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PREFACTE
I LN A

This thesis, as submitted, consists of two parts: (1) an account of the
developnent of the Curing Index, and (2) a mimeographed report which eonstitutes
the laboratory data and thesry on which the Curing Index is based. It also
includes consi&erable data and facts on cub=backs in addition to the Curing
Index. The mimeopraphed report was published in the Journal of Asphalt Tech-
nology, Volume 2, NHo. 8, 1943, and was tho first anncuncement of s method for
controlling the curing spead of cut-backs. Tha data presentsad ropregents
possibly ben per cent of the data collected in attempting Lo solve our problem.

A1l of this worlk was doune in the Tsxas Flighway Departrent. Tost of the work
was done personally by the writer. Aszistanee rendered ineluded laboratory tests
by Mr. €. . Hoore, ¥r. L. L. ¥Wallace, and several othsrs in the Asphalt
Laboratory at Ausbtin, Texass. i&r. A. C. Love rendersd valuable assistence in
vribing the originel published report.

The work began while lr. Z. B. Cape was materials engineer of ths Texas
Highway Departuent. AL the time of the completion of the initisl phase
Hr. R. J. fank was materials engineer; and, in accordance with the common prace
tice in many highway deparbtments, the work was published under his nams, the
writer being given due credit in the first portion of the report.

Possibly the most wvaluable asgistanece given the writsr came from the

™y

practicing enginesrs, refiners, and maborials manufacturers. Without their help,
the theory and daba develeopsd in the laboratory could never have bheen put inte
practical use, and i% would have been buried in the files. Those of greatest
asaistance were . Z. V. Scott, fenera) Hanaper, Southwest Stons Company, Uallas,
Texas; #r. #. 3. fudson, Technieal Representative, Servetex Materials Compsny,
Mevw Braunfels, Texas; Mr. B. I. Secozgin, Yanager, Research and Dsvelopuent,

Anderson-Prichard Corporabion, Oklahoma iy, Oklahoma; and tr. Guy Lott,



Distriet Uanaper, Texas Highway Depariment, Amarille, Texas. Many othsrs, too
numerous Lo meution, cnatributéd torard meking practical use of the thseory
developed by the writer. 2pecial acknowledgment is gziven o Mr. J. L. Borthingten
of the Ureole Petroleum Company, Caracas, Vemezuela, who informed me at our last
meeting that it was his intention te introduce this mothod of éoﬁtrcl Into
South Amorica, where cut-back asphalis are used almost exelusively.

Thus, *he author must disclaim any credit ewcept thet vhiech is dus to the

development of the ideses and theories themcslves. The remainder of the eredit

must go to those enterprising gentlemen whe wers willing to try something new.



TAB

s an

P

L

Development of Asphalt Cut-RBack

Paverents

Difficultiss Sneountered in Texas

Developmant of Hethod

-

Bvaporation Curves

Laboratory Confirmstion

Consistency Curves

Curing Curves

&

.

Curing Index . . .

]

ow
e -

{7)

Aoplication of the Curing Iadexr to Industrial

Appendizx . . « . .

Inbegration of Lg

Equation for »
Bguation for i
Develoment of

Curing of Cut-Back Asphalt
Synopais . « o .

Intraduction .
Hatorials . .
CUrTES o o o
furing Index .
Curing Time of

Flash=0ff Daring Hxing

Controal of the Flagh-Of'f

Appendi= ¢ o o » o
Evaporation Test

Derivation of the Cut-Buaek Tvapora
Sample Calculations for Curing Index ond Wvaporation Curve

Table 3 .
Befarences

- - v « . - - -
uabion (4) .
L] -
» . - - £ 2
Foguation .
» - - *
L2 - L] - L3 Ld
® L2 & - 9 - 1 4 e
» ¥ - £ d L L ] o .
& ] L4 . » - » -
C‘u t -3 a@l{ . e ®
Point
L) » - R 2

»

-

>

-

-

-

L) &
» &*
° L]
- -
L] -
»* *
- *
L ] -
o L ]
£ >
- -
- )
3 -
angd
- -1
o '3

- L
" .
- »
@ -
» 2
E<3 o
3 3
- -
L] -
L] L
L ] L]
L] L ]
- -
the
» o
- *

-
1.
G

L]
L
[
[
.
[3

» & & & » &

tor Pormala

b
.
®
k3
.
&

Y

©

* &
- @
- a2
. @
» .
. @
2 9
L .
. &
L4 .
¥ o
s =
« a
L

L 2
o L3
& -
£l -
[ L]
L] L4
« e
L3 .
- L
. .
s o
L L3
e 8
1] °

R R

11

14
14
14
14
15

o R B Gl DO e bt

O 0 Gl DD e



T OATD APPLICLATION

DEVSLOPHEHT 0F A%

LT CUT-BACK PATEHERTS

The first asphalt pavements built in the United States were composed of a
mixturs cf asphalt and stone, which occurred as a natural devosgit. Host of
this material came from Bureops.

-3

inesrs learned te

As a naturael outpgrowth of the use of such material, en

make a paving mixture by coating hot sggregabe with hot asphalt. The [irst
agphalt used was btaken from "asphalt lakes"” where it nccurred as a nabtural
deposit.

About 1900, petrolsum asshalte, obtained from cruds o0il bhesgan to replace
natural asphalbs. Petrolesum asphalts have now roplseced natural asphalts in the
United States almost complately.

The first petroleum asphalits used were "asphalt cements.” Aschalt cements
are shiff, plastic materials at ordinery tempzratures. However, thay are thin
enough to mix with stone at temperatures of about 250°F. or higher and it is
therefore necessary to heat both the stone and asphalt in naking a mix. Also,
this mix must be kept hot until it is placed on the road and rolled to form
the finished pavement. Upon cooling, the asshalt cement in the mix becomes
hard, serving as a strong binder for ths stone.

Engineers soon learned thut the "thinning down" of the asphalt cement,
which had always been acromplished by heat, could be accomplished in anscther
way, Karosens, gasoline, or raphtha added to the asphalt cement resulisd in a
thin solubtion of asphalt which eould bs mixed with sbone at air temosrature.
Furthermore, by aseration, the liguid would lose its "thinzer™ by evanoration
and revert back to a hard asvhalt, similar %o the asphalt cement from which it
was made. laterials wade by thinniag down an asphalt cem@ntvare termed

"putwbacks.”



There were many advantages in the use of ecub=backe and their ase became
wide spread. Up until 1832, there were about as many types of asnhalts as there
were engineers. In 1932, the U. £. Bureau of Public Poads {Now the Public Roads
Administration) in ocooperation with the Asphalt Institute set up specifications
for four "Rapid Cuaring”™ and five "iedium Curing” cutbacks. These were later
modified in 1939 to include sixz rapid curing and six medium curing cutehacks.
These spscifiecations are now in common use.

"Rapid" and "Medium" are supposed to refer to the curing rate of the
material. The euring properties (or curing rate) of cut-backs has always been
their most troublesome feature, particularly prior te 1940, before any means

existed for meazuring ths curing rate.

TIT TUNTRC
7 TOYAS

DIFFICULTIES ENCOURTRRI

During the late thirties, the Texas Eighway Department began using & cer-
tain cold-mix, termed Item 5@9,&1, in large volume, and it iz still being used
in eonsiderable guantity. Briefly, it is 2 miznturs of crushed stone, raapging
from a top size of l/ﬂ" down to dust and RC-2 (Papid Curinz fo. 2) Cut-back.

The eut~back is of such viseosity that it may be mized with the stone at about
12599, If the cub-back used has the propsr euring propartiss, the mix will stay
workable for several days and hence 1%t may bq shipped by gondola car or truck to

sites distantly located from the mixing plant. It is usually shipped by gondola
ear and is produced by three or four materials companies in Texas snd Oklahoma.

