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Asphelts and similar bitumens are extensively used as watere
proofing materiels and as protective coatings on metel structures,
such as pipe lines, Practical experience has thus far governed the
selection of the type of bitumen to be used for a specific purpose;
but preferences so dictated have been subject to change, snd are
not quite consistent within locale or industry, Undoubtedly the
lack of fundemental knowledge regarding bituminous substances cone
tributes to the diversity of practice, To make available more ine
formation of certein fundementel properties of certain of these
materiels was the purpose of this research, which was econducted as a
project of the Asphelt Institute,

Investigation of basie physical and chemical characteristics
of bitumens has received but scant attention compared to the total
amount of experimental work performed with them, Host invastigétions
have been concerned with matters of immediate practical importance,
having to do with produetion problems, the establishment of empirical
standards snd tests, and techniceal difficulties related to specific
applications, Asphalts have been avoided by scientists as e subject
of academic research because they are materials of indefinite compow
sition, with properties depending upon the crude base stock snd upon
their subsequent treatment, In view of the great economic importance
of the industry, a correlation of basic charecteristics to behavior
under empiriecal tests will be of benefitb,

Difficulties encountered with asphalts and pitehes in service
present a picture of some complexity, Saturated roofings blister,

metals covered with esphalts corrode, and pavements disintegrate,
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Since the greater number of the menifold applications of asphalbic
produets have to do more or less directly with the exclusion of
rnoisture, knowledge of the essential behavior of asphalts in the
presence of water asnd other components of the applicabion should
be of value, If this behavior cen be related to other properties
of the material, a direct basis will be obtained for the design of

g product for a speeific use,
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Haterials Used

Samples of asphalts and coal tar pitches wore obtained through
the courtesy of the Union 0il Compeny et Wilmington, Celifornia, and
of the Shell Development Company at Bmeryville, Californisa,

Code numbers assigned to the various materials are given below:

Code No, Deseription Pen, at 77f* Soften13@*¥
: 100 g, 5 se¢, Point, 'F,

1 San Joaquin velley steameblown asphalt 5 174
2 - o v " " ¥ 2 165
3 " " » " " B 0 204
Dw3100=4 Stesmeblown esphelt from crude source A 15 159
Dew3100w5 u % | & " " " " 45 126
Dw3100=6 " * 2 5 i o * 7 189
Ew5198w1 . 2 ® " " . " 1 234
E=G198=2 " " % " - " " b 140
Bafl98=3 » 3 % u o " " 30 135
Mwl Steamedistilled from Penuco crude, ifexico 7 180
M2 weow L . " 12 176
w3 s . " " # a 20 158
Blod " = " " " " 34 142
il=5 " S o o ¥ 5 46 187
il Californie airw-blown asphalt 24 166
12 " "o " 19 188
Dw3100«) Air-blown asphalt from erude source A 20 169

D 5100‘3 " 1 u ® " i i 20 199
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Code Fo, Pen, at 77% Softening
- 100 g, B sec, Point, °F.
D=3100e3 Alre~blown asphelt from crude source A 18 216 |
Bw51l98=4 " U - w i » 2 20 235
ExB198=5 " " " ¥ " " . 22 152
21 Filled aireblown California esphalt 18 210
22 " LI » " 3 244
8l Coal ter piteh 24 140150
32 E " & 2 160»170
3% " n 8 2 180-1900
41 Coal tar enamel 2 180-198
51 New Type coal tar pitech 2 214

+ Penotration, - The distance e standard needle verticelly penetrates
& semple of the meteriel when the needle is loaded with 100 grams for

5 seconds at 77°F,

s+ Softening Point, -~ The temperature at which a steel ball will sink

through & plug of asphelt held in e brass ring of suitable diameter,
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fransport of Vater through Bitumens

It is rousoned, from a knowledge of the conditlons under
widich asphalts fail to exclude waler, that transport through the
protective layer may be accomplished in one or more of three ways:
1, Pemeitration through mieroscopic cracks or pin-holes by
the action of surface forees;
%, blectrosmosis, es a result of electrical potential dife
ferences across the coaling; and
3, Diffusion under the influence of aqueous tension gradients,
Partial investigations of each of these three have been conducted,

«00000w

Wettiné Angles

A liquid in contact with a s0lid assumes a surface form which
pernits a statie balance of the surface forces existing in the intere
faces which join, From Figure 1 it is seen that a force bulance at

point A gives the equation

TszTLeose-bTSL

~

Frqure /.
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4 knowledge of the magnitude of &, the countact angle, is
sufficient for a gqualitative ueasure of the attraction of the
surface of the solid for the liguid, If @ is O, the liquid tends to
spread indofinitely in a thin film over the surfece of the solid;
and if @ is 180°, the ligquid will not wet the solid at all, Since
the single quantity @ is in the case of solids more easily measured
than the surface and interfacisl tensions, it is used as an index

to the tendéney for water to move into cracks or pineholes,

Hethod and apparatus: ~ Several methods of measuring contach eangles

have been developed and used, Talmud and Liehman(l) uged with
sucecess a microscopic method for determining the dimensions of drops
of ligquid on a flat plabte, and caloulating therefrom the contact
angle, Ablett(z) constructed a cylinder, coated with the solid to

be studied, which could be robated in a trough containing the ligumid,
His procedure was to rotate the eylinder at a constant speed, and
raise the level of the liquid until the surfece was horizontal up

to the point of contact with the eylinder, Ilieasurement of the liquid
level in relation to the cylinder aflforded dete for csleculation of

(3) (4)

the contact angle, Adam and Jessop ', and subsequently Nietsz
ugsed g method whereby a corted plate was tilted while in the ligquid
until the meniscus became horizontal to the point of eontact, Since
this method was reported to be as reliable ss any, it wses selected
in preference to the others because of the ease with which it could
be epplied to asphalts,

A tilting plate apparatus, shown in Figure 2, was construeted,

It consists of a rigid stand which supports a rectanguler trough
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fitted with plane glass sides, By means of an accurately machined
slide and a serew, & microscope slide coated with asphalt mey be
moved in or out of the liquid, An eye~piece is used to provide en
enlarged view of the junetion between the surface of the liguid and
the asphalt coating, The assembly which holds the slide mey be
robated about the optieal axis of the system, and the degrees of
rotetion may be read on an effixed graduated scale,

Theoreticelly, if = plabte is immersed in e liquid, the irue
contact angle should be observed if time enough is provided for the
attaiment of equilibrium, However, the time required is so long
that it is slmost lmpossible to measure the angle under conditions of
true equilibrium, Investigetors report thet equilibrium engles are
not even approximated after periods of waiting as long as 24 hours
or morecs),

It becomes necessary, then, to measure contact angles more or
less dynamically; and to correct for the lag in approach to equilibrium,
Angles have been commonly observed to be larger when the solid is
imnersed in the ligquid than when it is being withdrawn, Such a
phenomenon suggests a Yhysteresis" effect which Adam(6) ascribes
to friction between the surfaces, Some controversy has arisen in
regerd to the ceuse of the lag,; but the derivation of the equilibrium
contact angle from imnersion and receding angles is quite generslly
accepted as explained by Adam,

Let F = the force of “friction" which just prevents relative

motion of the phases,

Oi = immersion contect angle,
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Gr = receding contect angle

i

T surface tension of the solid

S

!

