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ARSTRACT

The addition of paraffin hydrocarbons to a solution of
bitumen in tetralin will cause vartial separation of the bitu-
men. JIncreasing the paraffin concentration will increase the
- separation of bitumen providing a second liquid phase charac-
terized by high solvency for bitumen does not form. A maximum
in the bitumen sevparation is thus obtained at the paraffin con-
centration corresvonding to the formation of this second 1limuid
vhase. 4n increase in temverature generallv results in a de-
creased separation of bitumen. These complex vhase behaviors
have been investigated for the addition of methane, n-pentane,

end decane to a restricted bitumen-tetralin svstem.



Ritumen will separate from a solution of bitumen in tet-
ralin upon addition of paraffin hydrocerbons. The investication
cf the conditions causinc this separatiorn is presented in five
perte divided according to the experimental methods applicable
to the various svatems and conditiona. Part T presents the
vrevaration and properties of a bitumern-tetralin sclution. Part
TT concerns addition of paraffin hvdreocarbons at atmosvheric
pregsure. in class centrifuge tubes, whereas Part TTT concerns
similar operations performed in a pressure bomb at 200 psi ahb-
golute. Part IV introduces the formation of a second liquid
phase and its effect upon the study of the separation of bitumen
from the avetem. Tn Part 7 a vavor phase is obtained in the in-
vegtication of the ovaternary svstem containing methane, deca;e,
tetralin, and bitumen. Tn coveclusion it is hrpothesized that
the discontinuitieg in the hitumen separation curves are a con-

sagvence of the multiphase nature of the overall srstem and not

specifically o propertyr of the hi*imen,
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BY A RUFINED RITUMEN-TZTRALI™ SVSTEM

A bituminous material may separate under certain conditions
courring in the production of petroleum. The 24dition of the
ligh%t hydrocarbons, methane throuch decane, favors the sepsration
cf this material. The separation of bituminous material from a
Santa-Fe-Springs crude oll has besn investigated by addition of
methane, ethane, propane, iszo-butane, n-butane, and n—pentane.(l\
T
4 similar investicsation has been made with trap liquid from the
Treeley Field upon addition of the associated trap 288 e( o) Tz
ceneral, increasing the temverature reduces the separation of the
bituminous materisl. However, the phase behavior of such natural
bitumen~hvdrocarbon systems jg difficult to etudy gquantitatively
as the bituminous material which separates is not s gimple substance,

The Preparation of a Rafined Ritumen

“rude bituminous material obtained from the South Coles Levsee
Field was subiected to an extensive purificetion process fo yield
a purified "hitimen." The crude moterial wasg leached three times
with pentane at ?20 der P at the vaper pressure of pentane. The
residue was Adissolved in tetralin at 190 deg F =nd the irscluble
foreien matter was separated b s centrifuse and discarded. Pentane
was then added to the tetralin solubion until the pentere concen-—
tration was 0,90-0.93 weicht fraction of the mixture. » 2lack, floc-

culent bitumen separated. It was centrifuced, washed with pentene,



and dried in ar air bath at 120 deg ¥. The purification process
was repeated three times. A "wax" separated when the first pen-
tane liquér was cocled to 32 deg F. Dvaporation of the subsequent
pentane liquors produced a "regin." The vltimate ansalvses of these
components are shown in Taeble I. The purified "bitumen" was oh-
tained as shiny black particles. The specific gravity of the bitu-
men wag 1,115 at 77 deg F compared to water at ite maximum density.
The particles were brittle, but apparently amorphous.

Prolonged asitation of this purified bitumen with tetralin at
room temperature will produce a solution containine a maximum of
0.07 weight fraction bitumen. A tetralin solution containing 0.05
weicht fraction bitumen was therefore proposed as simulated crude
0il to investigate the conditions causging precipitation of the bitu~-
men . '

Materials

The tetralin used in these investications was obtained from
Fe T. du Pont de Nemours and Company. The material was fractionated
in a thirty-plate glass column at a pressure of approximately 1 psi.
The initial and final 10 percent portions were discarded. The pur-
ified tetralin showed an index of refraction relative to the D line
of sodium of 1.5401 at 77 deg F. Its specific volume was 0.016699
cu ft per 1b at 77 deg F.

The n-pentane was obtained from the Phillips Petroleum Company

with an analyseis which indicated that it contained less than 1 mole

percent of material other than n-pentane, which was mainly iso-pentane.



The n-pentane was used without further treatment for all coperations
associated with the purification of bitumen. HYowever, suvrplies of
n-pentane were fractionated at reduced pressure in a glase-ring-
packed column for use in the majority of the measurements involved
in the study of the restricted ternary system. The primary objec=
tive of the limited purification of the n-pentane was to remove

the dissolved noncondensible gases such as nitrogen. The pertinent
physical characteristics of the n-pentane were obtained from data

available in the 1iterature.(5,4)

The Ritumen-Tetralin Solution

Solutions of bitumen in tetralin prepared by saturation at
temperatures exceeding 220 deg F contain greater than 0.10 weight
fraction bitumen. Upon cooling they form a gel. A solution that
is stable at room temperature can be obtained by dissolving 0.05
weight fraction bitumen in tetralin at 190 deg F and cooling to
room temperature. The stability of a 0.05 weirht fraction solution
was established by preparation of tetralin solutions containing a
maximum of 0.07 weight fraction bitumen through prolonged agitation
at room temperature. Three days were reguired to reach this con-
centration by agitation of solid bitumen with tetralin at room tem-
perature. To determine the rate of solution at various temperatures,
samples of the liquid phase were taken after agitation of the solid
bitumen with tetralin for definite intervals of time. Successive
concentrations attained at the several temperatures are presented in

Table IT.



The solution rate constant (k) is assumed to be described by

ac

the first order rate eguation T k(Cop=C)s The weirht fraction

of bitumen in the liquid vhase is represented by (C) at any time

(T) and the weight fraction of bitumen in solution when the ligquid

phase is in eoquilibrium with the solid phase is represented by

(Cop)e Totimeted values of the equilibrium solubility and the rate

of solution constant are presented in Table III and Ficure l. The

advantace of preparing solutions at elevated temperatures is evident.
The low rate of approaching equilibrium in the binary tetralin-

bitumen system at room temperature will later be found a controlling

influence in the investigation of the pentane-tetralin-bitumen system

at low concentrations of pentane. Since the solubility of bitumen

in pentane has been determined to be of the order of 0.001 weight

fraction bitumen, equilibrium difficulties will not be expected at

hich concentrations of pentene.

