m-nunnat-m;'uhmuutom
Teasion of e liquid. Swfass Tamsion 15 thus foxes por wnid
leagth. - (Fysies-Chemical Metheds ~ Reflly, Pg. 538)
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Up %0 fhe present due to their various degrees of tenscity amd

mturl eolor, there has not deen devised a simple means of determining
e surface tension of asphaltie ofils, Of the variocus ways which the
swrfuce tmsion has deen determined the one most applicadle o general
practise is given by C, Mack, (2)

Ho suspends a thread of asphal$ having & known raldiue and length
under oonditions where only the forces of gravity and surface tension
may 8ot on it. After a eortain length of time the action of gravity
and surface tension are rated amd through eampilation of certain data
on several strings of asphals, he 1is able 0 determine the swxface .
%easion of the o1l, There is only ome serious cd jeection %0 this method,
amely, 44 ean b applied oaly t0 asphalts which flow under the
influence of gravitational feroces, Ons of the somewhat less serious
odjestions is the moessery time consuming ope mtion of scowrately
measwring the radius of the threed,

T™he simple method I propese %0 be used hereafter is desed oa
DuNouys Ring method of odtaining surface temsions ef liquids, Although
t%he ring method hes been Ireviously used 90 detemmime the swfaee
fension of 04ls at high Ssmperatures by Nellensteyn and Rooderdurg, this
method 18 highly influemsed by $he visoosity of the oil, Henoe, it may
€ive insccurate results,

Since all asphalts are soludle in Benszene, and e surface tension
of Donzens £8 easily measured wifth Du Jouy's ring, it is a sinple miter
0 mix different weight proportions of Basene and ol)l, thus M termining
the surface tension of these mixtures with $he ring. Simce all the
solutions wifh pereentages rarging fyom 40-09% Benmens are extremely
1iquid, one has no trowle measuring the swface tensioms,
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The precelure 1is very simple and routine, A small semple of the
ofl (8«8 grs) is wighed in an Erlmeyer flask or other bdotstle which
has boon weighed with a coxk %0 14, To the flask is added an approximte
emsun$ of Bensens which W1l comprise from 48-00) of the solution, the
flask s eorked and scourately weighed again % determime asctual peresat
of Beasens, Three or moTe samples are wighed out and thelir Benserns
peremtage is spread evenly as possidble detwesn 45 and 954, (Note. For
percentages 1ess than 454 Bansens ®he solutions are seldom sufficimtly
1iquid, and sligh$ 4iffioculty may be encountered shen cleaning the
platimm ring, also en fnfinitesimally mmall error may coocur due %o
the o1l actually stieking % the ring, 1a edaiti §i perom mges above
954 Beamens, the surface tension vax es very listle from t%hat of Beasens.)
With the accurate percenteges of BDemsene in each solution detarmined,
e flasks are sarefully rotated %0 guarentes & wnifomm mixture, Thea
& meall watch glass, iatensively cloened and rinsed deforehand is filled
e the surface tension of this sample is obtaimed with en asourately
ealiberated DuNouy Temsiometer. Since thiee or more samples are talken
frem oach solution, the flasks are keps corksd between trials, The
operation of the Tensiemeter is neither intrisate nor complex, if used
as per instructions given with tle instruwnt, The ring is cleaned
after each trial by heating red hot in & Yellow fleme, The mean
Swrface tension of the three trials is talmn es the sotual valw eof
swiaes tension for each mluticn. These values are faken as ardinate
values and plotted with 4l» Bensene Percentages as adssissas, e ewrve
will eotwmlly 0 a straight line., With the least orror possidle
e ouwrve will pass through $d» points of ®he surface tension of
Bmseae at a eorresponding value of 1008 Benzens, By exteniing ®e






=3
ewve through the point of O Peroent Beanssms, This 1f ascurately
staled vill %o %o valuws of the swrface tension «f 1w asphals,
The Tesulis for oil Pard showa - Tedle '
% Bennene 100,0 68,y 9.8 7i¢é ©BO0.3 o
Swrfese Tensiom 28,87 80,01 20,07 290,21 850.13 8.80

Bnergy Relations

Asphalt through its property %o act es & binder for aggregates has
found its greatest field of applisation in road eonstrustion ami
improvencat,

Ia an esphal $~aggregate syt ma, the swiace aergies play an
fuportant pars, These mergies are givea ¢ortain differentiating
aMme II. shall hereafter do salled, Interfacial Emergy, Raargy of
Irmernion, Energy of AMhesion, Energy ¢f Cohesion and apr-luc
Osefficiens, Definitions of thess terms axe falma from Maek (i)
and Ammtole (4).