4

= gurface tension of the liguid
sL, = jnterfeciasl tlension between solid end liquid
8 = equilibrium conbtact angle
AL equilibriwn there is no foree of frietion, so

Ty = Tgp = 1003 @ (1)

When the plate is imzersed
And when the plate is withdrawn

Ts £ TSL = TL cos 91, - B (5)

Adding (2) snd (3),

.'i’.(f{‘s - T TL(eos 9, + cos Gr)

s =

Substituting in (1),
cos Oi + cos @,
2

cas @ =

Aceording to restrictions placed on this derivetion originally,
it is vﬁlid only in cese there is no motion of one phase relative
to the othey at the instant of measurement, However, Ablatt(z) has
shovn that if receding and immersion angles sare determined at the
same rate of relative motion of phases, the relationshi’p 8till holds,

With the apparatus used in this research, the juncture of
ligquid and solid was caused to occour at the axis of rotation of the
slide assembly when the meniscus is horizontal, Careful menipulation

then results in a condition quite close to static at the time when

the angle ig read, However, reoadings mede while the slide was slowly
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moved in or out of the liquid gave results which checked the others
within the expected error of the static determinations,
The slides were coated with asphalt by dipping into molten

asphalt, allowing to drain, end then to cool in air,

Experimental Results: =« To test the reproducibility of the readings

on sontaet engles, three independent sets ol determinations were
made on six of the esphalts, The maximun discrepancy betwesen any
two of the determinations for one type of asphalt was found to be
1,75°, and the general sgreement was much better than that, The
date indicated that if o reasonable cweber of independent messurew
ments on the same sample sre made, the average ought %o e consistent
with respect to measurements on other samples within 1°,

At the outset there was some question whether the engles
neasured were of the correct absolute value, Slides were coated
with peraifin wex, and contact angles determined for fresh distilled
water on paraffin, The averasge of the values obtained was 108°,
which agrees quite well with the 105° reported by Adem and Jesscp(s),
and the value of 109° %t 50' reported by ﬂietz(4).

Care was taken to maintein a clean fresh surface on the liquid
by frequent cleaning of the vessel, flushing with fresh solution
before each reading, and sweeping the surface with a paraffined flosat,

No discrepancies were noted which could be attribubted to the presence

of a conteminating surfeee film, an observation also reported by

(4)

»

Nietz

The dependence of the anzle of contact on the pH of the solution
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was investigated, To eliminste variation in ionie strength between
solutions of different phi values, Clark and Lubs buffers wers
prepared and brought to equal ionie strength with NaCl, 'The surface
tensions of the resulting solutions were meesured with a Du Nuoy
tonsiometer, and the pH values were determined with a glass eleetrode

P meter, Data obbained are as follows:
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Table I
pH 0. 99 1,98 4,96 7,16 10,99
T, dynes/cm, 62,6 62,8 57,9 57,6 59, 4
Meteriel -
1 85 79 75 86 82
2. 81 80 55 (%2) 85 79
3 ' 84 74 75 77 80
11 907 95 96 94 95
12 o7 96 95 95 9
21 101 96 o7 99 100
22 87 86 95 93 90
31 50 44 53 40 21
32 58 56 55 55 31
33 64 57 62 52 54
4 67 66 66 60 51

Bach velue recoyded in the table is an average of at leest four reade
ings on each of two or uore slides costed with asphaltb,

Theres seems to be no significant veriation in webtting angles
over the pH range of these buffers, except for the two coalwtar

piteh seumples 3L and 32,
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In order to obtain some date covering the behavior of wetbing
angles in acids, bases, and salts, solutions of HCl, XOH, and Callg
werg prepared., (aClg was selected bocause it afforded s large range
of surface tension of solution, and it was thought desirable to dise
cover whether the surface tension of the solution would have & marked
effect on the contact sngle, Data for these solubions ayre given in

Table 11,



e
«nl -

Table II
o1 10,06 /1,29 N|0,5 N|1,13 §|0,04 ¥|0,1 §|20,0 N
Goncentrabion| Ha0| go3 | mel | KOH | KON | Cetlg|CaCle| CeGle
7 7240| 72,6 | 72,4 |78,8 | 75,1 | 86,0 |61,0 | 106,0
Sample

1 89 | 835 | 90 | 686 98

2 82 | 8 | 85 |68 | 42 | 80 100

5 76 | 82 | 8 |63 | 40 | 8 |73 | 96

11 97 | 98 | 93 | 80 | 69 96 | 107

12 10| 99 | s2 |77 | 74 | 93 | 97 | 108

21 100 | 99 | 100 (8 | 8 | 98 |99 | 110

22 97 | 97 | o2 |78 | 78 | 96 | 98 | 108

31 74 | 68 | 59 | 31 | 28 70

52 73| 72 | 68 | 25 | 28 66

33 73 | 76 | 67 | 20 | 24 68

4 76 | 76 | 65 | 21 | 24 81

4 merked decreese in the weiiing angle wes observed in all
eases in KOH, although the concentration required to produece the
decrease is less for coal tars than for esphalts, The slight ine
crease in angles for the coal tar pitches in 1,9 N KOH may not be

real because of the diffioculty of messuring smell angles,
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Goal tar pitehesg, in conbrast to the asphalts, showed a
definite decrease in wetting angle in HCL solutions,

The contect engles in (Cally solutions appeared to have no
marked reletionship to the concentration, excepting that for 20,0 ¥
CaCl; the angles are larger for asphalts, and in general slightly
smaller for the coal tar pitches, Apparently the solutioneasphalt
interfacial tension increases with concentration slightly, and the
solutioneconl btar piteh interfacial tension decreases somewhat,

The changes are, however, not significant, since an angle around
90° would have to change appreciably to indicate e substantial

change in interfacial tension,

Discussion of Results: - Water and eaqueous sclutions, being polar,

would be expected to have grestest affinity for polar surfaces, On
this basis the surface polarity of the classes of malorials may be
renked in the following order of decreasing polarity: coal ter piteh )
steam~blown asphalts ) air-blown asphalts, It is questionable, however,
to make this a conjeeture concerning the average chemicsal constitutions,
since there is evidence that, for instance, the oily portion of aire
blowvn asphalts exudes, or “blooms" on the surface, meking the surface
characteristies a function of the dispersing phase,

To illustrate the application of contact engle data, the levels
to whiech water will rise in asphelt sand coal tar piteh coutings will
be computed, If we assume a vertical ecirculsrly~cylindrical hole of
radius r in & thick coating, the height to which a liquid of density

d and surface tension T will rise is given by the equation

_ 2T cos @
dgr

h
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As a specific exauple take » = 0,1 mm,

#aterial No, Contact angle, © Helight, h, o,
1 88 0,50
2 82 2404
3 78 3,086

11 _ 97 1,80
i2 100 -2, 56
22 98 w2, 04
31 T4 4,06
&2 73 4, 30
38 73 4,30
41 76 3,86