%hen the mix srrives on the job, it is unloaded and p»laced on the road,
where it is aserated, usuelly by means of a blades grader, until the asphalt has
"stiffened" by curing, %e & point that will furnish adeguate dinding power to
produce a stable pavemsnt. It is then rolled, and forms an excellent pavement,
provided proper construction procedures have been followed.

A1l too frequently, this mix "backfired.”™ Cfome of thse mixes would "set up”

in the car doring transit to sueh an extent that it would be necessary to unload



]

it with pitehforks. In one sase, & wlow waz talsn iato bhe ndola ear in ordsr

to loosen up the mix before unleading. The iden) mix eould bo oasily wloaded
wauld anlond easily enough, bud

to ours the miz sufficisntly.

baeclz uged. These vhich get up In the cur cured too ranidlyr wh

recuired ezcesgive eursad Yoo slowrly. dudzing the

ed was by the results of & dighbillation which was s part of the spsei-

fications. Unfortunstely, wvisual lnspection of the distillation results gave
only the vaguest idea as %o the curing spesed. Their only value lay in the Pact
that ths boiling range, or averare boiling point of a eut=back, decroznsed as the
curing speed of the cub-back increased. Many arbitrary methoads for interpreting
the distillation results were oropased, but all of them wers disappointing when
anplied.

Due to the many advanbages of this cold=-mix, it waz highly desirous t»
overcome the diffieultiez mentioned above. In 1949, the problem had reached
such importence that it wasz decided to psrfora an investigation which would
attempt to solve ths curing »roblem for thess mixes. This projeet was assigned

to the writer.

DEVELOSHEAT OF |

Bvaporation Curves. A cut-back cures because the thinner (uaphtha in the

case of R(~-2) evaporates, pragressively thicke g the asnhalt which remains.
Honee the problenm consisted largely in a study of evaporation »f liguids.
After an exhavetive survey of the literabure, it was found that several

investigzators had proved the validity of on eguabtion dsrived on a puraly
& y 3 ks &



theoretical basis by Maxooll and Bhelfan in 1379, whisch related evaporation rabe

oF

)

to several physical emstanbs of a llguid. guatvion follows:

(1) N, = DP (?a_ - P )

a Fl
RTz - 2
~BM
Where s ﬁa = Tvaperstion rate, mols per sscond p3r 8g. con.
Pﬂlz Partial pressure of wvapor at liguid surface mm Hg.
Eazs Partial prassure of vapor at distance X frem liguid surface

mra Hg-

The log mean of the vasor jrassure of the air betwszen the
surface and point ¥ above tho surlacs.

P = Tobtal pressure, mm Hg.

R = Gas consbtunt
T = jbsolute temparature °K
X = Bffective stagnant £ilm thickness of alir ahove liguid surface

This equation contains so many varisbles that it is not practical for actual
application. However, Ceorge S. Gardners showed that it could be modified 4o the
following form without appreeiable srror.

(2) B = k(Dlmp)

VYhere: E = Evaporation rate grmns/hre/éq. ol
ko= o fare
4 proportionality constant
B = ras constant -~ cc/étmnrahares
T = absolute bemperature ¥
72 = Tobal pressurs abmosshores
L = REffective thickness of film, em.
D, = Diffusiom coefficlent a2t ? = 1
Ml‘ﬂ tolecular welight of evoporating liquld
B o=

Vapor pressure of liguid, mm Mg,

Under consbant conditions of alr Tlow and temperabturs k will be constant in
equation (2). Also for chemically similar liguids {light petraleum hydrocarbons),
D may be expected to remain ecssentially constant. If the vapor pressure is
exprossed in ﬁ/ﬁng instead of mn of Hg., anothor constant will be introduced.
Also, if the murface area be kepbt constant, the evapsration rate may be expressed
as %/hr., by multiplying B in eguation (2) by a constant. If all these constants

are combined inbto one constant k', we may now rewrite equation (2).



(3) B = k'Mp

Where: E = evaporation rate %/hr.
¥ = wmolecular weight of liquid
k* = constant
P = wvapor pressure ﬁ/in.z

Tquation {3) was assumed by the writer to apnly to the evaporation rate of
a pure liquid, coated on a definite weight of a definite stone at fixed condi-
tiong of tempersture and air flow. In spite of the simplifications invelved,
‘theoretical cousiderations indicated that the error due %o simplification would
be negligible.

Pollowing iz an account of ths mamnner in which equation (3) was utilized io
provide a mzans of measuring the curiuy epeed, or in actuality, the curipp bine
of enb=backs under set conditions.

Briaefly, the distillation on a cub=back is performed as follows: Tha cub-
back is placed in a flask covtaining a thermomater, the flask is econnected to a
eondenser and the thinner is distillsd from ths flask inte a 100 =l graduats.
As bthe distillation of the material in the flask inersasse, roadinss of the
thinner in the graduate are made at the following bernaraturas, r: 320, 347,
374, 437, 500, 800, and &80,

The results of an H(=2 diztillatisn are shown in Table Ho. I.

Table Ho. 1

7 by Volume

Temp. °p, Distilled Over AV Fraction Ho.
Initial Boiling Point 378
320°P. 8 .8 1
347 2.0 1.2 2
374 Gel) 4,0 3
437 13.5 Tab 4
500 ' 1743 3.8 5
690 13.3 2.9 &
880 210 1.7 7

Equation (3) applies to a pure liguid with a siven constant boiling point.

It may be =zeen that the above distillubion does not revresent a pure liguid by any



o
mesas, but instead has a boiling range of 372 F. Bquation (3) would thersfore
represent an instantansous svaporation rate at a point and would have to be
expressed as a differential.

(4) av =
dt

Whoere: v = volume - %
t = +time in hours
k' = constant
¥ = molecular weight
p = vapor pressure:# in.2

From laboratory curves, approximate mathsmatical equations may be set up
with M, p and v expressed in bterms of the boiling point. The sxpression may then
be integrated to give the total time reguired for the cub-back to evaporats to a
given point, ¥ However, such a procedure proved to be entirsly unpractical, due to
the necessity of obtaining equations from curves and a2lso hescause the integrated
expression was far too bulky to handle. Hence the fellowing method of analysis
was used.

The liquid coming over beﬁween any two glven boiling points was considered
as & pure liquid with average vapor pressure Py and average molecular weight Mi.
The vapor pressure P, was obtainsd from the Cox Chart, which is a plot of
temperature against vapor pressure for hydrécarbons of given boiling poirts. The
vapor pressure abt a tempsrabturs of 140°F. was chosen, because this is a maximum
road temperature for asphalt pavements. The approximate molecular weight was
determined on the individual fractions of naphtha from a number of cut-backs and
an average obtained for each fraction.

Applied in this menner, equation (4) becomes

(5) %;‘1 = k'Mp

* Zoe Appendix for integration procedure.



Bxpreseing the reciproeal of k' as K, the btime reguired for a given fraction
to svaporate will be

{(8) AT = K AV

The time T, required for the ecub-back %o ovaporabe o any giver point will he

(1) =2 1 (avl) ﬁ-& 1 (av,) e 1p (AV)%)
£

There tho subscripts refer to the suecessive fractiocas. The subseript
rafers to ths final froction whieh may be, and usuzlly is, only a portion of one

of the fractions as shown in Table I.

LABORATORY COMPIRIMATION OF EQUATION (7)
Since 21l of the above is theory, 1t wap necessary to make laboratory tests
to seo if equation {7) yielded results of sufficient accuracy for practical
application. This was dons by rumning svaporation tests on mixes with 12 differsnt
cub=baeks, offering a wide range in tvne and éurimg properties,

The detailed procedure for malking these tests is given im Curing of Cut-Back

Asphalts, by R. J. Hank,% under "Appesndix.™ Briefly, they were made as Follows:
A mix was mado with sxactly 6.0 of cut~back, employing 200 grams of lime-

stone aggregate in a 68 ¢oz. olntment can. The grading of the aggregate is given

helow.