Interfucial Enerey Mo emergy at $hs interface of 4w eoalescent
substences, By Andddid rule 1% s We Gifference Detwesn the swfuce
tensions of the mterials, R. Loman (5) end X.P, Zvikiwy () show
that this 3ule holds best for the selid-liquid imterfuces,
Emergy of lgmersion Whem a solid tohmucin.nquu the swiase
disappears and in 1its place is fonnd the same area of solid-liquid
interface, The energy of fsmcraiem is equal %0 $hs mrfece Sensiom
of the Limersed partiols minus the emergy of the interfaee,

8Z 3 swrfese Tension of Agzregate

KI 3 Interfasial Energy

Enargy of Immersiof = SZ « EI (Maek)

P4
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MpIEy of Adhesion '"henever a solid occelesees Wth the mrfaces
of a liquid the swface emergies dissppear eml the ensrgy of e
interfase appear, The energics imvolwd in ®is veaction is eqmsl
%0 the mum of ¥w surface temsion, minw the intarfaciasl awrgy.
Energy ¢f Adhesion 2 8Z 480 « EI
The morgy of Adhesion is the smount of exergy per em whidh xust
be applied at the interface in order %0 sepanrate the sudetances,
Cohesion Enexxy 4s the iaternal emergy betwesn molecules of ¥s seme
mbstanes, This attracticn emergy 1s asswumed ©© be twice the awrfaee
Sension,

So = Swrface Tensiom of 011

Energy of Cohesion =8 Se.

The Spreeding Coefficient. Vhem a liquid spreads ever a sclid, attrastiea
Yetween the twe phases cecurs, the roe of which is dirested cgainsd
the chhesion of the 1iquid, waich s in a position ef spreading, Thus
the coefficient of spreading is equel $0 he energy of adhesion minms
the energy of oshesion,
Ooefricient of Spresding = SZ « S0 « KI

By solving Mack's squations for adhesion tensicns, the mrfaee
Sensions of Limestone is fowd % de approxims taly 71 &ymes. Sinoce
this experiment is solely %o compare the alhesive amergies of R o
oils, and any asswmed erro® is constant for all cases, the euthop
belisves that a eonst value of 70 &ynes / em 1s a suitable valwe
for the swface tension of liwestone. The fullowing Sable dhows
%he eomparetive calculated resulls,






ole

" Surface .Energy of 'Lnergy of Lnergy of Emergy of .Coefficient of

0I1. . Tension. Inteface . Irmersion:Adhesion (Cohesicon .

Snreading |

37.8
3l.8
1.9
31.9
35.2
316
3543
338
32,1
3249
3243
52,8
32.5
3243
3346
3l.8

YWOZREMNRUNMEOREHCOW >

32,8
.38.2
-38Q1
=38,1
«36,8
=384
«l447
’36.2
.3709
=371
.37.7
=378
037.5
.3707
=364
-38.2

102,8
108,2
102,1
08,1
106,8
108,4
104,7
106,28
107.,9
107,1
107,7
107,82
107,58
107,7
106.4
108,28

140
140
140

140

74.4
63,6
63,9
63.8
66,4
63.2
70,6
67,6
64,8
63,8
64,6
65,6
65,0
64,6
87.2
63,6

65,6
76.4
"6.2
76.2
738
76.8
€9.4
72.4
75.8
7443
75.4
74.4
75,0
75.4
72.8
76,4

Remarks: Since it is practically impossidle for =11 the oils ¢o

have the seme adhesion energy, it is obvious that at least one or

both of previous assumptionsi namely, the first esssumption, An¥-

ondws Rule must hold for asphaltic oils and argrerates; second,

that the surface tension for limestone ean be assumed to have a

constant value of 70 dymes: e¥e false.

No generanl conclusions can be made from the data of the pree

eceding parasgraphs for the reessons previously steted,

The &uthor

rorrets that he cannot find any appreciable error in his computae

tions; and, until further research is carried out along this line,

he will be unable to stete definitely which of his assurptions s

incorrect,

Binding Properties of Asphalts
rst-
m:';ittrlbuu of an adhesive is that 4t should wet the solid

then
on which it is placed, It ahouldm.hanga into & more or less tenae

cious solid.