Water will not penetrate the aireblown asphelts, but will penetrate
the steam=~blown asphalts and coal tar pite&es to & heighlt of several
centineters, Similer caloulaﬁions could be made for oracks,

This investigation was cerried out on fresh or comparatively
fresh surfaces, It is conceiveble that weathered asphalts would show
a substantielly lower conbact angle, since water-soluble constituents
are formed, However, the surfaces in a erasck in a coating would ree
main relatively fresh for some time, sinee the prineipal effect of

weathering is due to photochemical action, An interesting supplement
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to these weasurements would be s study of the effect of weathering

on the wetting angles,

Blectrosnpsis

Bleetrosnosis experiments were conducted by Charles Best,
Asphalt Institute Research Assistant, 1836~37, The results indie
eated thet water transport through asphalts by means of electrical

potential differences is nil,

Diffusion
If & constant squeous tension gradient is wmeinbeined scross
a sheoet of naterial, the weight, w, of water diffused through in
bime, 1, under steady state conditions will be given by Fick's

law of diffusion:

KAtAP
T R st
L

where A = area of diffusion path,
L = length of diffusion peth,
AP = partial pressure gradient over the length, L, of the path,
K = diffusion constent,
Thig relation applies to any steady state diffusion process if velues
of AP and L resain constant, and applies unrestrietedly to o case in
wihrich the partial pressure varies linearly slong the diffusion peth,
If hygroscopie materiels are present in the diaphragm, or if
adsorption of water oceurs, the conceniration of water as vapor in
the menmbrane will not be linesrly related to the vapor pressuresg in

contact; and the linear diffusion law constants will be found to vary
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with thickness of digphregm and with wepor pressure gredient, A
true deseription of the diffusion process under such complicating
conditions mey be obteined by the use of & more involved expression;
but for prectieal purposes Fick's law is & convenient basis for cole
eulation, sinee the quantities it invelves are readily measurable,
For sny meterial, adegquate informetion for the computation of dife
fusion rates mey be derived from establishment of the variation of
linear diffusion low constants with pressure gradients and with

thickuess of material,

idethods and Appearatus: - leesurement of the diffusion rate was

acconplished by a simple and direet method, Constant agqueous
tension gradients were maintaeined across a thin sheet of asphalt,
snd the amount of water transported through determined by weight
as & function of time, The weight of water diffused through was
obtained either by loss of welght of weter from the hizh vapore
pressure side, or by gain in weight of a desiccant on the low vapor=
pressure side,

The first determinations of diffusion rate were performed with
2 simple type of diffusion cell, consisting of a spun ancdized
aluminwn eup with an elwndun filter dise support for the diaphragm

of asphelt, which was sealed over the wmouth of the cup, as shewn in

Figure 3,
. Foral¥rm sec/
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e lower surface of the thin diaphregm was sealed around the edges
to the cup by careful application of heat, and the diffusion area
was reostricted on the upper surface by cenbering on Lt & heated
dural ring, The space betwsen the lip of the cup and the dural
ring wes poured full of parsf{fin wax to help prevent leakage,

Blank runs indicated thet this was an effective seal,

Two types of experiments were conducted with the cups ile
lustreted in Figure 3, In one case the base of the receptacle
was partially filled with weter before sealing the diaphregm in
place, and the assembly placed in a desiecator in a constant teuperaw
ture water bath, fThe oups were removed periodically snd weighed,
The other method was aimply to reverse the position of water and
drying agent, plecing water in the desiccator, and the drying agent
in the ecup,

Diffusion of water through aspheltic materiels proved to be
relatively slow, The time required to establish an sccurate steady=
state rate of diffusion was great because of the errors involved in
obteining changes in welght as a suell differonce betwean two comw
paratively large figures which were in themselves subject to accidental
changes incident to frequent handling, Kesults indiecated the
desirebility of finding s method whereby smaller amounts of molisture
could be deternined with moderaete precision,

4 different type of cell, similar to the one used by Taylor,

(7)

Herrmenn, and Kemp, was designed to avold the eobjections found
to the methods outlined above, In essenes this new cell, shown in

Pigure 4, differs from the others omly in that a gquartz spring
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balance for measuring changes in weizht of the drying sgent is
added as s superstructurs to the cup, ¥aber passes from the oup
at the bottom, through the diephragm, and into the space above,
vhere it is sbsorbed by Hg(ClOg), held on en slumlnum foil pan
supported by the ealibrated fused quartz spring, With this eell,
sall amounts of waber are easily detected without disturbing the
By sven,

4 solution for meintaining constent humidldy was placed in
the cup, an asyhﬁlt diaphragm scaled to an sccurately turned and
sround flat brass ring waes placed over the mouth of the cup, and
gver this the inverted test tube containing the gquarts spring
supporting some anhydrone was sesled with a thick layer of paraffin,
The assenbled cells were placed in an air thermostat meintained
within 0,2°C, of the desired tempersture, The elongations of the
springs were measured with a catheltometer without removing the
cells from the thermositat,

It was found in some ceses that the absorption of the water
vapor initially present in the inveried test tube resulted in s
prossure differential across the diaphragm sufficient to cause it
to warp or to fracbure, 7To avold this a capillary tube was pulled
out on the side of the cell, After assembling the cells, the
capillaries wore left open for three or four hours, and then sealed,
In all ceses where this procedure was followad there was no damage

to the asphalt membrane as & result of pressure reduction,

Gonatruction of Guartz Springs: = In order to construct these cells,

it was necessary to make quartz springs, sinee none were readily
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availabvle on the wmarket, A metihod and apparuius for malking querbsz
helices with ease was developed,

After some experimentation, e machine for winding springs
from prewiormed fibers was constructed, The essentlial details of the
apparatus are shown in Figurs 5,

Fibers wers prepared by heating s section of a clear quartz
rod in an oxy-hydrogen flame, and drewing the fused portion down to
8 fiber abauﬁ 0,08 mm, in diamever, With a certain amount ¢f practice
to develop the technique, one ie able to prepare fibers of the proper
size and of relatively uniform diameter throughout their lengths,

To construcet the spring, a fiber is run through the capillary
feed, & hook is formed in the upper end with the aid of & toreh,
and affized to the wire support, On a similar hook at the lower
end of the fiber is placed a weight of about 0,5«1,0 grams to
assist in keeping tension on the spring while it is formed on the
silica mandrel, AfLter the fiber is thus scoured, the motor, ade
Justed to turn the mandrel at about 3«6 r,p.m,, is sterted, and the
toreh with a gaseoxyzen flame 18 swung eround and directed on the
fiber just abowe where it touches the .andrel, As the Piber
softens end conforms to the shape of the quartz tube, the capillary
feed and the btoreh are advanced by the serew on whieh they ere
moﬁnted. Any desired piteh of helix may be obtained by varying
the size of the pulley which drives bthe threade¢d sheft, Proper
adjustment of the {lame and of the speed of the motor will resulb
in perfectly true helices, Sinee the transluceat gquartz tubing

used for e mandrel has a slight taper as made, there is little
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difficulty with removing the springs after they are formed
The springs were cuzlibrated by measuring the slongatina
with known weights on the foil pen, Over a wide range they
followed Hooke's low within the srrors of measurement, Sensitivities
of the springs used varied between 0,6 and 2,5 milligramns per millie

meter of deflection,

Preparation of fsphalt Diephragms: - Some difficulty was et first

experienced in preparing thin test sheets of asphalts and pitches,
The extreme brittleness of some of the samples mede necessary the
development ¢f methods and technigue in menipulation; and depressions
in the surfaces of the diaphragm invalideted measurenents of the
thickness,