Passing Eatained Per Cent
1/2n 3/8" 14.10
z/3" 1/4" 15.90
1/4" 19 30,00

10 20 15.36
20 30 4.12
30 40 Z.40
40 50 4.15
50 80 1.92
80 8 2.48
80 109 0.68
100 200 1.92
250 5,96

Total - 100,00
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The mix wes mads at 140°%¢. and plased on a Lurntable in a 140°7. oven. 2%
intorvals, the mix was tﬁken out and waighed %o determine ths loss in weight due
to evaggratibn-of the volatile thimrer in the cut-back. This weight was determined
quiekly and the nix immediatsly placcd back in the oven. Ths loss of volatiles
in % by volume, based on the original cut-back, ﬁas enleulatad for sach time
in#efval. From the daba a curve of time in hours plobited against ¥ less by volume
ﬁas made for each cut-back. Typical curves ére ahown as dotted linés in Figure 1.
of>the attached articls. The solid eurves were those obtained by use of
squation (7), with X = 10, K was obtained by somparing the actual evaporation
carves with the theoretical onss abtaiaed‘from equation (7). The theoretiecal
eurves were first plotted with ¥ = 1. It was then a simple motter To obtain an
average Qﬁlue of ¥ by comparison of the schual sund the theoretical curves. This
value proved to bs 10.

Aecording to the assumptions emﬁsyedviﬁ dariving squation (7}, thz »roduet
Mg is a constant for any given distillatian fraction. These were calculated for
a.l the fractions that will be reguired in apnlyiag squation {7) and are shown in
Table & of tha attached article.

Aetually, the curing of a cub-back may bs defined as ths increass in eon~-
sistency of a eub-haclk dus to tha loss of its volatile thinmer. Thus, any curve
which purports to represent the curing charascteristice of a cub-back should be a
plnt of time against consistency. BSueh curves were obtained as follows:

Consistency Curves. By consistency we mean the "thiclmess" or viscosity of

a material. The Mundamental unit of viseosiby is ths polse which is the idesl
measure of viscosity. Another method commonly used for cut-backs is Furol-Saybolt
Viscosimeter. It would have been dssirable to employ the Furcl viscosity in
making our consistency curves, but it was imprectical due to the wide range of
vTiscosity represented by the eut=back from the initial %o the final cured*out.

stata. MAnother test was employed, known az the float test. The method obbaining



the float Best om eubt-backs is piven in ASTH method =138, It is expressed In
seconds, the viscosity increasing with an incresse in time, expressed as ssemds.
Briefly, ths test consists of pouring the material inte & small cup about the
size of a thimbls, which is o9en at both ends, atbaching thig eup to a float,
whieh holds the eun suspsnded in watber, and observing the time raguired for the
watar to push the asphalt out of the cup.

furves of float tests at 122°F. againgt per cent woletiles of by voluwe were
obtained as follows: ﬂ

The cub~back was subjecbed bo the ASTHM D=402 distillation but the distilla~-
tion was stopned afbor a small amount had distillsed over. Ths volume which had
distilled over was reecorded., A4 float test was made on the residus in the
distillation which remained in the distillation flask. This procedure was
repeated three more times, rewoving 2 little larger volume of the distillation
pach time, From this dabta, curves of float tests against distillate removed were

plotted as shown in Figure 2 of the atbtached article.

Curing Curves. It will be observed thst Figurs 1 and Figure 2 are plotied

using a common ordinate, namely the volatiles removed. 3By use of these curves,
a new curve may be plobied in eaczh case which will have fleat test ss the ordinate

and time as the absecissa.  Such curves are shown in Figure 3, A5 sn omample,

#

congider the curves for Sample Ho. 1% (RC~1). From Figure 1, the time at 190
volatiles off is 3-1/¢ hours. From Fipure 2, tha Tloat test at 10 wvolatiles off
is 30. Three and one-half and 30 are the cocrdinates for a noint on the cuwring
urve shovn in Figure 3. In this way, as many coordinates as desired are found
and & smooth curve is conatrucked. This rw,erents a trus curing curve, bhecause

it shows the inerease in eonsistency with time.

Curing Indexz. By use of considerable correlative data, 1t was esbtablisghed

that the 309-1 cold mix (mentioned previous lv a5 being widely used in Toxas) was

3,

satisfactorily cured when the asphalbd in the wmix had rzached o float test at



12229, ol ahout 120 seconds. Accerdincly, it waez decided te arbitrerily eall

sured-oat point for al) cut~backs., It should be statad hera Thst there
iﬁ no such thing as 2 d=finite cured-out point for cub-backs, as this will vary
with the tyne of mix, grading, wnd othor factors. Hgﬁever, this was of little
momsut to us, aé our main objective was to gseb up a method for ccmgiring the
curing characterictice of cnt-backs under set conditions. Ve therelore decidsd
to eall ths number of hours roguired for the material to cure to 120 seeooads
float test at 1229F. as the Cwring Index. This time wes determined hy applica-
tion of equation (7). ¥The justifieation for this wms well asf&blighed by a
tabulation of the results of the Curing Index as obtained from actual e&aporudqn
curves snd from the theoretieal curves obitained from equation (7).
shown on Page 4 of the attached article. Obssrvation of the curves in Pigure 3

ghow that they sonoroach a straight line and hence, the ocuredecut point, which

e

might vary from 100 to 149 seconds float best under various coaditions is not of
great imporissce. This is beecause ths ratios of the curing times will nobt vary
preatly botwesen a set of cubebacks, regardless of vhere the cursd~gul point is
talken over the range mentiened.

o far ar the wribtsr was concerned, the Curing Index was only one feature
of the curiag curves and in order to predict the behavior of a cut=bask under any
condition, it would be necessary te have the curlng curve and ma%e observations

over ites entire rangs. The mamer in which these observations are mads and their

signifieance ie ecovered in the atiached article under Flash-off During Hxing and

Control of the Flash~off Point and the Curing Index. YHowever, for soms reason,

those engaged in the manufacturs of asphalbs and asphalt nizes have never gone
beyond the use of the Curing Index. I% has bosn somewhat of a surpriss to the
writer that conbdrol of the Curing Index alous has rosulted in cousiderable benefit
to them in controlling bheir products. It ig hoved that at some Puture date that
the asphalt industry in general will made more complote use of such curves whether

they be thoss developed by the writsr or by scome obther msthod.



11

T TEDUSTRIAL COWIROL

PRLICARION OF THR CURTMG INDEX

Shortly after the paper on the curing of cub-bsck asphélts was published, one
of the larger producers or cold-mix material in Texas and Oklahoma bagan sosel-
fying his cut~backs on ths basis of the Curing Indsxz. A% the time he began doing
this we had.very little correlative information as to what ranges of Curing Indexes
should be adopted in spscifying eut-backs for a specific purpose. £&s a result of
this producert!s investigations, it was found that a cut-back with a Curing Index
of around 35 was ideal,for cold mix work. It was definitely established thaﬁ
curing indexes below 20 were almost surs to cause the mix to set up in the car;
whereas, curing indexes above 60 always reguired éxcessive blading to remove enough
of the volatiles ﬁc cure the mix out propsrly. The work of this producer was
Tollowed by others in Texas and it was found that 1little or no difficulty was

’axpﬂrienced with the mizes as long as the Curing Index msintained between 25 and
45. These have now become fdrly well accepted walues for RC~Z cub-backs for
goneral use. Jobs dcng in west Pexas indicated that it was aﬂvamﬁageéus, for seal
coat'work; to employ cub-backs of a comparatively IQW'QQring indsx. Ho limits
were ever established, but it appeared that the ideal ranse would be about 19 to
25. Uafortunataly, no corrslative work 5&8 evoer besn doune with blade mixes,ut it
appears logleal that the ldeal range for a blade mix using RC=2 would he from
about 45 to 890.