In roed construction the asphaltearsrrepnte joint is
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usually attached by water before setting of the adhesive occurs,
The first stages in the study of binders should be in the wetting
properties, Since esphalts sprcad easily over most eaggregetes,
wetting is eanparatively simple end complete, Eut, nevertheless,
the degree of wetting depends on (a) the nature of the liquid which
will determine the specific ietting properties, (b) the viscosity
of the liquid which will determine its rate of spreading, (¢) the
sature of the solid which will determine its tendency to be =pread,

The second atage of study of dinding properties is their cone
dition after heing water-soaked for sorme definite length of time,

A Gless Plate test is used to investigate the bdinding propere
ties of asphalts after socking, This test is accomplished by conte-
ing two pieces of glass plate (in this instance, three inches
square) with oil films of uniform thickness, Grenite and limestone,
wln g42e, which had been previously sosked for 24 hours end wiped
dry with a clean coth, wes placed on the two plates, One plate for
each specific aggregates Samples of sixteen different oils were
spread on similar plates, After allowing the glass plates to re-
main in the open faor fifteen minutes, they were pleced in a containe
or which had enouch water to cover them to the depth of about three
inches, This water wes kept et roam temnerature (2000) throurhout
the test, These plates were allowed to sock for ten days, after
which the glass plates wore quickly inverted and held in this posi~
tion to ellow the stones whose bands hed been droken by the water
to fell off, Throuch this test & corparative dbinding efficiency

of the oils for sronito and limestone is made, Also, under norral
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econditions, this wes also a test on the displecement of the oil
from the plate glass surfece, With each granite plate having ale-
most the same film thickness as the corresponding limestone plate,
the results were, as expected, very much alike,

Taken as & whole, the majority of the oils showed exception-
ally good Bond for the limestone, with a few showing likewise for
greanite, The exceptionally poor oils were: F, approximately 2%
efficient as a bond agent or,it was alrost totally displaced fram
the stones by the water; oil M was an exception in the way it acted
es suitable dinder for the greinite plate, but not for the limestone,
This case was opposite to that of oil B, which showed good Bond for
the limestone, Another characteristic of almost all of the plates
was the condition of the oil film on the glass ﬁhto: with a few
exceptions, the films were all broken and fomed into weathered,
duo'ntegrated oil masses,

The exceptions spoken of in the previous parsgraph were oils
G, H, I, K, L, N, and O, They showed the least film weathering
and practically no displacement of oils fram either the stones or
the glass plates, Taken as a comparative test, the phto.‘lhmd

the best oils for cold, dry stone patching,
‘ I 2 :i 4 5 G ] ‘

- 10 11 l- 14 5




The preceding snapshot shows, although none too ¢leerly, the
bdblack plates~-the ones whose o0il bond was insufficient to hold the
stones, Reading left to right, the top row beings with the lime-
stone plate of oil A and so on to oil H. The plates in the second
row are the corresponding granite plates of the oils, The third
Tow begins with o1l X on the left end ends with oil P on the right,
with the corresponding granite plates below them, The following
table cornares the binding properties of each oil,

PLATE TIST e« TEN-DAY SOQAKIIG

01ls { Limostone Bond | Granite Bond | Film Weathered|
A Good Cood Slightly

B Poor Very poor Highly

c Good Good Slightly

D Very good Cood Slich$ly

E Fair Fair Highly

r Exceptionally poor Excepte poor Highly

G Very good Very good Very slightly
H Perfect Perfect Not weathe red
I Very good Very good No wenthering
J Good Very good No weathering
K Poor Very good Slightly

L Very good Perfect Slirchtly

M Very poor Very good Slightly

N Yery good Perfect No weathering
0 Poerfect Perfeot No weathering
P Very good Fair Highly -

Remarkst The verious gredes of bond for each oil 1s obtained by
comparing the number of stones that remain on the plate after soake
ing, with the number oxriginally placed on it defore soeking., The
weathered condition of the film denotes the derree of destruction
of the f1ilm by the water,

In order to study more clearly the effects of displacing and

weathering of the oils by water, a Boaker Test was devised to come
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plete the experiment, It consisted of samples of 150 gms of "1
limestone being coated with 1-1,6 gms of oil, In order to increase
unifomity of films, these ssmples were warmed to 10000. allowed to
cool for thirty minutes, then placed in mumbered beakers and cover-
ed with distilled water, These beakers were set in a place well out
of the sunlight and allowed to soek, They were inspected of ten enough
to be sure that the stones were completely covered with water at all
times,

After fifteen days of sosking, the beskers were inspected. With
few exceptions, the oils had formed spherical drops on the stones,
0ils B, G, and M, in addition, showed a slight change in color from
black to slightly brown, Although the results were easily noted on

sight, it was quite impossible to show distinet effeects by snapshots,
>

On close scrutiny, the stones in beaker F appear mueh lighter
than the others. This was caused by the almost canplete displecement
of the oil from the stones by the water, The following table shows
the comparative results after a thirty-dey period of soaking.