Asphalt was known to contain water and entrapped non~condensible
gases, From observation of its behavior on heating, and from the
appearance of freshly fractured surfaces, it was decided that voids
might appear in the test diaphragr unless steps were teken to remove
alr snd water, Indeed, preliminery diffusion runs indleated thet
some such imperfection was present,

hemoval of the air end wabter was sccomplished by heating e
small sample of the material to about 30°C, above the softening
point in a flesk in an oil bath, and epplying suction with a water
aspiretor until bubbles ceased to form, This ususlly took about
30 to 45 minutes,

That this process removed the occluded zases was shown by
results of "void tests" before and efter the evacuation treatment,

Pigure 6 shows the apparatus for this test, A4 tube ig filled with
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a solvent, such as benzene for asphalts and carbon disulfide for
coal tar pitches, and a second tube containing the sample on a
screen is lowered into it, The solvent is ellowed to rise in the
inner tube until it reaches the stopecock, which is then closed,
As the material on the screen is dispersed in the solvent, entrapped
gases are set free, and they collect in the capillary btube at the
top, Tests with a number of different samples as received indicated
the presence of an appreciable quantity of "voids"; but evacuated
semples subjected to the same procedure inveriably showed en amount
scarcely detectable,

It was thought that, because the properties of asphelts are
subject to change on heating, the evacuation treatment might alter

the material substantially, In order to determine whether this was
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the case, it was thought advisable to select & property known to

be variant with heating, and to measure the effect, if any, of

the treatment on that property., Softening points, determined by

the standard "ball and ring" method, were thought to be sufficiently
indicative, and were selected as test characteristics becsuse they
are easily dotermined, Softening points measured before and after
evacuation were the same within experimental error « two or three
degrees Fehrenheit - and agreed within a like emount with softening
points obtained by the seme procedure in the leboratories of the
corporations which provided the sauaples,

As an additional precaution before a gresat deal was done with
the evacuated asphalt, diffusion runs were made with asphalts
which had been subjected to various degrees of heating and evacuation,
Some samples were heated under vecuum for periods eppreciably longer
then necessary to remove voids, end their diffusion constants
deternined, Since the values obltained were not significently
different from those determined for the same kind of asphalt
which had been heated end evacuated for a minimum of time, it was
concluded that the properties of the asphults would change no more
during heating end evacuation than the amount by which they vary
from point to point in a batch of asphalt,

The samples after evacuation were cast, for convenience, into
smooth pellets on warm mercury, each pellet conbaining enough for
one diaphragnm,

The method finally selected for forming setisfactory test

sheets was to press each of the pellets to & definite thickness
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between two flet amelgamated brass plates placed in an oven set a
fow degrees above the softening point of the asphalt, The spparatus
with which this was accomplished (Figure 7) consists primarily

of an arrangement whereby two springs may be used to forece the two
plates together while they sre in the oven, By means of the bolt
threéded through the uppermost crossemember, the springs mey be
compressed before the assewbly is heated, The two brass plates,
in order to insure that the two surfaces of the disphragm would be
parallel, were accurately turned flat, end then ground together
before amalgametion, The thickness of the finished sheet was
regulated by interposing pieces of flat brass stock; of squal
thickness, between the plates at three points around the periphery,
The apparatus was removed from the oven as soon as the plates were
separated only by the thickness of the spacers,

4 eircular portion to use in the diffusion cells was cut from
each diaphragm with a circular emelgsaated hrass knife edge, the
dismeter of which was esccurately known, The temperature at which
the eulting was done had to be controlled properly in order to
obtain e dise without frecture, Since asphalts and pitches do not
edhere to mercury, the discs were easily removed from the plate if
the temperature was maintained above thet at which the materiel
became brittle, The diemeter of the circular portion was very
¢lose to the internal dismeter of the cutting edge, so the ares
of the dise was easily computed,

The thickness of each diaphragm used was measured, since

they were found to be varieble in thickness by a few percent,
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Densities on all the evacuated sauples were obiained by a leoss
of weight in water method; snd from the density of the esphalt
and the weight and area of the disc the average thickness was
eomputed, Vhenever practicable this caleulated value wes checked
by taking the everage of a number of micrometer readings taken
around the edge of the diaﬁhragm. Usually the two independent

measurements checked within one percent,

Variation of partial water vapor pressure; ~ A number of saturated

solutions in ocontact with a definite phase of the solid solute

are suitable for maintaining constant humidity, Some of these
were utilized es a simple and direect means of obtaining different
partial pressure differentials in meeasuring the e¢ffect of pressure
gradient on the linear lew diffusion constants, Solutions of
CasS0," 5Hg0, NHgCl, Ca(NOy).*4H,0, and CaCly*6Hg0 were used to
maintain aqueous tensions of 23,3, 18,8, 11,9 and 7,31 mm, Hg.,
respectively et 25°C,; and for memsurements at 35°C, solutions of
NH4Cl, which have # vapor pressure of 34,2 mm, Hg., were utilized,
Hagnesium perchlorate was used in each case on the other side of
the diaphregm,

An alternative method of measuring the diffusion rate under
constantly varying vapor pressure gradients was originated, and
apparatus for measuring it and equations for interpreting results
developed,

1f the water wvapor available for diffusion is restricted in
emount by having as the source a constant volume space conbaining

only wabter vapor, as shown in Figure 8, the partial aqueous pressure
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in the space may be related to the amount of water diffused through

the membrene a8 described below,

Quarrz spring
bo/arnce —s

& Sowrce of
171718 aglfols
Cup confarnsrg rernsior
Vapor
Spoce

Frgure 8 Varioble Fressore Celf

Let K = linear law diffusion constant
I = length of diffusion path
A = area of diffusion path
P = aqueous tension, mn, Hg,
t = time
¥V = volume of vapor space
w = welght diffused through at time t
m = wt, of water vapor in vepor space
n = conversion factor between vapor demsity and pressure =

1,03 x 10° for water at 25°C
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If the vapor space is so large that chenges in aqusous
tension within it occur slowly, it may be assumed that the unsteadyw
state diffusion takes place under conditions oclose to equilibrium,
This is thought to be true because test diaphragms previously
exposed to normal stmospheric hunmidity require only a few hours
(12 to 15) for the establishment of equilibrium, as judged by the
approach to linear diffusion rates, when placed betwson a partial
pressure gradicnt of 23,3 mm, Hg, Then under conditions of slow
change of vapor pressure in the vapor space, for an increment of