After the use of the Curingilnd@x had become fairly eomuon among the cold mix
producers in Texas, some of the oil companies adopied the poliey of adjusting the
curing index on their eut-backs to about 35. fecording to verbal information from
some of the refiners, this elininatsd many of the complaints that they had with

cut~backs. About one year after the article Curing of Cut~Back isphalts appeared,

two other methods were preoposed for measuring the curing time of cut-backs. One
was developed by Ir. F. H. Hveem of the California Department of Highwayss the

other by ifr. dugust Holmes of the Isso Corporation. In recent ysars, the asphalt



1,

industry has been inereasingly consclious of the Tact that they nust have some
nﬁmerical measure of the curing speed or the curing time of cub-backs. FHanca,
efforts have been made to standardlze on some method., It appéars at present that
Hre dveem's mothod has beon olinminsted entiraely due to the need of expansive
egquipment and also the tims involved. The Asphalt Institute is HQW‘conducting a
survey among a large number of laborabtories in the United States which will yield
couparative results on the Curing Index and the method oaroposad by Hr. Holmes.
I% is probable that one of these bwo methods will be sdopted by ths Asphalt Institute
28 & standard measure of desimabing curing time in nwperical terms.

The writer realizes bhetber then anyons %Yhet the Curing Index has shoritcomings

~which ghould be svercome hefore it is an American Socledy of Yesting

)
i
a9

g
o
o
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Haterlisls Standard and I am convineed that it will zob be adopted by that bedy
until those improvements are mede., The main objecticn is the length of time
reguirsed for obtaining the consisbtency curﬁe for a cub=back. The larger state
laboratories recsive se many as 60 semples eof asgghalt in ons dey. Under present
testing roguirements, this represents about 8D men hours of work. PFor 60 cutb-
backs, the determination of the comsisbtency curves would require about £0 man hours,

g0 it may be seen that it will be diffieult Lo over introduce such a method into

the routine btesting of cub-baeck asphalts. Aseordingly, the writer has boen gathsr-

>

»

ing information for the past few years in the hope that some method may be

devaloped, which will snabls us to detsrmine the cursd-out point of a cub-hack
with reasonable acvcuracy by neans of theoretical considerations involving only
the tests whieh are run in routine work.

Begardless of the method adovbed, the writer fesls that tnere is a erying
need for some method which will definitely enasltle the engineer to predict the fleld
behavior of a cub-back from simply obtained laboratory results. It is guite
possibles that the writer's msthod will not bs the bast approach. I have therefore

maintained ths nosition of promoting control of bthis foature by the method whieh
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appears to bs best, rather than a promobtion ol nuy »m wethod. It is my hops thab

this guestion will be settled within = few years. Then it is, we will havs made

&

a groat step forward in chenging asphalt tachnology from an ard o z gelence.
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CURING IuDuX

The following equation, (4} in the Lext, is the basie equatina for obtaining

the curing time of cut-backs.

(4) dv = x'up = up
at K
Pheret V = YVolume evaporated, % by volume
t = Time In hours
¥ = Constant (established as 10.0 under actual test conditions)
¥ = Holacular weight of naphtha evaporating at given instant
p = Vapor pressurs of rasidusl cut-back at given instant

The quantity desired is the time, t, reguired for a given volums, V, to
avaporste under the actual evaporation bast conditions. See Page 1 of aspendix
in attached report for deteils of the evaporation test.

Briefly this is accomplished by expressing Y, p, and 4V in bterms of X, the
boiling point in the distiliation tesh. In application the temperature Xf
corresponding to the desired volume‘vf.is substituted in the integrated expression
to obtain the time, t, required for evaporation of the given volume Yf.

Bguatisn for p. By use of the Cox Chart, which is a »lot of vapor nressure

against temperature, a curve may be made with boiling point as the ordinate and
vapor praessure ag the abscissa, for a given temperaturs. This ecurve is essentially
a gsbtraight line on a semi-log nlot and a curve constructed for an evaporation
temperature of 140°F. was found to have the following equation.

01X = 2.8453

1 = 10°
P

Bouation for M. A plot of the estimated molecular welpght of the naphtha

against the cub-back boiling point was found to have the following equation.

(b) u = 10°000827+ 1.7585
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Development of Bquation. If the distillation results for a rapid curing

cut«baok are plotted on semi-log paper with boilimg point, %, on the log scale
and volume distilled over VT on the arithmetie scale, its approximate equation

over a given limited portion of the curve will be as follows.

(e) logigx = 1oy Xy = logyoky (v) + loe . ¢,

7 % o1
X = boiling point, °PF. 2" N
V = volume distilled over ce
% Vi, and X 0 V,_ are any points on a given straight line
+

portlon of®the curve

= ‘intercept of given straig

i ight line portion of eurve at V= 0

For a given portion of the curve, ths equation may be expressed as

(d) log, X = m¥ + k or ¥ = logX -~k
' m
Where: m = logloXZ - 1og10X1

k = loglo’ci | |
Since V is expressed as a differential in equation (4), it is nocessary o

differentiate (d).

(e) ‘%% = _%z_ . logpe or dv = %Z . logigeax

Now, substituting equations {(a), (b), and {e) in (4):

: ’ \
at = (K) ( OOOIX =~ 2.8453 . logloedx
o+ 000827X+ 1.,7585 —® )

Kk (Q00-009173K - 4.6038) 10g, oo

WK
= K [e-02112X }) o. 4345 ix
o%.50%8 /

= &\:K(OASML)_'_ (e~°211~’-x) de

' sl e -
- (k(0.4343) | (+02112K) dxl)s
(4,016 X 10%) j)‘g‘ X

- gx(o 108 X 1074) H( 02112Ky  gx
- M AL T

(B
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Withs CEoo= 18 ,
db = 1.08 T 1077 (°0211B%y 4
*2 -4 Xy .02012%
S 4t = 1.08 X107 f2 (prVerieky  gx
s, " 3 4 '
1 "1

The izli:agratimi is perforzed by first oxpanding the numerator by use of
Helaurin's serise and then integrating each term. |
The expansion is as follows:
252 & aSXS

L4 * - - -

%X = 1 4 ax +a

2t 31
Whers: a = 02112 _
1.08 X 107 fz (p-P211E%) 4y
W £ A
= 1081051 Foane s/ 20212X S oon? L. ...
gl xt/ A
PR o -2 1y o 4
= 1,08 X 10 llog @ ¥ + JRI12X + ,02112X° + .02112¢° + .02n2x . . .
: i 21 ¢ 2 3y % 41 v 4
From {(d) :
_ Xy
it 3 “: -. . v . il
Mo o= 1°5m L, logm El - logm yo
Then .
(£} £ = 1,08 % 10“4(\*2 - V) %Elﬁx (2.203) + .02112X + (.02112%)% + (.ozn‘zx)s. . :i
PR T 3 » 3L
lc_;gm _?i% .
X

It is self-evident that thisg equation is not practical in apnlication. Hence

the use of the semi-empirieal method described in the text was adopted.
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CURING OF CUT-BACK ASPHALT
By 1
R, J. Hank

SYNOPS IS

- This paper describes an investigation from which
an attempt is made to develop a practical method by
which the comparative curing speed of cut-back asphalte
may be measured in numerical terms and thus provide a
bagis for their selection when used in the design of
asphaltic concrete premixes.

In the use of the proposed method the curing of a
cut-back asphalt is dependent on the increase in consist-
ency (or viscosity) due to the progressive loss.of =~ .
volatile content, and a series of curves have been de-
veloped for application to RC and MC cut-backs in which
one ordinate represents consistency and the other time.