The Analytical Determination of Bitumen

When pentane is added to a solution of bitumen in tetralin at
room temperature, bitumen separates from the solution. Txperiment
shows that when the pentane amounts to 0.90 to 0.95 weisght fraction
of the total mixture, substantially complete precipitation of the
bitumen from the solution will be obtained. Noting that the solu-
bility of bitumen in pure pentane at room temperature is less than
0.001 weight fraction, the precipitation of bitumen from tetralin
solution by 0.90 to 0.95 weight fraction pentane is considered 09.9%

complete. This process is therefore defined as the analytical



determination of bitumen.(5) In practice the sample is agitated
with this conéentration of pentane for two hours at room temper-
ature and qentrifuged at 1000 times the acceleration of gravity
for 30 minutes. The separated bitumen is washed three times with
ventane, then dried in an air bath at 120 des F. Tvpical results
obtained in the standardization of a tetralin solution containing
0.05 weight fraction bitumen are shown in Table IV.

Tre validity of this determination is also contingent on the
homogeneity of the purified bitumen. Tt will be noted that the
method of enalytical determination is substantially the seme pentane
separation process employed in the original purification of the
bitumen. TIf the purification has been sufficient, there should be
no change in the ultimate analysis when the material is subijected
to a further process of solution in tetralin and separation by
pentane. This is confirmed by the following experiments:

Solid refined bitumen was leached with tetralin at 34 deg F
and at 220 deg . The bitumen was recovered from the tetralin
extracts by the standard pentane precipitation. Table V compares
the ultimate analysis of the bitumen from the extracts to the an-
alysis of the material undissolved by the tetralin. Only a slight
shift in the C:H ratio is observed between the first cold tetralin
extract and the residue from an incomplete hot tetralin leaching.
The hydrogcen content in all cases differs not more than 0.%% from
the average for two samples of the original refined bitumen.

The carbon contents in the wax and resin as shown in Table V



differ by 3 and 2 percent respectively from that of refined
bitumen. Refined bitumen can therefore be considered as essen-
tially a single component with rerard to the vprocess of solution
in bitumen and separation by a hirh concentration of éentane
at room temperature.
Sonelusion

A refined bitumen can be obtained from the bituminous material
occurring in crude pestroleum by successive cycles of dissolving the
material in tstralin and reprecipitating it by addition of pentane.
The material obtained is essentially homogeneous with reference to
extraction bv tetralin and precipitation by pentane. A tetralin
solution containineg 0.05 weight fraction bitumen can be readily nre-
pared by heating a mixture of bitumen and tetralin at 190 deg F.
This solution will remain stable at room temperature. The rate of
golution of so0lid bitumen in tetralin ie exceedingly slow at room
temperature, but solution proceeds at a practical rate at temper-
atures exceedine 160 deg ®. A restricted system formed by this 0.05
weight fraction bitumen-tetralin solution with varyine amounts of
ventane will be investirated as a simvlification of the natural
bitumen-crude oil svstem. Tt is.exvected from the behavior of the
binarv bitumen-tetralin system that the ternary syvstem with pentane
will be very slow in attainine eouilibrium when onlv small amounts

of pentane are in the svstem.



PART IT
THE PENTANE-TETRAT IM-RITUMEN AND TUZ DEGANTZ-TTTR AT MDD TP M

SYSTEMS AT ATVOSPHERTC PRESSURE

The separation of an asvhéltic phase from naturally occurring
hrdrocarbon mixtures upon the addition of natural cag or hydro-
carbons of low molecular weight has been reported.(l’2,6’7,8) The
addition of pentane or decane to a solution of bhitumen in tetralin
results in a similar separation of the bitumen. For those temper-
atures and concentrations such that the vapor pressure of pentane
or decane from the system does not siesnificantly exceed one atmos-
phere, the operation mavy be performed in plass centrifuge tubes.

Txverimental Methods

Pentane or decare was added oravimetrically to a glass centrifuge
tube containing the bitumen-tetralin solution. The investigation
has been restricted to systems corntainine bitumen and tetralin in
the weicht ratio of 1:19. The centrifuce tube was sealed and the
mixture was mechanically shaken in an air bath at 70, 160 or 220 dec
F for two rours. It was then centrifuced at approximately 1000 times
the acceleration of gravity. Temperature could not be maintained
entirely constant during the centrifugation, but tests indicated
that the error so incurred was inapprecisble. The ligquid phase was
decanted and discarded. The residue was washed three times with
pentane, dried and weighed. A correction for the extraneous bitumen
resulting from the occlusion of a portion of the liouid phase was

calculated from the wet weicht of the residue.



Txperimental Results

The addition of pentane to the bitumen-tetralin-solution
caused separation of bitumen as a solid or plastic phase. At
70 deg F and one atmosphere of pressure, separation of bitumen
resulted when the concentration of pentene exceeded 0.2 weicht
fraction pentane in the total system. Table VI and Figure 2
show that the weisht fraction of the total bitumen which separ-
ated increased when the pentane concentration was increased.
Substantially "total" precipitation was accomplished when the
pentane concentration exceeded 0.7 weicht fraction of the entire
system.

The decanted liquid vhase was kept for a week and examined.
Yo further precipitate was collected in the case that the pentane
concentration exceeded 0.3 weight fraction of the total system.
However, for lesser concentrations of pentane Table VTT shows
appreciable additional bitumen separated upon retaining the de-
canted liouid phase for a week. Thus equilibrium between the
golid and liquid phases in the pentane-tetralin-bitumen system
is not completely attained within two hours of aqitation at 70
deoc F. This slow attainment of equilibriuvm applies when the ven-
tane concentration is less than 0.3 weight fraction of the total
system. Furthermore, a correction must be made for the bitumen
contained in the liquid phase occluded in the precipitate. This
correction increases in relative macnitude as the auantity of pre-

civitate decreases while the bitumen concentration of the liquid



phase is correspondingly increasing. Table VITI indicates that
the correction for bitumen in the occluded ligquid phase becomes

of the same order of magnitude as the true bitumen precipitate
when the pentane concentration is decreased to 0.2’ weicht fraction
of the total system.

Thus the large relative errors when the fraction of the total
bitumen separated is small prevent the direct experimental determiw-
nation of the minimum concentration of pentane capable of causing
separation of bitumen from this system. This region of the phase
disgram 1s therefore studied indirectly by considering the ratio
of bitumen to tetralin in the liquid pﬁase of the ternary system
in equilibrium with solid bitumen as a continuous function of the
concentration of pentane. As the concentration of pentane is re-
duced, this ratio must approach the value prevailing in the binary
gystem in equilibrium with solid bitumen at that temperature. The
ratio qf bitumen to tetralin in the saturated binary system at any
temperature can be calculated from Table V¥I. The ratio of bitumen
to tetralin in the liquid phase ig plotted in Ficure 3 for the ex-
perimentally satisfactory systems containine pentane in excess of
0.25 weight fraction of the total system. Semi-logarithmic coor-
dinates are used for convenience of scale. ‘mhis curve isg then ex-.
tended to the ordinate interceot which corresponds to a saturated
binary system at that temperature.
Congidering the total system containing 0.05 weicht fraction

bitumen, the ratio of bitumen to tetralin is restricted to 0.0525



in the svetem ag a whole. Thna anv concentration of ventane

for which the allowable ratio of bitumen to tetralin in the liouid

from that liquid vhase. The intersection of this curve with
0.0525 then corresponds to the threshold cencentration for pentane;
i. e., for any hicher pentane concentration, sevaration of bhitu-
men should occur.