_KEAP

1 dt

dw

At any instant in the vapor space,

p=iB
v
At any time the amount of waler absorbed by the drying agent on
the spring will be the sum of that which has diffused through and
that which has left the diaphragm beceuse of a change in concentration
within it as demended by the comstently varying pressure gradient,
Experiments on the absorption of water vapor by esphalts indicate
that the moisture which could be lost by a diaphragm of the sigze
used would be quite small, So if the amoumt of vapor diffused
through is large compared to the loss of moisture from the diaphrsgm,
we may for practical purposes neglect the latter, Then
m=m, - w, where m, is the weight of moisture initially

present in the vapor space,
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wa
Also P =P, - ~§r~ where P, is the initial aqueous tension in the

vapor space,

K A Pg KAwn
LV

dw = at

aw KA Py EAwn

R oo

dat 1 LV

dw
The quantity =~ is the slope of the diffusion rate curve,
V at

To express the equation in terms of K,

aw dw
K”it w o ”3“
e w5 T --P
2 (% =) i

A1l the quantities involved are constart for s given experiment
or are readily obtainable from a plot of the time rate of increese
in weight of the drying agent above the diephragm,

The experimental procedure is to provide a source of constant
humidity for the vapor space and to let equilibrium conditions for
the initiel aqueous tension to be established before the start of
the varieble pressure gradient experiment, When such egquilibrium,
as shown by a constant rate of diffusion, is reached, the supply
of moisture is removed, and the vapor pressure from then on is

allowed to vary with diffusion,

Experimental Results: - The method used was refined as far as was

practical, but because of the nature of the materials a great deal
of manipulation and e groat deal of time were required to obtain

a body of reliable data, It was necessary to prepare each test
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diaphragmn and to measure periinent dimensions on each individually,
The length of time needed for a single experiment to proceed to
the yoinf at which en accurate diffusion rate could be determined
varied from 150 to 1500 hours, depending on the nature of the
material,

From 12 to 20 observations were mede on each diffusion cell
during the course of each experiment, in order to obtain a sufficient
nunber of experimental points to defins with good preciaién the
diffusion rate curves, Each run waes made at least in triplicate
t0 diminish possibilities of error, A btotal of over 5000 Obe
servations have been made during the work on diffusion,

The quartz spring balance diffusion cells were found to yield
quite satisfactory data, ITypiecal curves showing axperimegtal rem
sults are given in Figures 9 and 10, where the centers ofzthe circles
represent experimental points end the size of the circles represent
the probable error of the measuroment, A similar curve was drawn
for cach membrane, the slope of the curve giving the diffusion

consbant,

Constents at 98% Humidity at 85°C,3 - The greater portion

of the diffusion measurements were made with a constant pertial
pressure gradient of 23,3 mm, Hg, The results of these experiments

are given helow in Teble III, The figures recorded are the dif-

Y s“
fusion constants, expressed in the units of i s for each

om, mm, hr,

individual diaphrazm,
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Table III

Haterial No, M,P., Pen, Diffusion Constant x 109 Aversge Constant x 109

1 174 & 4,02 4,00

3.97

2 165 2 4,05
4,06 4,058
4,04

3 204 O 3,07 3,07

De3100~4 169 15 5,92
5,87
6,12 6,00
6,08

6,08

D=5100~6 126 45 9,27 9,27
| 9,28

D=-3100«6 189 7 4,82
4,73 4,77

4,76

B 51581 234 1 3. 50 3,50



Tl

daterial No, M.P, Pen, Diffusion Constent x 10Y Averase Constent x 19?
E=-5108.2 140 25 7.54
7. 67 7.58

7,68

He5198«3 136 30 8,39 8,40
8,41

M=l 180 7 5,40
6,38 5,89
5,48

5, 33

w2 176 12 6,06 5,98
5,86

=3 168 20 6,92
6. 72 6,93
7.14

el l42 34 7.4
7. 70 7‘ 81
7498

3l 166 24 9,35
9,43 9,30
8,20

9,20



daterisal No. M. P, Pen, Diffusion Constant x 109 Avorage Uounstant x 109

12 138 19 8,12
8,23 8,156
8,10

D=3100-1 169 20 8,27
8,15 8,22

8,28

D=3100«2 180 20 9.28
9,24 9.25

9,25

D=3100=3 216 18 9.25

2,31 9.31

2l 210 19 8,80
B, 78 8. 79
8,76

8,89

22 244 3 3,466 3,66

3,67

31 140 24 3,43 8,87

150 3, 32
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ifaterisl Wo, M.P, Pen, Diffusion Constant x 10° Average Constant x ;Q?
32 l60 2 2,16
170 2,15 2y14
2,12
33 180 2 1.4 1.4
180
41 180 2 Q, 434 0,435
-
195 0,437

The materials for which only one figure is gilven are extremely
brittle at ordinary btemperatures, sand therefore very difficult

to work with, The other two of the three diaphragms - and, indeed,
others prepared « fracbured, However, it is reasonably cerbain

that the single values are nearly carrect,

Diffusion Constants at Various Humidities: - Diffusion
constants were evaluated for & number of the semples at different
constant aqueous btension gradients, The results obtained sre
recorded in Table IV as average values of the triplicate runs,

The agreement among the individusl velues is much the same as that

in Table III,
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Table IV
Vapor pressure, mmm, 23,8 18,8 11,9 7o 31
Haterial No, | M.P, Pen
1 174 5 4,00 3,88
2 1686 2 4,06 3. 82
3 204 0 3,07 3,02
Da5100«4 160 15 6,00 6, 56
D=3100=6 189 T 4,77 4,93 5,04
11 166 24 9,380 9,00 8,56 at 16,9 rmm,
12 188 19 8,15 7465 7.50
21 210 19 8,79 7410 6, 70
22 244 3 3o 66 3425
Do 3100=1. 169 20 8,22 8,08 8,038 7,86
De3100=2 190 20 9,85 8499 8,40
51 140 24 B4 87 3,82 4,08
150
Y u 1686 24 9,25 8,95 8,25

* These values were obteined from the variable~pressure method described on

pages <5=-29,
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Diffusion with Weter in Contactx'n Since in practice liquid water

is often in contect with asphalt, it wes thought important toxgstablish
whether the diffusion constant would be much different if liquid

water vore in contact with the disphregm instead of water wvapor,

The results, given below, indieate that diffusion for liquid water

is definitely faster, espeeially for sceamerefired asphsltis,

Table V
Material No, K for liguid K for vapor at 23,3 ma,
i 5,15 4,00
2 5,10 4,06
Dw3100m4 6, 60 B, 97
Dw3100-6 5.15 4,77
11 9,60 9,50
12 8,45 8,15
2l 8,86 8,79
22 3,75 3466
D 3100m1 8,32 8,22
Dwe3L00-3 10,00 9431