INTRODUCTION

The investigation described was brought about by the difficulty being
experienced by producers in preparing plant mixes that could be shipped to a
project and arrive in a condition where they could be unloaded without diffi-
culty and which, with a minimum of curing time, could be rolled on the road
and produce a satiefactory pavement, Some of the earlier mixes set up in the
cars and extreme difficulty was experienced in unloading them. In an attempt
to correct this, the producers reached the other extreme in which the mix
cured too slowly.

In an attempt to solve the problem, Mr. J. R. Martin, a Chemical Engineer
with the Materlals and Tests Division of the Texas Highway Department, began an
investigation, This resulted in the development of the method described. No
claim is made that the method 1s the final answer to the problem because some
of the assumptions may be questioned. It 1s offered as one method of approach
that may be of use until a better method is found.

MATERTAIS
The firet asphaltic materials used in the investigation were ten cut-
backs from six different sources. Six of these reached the laboratory for

routine testing to determine whether they met the specifications for various
construction projects, and four were prepared in the laboratory. Iater, one

lMaterials and Tests Engineer, Texas Highway Department
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of the asphalt producers furnished three RC and four MC cut-backs especially
prepared for the investigation in order to complete the series of cut-backe
commonly used. Tests of these were used as a check on the materials previously
investigated. Table 1 of the APPENDIX shows the resulte from the analyses of
all of these materials. These materials met the apecifications given in Table
2 of the Appendix. by

Aggregate material for the investigation was secured from ons of the pro-
ducers who furnishes a large volume of premix to the Department, It was pro-
cessed in the laboratory to meet the most frequently used grading requirements,
this grading being given in the APPENDIX,

CURVES

The use of curves in the solution of the problem is naturally the easiest
method of application, and the explanmation below shows how these were developed.

Evaporation Curves:

The investigation was started with the thought that perhaps a simple
svaporation test might be a method of control in the selection of materials for
cut-back asphaltic concrete mixes, As the work progressed, it became evident
that the simplest approach was by a, test in which the cut-back asphaltic concrete
mixes were placed in an oven of constant temperature and the loss of volatiles
determined at intervales of time. The plotting of data obtained in thls manner
on various cut-backa resulted in the curves shown 1in Figures 1 and 4 by the
dotted lines. The method of test i1s given in the APPENDIX, *

The time required for the evaporation tests was objectionable, therefors,
a formula was developed whereby the evaporation curves could be approximated
-wlth acceptable accuracy, The development of this formula is given in the
APPENDIX and its results plotted as full lines in Figures 1 and 4.

Consigtency Curves:

.

Even before the sompleiibn of the evaporation tests, it'was realized that
the evaporation test alone would not give a complete indication of the curing
characteristica of a cut-back, but that consistency fmet be sonsidered.

In determining consistency Saybolt viscoasity was not used because of the
length of time required to make the tests nor could penetration be used because
of the softness of the materials. The Float Test at 122°F, was therefore employed
because 1t can be made quickly and is applicable over a wide range of consist-
encies., In order to use it in connection with the evaporation test, it was
necessary to make a series of incomplete distillations on each of the materials,
determine the distillation losses, and then subject the residues to the float
test, From these data the curves shown in Figures 2 and 5 were plotted, The'

> ; 11-43-1172



method of making incomplete distillation tests and the float test on the residues
is given in the APPENDIX,

Curing Curves:

The evaporation and the consistency curves have a common ordinate consist-
ing of percentages of volatiles lost. For any given percentage of volatile loss,
the evaporation curve will give the time interval necessary in the oven at con-
stant temperature to secure this loss. For the same percentage of loss and the
same material, the consistency curve will give the corresponding consistency.
These two values of time and consistency, when plotted against each other, result
in the curing curves shown in Figures 3 and 6., In obtaining values from the
evaporation curves the calculated or formula results were used,

For 1llustration in preparation of these curves, consider the calculated
evaporation curves for sample No. 14, an RC cut-back, In Figure 1, for a 5%
volatile loss, the time 1is two houra, and from Figure 2 the float test time for
the same volatile loss is 27 seconds. From these values as ordinates a point
on the curing curve wus determined., In the same manner as many points as ure
necesgary are determined for the construction of the complete curve., The con-
gtructfon of such curves for the RC and MC cut-backs then will provide a common
bagis for the comparison of their curing characteristics.

CURING INDEX

It has been well estublished in the asphaltic concrete section of the Texas
Highway Department Iaboratory thut this State's "cold mixes", using RC-2, are
satisfactorily cured when not morg than 0.4 .per cent volatiles and/or water by
welght remain in the mix. Such a percentage of volatiles corresponds to approxi-
mately 20 per cent of the total volatiles in the commonly used RC-2 cut-backs.
Curves such as those shown in Figure 2 were obtainéd on a number of the RC-2's
commonly used. From thess 1t was found that the consistency of the RC-2 residues,
at the point where they contained 20 per cent of their original volatiles, averaged
around 120 seconds float test at 122° F, It was then ussumed that a float test of
120 svconds at 122° F, could be desigmuted us the “cured out" point for comparing
the curing time of all RC and MC cut-backs, The time required to reach 120
seconds float test is designuted us ‘the "Curing Index :

As indicated, the "cured out" point has been investigated only for RC-2
cut-backs but it furnishes a value which, when applied to all cut-backs, provides
.a common basis for numerical comparison in curing time (Curing Index). When this
. has been correlated with field behavior, it will indicate the proper cut-back for
use,

The Curing Index for 2ll of the materials used in this investigation are
given in the following tabulation. The calculated evaporation curves were employed

11-43-1172
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in obtaining the Curing Indicese and as a matter of comparison the curing time

(to 120 seconds Float Test) employing the evaporation curves obtained by test

are also included. From a comparison of these values, 1t appears that the use
of the calculated evaporation curves is justifiable for practical purposes.

CURING TIME OF CUT-BACKS
(To 120 Seconds Float Test at 122°F,)

Number 1 2 3 3 ldsgier wiuep : 10
Ty pe RC-2 ©RC-2 RC-2 RC-2 RC-2 RC-2.- RC-2MA RC-1M
Results by :

Test 9. 20 32 63 53 67 90 52
Results by

Calculation :

(Curing Index) .10 15 30 60 51 73 116 6
Number 11 12 13 14 15 16 17 8 19
Type RC-2 RC-2 ©RC-IM RC-2 RC-3 MC-1 MC-2 MC-3 MC-5
Results by

Test 41 58 21 26 17 650 400 270 55
Results by

Calculation

(Curing Index) 37 52 19 25 34 802 390 « 327 58

Thig-tabulation is interesting because it brings out some of the reasons
for this investigation. Asphalt No. 1 (RC-2) wam actually used on a construc-
tion project; the mix set up in the car and was very difficult to unload. The
material approximating No. 3 (RC-2) gave acceptable results, while one of the
field)angineers complained that he had great difficulty in curing out the No. 4

RC-2).

The tabulation shows very definltely that if a reaaonaﬁlé curing time is
desired, none of the MC cut-backs investigated are satisfactory, except possibly -
the MC-5,

It also 1s interesting to compare the extremely wlde range of the Curing
Indices shown for the two types of cut-backs which vary from 10 for the fastest
curing RC to 602 for the sloweat MC., The range of 10 to 73 for the RC-2's is
surprising when 1t 1s considered that all of them meet the same specifications.
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Effect of Dlstillate Content:

A The MC-1, MC-2, MC-3, and MC-5 were all made with essentially the same

" grade of asphalt and the pame kerosene as the distillate. The only variation

in them that might affect thelr curing time is the amount of kerosene contained.
Figure 7 shows the curve obtained when plotting the Curing Indices against the
total distillate removed at 680° F, This figure shows the Curing- Index decreases
-rapldly with decreasing distillate content and that the MC-5 has = Curing Index
of only 55, or within the range for RC materials, - :

Effect of Penetration of Residue:

The effect of penetration of residue on curing time is well i1llustrated
in the three samples of RC cut-back in Figure 3. These samples were all made
using the same cutter-stock, and if the same asphalt had been used for all of
them, their curing curves would have "nested" as did those for the MC's in Figure
6, and the curing curve for sample No. 14 would have fallen between the other two.
No. 14 was made with a softer asphalt which causad its Curing Index to be greater
than either of the others.