This threshold concentration of pentene is transposed to form
the abscissa intercept of Ficure 2. This permits completion of the
bitumen sevaration curve for low concentrations of pentane. Tt is
noted that in this region of high average molecular weight, the
experimental bitumen separation is consistently less than that im-
plied from equilibrium considerations. This is ascribed to a great-
er role of surface energies in *this region than occurs in the srstems
of hisker paraffin content,

Tr similar experiments, decane was chown to he alicshily more
effective than pentane in causing separation of bitumen from the

ghow that decane causes sub-
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liguid phase. Table I
stantially total precivpitation of the bitumen when the decane con-
centration exceeds 0.50 weight fraction of the +o*al system at 70
deg F and one atmosvhere pressure. 'hen the temperature was increas-

ed to 160 deg F, precivitation was substantially total at 0.7 weicht

¢

fraction of decans. Towever at 220 deoc T,, the same decane con-
centration permite 0.04 wei~ht fraction of the total hitumen to re-

main in the liguid

phase., The threghold intercents for thess bitimen



geparation

curves have haen obtained from Micure & in tha marner

described above for the case of ventane at 70 des Fo
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PART TTI

TIIT ATMATIMINM AR DATITT TRDTING TN M DTATM AN MM AT T
B T G - O IR T S -0 A T O o 1 O B T e B E e o LN ol e ). 4

RITIMED SUGTEM AT 200 PAT ARECTUWE

The separatior of bitmen from the pentane-—tetralin-hitiman
avatem hae heen vreviousl;r dacarihed only for 70 dec P, hen +le
temperature wag inereased tc 140 or 220 dec P, it hecame necesaary
o emplcy A vressure harh, ! pressure of 200 vsia was salerted oa
anfficient +o avoid +the formation c¢f a ~sseous phase. Tomh tech-
niques de rot nermit storine of the decanted 1liguid phase at the
overatine conditions +to determine the attairment of equilibrium.
Trerefore gpecial techniques were emploved to determine thes time

necessary to attain equilibrium,

Experimental Methed

The stainless steel weishing bomb deseribed in a previous paper
of thia laboratory was employed.<1} This bomb had bheen esvecially
designed to permit centrifusation and displacement of the phases
while maintainine constant pressures up tc 10,000 vside Ritimen-
tetralin solution was introduced intec the evacuated bomb and the
weizht of solution teken was obtained v differensce. Pentane was
then intreduced into the bomb at the desired temperature until a
pressure of -200 psia was obtained. Pressures were measuréd-by a
pressure balance accurate to 1.1 vgia in the 200 psis rance. The

bomb wag subsequently cooled to room temperature and the wei~ht of
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pentane obtained by difference. Determination of the rate of heat
transfer to the bomb from the air thermostat indicated the éime
regquired to restore the system to operating temperature. The cool-
ing of the bomb during subsequent manivvlations wasg sestimated from
ccoling curves of the bomb to not affect the temperature of the
liquid system more than 2 deg F.

The bomb was mechanically agitated for 25, 10, or 4 hours for
70, 10, and 220 der F respectivelv. The relative periods of agita-
tion were estimated from the rate constants for the dissolving of
bitumen in tetralin given in Figure 1. After sufficient agitatioﬁ,
the bomb was centrifuged at 10,000 RPM within the thermostat. After
centrifugation, the liquid phase was displaced from the bomb by a
source of mercury at a vressure controlled within % 3 psia.

Experimental Results

Table X and Fipure 2 give the weight fraction of the total bitu-
men separated for wvarious concentrations of pentane at 160 and 220
deg F« The threshold intercept is obtained as described previously.
The relation of the separation of bitumen by pentane at 160 and 220
deg F to the separation at 70 deg F is approximately the same as that
described above for decane. “

To determine the weight of pentane introduced, it had been ne-
cegssary to cool the bomb from the addition conditions. & few exper-
iments were performed transferring the pentane from an auxiliary

weicghing bomb in an attempt to avoid the effect of cooling on the

precipitation equilibrium. TIn these experiments, the temperature



was maintained constant throughout the addition, agitation, cen-
trifugation, and displacement.

To determine whether ecuilibrium was attained, the liocuid
phase was in this cage displaced into another evacuated bomb. The
agitation, centrifucation, and displacement process was then re-
peated. Finally, when it was believed that equilibrium had been
reached after the fourth cycle, the displaced solution was allowed
to cool to room temperature. It was then restored to operating
temperature for two hours, centrifuged, and displaced. This is
analogous to the cooling necessary for weighing in the normal pre-
cedure. The weight of bitumen retained in the bomb in this case
is shown by Table XI to be of the same order of masnitude as that
obtained in each of the four "equilibrium" steps above, after the
one hour primary period. Furthermqre this was approximately the
amount of bitumen retained on the bomb walls when the process was
repeated without centrifugation. Tt appears therefore that the
bitumen obtained in the eguilibrium and reconditioning opegéﬁions,
excluding the primary, is simply that obtained from solution adher-
ing to the bomb walls. It is therefore concluded that for temper=-
atures of 160 and 220 deg F and pentane concentrations exceeding
043 weight fraction, the separation of bitumen attains a rapid and
reversible equilibrium.

At room temperature however, the laws of simple solution are
invalidated by apparently sionificant surface energies. Table XII

indicates that reversible equilibrium cannot be attained. At

14



70 deg ¥ and a pressure of 8000 psia with 06535 welght fraction
pentane, 0.334 weicht fraction of the total bitumen separated after
16.5 hours of agitation. An additional 0.311 weight fraction of

the total bitumen was obtained after 21 hours of further agitation.
However, under similar conditions a continuous agitation of 36.5
hours yielded a bitumen separation of 0.210 weight fraction. It will
be noted that this result is comparable to the first of the above
agitation periods only, instead of the expected sevaration compar-
able to the sum of that obtained in the two 20 hour periods. It is
thus concluded that simple solution laws reasonably describe the pen-
tane-tetralin-bitumen system for temperatures not less than 160 deg F,
and concentrations not less than 0.5 weight fraction of pentane in
the system. At low temperatures and hich averace molecular weichts
of the system, surface energies and low equilibrium rates invalidate

gimple solution measurements.