In order to esrrive at some conception of the magnitude of
change in diffusion constants with temperabturs, some experiments
were conducted et $5° C,, using seturated NH,Cl to regulate the
humidity, The results are compared below to constants for the

seme asphalts at 25°C, under equal relative humidities, (80,1%)
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Teble VI
Haterial No, K x 10° at 25° K x 10° at 35°
3 3,88 5440
2 3,82 5, 50
D= 3100-4 G 56 7. 56
1l 9,40 10, 50
A8 , 765 10,10

viffusion through Pipe Line (uvating: - As a matter of prectical

inberest, several portions of o pipe~line coating which had been

in service were obtained, This meterial hed been on e l2-inch hot

line at the Los Angeles refinery of +the Union Qil Company since

1927, fTest spocimens were ussed for Lhe diffusion runs in the condition

in which they were received, Values of ¥ for several tesis did not
CI TR0, DT,
The date reported, with bthe exception of those for the pipew-

check, but all were in the region of 3 x 1

line coating, are for freshly prepared asphalt, Atte.pts were nade
to devise & method of weathering thin disphragms in a Vieather«Qeister
and subsequently measuring diffusion rates; but the tewperctures
reached during the artifieiel weathering mads it thus far extremely
difficult to devise & support for the asphalts in such a fashion that

diffusion experiments could later te run with reasonable certainty,

Discussion of Kesults: » From the data obtained a number of intereste

ing observations mey be made conceming the dependence of the diffusion

eonstants on various factors,
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Type of Haterial, In general, air-blown asphalts offer the

lesast resistance to the pussege of water, and coal tar pitches the
most, Constants for steamerefined aspnalis are lower than those
for the air-blown type, and higher than the constents for coal ter

pitches,

Fillers, Diffusion through the filled products availeble
wes found to be slower than through an unfilled msterial corresponde
ing to that from which the enamels were made, However, since only
three materials containing mineral fillers were at hand, no generalie

ties may yet be drawn,

Temperature, The diffusion constent increases with temperes

Viscosity, In an attempt to find correlations between difw
fusion rates and other properties of the materials studied, plots
were made of X versus penetration for each type of bitumen, For
the cese of the ailr-blown asphalts there appeared to be no regularity
to the velues of K, but for the stesmwrefined asphalts the plot geve
a curve of exponential form, When the date were plotted on a loge
log scale, e straight line resulted for each series of steam-blown
asphelts, Figure 11 is such a plot of log X versus log Pen,

The relationship between diffusion constant and penetration
for the series of steameblown asphalts from crude source "A" is
deseribed by the equation

log K + log 10° = 0,33 + 0,39 log Pen
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and for the asphalts steam distilled from Panuco crude,

log K + log 109 = 0,52 + 0,25 log Pen,

A fundemental ralationship(g) between the penetration and
the viscosity of ssphalts has been durived and generally accepted

by workers in the field, The expression is

7( = SP:;}?Q%GQ poises
vhich holds for esphalts which are of the nature of Newtonian liguids,
in that they exhibit viseous rather than plastic flow, Since coal
tar pitches and stesmerefined asphalts spprosech Newtonien bahavior(g),
we are justified in considering this equation for the case at hand,

Teking the logs of both sides of the above equation we have

log Q = log (5,1 x 109) -~ 1,93 log Pen,

It is readily epparent that if the diffusion constants are a linear
function of the penetration, they are also at least an approximaﬁely
linear function of the absolute wviscosity,

In order to discuss more {reely the propsrties of assphalts,
something mist be said of their composition and structure, Asphalts
are generally considered to be a colloidal dispersion of very high
molecular weight hydrocarbons of an aromatie or hydro-aromatic nature

(9)

in e wmixture of resinous materials and oils, if the dispersing
phase is highly eromatioc, the dispersion will be well peptized, and
the viscosity will be a funection of the oily phase and of the relative
amounts of the twe phases, If the smount of sromatic compounis is

reduced, as by sir-refining, wherein the aromatics become polymerized

and become transferred to the dispersed phase, the peptizing ability
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of the oil fraction is reduced, and plastiec flow cheracteristics are
developed, On the other hand, if steam~distilling is carried far
enough, & point will be reached where an inversion of phases results,(lo)
and es that is approached the flow characteristics of the meterial
are no longer simply related to those of the oil and resin fraction,

If these statoments are assumed to be essentially fect, it
may be deduced that diffusion through steemerefined asphalts is
dependent on the properties of the dispersing phase, and that the
prineipal effect of the colloidsl micelles is to hinder the transpord
of the water molecules through the oily fraction, A condition ime
posed upon this, however, is that it applies only up to the point
at which the supposed inversion of phases takes place, This condition
is strengthened by the fact that the hardest asphalt from crude
source "A" yielded a diffusion constent (Penetretion 0) which on
the logwlog plot wes quite far from the straight line through the
other five peoints,

The two curves relating diffusion constents to penetration
have different slopes by a substantial emount, The observation
might be made that the two series of asphalts are quite different
in temperature suseceptibility, which is a funetion, in the last

ennlyeis, of the chemical nature of the constituents,

Vapor Pressure Gradient; - The data presented for the variation

of diftfusion rates with humidity gradients indicates fairly conclusively
that there is noticeable digression from linesr diffusion as represented
by Fiek's equation, This suggests the presence of wateresoluble

materials or of adsorption effects, Sufficient information is not
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yet at hend from which to deduce the cause of deviation from simple
diffusion,

However, to indicate directions of atteck,it might be stated
that if the distortion of the pressure gradient is due to the solution
of water, it is probsble that diffusion constents messured under
conditions of humidity which are below those for seturated solutions
of the hygroscopic materiesls will be independent of the wvapor
pressure in the range below that ocriticsl humidity, But if the
vepor pressures of those solutions are low, the results will be
experimentally indistingulshable from those expected for adsorption
on swrfeces, which would vary with vapor concentrations alpng a
curve llike an adsorption isotherm, An investigation of thé cone
centration gradient by means of laminated diaphragm may shed some

light on the problem,

idechenism of Diffusion: =~ The concept of linear diffusion implies

the transport of water as vapor through the interstices in the solid
by meens of molecular mntion.(7) Concentrations of water vapor
within the solid would then be sowewhat less than the concentration
ia the adjacent vapor phase becausé of the spaoce ocoupied by the
80lid, but would be directly proportional to the concentration
gradient, For diffusional processes cnaracterized by this mechanism
Fiek's law applies unrestrictedly,

Asphelts contain s number of polar moleeuless, such as oxygen
and sulphur compounds, and it would be expected that these exhibit
a8 certalin affinity for water, This may conceivably affect the dife

fusion process in seversl ways,
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Then weler vapor is adsorbed, eneryzy is liberated, and the
fugaelty is lowered, Vapor then moves in Ho tske the plaece of that
adsorbed, and possidly & second layer becomes ussogiated with the
first layer edsorbed, These adsorbed layers amay be subjoet to strong
spreading forces, thereby providing e means of transport which mey
be much more rapid than by molecular motion through interemoleoular
spaces,

Adreblown esphalbs give evidence of strueture(ll), while
steam~refined asphalis and coal tar pitches are nearly homogensous,
Hovement of adsorbed walter along the strueture would explein the
reason why diffusion through the air«blown type is more repid than
through the others,

¥nen & melecule is adserbed, enerzy in substantlal smount
ig liberated; znd likewise energy must be supplied to remove a
moleeule from an sdsorbent, The quantities of energy so involved
depend upon the state from which the molecule was adsorbed or the
state to which it is returned, the heet reguirement increasing with
o dscrease in pressure, Then a water molecule would be adsorbed
from a high humidity at a low heat of ocondensation, and would be
renoved at low hunidities only by the absorption of a higher heat
of vaporization, Under iscthermel conditions this would result
in retarding escape from the low pressure side of the diaphragm,
end would cause o shift of the concentration toward the lowwpressure
side until an energy balance was obbtained, The effect would be teo

change the rate of diffusion with concentration gradient,



Applications of Diffusion Rabe Dates - Uherever the exclusion of
webter is an importent feoter, it is of velue to be able to caleulate
how much of e gilven protective agent must be used for provision

of the most efficiocnt protection under & giver st of condiltions,
Although esch problem possesses its own peenlierities, neveritheless
a generel type of upproach may be indiocatsd,.