FLASH-OFF DURING MIXING

The amount of volatiles in a cut-back asphalt is a measure of its consist-
ency and the consistency at the completion of mixing is an indication of what
may be expected of the "unloadability" when the mix reaches its destination.
Some of the volatiles are always lost during mixing and this increases the con-
sistency which, if increased to too high a point, will cause the mix to "set up"
in the car and be difficult to unload. On the other hand if the consistency is
too low upon completion of the mixing, the asphaltic material will drain from the
stone. . Both of these conditions should be avoided; therefore, proper consistency
is a compromise between the two. The loss of volatiles upon the completion of
mixing then has a definite bearing in the design of cut-back asphaltic concrets.

During the operation of mixing a cut-back with aggregates, the rate of
evaporation of the volatiles is greatly accelerated and a portion of the vola-
tiles will be logt or “flashed off" during the mixing period. For this reason
the curing of a mix in an oven in the evaporation test always begins with a part
of the volatiles already lost during mixing, and when the evaporation curve is
congtructed from the teast data, it never begina at O per cent volatiles evaporated
but at some higher point on the ordinate, its position being dependent upon the
volatility of the cut-back.

The mixing conditions in the evaporation test were the same for all of the
cut-backs tested and it is logical to expect their evaporation curves to extrapo-
late back to a common point. This was found to be.true - all of them extrapola-
ting back to about minus 1-1/2 hours, Points on the dotted curve in Figures 1
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and 4 were all moved to the right 1-1/2 hours to give a proper comparison with
the solid curves, points for which were determined by calculation,

With.the shifting of the evaporation curve in order that zero volatile
loss corresponds with zero time, the curves may be used to determine volatile
losses during mixing. A vertical line drawn up from a time of 1-1/2 hours
(which line may be called the "flash off ordinate") will intersect the evapora-
tion curve opposite the volatile loss, or "flash off" during the mixing opera-
tion. In Figure 1 for instance, the ordinate through 1-1/2 hours will inter-
gect the evaporation curve for sample No., 13 at 5.5 per cent volatiles evaporated
during mixing. This corresponds with the actual loss determined from test. This
relation will hold true if the mixing conditions are the same as in the original
test. If the mixing conditions are mors severs due to higher mixing temperature
and/or increasing the mixing time the “"flash off ordinate" will be greater than
1152 hours, its value depending on the severity of the mixing: conditions. For
constant mixing conditions and the same mix design 1t should be expected that
this relation would hold for materials mixed at commercial premix plants and this
was found to be true, Data from routine inspection reporte from premix plants
where mixing conditions were constant showed a saticfactory approximation to the
results from curves. In data obtained from one plant, which included 30 tests
and represented one month's operation, the "flash off ordinate" averaged 3 hours,
never falling below 2 hours, and exceeded 4 hours in only one test. These data
involved mixes all using the same design except for slight variations in asphalt
content, The calculated curve was used in all cases in determining the "flash
off ordinate", i !

The significance of the "flash off ordinate" may be i1llustrated using
the average of 3 hours. Reference to Figure 3 shows the 3-hour ordinate to
intersect the curing curve for sample No. 14 at a float test value of 30 seconds;
or, in other worda, the “flash off point" for mixing is 30 geconds float test.
If a railroad car of premix made at this plant is found to be difficult to
‘unload when it reaches its destination, dus to the mix "setting up" in the car,
then with the same mix design even more difficulty could be expescted with any
cut-back, the curing curve for which intersects the 3-hour ordinate at a float
test value exceeding 30 seconds, as long as the unloading temperature is about
the same. Thus, the idea presents 1twelf that with sufficient field data and
correlation, Involving several different unloading temperature ranges, limits
for the consistency of the cut-back at its "fldsh off point" might be set up °
and those cut-backs causing trouble through setting up in the car eliminated by
laboratory tests, :

CONTROL OF THE FLASH OFF POINT AND THE CURING INDEX

Regardleas of where the "flash off ortliinate" exiatas at a certalin plant
under given mixing conditions, 1t i3 certain that the "flash off point" may be
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reduced by lowering the initial viscoeity with the addition of naphtha so long

as the Curing Index is not appreclably decreased. By adding a naphtha which is
slightly more volatile than that already existing in the cut-back, the "flash

off* polnt" may be lowered without appreciably changing the Curing Index in either
direction, The result i1s that the "unloadability" is improved without appreciable
effect upon the curing time.

This investigation was completed before the present Federal specifications
went into effect. Under the new specifications, it was found that mixes from a
certain plant made with the new RC-2 would set up in the car to a much greater
extent than those made with the old RC-2., The addition of the cheapest grade of
gasoline to the new RC-2 resulted in mixes that wers easily unloaded,

It is obvious that the addition of heavier cutter-stock wlll increase the
Curing Index and at the same time lower the "flagh off point". Additions of
heavier oils such as lubricating oils or heavier crudes will increass the Curing
Index, but their effect on the initial viscosity and, consequently, the “flash
off point" i1s small compared with that obtained with the same amount of naphtha.

It is not practical tn attempt to reduce the Curing Index by an additive,
however, it may be controllei at will in manufacture by the selection of the
proper naphtha or by blending of stock naphthas of respectively low and high
volatility., For a given Curing Index, the "flash off point" is largely a func-
tion of the initial viscosity of the cut-back, and therefore may be controlled
by the amount and kind of naphtha used in its manufacture.

11-43.1172 7
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APPENDIX

EVAPORATION TEST

Two hundred grams of an aggregate meeting the following grading require-
ments were placed in an 8-o0z. tin ointment can:

Pagsing Retalned Per Cent

1/2" 3/8" 14.10
3/8" 1/4" 15.90
1/4" 10 30.00
10 20 15.36
20 30 4,12
30 40 3,40
40 50 4,16
50 680 1.92
60 80 2.48
80 100 0.68
100 200 1.92
200 5.96

Totel - 100,00

A mixing spatula was laid across the can and the whole sssembly weighed on &
balance with an accuracy of 0.0l grem. The assembly then was placed in an oven
and heated to a mixing temperature of 1400 F, Twelve and eight-tenths (12.8)
grems (or as near to &s poasible) of cut-back asphalt were sdded from & gless
stoppered weighing bottle, the weight of the bottle and contained cut-back
asphalt having been previously obtained. The mix was stirred for S minutes,
compressed with the spatula, weighed quickly and the assembly placed in the
oven immediately. The gless stoppered bottle from which the cut-back was teken
was then weighed on the balance. The difference between this weight and the
original weight geve the weight of the cut-back actually used in the mix. This
weight added to the assembly welght of can, asggregate and spatule gave the
welght without any volatile loss. The difference between this weight and the
welight after mixing gave the weight of the volatiles loet during mixing which
has been designated as the "flash off".

The essembly was removed from the oven at definite time Intervals, weighed
as quickly as possible and returned to the oven. The volatile loss by weight
was determined and recorded for the corresponding time. With these data and that
shown in Table 1, pointa for the evaporation curve were determined from the
following formula:
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100(14 )V

W(100-4) = vt

welght loss in volatiles for time t (test)

weight of cut-back asphalt (actual)

% aephalt by weight in cut-back (Table 1)

= % volatiles by volume in cut-back at 680° F. (Table 1)
= % loss by volume in cut-back (point on curve)

in which

i
ct
LW N

The Standard A.5.T.M. D-6 asphalt heat loss oven was employed in making
the tests, the samples being allowed to rotate on the turn-table in the usual
manner.