PART TV

THT FORMATIOM OF A SECCND TINUID PHASE IV THE PENTANE-

TETRALIN-BITUMREN AND DECANE~TETRALIN-EITUMEN SYSTEMS

As many as four phases have been caused to separate from a
crude oil by the introduction of a natural gas or propane at 70
deg F and 1500 psia.(l) At least one phase was a liouid sub-
stantially free of components of hich molecular weight.<1> The
geparation of an asphaltic vhase from a Santa Fe Springs crude
0il resulted from the introductién of methane and the separation
reached a meximum between 0.14 to 0.19 weight fraction of methsne
in the system. %thane gave similar results,<1> The decline in
the separation of this asphaltic phase with further increase in
concentration of the paraffin hydrocarbon was accompanied by the
appearance of an additional condensed vhase consisting of a dense,
viscous liquid. This liquid had a distinctly higher svecific rrav-
ity and average molecular weight than the normal liquid phase.(e)
A similerity between the separation of bitumen in the field and
the separation of asphalts from lubricating oil cuts has been re-
ported.(9)

Experimental Observations

This second liaquid phase has been obtained under certain con-
ditions in the pentane-tetralin-bitumen and decane-tetralin-bitumen
syatems at 8000 psis. Towards the end of the displacement for larse

hydrocarbon concentrations, the displaced fluid mey suddenly change

14



from a low viscosity fluid to a dense viscous mass extruding from
the bomb. This dense viscous nhgﬁe was obtained very conclusivelwy
as shown in Ficures 6 and 7 at 160 degs T with either ventane or

»
decane in concentrations exceeding 0.5 weight fraction hvdrocarbon
in the total system at 8000 psia. The second liquid phase was also
obtained with vpentane concentrations exceeding 0.5 weight fraction
at 200 psia for 140 deg F only. In the case of decane at 2000 psia
and 0.4* weight fractien decane, the shapeless viscous flowing mass
shown in Fizure & was obtained. In the case of 0.5 weight fraction
hydrocarbon, Figure 9 shows the second 1ligquid phase extruded from
the bomb in & consistenr: retaining its form when collected in =
class centrifuce tubes Tith pentane at 8000 vpzia at hoth 0,4 and
0. weirht fraction hydrocarbon, serond liquid vhase of extrudable
consistency was obtained., At 200 vpsia, the same extrudable material
was ohtained for 0.6 weighﬁ fraction pentane, but at 0.4 wei~h% frac-
tion pentane a second 1liquid ohase did not aonesr. Yo determinations
were made with decane at 200 psia, but at atmospheric vressure in
zlassware, the formation of only a slight amount of this second licuid
phase was observed.

When the temperature was increased to 220 deg F., only a small

quantity of a second liquid phase was obtained for 0.4 and 0.6 weight

* Uydrocarbon concentrations in the rance 0.35 to 0.45 are referred
to as 0.4 weight fraction, and the range 0.55 to 0.65 as 0.6 weight
fraction for simplicity in the discussion of the system.




fraction decane at 8000 psia, and at atmospheric pressure the
formation of a second liquid phase was questionable. For all
pentane concentrations at 220 deg F and hoth 200 and 8000 psia,
the supernatant fluid was followed immediately by the displace-
ment mercury, no second licuid pvhase beine observed.

At 70 deg ¥, a second licuid vhase in the consistency of a
viscous fluid similar to Figure 8 was obtained for both 0.4 and
0.6 weight fraction decane at 8000 psia. The viscous phase = -
appeared in small gquantities at atmospheric pressure. Pentane at
8000 psia and 70 deg F produced a large quantity of the viscous
fluid at a concentration of 0.6 weich® fraction hydrocarbon. A
lesser amount of viscous fluid was obtained at 0.4 weirht fraction
pentans. A second ligquid phase was not observed upon addition of
ventane at 70 deg ¥ and atmospheric pressure.

It is geﬂeralized froﬁ Tables XIIT and XIV that the ratio of
second licuid phase to the total liquid phases increases with the
concentration of hydrocarbon for a given temperature. For a siven
concentration of hydrocarbon, decane appears more favorable to for-
mation of a second liguid phase than pentane. 1In all cases the
formation of a second ligquid phase was accompanied by a decline in
the fraction of the total bitumen separatedvin the bomb. This is
shown by the negatively sloped solid lines on the richt side of
Ficures 6 & 7 which represent the fraction of the total bitumen
that separates in the bomb. The dashed lines in Figures 6 & 7 rep-

resent the sum of the bitumen retained in the bomb and the bitumen

18
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in solution in the second liquid phase. Cbviously, the differ-

ence of this sum from unity revresents the weight fraction of the
total bitumen remaining in the Piret 1liquid phase. Tt is apparent
from the figures that the advent of a second liocuid phase causes

no discontinuity in the concentration of bitumen in the first liquid
phase.

These results are of the seme type as those reported by Botkin
and Reamer(l,g) if it be recoonized that the plastic phase they ob-
tained with crude bitumen corresponds essentiallv to the solid bitu-
men which separagtes in the bomb for the purified bitimen eyvatem, and
their dense liquid corresponds in the vurified system to the com-
plete range from viscous fluid to extrudeble mass. Yowever, they
obtained the second liquid phase only for methane and ethane at all
temperatures including 220 dep F and at no temperature for propane,
butane, or pentane. |

Tt appears probable that the behavior encountered in the less
refined systems, using crude bitumen, is limited to systems where
substantially large quantities of hydrocarbons of relatively low mol-
ecular weight are present. The additional liquid phase is generally
ebtained at high pressures and at temperatures below 220 deg F for
a hydrocarbon concentration exceeding 0.4 weight fraction. The con-
sistency of this additional phase varies from semi-plastic at 140
deg F to viscous fluid at 70 deg F. The high bitumen content of this
dense liguid results in a maximum in the precipitation of solid bitu-

men at the incidence of its formation.
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Quantitative Resulte

The data for the measurements carried out at a pressure of 8000
psia are presented in Figures 6 and 7 and Tables XITI and XIV for
both the ventane-tetralin-bitumen and the decane-tetralin-bitumen
systems. The same method wasrused to determine the threshold points
for these measurements as was previously explained in connection with
Figures 2 & 3. The systems are compared at low pressures in Figure
10 at a temperature of 70 dec ™ and a pressure of 15 psia. The effec~
tiveness of decane in causing separation of bitumen is substantially
egual to that of pentane at low hydrocarbon concentrations. At high-
er concentrations the decane appears somewhat more effective. it a
temperature of 220 deg F, data on the pentane system is unavailable
at 15 psia due to the vapor pressure of the pentane, so comparison
is made between decane at 15 psia and pentane at 200 psia. Taking
note of the pentane 8000 psia geparation line, it would appear that
at a ‘temperature of 220 deg F decane is more effective than pentane
at comparable low pressures.

In the decane-tetralin-bitumen svstem an inversion of the effect
of temperature on the separation is noted in Tiscure 5 for a pressure
of 8000 psia. The inverted effect of temperature on the sevaration
caused bv decane is compared in Tigure 11 to the normal decrease in
sevarationupon increase in temperature obtained with pentene. A
gimilar inversion of the offect of temperature on asphalt sevaration
ia revorted in a "alifornia Research Torvoration pavine-asprhalt pro-
03595(10} 9ince the inversion does not occur in the corresponding

pentane svstem, the temperature seouence of the decane i=otherms



.
must reverse before interssctine the ordinate revresenting the

binarvy bitumen-tetralin svstem. 7Tue to this temvarature inversion

in the decane svretem at R000 psia, no direct comperison of hydro-

carbon effectiveness is made at hich vressures.
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Tntroduection of wmethane inte a restricted decane-tetralin-
bitumen system simulates the natnral asphalt~-crude oil=-trap gas
systems investigated by Rotkin, Reamer et alo(l ) At the 8000

o Y ey

vsia operatine pressure used in the previous investigation, the

(6]

olubility of methane in a methane~tetralin-bitumen system is not
sufficient to separate sirnificant quantities of bitumen. Con-
gequently in this investication various amounts of methans have
been added *o a decane~tetralin~bitumen svatem restricted to the
proportions 2:19:1. Tre provortion of decane was selected as the
maximum for which thedgeame-tetralin-bitumen solution would be
stable at 70 der F and one atmosphere pressure.