BEAKER TEST « THIRTY-DAY SO0AKING

Oils ! _Color ) Condition of Film ‘* Luster
A Dark dbrown Fair Glossy
B Light brown Fair Dull
c Brown Poor Slight gloss
D Black Good High gloss
E Dark bpown Fair Glossy
F Dark brown Very poor Slight gloss
G Light brown Good Dull



«10=-

BEAKER TEST « THIMY-DAY SOAILTG

(contt)
H Elack Very good Clossy
p ¢ Browm Good Dull
7 Brown Very good Dull
K Rlaek Fair High gloss
L Black Good High gloss
M Very light browm Fair Dull
N Light browm Very good Dull
0 Black and drown Vexry good Partly glossy
P Light browm Yair Dull

Remarks; Only those oils whose color remained black were considered to
be monewoathored, Also the films of these oils were in either very good,
or at least fair, condition., The £ilm conditions were graded as to the
oompleteness of the present oil film on the stones. The o0ils having
very poor or only faiy conditions show oil displacemen$ dy water,

Aoid Test

In oxder to canplete the enalysis of the oils and to test the in-
fluence of acid on their properties, they were tested for their acid
oontontf,)

A mall sample (5 gus) of the asphalt was dboiled with a retors
in 85 c.0. Of benzens, Then 100 ¢.c, of alightly msutral alcohol was
added to the retort and boiled for twenty minutes longer, The clear
sslution was decanted and 50 6.0, more 8loohol was added to the resi-
&, then doiled twenty mimutes more under retors, This solution was
decanted and the residue tested %0 make sure 1% was no longer acid,
Then the total clear -olution was mixed and 10 0,6, Of barium chloride
was added, After allowing it to cool, six drops of phenolphthalein
were added to the solution as indicator, and it was $itrated with ,64%

norma) NAOH,
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The Acid Equivalent was found to be equal to the Mgs NAOH nece
essary to neutralize 100 gms of oil,

Example: 01l B

Semple 5,0932 gms. - used ,1 ce., .0025903 gNAOH/ce

21X,002503 x 100 x 1000 ® 5,096 mg/100 gms oil
65,9032

TABIE I
Oharacteriat:los of Oils

'Blend of Steem Re=,

Steam Rorined g ﬁ
PROCESS Residne es §“°.f1no$°a?3ugrachd .
0118 = H r-{cﬁLiB;k '
Specific Gravitg
259 C 2972 983 «978 1,028 «992 +996
Water & Mm.t , 0.0 0.0 O¢éd 0,0 0.3 0.0
Flash Point-Clmland
Open Cup O¢ 156 150 148 154 130 146
nmony-saybon Furol
60°C seec. 522 662 465 472 446 642

Botomnoity Test Negative Negative Neg., Positive Sli Pos Sli Poa
Distillation °C :

0° e 388" 0/0 0.0 0.0 0.0 0.0 0.0 0.0
o° - 318° 0/o 0.0 06 0.2 Trece 1.5 0,0
- 360° /o 1.5 3.0 7.0 1.0 7.0 0.8
hlt on Distillation :
Residue
mt.u Soluhl.o in
99.94 99,98 90.99 99,80 00,93 09,07
mut- 100 Penetration
Residue
Actual Penetration of
Residue 95 107 93 100 108 93
Heat Time fbr Residue
Totel Residue 9/o 79.7 82.3 78,8 80,1 79.1 80,1
Ductility 285% Bem/min,
emo. 95 190 111 148 100 10
“ &% = » ? 9.5 6.6 7 8.8 6.5
m‘.l.. ’ 10. 8,61 12.66 19,66 8,96 8.80
Surface Tension Dgzl_“js 32.88 uo“ 31.88 32,67 81.81 33.26