Test for Cut-Back Consistency at Various Volatile Contents

The datas represented by the curves shown in Figures 2 and 5 were obteined
as follows:

Fach cut-back was put on to distill in the usual routine manner for the
A.8.T.M. D 402 test. Instead of distilling it completely, however, the fire was
cut off when only pert of the distillate wes over, the flask was allowed to cool,
the exact per cent by volume which had distilled over was recorded and the float
test at 122° F. wes determined on the residue. This procedure was repeated several
times, each time allowing a little more of the distillate to come over before the
fire was cut off. Thus, a set of values was obtained for each cut-back from which
the consistency curves were made.

DERTVATION OF THE CUT-BACK EVAPORATION FORMULA

By use of the original Mexwell Stefan equationl for evaporation
George S.Gardner? developed the following equation for the "rate of evapore-
tion at a definite point on a ligquid surface."

E:zk(DiMpgg) = = ==~ ==-==-=== === (1)
in which

E - evaporation rate, grems/hr./sq. cm,

k - the group =</RTPX.

proportionality constant

R - gas constent, 82,07 cc/atm

T - absolute temperature, degrees Kolvin

P - total pressure, atmosphercs

X = distance in direction of diffusion through

gtegnant film, cm.
D, = diffusion coefficient under one atmosphere pressure
Ml = molecular weight of ovaporating liquid
Pyp1= vepor pressure of evaporating liguid, mm./mercury

Gerdner derived thls equation with the object of developing & constent
which would "serve as & relisble expression of the relative evaporation rates
of liquids under identical conditions, and which would be simple enough to be
of practical value in industry." He proposed ths term D Mp,; @8 the "Evapo-
rative Index" to be applied to pure liquids,

In the application of the equation for this investigetion 1t waes assumed

that 1f mathematical precision be neglected to the extent that variations with-
in a narrow range could be treated as constant quentities, & method might be
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evolved, based on Gardner's equation by which the evaporation curve for asphal-
tic cut-back obtained by the evsporation test could be approximsted with accept-
able accuracy. The derivetion of this equation is as follows:

The evaporation rate in Gerdner's equation is expressed in grems per hour
per square cm, For use In this investigetion, it is desirable to express the
rate as percentage by volume of totel sample per hour. For convenience, vapor
pressure has been teken from Cox's chart in pounds per squere inch while
Gardner's equation expresses it as mm. of mercury. In order to convert the
eguation to get the evaporation rate in per cent by volume of total semple per
hour, with vepor pressure in pounds per squere inch so that Cox's chart may be
used, it 1s necessary to introduce the following factors: epecific gravity of
the sample; specific gravity of the eveporating liquid; a factor converting mm,
of mercury to pounds per squsre inch; the surface area of the area exposed to
evaporation; end the weight of the sample. With these factors introduced the
equation becomes:

Eq -= 100 Go kADy (Mp) . . _ . . S (2)
Gp W

5, in which

E% = evaporation rate, per cent by volume of
total sample per hour

specific gravity of sample

specific gravity of the evaporating

liquid (specific gravity of the distillate

portion of & cut-back)

A = surface area exposed to evaporation, sq. in.

k, Dy end M = same as in equation (1)

P - vapor pressure in lbs. sqg. in.

f = factor converting mm. of mercury to lbs./sgq. in.

W = initisel weight of sample

GO
Gy

Under identical experimental conditions involving the evaporation of
light hydrocarbons, the group 100 G, kAleGl f W will retain constant except
for Go/Gy and Dy whose variations are extremely smell in comparison to Mp.
this group has therefore been designated es k' and the equation then becomes:

E% # BN «d s smasmBarEs e s (3)

is equel to the evaporation loss at stated intervels of time and there-
fore mby be written ae A%/ £ t. The equation then will read

X G L o Ll e e L Rl 1
LF - wcwp 2

The results of the routine cut-back distilletion test (A.S.T.M. D-402)
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may be reported in percentages by volume at the following temperatures Fahren-
heit, 3200, 347°, 374°, 4379, 500° and 680°, If each fraction (% by volume
distilling off between any two successlive temperatures) is considered es a
aeperate liquid with aversge vapor pressure p. and average moleculsr weight
M¥, then equation (4) may be applied to any fraction, and (£\t)y will be the
time required for the fraction Gﬁh%)x to evaporate, or

m‘-—t)x s 1 (A%)x """""""""""" (5)
k'Mxpx
The time required for any designated per cent of the volatiles to be lost
will therefore be equal to the sum of the time required for esch successive
fraction. Designating the total time as T and denoting the reciprocal of k'
a3 K, the equation may be written:

T:EOBL K0R)e  KOR)s o KBy g
Mipy Mpop2 MzDp3z MyPy

In which the subscripte 1, 2, 3, refer to distillstion fractions and
subscript y refers to the last distillation fraction considered in the calcu-
lation,

Aprlicetion of the Cut-Beck Evaporation Formuls:

The average molecular weight of the distillate coming over between each
gpecifled temperature in the routine cut-back distillation was determined as
follows: The A.S.T.M, D-402 distillation was made on & number of cut-backs,
after which the Engler distillation wes made on the distillate from each. By
plotting the results eof the two distillations for each cut-back on one sheet,
the Fngler boiling points corresponding to the A.S.T.M., D-402 boiling points
(520° F., 347° F., etc.) were determined in each case end the average found
for all cut-backs. From a curve of moleculsr weight vs, Engler Boiling Pointsd
it was possible to asssign moleculasr weights to the A.S,T.M, D-402 boiling points
and from those data to calculate the average molecular weights for each fraction.
Molecular weights obtained in this manner are not absolutely accurate when spplied
generally, but have proven to be sufficiently accurate to be applied practically
in equation (8).

By a cross plotting of the Cox's chart4, a curve for any given temperature
may be constructed with Boiling Point in degrees F. as the abscissa and vapor
pressure in pounds per square inch as the ordinate. From such a curve, with
140° ¥, as the tempersture the average vapor pressure for each fraction was
determined.

Correlative calculations between the evaporation curves from tests and
calculated curves gave K - 10.
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Values of 10/Mp for each boiling point fraction were calculated and
are tabulated in Table 3.

Sample Calculations for Curing Index and Evaporetlion Curve

(1)
Distillation
(ASTM D 402)

Boiling
Foint
OF.

308

320

347

374

437

500

600

680
"Cured-out"
Point

"Cured-out'
Temp.

% Off
by Vol.

IBP

15
2.0
6.0
13.5
17.3
19.3
21.0

16.8

49007,

Sample No. 14

(2) (3) (4) (5)
D% 10/, Z5T T

.?5 025 119 = tlg
1.28 .30 .38 .57
4.00 « 51 2.04 2.61
T80 1.30 9475 12.36
3.3 3.97 15510 25.46

*25.46

*Curing Index = 25 to nearest whole number.

Steps in Cslculeation:

(1) Record the complete distillation for the cut-back as shown in

Column (1).

(2) Petermine the cured-out point from the consistency curve, Figure
2, (in this cese, 16.8%) and record in Column (1).

(3) Calculate, by extrapolation, the "cured-out" temperature or the
temperature at which 16.8% has distilled over. Inspection of the diatilla-
tion shows that 16.8% is over somewhere between 437 and 500 degrees.

11-43-1173

% at x© = 16.8
% " 437° - 13,5
Difference 3.3%
% at 500 - 17.3
&Y 48 i 13.8
Diff. 63° 3.8%

(Cont'd. on Sheet #6)
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x° = 3,3 (63) - 437 = 491.7 or 490 to the nesrest 10° F.