The propertion of methane has been varied from the dew vpoint
to the bubble point at a pressure of 2000 psia and a temperature
of 220 deg Fo A limited number of determinations at the same
pregsure were also made at 70 deg s A maximum in the separation
of bitumen was obtained similar to that reported in Part IV for
the decans-tetralin-bitumen system. In addition a minimum in the
bitumen separation was obtained for a methane concentration be-
tween that of the sepsration maximum and the dew point.

Bxperimental Method

The experimental method presented in Part TITII of this paper

was used for this svstem. However, the partial volumetric data

22



were not available for estimating the proportions of the re=
stricted decanse—~tetralin-bitumen solution and of methane to
obtain a desired concentration of methane in the system. In
the early determinations this Qas estimated from the following
information:

(a) The partial volume of methane in the methane-decane
gystem at 8000 psia, 100 and 220 deg F(ll,lZ) applied as a func-
tion of the methane concentration,

(b) The partial volume of decane in the above system
applied as a function of the sum of the decane and tetralin
concentrations,

(¢) T™he partial volume of benzene in the methane-benzene
svstem at pressures up to 5000 psia and a temperature of 100 deg
F13,14).

(d) The ratio of the specific volume of tetralin to that
of benzene at 77 deg F and one atmosphere pressure.

The actual methane concentrations obtained by means of this
estimation from partial volumetric data for the first three de-
terminations at 70 deg F were 0.015 = 0,003 weight fraction of the
system lower than expected. For the first two determinations at
220 des F the actual methane concentrations obtained were 0.05 T
0.01 weicht fraction of the system lower than intended. Using
these empirical corrections, subsequent bomb loadings were within
t'0.0l weight fraction of the methane concentration desired.

The composition of the vapor phase was determined by measuring

\



the methane throurh a wet test pas meter and collecting the less
volatile comvonents in a drv ice-acetone trap. The concentrations
of decane and tetralin in this condensate were found by refractive
index measurements. o avpreciable amount of bitimen was obtained
from the vapor phase. Tt was assumed that only neglicible amounts
of volatile components were present in the separated bitumen phase.
The composition of the liguid phase was therefore ralculated by
difference from the total composition of the svatem.

The calculation of the ligquid phase composition by means of
refractive index data on the condensate was later confirmed by C.
Yundt ueing gravimetric analysis based on the specific volume of
the lisuid phase and knowledge of the partial volumes of decane,
tetralin, and bitumen at that state. Data on two samples analvzed
by both methods are presented in Table XV.

The materials are the same as reported in Part T of this paper
éxcept that a new bitumen preparation was used for the latter vor-
tion of the investigation. The new bitumen was prepared as previous-
ly except that a three-day soxhlet extraction with pentane was add-
ed as a final gstep in the preparation. Table ¥XVI indicates that the
carbon—hydrogen ratio was decreased slightly in the second prepara-
tion. Ficure 12 shows that the separation of bitumen from the
decane-tetralin-bitumen solutiorn upon the addition of methane is sim~
ilar in behavior for the two bitumen preparations, but that the

latter bitumen preparation is slightly less soluble at a given state
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of the svstem.

Experimental Results

The weicht fraction of the total bitumen present that sep-
arates as a solid phase is vresented in Figure 12 as a function of
the weicht fraction of methane in the total system. A maximum was
obtained in the fraction of the total bitumen which separated asg a
golid phase when the methane corcentration was 0.3 weipght fractior
of the total sVQtem. This is analopgous to the behavior previously
cited for the pentane-tetralin-bitumen and the decane-tetralin-
bitumen systems.

The compositions of the phases for various states of the svstem
from the bubble point to the dew point are siven in Table XVIT. The
composition of the liquid phase is presented in Fipure 15 as a func-
tion of the weirht fraction methane in the total system. The maxi-
mum in‘the geparation of bitumen in Fisure 12 corresponds to the
minimum in the solubility of bhitumen in the 1liguid phase in Figsure
13. Tt is evident that this minimum solubilit:r of bitumen correl-
ates with the maximum in the sum of the concentrations of decane and
tetralin in the liquid phase. The solubility of bitumen in the
liquid phase 1s thus related inversely to the concentration of me-
thane in the liouid phase as shown in Figure 14,

The solubility of bitumen in the liquid phase expressed as
srams of bitumen per cram of volatile material is presented in Table

XVITI as a function of the average molecular weirht of the liouid



phase. For this purpose the molecular weight of the bitumen

was taken ag 1000 althourh its value has been variously reported
ag 1000 to 4000.(1’2) Tquilibrium "constanta® for the digtri-
bution of methane, Aecane, and tetralin between the gas and

liguid states are also presentad in Table XVITT. The equilibh-
rium congtants are oiven in Picure 15 ag a function of the weicht
fraction of methane in the total svatems, The apnarently irrepg-
ular sevaration curves for bitumen in the metbane-decane-tetralin-
bitumen system are thue reducad to continuouvs functions when the
golubility of bitumen in the liguid phase is plotted with refer-

ence to the composition of the liquid vhase rather than that of

25 of the curves of bitumen
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the total gyetem, Tre Aiscontinmit
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separation as a function of the composition c¢f the sy
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appear te be chiefly a consequence of the vhase rolations of the
methane-decane-tetralin- system and not directly a property of the
bitumen.

Under conditions of 70 deg F and 2000 psia, a sscond liouid
phage wasg ohtainzed from the restricted methane-decane~tetralin-
bitumen grstem. The second 1i~:id phase was similar in nature to
that ovreviously reported from the néniane—tetralin—bitumen and
decane-tetralin~bitumen systems at certair states. Table YIXY
indicates that this second liauid phase was associated with the
maximum in the separation of bitumen analopgous teo the maximum

vreviously reported for the corresponding pentane and decans sve-

tems. The data are of preliminary nature and insufficient to
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warrant graphical presentation. TIn the more extensive work at

220 deg F already presented, the occurrence of a second liasuid

phase ig suspected by analogzy to be associated with the maximum
observed in the separation of bitumen., However the flashing of

methane from the vhase displacement tube makes it impossible *o
detect a liquid phase change if it were to occur in the methane
system investigations at 220 deg F.