The only condition required for the tremspert of water through
orgenic materials is o fugacity gradient seross the meterial, Uhether
this diffsrentisl is produced by a dry space on ono side, Ly solution,
by adsorption, or Ly chemical reaction, such &s the corrosion of
a metal pipe line, is of smmll consequeace to the mechanics of the
ealeunlation,

hssune, for the sake of simplieity, thet watcr is being
trausferred into a spacc initially free of water, the pressure
of vmter vapor in the space being built up during the process,

At any instant the pressure, Pg, in the space will be re-

presented by

sza

<i i=

where V = welght of water present in the space

= weight of water diffused through the materiel

i

V = volume of space
¢ = conversion fachbor between vapor density and pressure,
From the linesr diffusion lew, which will apply quite closely if

proper diffusion consbtants are koown,



vhere K = diffusion consiantl
A = ares of the diffusion path
t = tine
L = length of the diffusion peth

Py = external agueous tension (eonstent)

For an increment of {tine 4t

Be - o w e 25,
1772 g A ap

Loguning it is desired to know the length of tTime required
for the transport of o given amount of water to diffuse through a
given thickness of coabting, the derivation is as follows:

W

< jo

Since Pg =

G
ap, = '{;’ aw

Also dPy = ~d(Py = Py)

v
end sz: 4Py

Substituting,
L. Y, aw
Pi=Pe g1 *¢ "%
K A e Pl - PQ
4% = ‘v; a(Py = Pg)
Kie ?l o PB
Vi
o v A 1IN (P o= P
ab = e, 4 [y .a,)]
Integrating,
VL
’kwwKAcln(_PlnPQ)'i‘c
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at t = 0; Py o= 0, gnd ¢ w e P
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For thin membrenes of asphalt the diffusion constant will not
vary appreeimbly with change in pressure differential, so iun thet
case the equation may be solved formally, If thick layers greater
than about 0,25 ma, in thieckness are to be used, variations in XK with
the quantity (Py = Pp) mey be taken into account if knowledge of the
speeific conditions is sufficiently precise to warreant it,

As a speeific case for illustrating the caleulation, the
length of time required for a layer of water molecules two deep
to be built up on the surface of a hydrophilic rock covered with
asphalt will be estimated, Assuming & water molecule to be epproxie
mately an oblate spheroid of meximum end minimum radii of 1 and 2
Angstroms, respectively, consider the time required if thet amount
of water on the rock has e fugecity corresponding to 15 ma, Hg,

The volume term, for the basis of estimation, mey be considered to
be that which will contein that amount of weter as a vapor at a
vapor pressure of 16 mm, This assumption will result in a longer
calculated time than that actually obtaining if adsorpiion occurs,
but will give an approximetion much better thsn a conjecture,
hsgregates in a hot mix often have a coebing of esphalt
only & microns thick, Assume for convenience a thickness of
100 microns,
For en air-blown asphaelt having & constent, K, of 10"8,

the calculated time is

+

(2.36) (1073 (10"%) (579005005 }
== (2.508)(208)(1)(10%) %% |(22.76)(2.56)(107%)
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& =1,86 x 107%

hours, for a cese in which Py is 23,76 mm, Hg.
Similar caleulations could be made for other problems, such

as the penetration of moisture into the organic fibers used in asphalt

roofings, the corrosion rate of protected metals, and the like, If

conditions are known, the computations will be an indication of the

amount of protection against water which will be afforded by the

material in question,

Surface and Interfecial Tensions

In o great meny epplications of asphalte as protective coate
ings, displacement of the asphalt by waeter occurs or is suspected o
have occurred, As an instence, when coated pipe~lines corrode at a
place where a crack in the coating has appeared, the corrosion is
not limited to the region exposed by the rupture, but is quite
general on either side under an epparently sound protective layer,
Often deep pite are found some distence from the eraék. A possible
reason for this may be that water displaces the asphalt, thereby
forning o channel along the surface of the metal in which water mey
move freely, providing a means by which extensive corrosion may take
place,

By meeasurements of interfecial and surface tensions the free
surface energy chanze aeccompanying the exchenge of an asphaltewater
and 8 metalewater interface for en asphalte-metal interface may be
computed, The sign of this energy change will be an indication
of the energetic possibility of such an exchange of interfaces,

¥hen correlated to the results of other simple experimenta, such as
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simple measurements of adhesion in the presence of water, informae
tion mey be avallable from which to deduce whether the displecement
takes place, or, if it does, whether it goes freely or only under

mechanical shocks and stresses,

§§Perimental Methods and Resultss « A4 constant tempersture bath has

been constructed and sdopted for use with a Du Nuoy tensiometer,
Preliminary measurements of asphelts and pitohes at various
temperatures above the softening point hgve been made, LExtrapolation
of the results to room temperature, however, is found to be inexact
for most of the materials because of the length of the extrapolation,
The data taken indicate that at room temperature the surface tensions
are approximately 40, 45 and 65 dynes per centimeter for asireblown
asphalts, steam~blown asphﬁlts, and coel tar pitches, respectively,
An indirect wethod of obtaining surface tensions of asphalts
is the measurement of surface tensions of solutions of asphalts
in benzenme at known concentrations end extrapolating to 100% cone

centration, Typieal results obbtained are as follows:

Concentration Surface Tension
of asphalt Dynes per cm,
10 % 28,2
20 28,4
30 28,5
40 28,6
80 29,1

60 29,8
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The 60% concentration represents practically the limit of the
solubility in benzene,

Although this method has been used by other workers to estimate
surface tensions, it may be seen from inspection of the above figures
that an extrapolation from 60% to 1007 is subject to & large probeble
grroy, The trend of the figures iﬁdieate that benszene is probably
capillary asctive with respect to asphalt, so the greatest change
in surface‘%ension most likely ocours in the regiom of 100% asphalt,
which is impossible to realize experimentally, It was concluded
that for reasonebly exact de#enminations this method is without
merit,