3.3
3.8
Record this value as the cured-out temperature.

(4) Record the difference between sucessive cuts of the distillation in
Column (2). Record each one up to and including the one from 437 to 490° F.

(5) From Teblc 3 obtain the value of 10/Mp for the boiling point interval
or cut represented by each.\%,

Initial Boiling Point - 308° F. or 310° F. to the nearest 10°,

From Table 3, 10/Mp for the initiel cut is .25 (boiling point
interval from 310 to 320° F,)

10/Mp for intermediate cuts are .30, .51 end 1.30 for boiling

point intervals 320° - 347°, 347° - 3740 and 374° - 4379,
respectively. :

10/Mp for the finsl cut is 3.97 (boiling point interval 437° - 490°FR,)

(6) Obtain the products of the velues in Columns (2) and (3) and record
in Column (4). The sum of these values is the "Curing Index."

If the complete evaporation curve is to be plotted, the progressive sums

of the values in Column (4) sre recorded in Column (5). The values in Column (1)
are then plotted ageinst the values in Column (5).
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ANALYSES OF CUT-BACKS
NUMBER 1 2 3 L < 6 7 10 11 12 13 14 15 16 17 18 19
TYPE RC-2 RC-2 RC-2 RC-2 RC-2 RG-2 RO-GMA  RC-1M  RO-2 RO-2 *RC-1 RC-2 *RC-3 __ MC-] NC-2 NC-3 *MC-5
Flash °F. = 85 95 95 105 95 130 135 80 95 120 100 110 115 160 185 185 190
Fur. Visc. at 77.F. 132
" 122%F, 265 267 251 2ks 233 225 292 129 261 225 125 246
X i:g:;. 302 218 438
Pen. of Res., J7°F. 147 1k45 145 150 144 140 150 83 135 39 80 124 2 1k2 118 118 2?3
Duct. of Res. I“r. 110+ 110+ 110+ 110+ 110+ 104 1104 115+ 1154 11 1104 110+ 110+ 110+ 110+ 110+ 1104
Sol. of Res. ( 100,¢ 100.0 100.C 100.0C 99.99 99.73 99.95 99.90 .ga 99.69 99.89 99.92 .93 29.96 99.95 99. 99.97
ASph, Res. by Wt.(%) #2.6 81,7 81,0 79.8 0 81.8 #1.2 . « 7| 8.4 a3,2 .C 5.3 82,2 85, 93.c
8p. Or., 77°F. .9 95 ok ghn (981 969  .9is 337 940 .935 960 .96k .979 939 .97k .91 1-00
Dist. by Vol. of (% of of
(Eg Jer ey 236 6 0 2 0 280 0 4 ‘J’J.m-) 8 320 "V uee 456 b6s W76 {;m')
.B.P. 230
0ff at 320°F. 5?5 5?0 %°§ 37 3.5 3 85 2,0 ? 87 2?3 Iy .75 3.0 m
= » 347OF, 11.0 9.0 4,0 0 1.5 0.5 0 5.0 1.0 0 5.0 19 2.0 1.k 8
w: N E? oF. 13.0 11.5 &,0 0 6.5 2.5 1.5 12.0 5.0 [¢] 10,5 ko 6.0 ho 22 0.0
» o 0379, 17,5 17.0 15.¢ 13,0 1.5 11.0 11.5 21.5 15.5 1k,5 18,5 70 13,5 10.5 58 1.5 0.0 0.0 0.0
= = 500°F, 20. 20.0 19.0 19.0 20.0 16.5 16.0C 25.3 al.g 22.t e2a2.t si 17.3 12 78 20,5 5.5 3.0 1.0 11
" . oF; 22.0 22.0 22,0 23.5 23.5 20.0 21.0 30. 26, 25.5 gz.o 9 19.3 17.0 93 5.0 17.¢ 13.¢ 5.0 55
" * 6809F, 23,.C 23,0 23,5 25,0 26.C 22.% 23,0 33.0 29.C 27.0 A 1 21,0 18,2 1 22,0 18,0 X
"Made under Asphalt Institute Specifioations. All others made under Standard 8 Btate Highway Department ecifications. Bee Table 2.
TABLE 2
CUT-BACK SPECIFICATIONS
** Texas Highway Department Standard Specifications Asphalt Institute Specifications
Grade RC-1M RC-2 RO-2MA  MC-1 MC-2  MC-3 Grade RC-1 RC-3 MC-5
Limits Min-Max Min-Max Min-Max Min-Max Min-Max Min-Max Flash °F. 80+ 150+
Flash °F, 80 80 80 80 150 150 Viso, (Furol) 72—1;0 aso-ago 300-600
Viso., (Furol)60 cc 100-160 200-27? 200-275 110-150 150-2;0 %00—500 (122°F) (1ko°F) (180°F)
(122°F) (122°F) (122°F) (77°F) (140°F) (1ko°F) Distillation (% by Volume
Distillation of Total Distillate)
(% by Vol. of Cut-badk) To 374°F. 10+
off at 437°F. (4) 12 10 9-12 10 2 2 * L37oF, 50+ 2 0
"= = 600°F, 25 25 10-20  8-20 . Z&"r. 70+ 5?: 20-
* v 680°F, 5 ko 30 30 50 27 25 " °F. - 88+ 83+ 20-75
" " 600 tg 680°F. 5 5 Residue from Distillation to 680°F,
Pen. Res., 77_F. 70-100 120-150 150-200 125-200 100-200 100-200 Volume per cent by Difference 60+ T3+ 82+
Ductility, ?;"P. 100 100 100 100 100 100 Tests on Residue from Distillation
Sol. COly (% 99.5 99.5 99.5 99.5 99.5 99.5 Pen. 779F., 10C g., 5 Bec. 80-120 80-120 120-300
The material shall Ductility T7°F.se+ 100+ 100+ 100+
not be cracked. 8ol., cOl, (%) 99,5+ 99.54 99,54
*sIn use prior to time Federal regulations were issued limiting ***Note. - If penetration of residue is more than 200 and its ductility
specifications and types of asphelt to be manufactured. at 77°F. is less than 100, the material will be acceptable if

its duotility at 60°F. is 100+.



TABIE 3

Values of (10 Mp) for Given Cut-back Boiling Point Intervals

Boiling Point Boiling Point
Ingervala (10/Mp) Ingervala (10/Mp)
¥, .
Initial Cuts Intermediate Cuts

200 - 320 .05 320 - 347 «30
210 - 320 .08 347 - 374 «51
220 - 320 .09 374 - 437 150
230 - 320 =30 437 - 500 4,46
240 - 320 s 5 9 500 - 600 26,00
250 - 320 + 15

260 - 320 .14 Final Cuts

270 - 320 .16

280 - 320 «18 437 - 450 2.90
290 - 320 .20 437 - 460 5565
300 - 320 SRS 437 - 470 5439
310 - 320 25 437 - 480 3,57
320 - 347 «30 437 - 490 3.97
330 - 347 ' 34 437 - 500 4,46
340 - 347 36 500 - 510 11530
350 - 374 w50 500 - 520 12,20
360 - 374 28 500 - 530 13,30
380 - 437 1,45 500 - 540 13,80
390 - 437 1:65 500 - 550 15,60
400 - 437 1.81 500 - 560 17.20
410 - 437 1:958 500 - 570 19.40
420 - 437 216 500 - 580 23...70
430 - 437 255 500 - 590 24.10
440 - 500 5.10 500 - 600 26,00
450 - 500 5.70 600 - 8610 91.00
460 -~ 500 6,50 600 - 820 106.00
470 - 500 7515

480 - 500 T495

490 - 500 8.90

p = Vapor Pressure read from Cox Chart

M = Estimated average molecular weight of hydrocarbons
destilling off between given cut-back boiling
points.
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