Flate Test -LimeStone Good  V.Poor Good V.Good Poar Fair
«Granite V.Good V,Poar Good Perfect V.Poor Fair

Bealer Test-Limestone V,Good V.Poor Poor Good Fair Falr

Acid xqu“h" - 14,23 43.54 25.43 4,87 5.10 23,92
1G,/100



Specifis . ; e
Water & Sediment % 0.08 0.08 0,08 0.08 0.08 0,00
Nask Point Cleveland
Open Owp % 04 40 Mo 180 1% 208
VYiseosity-Saybols Furol
60°C 3ec. 480 93 498 438 683 oss
Heterogenei ty Tost Yeg. Yeg. Neg. Neg. Fog, Neg.
Distillation 90
0° - m" ’ °o° °o° °o° °o° °o° °o°
0® . s19° ’ 0.0 8.0 Treee Treee 0.0 0.0
0°.30°¢ 0.8 12,0 2.8 1.8 Trase 0.8
Test on Distillation
Residuwe
Bivamen Solwdle i
Py 0.94 9.9 9.9 .98 .8
Tests on 100 Pemetration
Residune
Astual Penetrstioa of
Heat Time for Residue
Ers. " ] 4.9 ¢
Total Residw , 7.8 5.3 78.8 .4 7.3
Dustility 80°C Sem
1 nin, ems, us 128 108 - 180 | )
" 490 Bem 1 min,
-ms, 7.0 9.8 9.8 7.0 9.0
Asphaltemes % .46 20.41 138.1¢ 11.78 14,07 8.08

Swrface Tensiom Dy7ic/cri.g1,08 85.86 38,11 88,38 32,48 35.78

Flate Test - Lissstons V.0cod V.0ood V.Good Pooy V.Joor V.0o0d
« Greanite Good V.,0ood V.Good V.,0ool V.0ood Mair

Beaker Test - Limestone Geod Good  Good Taiy Yair Tair
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TABLE Y

CHARACTRIST ICS OF OILS

Trocess Hlended Straizh$
Cracked Resi cked
Olls )] . Q‘l Acl! L0
Speeific Oravity 28°% /28 999 1,088 1,088 1,031
Water and Sediment % 0,00 0,08 0,00 0.40
Flash Poin$ Cleveland Open
Cup 9C 170 iss ins 210
Viscos ity Saybols Fwrol
60°C, See. (1.4 4069 480 450
Heterogeneity Test Positive Positive Prositive Positive
Distillation
0° % azsgc < 0.0 0.0 0.0 0.0
0® %0 318% * Traee Trease Traee Traee
00 o 360°C * 0.8 8.8 1.8 0.5
Teat on distillation Residw
Bitumen Soluble in ”0“ ”0' 990.96 00.58
Tests on 100 Penetration
Residue
Actual Penetratiom ef Resifue 91, ) ] 107
Heat Times for Reosidw Hys, 4.8 8.8 1.8 4
Total Residw % a,.2 .8 04.0 84,6
Dustility 250C Sem 1 min.Cms, 180 138 108 70
" 4°C = 1 8.8 1.0 0.0 4.8
Aspheltenes - Peroeent 13,04 19.08 26,00 13,809
Swrfece Tensiom - Dynes/cu.. 32,30 53,79 .19 38,58
Plate Teat Limestione Yo Good Perfoet Good Perfeet
Granise Porfect Perfect Good Perfest
Deaker Test - Limestons V. Good V. Good Taiy ¥, Good
Acid Equivalens 10,88 4.9 9.4 26,93
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SRRARY AND CONCLUSION

The DuNouys Ring and Perecent Bonzems method, if aceepted, is
the most practical yet proposed for dstermining surface ten-
sions,

Antonows Rule, although valid far pure liquids, does not hold

for asphalts and eggregates.

The Plate Test is a simple, dut effective, test for the bond-
ing propertiss of asphalts,

The Beeker Test is by far the most efficient of the tests om
oil displacement by water,

The o0ils having the highest surfaee tension were either
eracks or blends of eracks, The only exceptiom to this son-
clusion is oil G, which is a steam refined exude,

Oils having low surface tensions were found to have fairly
poor bonding qualities, However, this is not true for oil
De.

011 ¥ is an exceptiomal example, having the lowest surfece
Sension. It is also outstanding as the poorest bdinder of
the oils.

Campared acoording to their asphaltems content, the oils with
the highest surface tension also have the greater asphal tene

content 'Y
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