Conclusion

Asphaltic bitumen is quite soluble in tetralin but relatively
insoluble i=n aliphatic hydrocarbons. Addition of methane, pentane,
or decane.to a tetralin solution of bitumen will cause precipita-
tion of the bitumen as a s80lid phase. In general the separation
of bitumen increases with the addition of aliphatic hydrocarbon.
However, under certain conditions, especially at hich pressures,
the separation of solid bitumen reaches a maximum and decreases up-
on further addition of alivhatic hydrocarbon.

Tt appears that the maximum separation of solid bitumen is
related to a chanee in the nature of the licuid phase. ‘'hen the
solubility of bitumen in the ligquid vhase is taken as a function
of the composition of the liouid phase itself rather than that
of the total system, a continuous function is obtained. Due to
the exverimental technigque being inadequate to sevarate the two
liouid vhases under all conditions where ther occur, the overall

composition of the liquid phases is used in these correéelations.



The continuity of the bitumen solubility when referred to the
composition of the liasuid vhase is shown in Figures 5, 5, and
14 for ventane, decane, and methane as the aliphatic constit-
uent respectivelv. Any study of the apparent solubility of

bitumen in hydrocarbon systems must therefore teke cognizance

of the phase behavior of the other components.
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TARTE I

THE TILTTMATE ANATYSES OF THE COMSTTTTZNTR QEPAR ATEND FROM

Constituent

Tarbon
“ax (a) 0.8481
Resin [b) 0.8575

itumen (¢)  0.8208

CRIME BT TUMEN

Weicht fraction of constituent

Hydroren Mitroren Sulfur Ash -

0.1283 0.0090 ——— - -
0.0997 0.0185 0.0120 0.0120
0.0742 0.0119 0.0160 0.0043

Yt. Ratio
of Carbon to
Hvdrogen

6.61
8.40
11.07

(a) "ax is defined as the constituent insoluble in pentane at the

ice point.

(b) Resin is defined as the constituent obtained from evaporation
of the pentane extracts.

(¢) BRitumen is defined as the constituent insoluble in nentane

at 220 deg F.



TABLE IT

THE CONCFIMTRATICN COF BITUMEN TN THE LIQUID PHASE IN THE PRESENCE

OF SOI'TID BITUMENM FCR VARIOUS PIRICDS CF CONTACT

Temperature Time of
Contact
(hours)
34 ok
75
78 &
oL
72
130 4
11
p2il
160 2
8
21.5
190 1
4
14
220 1
2
Y1
250 5
(a) Weight fraction bitumen

Bitumen
Conc. of
Liqu id
Phase

0.0174 (a)
0.0331
0.0533%
0.,0619
0.0847
0.0805
0.0804
0.0866
0.0633
0.0841
0.0910
0.0912
0.0943
0.1008
0.1349
0.1152
0.1330
0.1930

Wature of Liquid Phase

At Temp.
Cited

IL.iquid Soln

Liquid Soln
Liquid Soln
Liquid Soln
Sl. Viscous

Soln

Viscous Soln

Tiscous Soln

After
Cooling

Liquid Soln

Tiguid Soln

Liguid Soln

8l. Viscous
Soln

Tiscous Soln

Very Viscous

Soln

Plastic Masasg



TABLE IIT
THR TAUILIBRIUM SOLURILITY COF BRITUMEN IM TETRALIN CALCULATED

ACCORDING TO A FIRST ORDER RATE EQUATION

Temperature Times of Rate Equilibrium
(deg F) Contact Constant Concentration
(hours) (hours—1) (weight fraction)

34 24,73 0.0073 0.0700
78 8,24 0.0214 0.0830

130 11,24 0.0426 0.0950

160 8,21.5 0.0660 0.1030

190 L,14 0.0760 0.1200

220 3,11 041135 0.1450



TABLE IV
COMPARTSON OF DETERMINATIONS OF COMPCSITION OF

TETRALIV-BITUMEN SOLUTIONS

As Prepared Weight Fraction by Pentane Precipitation
(Average)
0.0513 (a) 0.0524 (b) 0.0519 (b) 0.0522
0.0500 0.0508 0.0508 0.0508
0.0499 0.0511 0.0505 0.0508
0.0499 0.0516 0.0520 0.0518

(a) Established from gravimetric measurements made in course
of preparing solutions.

(b) Duplicate determinations by pentane precipitation procedures.



TABLE V

COMPOSITION OF BITUMEN AFTYR REPEATED EXTRACTICN
Wte Ratio
of Carbon
Carbon  Hydrogen Nitrogen Ash to Hydrogen
Bitumen before extraction
with tetralin : 0.8254(a)0.0789 0.0070 0.0003 10.48
Bitumen dissolved at 34 deg F 0.8144  0.,0789 0.0058 0.0002 10.32
Bitumen dissolved at 220 deg F 0.8250 0.0753 0.,0050 0.0001 10.96
Residual Bitumen (b) 0.8482 0.0772 0.,0094 ——cmem 11.00

(a) wWeight fraction.

(b) Undissolved residue after extraction by tetralin
at 220 deg F.



TARLE VI
THE SEPARATION OF BITUMEN FRCM THE PENMNTANE~TETRALIN-BITUMEN SY3TEM

AT 70 DEC F AND ATMOSPHTERIC PRESSURE (a)

Weight Weirht
Fraction Fraction Composition of the I.iquid Phase
Pentane Bitumen

Separated Pentane Bitunen Tetralin
0.208 0.483 (b) 0.210 (c) 0.0240 (c) 0.766 (c)
0.213 0.484 0.218 0.0153 04766
0253 0.527 =257 0.0188 0.744
0.239 0.547 0244 0,0170 0.73%9
0.242 0.597 0.248 0.0155 04736
0.253 0.632 0.259 0.0139 0.727
0.271 0.730 0.277 0.0103 0.712
0275 0599 0277 0.0107 0:703
0.286 . 0.634 0,202 0.0133 0.6930
0.289 0.760 0.297 0.0089 0.6940
0.375 0.727 0.384 0.0086 0.6074
0.399 0.883 0.407 0.0075 0.5855
0.399 0.753 0.408 0.0076 05840
0.437 0.891 0.448 0.0031 0.5489
0.450 0,840 0,462 0.0042 0.5340
0.494 0.904 0.507 0.0024 0.4906
0.501 0,960 0.513 0.0010 0.4840
0,506 0.911 0.516 0.0021 0.4810
0.600 0.981 0,510 0.0004 043896
0.605 0.965 0.616 0.0007 0.3830
0.606 0.978 0.620 0.0004 0.3790
0.668 1.000 0.579 0.0000 0.3210
0.709 1.000 0719 0.0000 0.2810
0.801 1000 0.809 0.,0000 0.,1910
0.803 1.000 0.81% 0.0000 0.1890
0890 1.000 0,895 0.0000 0.1050

(a) Data limited to systems containing a weicht ratio of bitumen to
tetralin of 0.0526.

(b) wWeight fraction of the total bitumen which has separated after
a period of 7 davs at 70 deg F under quiescent conditions.

(¢) Weieht fraction of the component in the liquid phase in
equilibrium with the plastic or solid phase.