The softening points of the meterials at hand are too high to
pernit direct measurement of interfacisl tensions between asbhalts
and water, so preliminary experiments were conducted on the detere
minetion of asphaltewater interfacial tensions by e method inveolving
benzene solutions as in the method described asbove, Since the inber=
facial tensions were found to decrease with an inerease in asphalb
concentration of the benzene phase, it was decided that this proe

cedure may be of value, Typical results are shown below,

Concentration Interfacial Tension
of asphalt Dynes per cm,
0% 81,6
10 23,1
25 22,9
45 21,8

66 . 20,7
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Chromostographic Analysis

Adsorption methods have been used to remove resins in one
step of a selective solution procedure for splitting esphalts lnto
three fractions; but no known attempt has been meds to fractionate
asphelts entirely by edsorption methods,
then a mixture of molecules of different iinds and sizes
are passed through an active adsorbent,‘the molecules are separated,
sometimes quite sharply, according to chemical nature and size,
In many ceses the separation can be effected quantitatively if the
edsorbing meberial haes the proper activity, and the solvent chosen
for the mixture to be separated is not adsorbed more strongly than
the compounds which are desired to be removed from the nixture,
Asphalts have thus far practically defied attempts at ex
haustive organic enalysis, However, even though the great number
of individual compounds present may not easily be identified, it will
be of consequenecs to a fuller understanding of asphaltic products
if groups of similar compounds cen be isolated end characterized
a8 to amount and kind, The possibility wes entertained that selective
adsorption might offer a new and convenient method of fractionation

of asphalts,

Experimental Method,

Fractionation by Adsorption: - Activated alumins, ground to
80 » 100 mesh in & bellemill, was selected, since it geve the most
promising results of any tried as the adsorbent to be used in

frectionation of asphalts, A gless column, 16 mm, in diameter,
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is packed to a height of 10 cm, with the alumina, and e measured
portion of a solution of asphalt of known weight concentration in
Xylene allowed to run through under suction, The column is then
washed with additional Xylene to remove any unadsorbsd material,

The packing is then pushed out, cut aepart et the juncture
between bands of different color, and sach bend agitoted for a
minube or two with benzene and a fow drops of aleohel, the nleoohol
serving to'displace the substance adsorbed, Yo reduce the amount
of solvent required to wash the slumina free of the displaeced fraction,
each portion of the column pociking is extracted in & Soxhlet extractor
with the solvent mixture with which 1t had been agitated,

The solutions sbtained from the extractions are each
evaporated under vacuum in a tered flask, so that the weight of each

fraction mey be obbained,

Activation of Alumings - The originsl elumina which was crushed

in e balle~mill was used in preliminary work without any treatment to
inerease its activity, Spent alumina when reectivated by heating
proved to be so amctive that no separation could be obtained with iv
until it hed been thoroughly exposed to normal atmospheric conditions,
When it had been so exposed, results obtained with it checked very

well the originael work,

Charecterization of Fractionss -~ At this stege of the ine

vestigation woleculer weights of the fractions are being deterained,
The procedure followed is that devised by Bargerkls). ihe principle

on which it is based is that if droplets of two solutions of unequel
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vapor pressure are placed in a capillary, one will grow at the expense
of the other, This growth is observed by meens of & microscope
fitted with a micrometer eye-plece, and can be deltected quite readily
within a few minutes i the two droplets are much different osmotie-
ezlly, A solution of known weight concentration of an unknown come
pound may reedily be compared te several solutions of known molel
concentrebion of o lnown compound,and the molesular weight of the
unknown obbained by trisl, The capillaries used are appra;imately
of the same size as those used for melting point determinations,
Benzene is used as & solvent both for the unknown and for azoe
benzene, which is used as & reference compound, The droplets are

placed in the capillery tubes by means of capillary pipettes,

Bxperimental Results,

Practionation of asphalts: -« The procedure developed effected

a separation of asphalts inbo three distinet frections, The upper
4 cm, of the packed column beceme brownisheblack; the lower ¢ em,
beceme a faint reddish color; aend e solution having the eppearance
of 2 highly refined lubricating 0il went completely through the

column, Data for some of the asphelts eare presented below,
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wt, 5 wh, % wt, %

Sample No, top fraction bottom fraction uuedsorbed 7 recovery

D 51006 44,4 7,95 45,6 98,0
44,7 7,50 45,6 97,8
47,5 7.8 45,9 100,2"
D 3100m1 36,8 6,0 55,0 97,8
49,5 6,6 44,4 100,65
48,5 4,5 45,4 98,4

% Run with reactiveted and conditioned alumine,

These date are uniformly quite setisfactory, It is thought
thet the devietions sre due more to menipuletive errors rather than to

some failure of the method,

ﬁgleaulax_weightﬂa = The technique of this micro-method of

molecular weight determinetion has not yet been fully devcloped,

but work with the two large fractions of the asphalts has yielded
results which are felt to be exact within 55, By trial the molecular
weights of the two lergest fractions obtained from asphalt Mo, D=3100=1
were found to be 1425 for the top fraction and 5756 for the umpadsorbed

fraction,

Discussion: « The method of selective adsorption as applied to asphalts

apperently holds some promise, Additional fractions might possibly
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be detected by viewing the column under ultra-violebt light, and re=
froctionation might prove to eoffect further seperstion, The excellence
of recovery of meterial from the alumina indicetes that there is some

probability that the procedure might be made quanbtitutive,
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Summggz

1. 4n spparatus for the accurate measurement of angles of contact
between asphalt surfaces and liguids was constructed,

deasurements show that the ease of wetiting increasses in the
following order; filled alreblown asphalts, uanfilled air-blown
asphalts, steam~blown asphalts, coaletar pitohes, The angles assumed
by water in contaet with eir~blown assphalts are greater thsn 90°,
hence water does not tend to enter cracks in a fresh sir-blown |
asphalt surface, For the other materials the angle is less than 80°,
which indicates a tendeney for water to penetrate under the action 6f
surface forees,

Contact engles for all the materials are reduced in highly
alkaline selutions, the reduction being most pronounced in the case
of coalwtar piteches throughout the entire alkaline range,

The effect of Cally solutions and of HCl solutions on contact
sngles is very slight, excepting that the wetting engles for coal-

tar piteh are noticeably reduced in HC1 solutions,

2 A cell for measuring rates of diffusion with s probable over-all
error of less than %,5% was developed,

A method snd an spparatus for the construetion of quarts
springs were devised,

Neasurements of diffusion rates indicated that water transport
is most rapid through ailr-blown asphalis, less rapid through stesm=
refined asphalts, and least rapid through coalw-itar pltehes, Diffusion

constants were found to lncrease with tempsrature for asll classes
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of bitumens studied, BEvidence that diffusion through these sube
stances does not follow a simple diffusion lew was discovered,

A correlation between diffusion constents and viscosity
for steamwblown asphalts is presented,

Applications of diffusion rate date are indicated,

3y Prelininery measurements of surface tensions of asphelts and

of in%erfaqial tensions between asphalts and water were made, The
method of determining the surface tension of asphalt &t room temperaw
tures by extrapolation from measurements with benszene solutions cf

asphalts was found to be invelid,

4, A method of fractioneting asphalts by chromatographic enalysis
methods was developed, and evidence that the procedure might yield

quantitative results wes obtained,
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