TABLE VII
INFLUENCE CF TIMG UPCOM SEPARATION CF RITUMEN AT LOW PRENTANE

WEIGHT FRACTIONS

Height Bitumen Additional Total Recovery
Fraction Separated Pitumen Ritumen of Bitumen
Pentane in 2 hours Separated in Separated in 2 hours
) one week (percent)
0.271 04730 0,000 0.730 100.0 (a)
0.253 0.632 0,000 0.632 100.0
0.242 0427 0.170 0.597 71.5
0.2%39 . 0,335 0.212 0547 Al.2
0.213 0,108 : 0.286 0.484 3542
0.208 0.168 0,315 0,483 23.6

(a) Recovery of bitumen in 2 hours compared to the total
obtained after one week. '



TABLE VITI
THE CCRRECTION FOR EXTRANEQUS BITUMEN RESULTING FROM OCCLUSION

OF A PORTION CF THE LIQUID PHASE

Weight Apparent Corrected Ccclusion
Fraction Bitumen Bitumen Correction
Pentane Separated (a) Separated (percent)
0.606 (b) 0.990 (e) 0.978 (e¢) 1.2
0.501 (b) 0.973 0960 1.3
0.399 (b) 0.834 0.753 10.8
0.286 (b) 0.752 0.634 1846
0.27% 0.753 0.599 25.7
0.271 0.880 0750 20.6
0.253 0.836 0.632 5261
0.242 0.810 0.597 35 .8
0.239 0.777 0.547 oy |
0.233 0.788 0.527 4o.6
0.213 0.819 0.484 69.2
0,208 0.828 0.483 T

(a) Total bitumen separated before applying a correction for
the bitumen content of the occluded liquid phase.

(b) Representative values from Table VT; below 0.273 weirht
fraction pentane all experiments are reported in this table.

(¢) Weisht fraction of the total bitumen in the system.



TABLE IX
THE SEPARATION OF BITUMEN AS PLASTIC PHASE FROM THE RESTRICTED DECANE-TETRALIN-BITUMEN

SYSTEM AT ATMOSPHERIC PRESSURE

Composition of System Neight Composition of the Liquid Phase
(Weight Fraction) Fraction (Weight Fraction)
Bitumen
Decane Tetralin Bitumen Separated Decane Tetralin Bitumen
70 Deg F
0.313 0.653 0.0344, 0.733 0921 0.670 0.0093
0.400 0.570 0.0300 0.911 O.411 0.587 0.0028
0.504 0.471 0.0248 1.000 0.516 O.48L 0.0000
0.602 0.378 0.0199 1.000 0.614 0.386 0.0000
160 Deg F
0.099 0.856 0.0450 0,001 0.098 0.856 0.0459
0.199 0.761 0.0400 0.001 0.199 0.760 0.0406
0.249 0.713 0.0376 0.397 0.252 0.725 0.0227
0.298 0.667 0.0351 0.521 0.303 0.679 0.0176
0,403 04567 0.0299 0.837 0413 0.582 0.0050
0,600 0.380 0.0200 0.973 0,611 0.388 0.0005
0.800 0.190 0.0100 0.996 0.807 0.192 0.0002
220 Deg F
0.248 0.714 0.0376 0.019 0.248 0.714 0.0380
0.280 0.681 0.0360 O0.477 0.289 0.702 0.0089
0.297 0.668 0.0352 0.456 0.306 0.685 0.0088
0.347 0.620 0.0326 0.582 0.356 0.636 0.0077
0.398 0.572 0.0301 0.760 0.410 0.5¢8 0.0013
0.598 C.382 0.0201 0.942 0.610 0.389 0.0005

0.599 0.381 0.0200 0.892 ‘ 0.611 0.389 0.0003



THE RE

Height
Traction
Pentane

(a) Weight fraction pentane in the system.

THT SEPARATION

Weicht
Fraction
Ritumen
Separated

0.242 (b)
0,A50
0.454

0.017
0.220
0.843

oF

TABLE X

BITUMZN AS PLASTIC PHASE FROM

STRICTED PENTANE-TETRALIN-BITUMIN SYSTEM AT 200 PSIA

Compogition of the Iigquid Phase

(leight Fraction)

Pentane

Bitumen

140 DEG F 200 PSTA

220 DOG F 200 PSIA

0.267 (c)
0,305

— o ——

0.241
0.322
0.600

0,0267 (¢)

0.0111

0.0375
0.0267
0.0034

Tetralin

N
o8
o

(b)Y Weicht fraction of the total bitumen separated as plastic

phase.

(¢) wWeipght fraction of the component in ths ligquid phase in

equilibrium with the plastic phase.

(d) As a result of the formation of a second liguid phase at this
gtate, the composition of the liquid phase was not determined.



TABLE XTI
THE APPARENT BITUMEN SEPARATED FCR SURSEQUENT

PERICDS OF AZTTATION

Temperature, dec T, 220 160 160
Pressure, psia 200 200 200
Pentane, wt. fr. 0.40 0.27 0.38

Displacement  Agitation Bitumen Agitation Ritumen Agitation Bitumen
(hours) Sep'd (hours) Sep'd (hours) Sep'd

(gms) (gms) (zms)
First 1 0.927 0.6 0.006 0k 1.056
Second 4 0.004 1al 0.014 1.2 0.013
Third 11 0.010 5.8 0.031 347 0.017
Fourth 23 0,018 215 0.045 Tl 0.034
"2econditioned"(a)-- 0.006 - 0.059 - 0.068
"o centrifugation"(b) 0,007 —— 0,083 — 0.072

(a) Reconditioning refers to the process wherein the displaced
solution was allowed to cool to room temperature, then restored
to operating temperature for two hours, centrifuged, and
displaced. '

(h) No centrifugation refers to the process wherein the liouid
phase was displaced into another evacuated bomb, and immediately
displaced from this bomb without any centrifugation having
been applied.



TABLE XIT
THE INVALIDITY OF SIMPLE SOLUTION LAWS

FOR THE STPARATICN OF RPITUMEN AT 70 DEG F AND 8000 PSIA

Pentane Conc. 0.328 (a) 0535 | 0.559

Agitation Ritumen Agitation Ritumen Agitation Bitumen
(hours) Sep'd (hours) Sep'd (hours) Sep'd

First Agitation 15.3 0.249(b) 19.5 0.334 3645 0.210
Second Agitation 13.2 0.211 21.2 0.311 — ——
Total 28.5 0.460 4o.7 0.645 3645 0.210

(a) 'Yeight fraction of the total system.

(b) Weicht fraction of the total bitumen in the system.



TABLE XIII

THE SEPARATION OF BITUMWIN AS PLASTIC PHASE

FROM THZ RESTRICTED PENTAVE-TETRALIN-RTTUMEN SYST™M

AT 8000 PSTA

Nistribution of the Ritumen

Plastic
Phase

0.458 (b)
0.645
0.210

0+429
0.111
O 0416

0.487
0.640

Liquid
Phase T

Liquid

Phase 1T

0.480 (b) 0.155 (b)

0.555
0.000

0394
0.000
0.139

04513
0360

Welght fraction of pentane in the system.

Pentane

Temperature Weight

(deg ) Fraction
70 0.328 (a)
70 0.535
70 0539
160 0434
160 0.558
160 0,606
220 0442
220 0.640
(2)
(b)

(¢} Liquid phase II was not obtained at this state.

0.000
0.860

0.177
0.914
0445

0.000 (c)
0.000 (c)

Welght fraction of the total bitumen in the system.



TABLE XIV
THE SEPARATION COF RITUMEN AS PLASTIC PHASE FRCM THE

RESTRICTZD DUCANE-TZTRAI IN-BITUMEN SYSTEM AT 8000 PSI ABSCLUTE

Composition of System Distribution of the Bitumen
Decane  Tetralin  Bitumen Plastiec Liquid Liquid
Phase Phase I Phase IT
70 Deg F
04430 () 0.542 0.0285 0355 (b) 0.568 0077
0.607 0.373  0.0196 0.134 0.376 0.490
160 Deg F
0589 0.390 0.0206 0.510 0.160 0530
220 Deg F
0.425 0.546 0.0288 0.623 0.201 0.176
0.654 0529 0.0173 0.717 0.062 0.221

(a) Weight fraction of the total system.

(b) Weight fraction of the total bitumen in the system.



TABLE XV

A COMPARISONM OF THE GRAVIMETRIC AND RTEFRACTOMETRIC MRETHONS

FOR DRETERMINING THE COMPOSITION QOF THZ LIQUID PHASE (a)

(a)
(b)

~
o
g

Component Gravimetric Refractometric
Methane (b) 04131 (4) C.132
Decane 0.067 0.064
Tetralin 0.781 0.785
Bitumen 0.022 0.018
Methane (c) Q130 (s 1.55
Necane 0.073 0.076
Tetralin 0.784 OsTTT
Ritumen 0.013 0.01%

Prepared by C. Yundt.

Composition of system corresponds to 0.442 weight
fraction methane. %See Table XVITI.

Oomposition of system corresponds to 0.283 weight
fraction methane. See Table XVII.

Composition expressed as weight fraction.



TABLE XVT

ULTIMATE AMALYSTS OF THE T#O RITUMTIY PREPARATICNS

Sample Carbon  Hydrogen Vitrogen  Sulfur

Refined
Ritumen
Sample 1 0.84178" 0.07154 0.0080 0.0122

&

Refined
Ritumen
Sample 2 0.8494 0.0752 0.0061 0.0227

(a)' Composition expressed as weirht fraction.

Ash  Mercury

0.0097

0.0136 0.0041

C/H
Ratio

11.76

11.30



Wte Fraction
Methane
in System

0.2112
0.350
0.403
0.550
0,663
0.737
0.842
0.949

0.147b
0.28%
0.403
0.442
0466
0.500
0544
0.598
0.70%
0.791

CHARACTERISTICE OF THT REATRICTED METHAVE-DTCANT-

Wte Praction
RBitumen
Separated

0.027
0,140
04399
0,099
0.137
0.459
1.000
1.000

04299
0.727
0.685
0.585
0.101
0.021
0.073
0.022
0.007

04329

Weight Fraction of Phases in System

Solid

0,0010
0.,0042
0.009%
0.0020
0.0021
0.0060
0.0078
0.0028

0.0114
0.0239
0.0183
0.0150
0.0026
0.0005
0.0015
0.0005
0.0014
0.0036

(a) Prepared from bitumen sample 1.

(b) Prepared from bitumen sample 2.

T.iquid

0.11%
0.041

0.914
0.720
0.522
0.49%
0.489
0.451
0.336
0.299
0.171
0.073

Gas

0.881
0.951

0.074
0.254
0.459
0.492
0.508
0.549
0.663
0.700
0.828
0,924

(¢) All phase compositions are expressed as weirht fractions.

TABLE XVII

TBTRALIN-BITUNMEN SYSTEM AT 8000 PSTA AMD 220 DEG P,

Methane

0.835
0.885

04581
0.737
0,750
0.766
0,827
04839
0.771
. 0.821

0.835
04852

tas Phase
Decane

0.021
0.00%

0.088
0.048
0.043
O 0056
04033
0,036
0.033
0.024
0.017

Compositions of the PHases®
’ I.iquid Phase

Tetralin

Methane

03013

0.11%
0.130
0.11%
0.131
0.094
0.088
0,096
0.078
0.068
0.05%

Decane

0.049

0.077
0.073
0.065
00067
0.065
0.063
0.052
0.044
0.043
0.051

Tetralin

00876

0.780
0.784
0.806
0.781
0.794
0.795
0.796
0.811
0.809
0.796

Ritumen

0.062

0.029
0.01%
0.016
04022
0.048
0.056
0.056
0.068
0.082
1,000



TABLE XVIII

THE TQUILTIBRIUM CONSTANTS

AND THE SOLURILITY CF BITUMEN

FCR A RESTRICTZD METHAVE-DECAMNB-TRTRALIIN-BITUMEN SYSTEM

AS A FUNCTICN OF THEZ MEAN MOLECULAR WEISHT OF THE LIQUID

Average Weight
Molecular  Fraction
WHeight of Methane
the Liocuid in the

Phase Tigquid
10%.2 0.0529
o4,2 0.0675
88.2 0.0776
81.5 0.0937
81.0 0.0961
7346 0.1129
68.6 0.1304
68 .8 0.1509
(a)

(v)

PHASE (a)

Tquilibrium Constants for

Methane

2.88
247
2.28
2.03
1.99
1.86
1.72
1.72

DNecane

0.05
0.11
0.15
0.12
0.17
017
0.20
0.15

Tetralin

0.03
0.03
0.04
0.06
0.06
0.07
0.08
0.07

Solubility
Ratio for
Bitumen (b)

0.0594
040726
0.0884
0.1100
0.0220
0.0127
0.0164
0.03%01

Restricted to decane: tetralin: bitumen = 2:19:1 and conditions

of 8000 psia and 220 deg F.

Solubility ratio expressed as grams of bitumen in solution

per gram of volatile material.



TARLT XIX

RS ANE-TETR AT T -RBT TUMEN SYSTEM AT 8000 PSIA AMD 70 D=G F. (a)

Concentration Ritumen Ritimen
of Methane Separated in Second
as Solid Tiquid
Phase Phase
0.108 (b) 0.017 (c) 0.983 (c)
0.173 0.545 0.455
0.245 0.211 0.020 (4)
0.205 0.272 0.728 (e)

(a) Restriction -- Decane:tetralin:bitumen = 2:19:1.
(b) Weight fraction of the system.
(c) Weight fraction of the total bitumen in the system.

(d) A second liquid phase containing 0.769 weight fraction
of the total bitumen in the system was obtained at this
methane concentration.

(e) Although a second liguid phase was not observed at this
methane concentration, it may have been present since
the detection of the second liquid phase is difficult
in this system due to the large volatile content at

appreciable methane concentrations.



