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SUMMARY

The application of solvent extraction to certain systems has been
found to be more economical than other separation processes, provided
that a suitable solvent is available. The search for solvents which
have potential use as extraction agents is a continuing one. Since
nitroparaffine have miscibility cheracteristics similar to furfural and
other organic sclvents used in petroleum extraction, the consideration
that nitroparaffins might have potential use in petroleum extraction
field initiated this study of phase equilibria in nitroparaffin-hydro-
carben systems.

A series of qualitative tests were carried out on the miscibility
of binary hydrocarbon-nitroparaffin systems. The tests covered 13
hyérocarbons (n-pentane, n~hexane, 2~-methylpentane, l-hexene, cyclo=-
hexane, cyclohexene, n-heptane, n-octane, 2,2,k-trimethylpentene,
l=-octene, n-decane, benzene and toluene) and four nitroparaffins (nitro-
methane, nitroethane, l-nitropropane, 2-nitropropane)--a total of 52
systems, From the tests, certain generslities were observed: (a) the
critical solution temperature increases as the number of cerbon atoms
in the hydrocarbon increases, but it decreases as the number of carbon
atoms in the nitroparaffin increases; (b) for hydrocarbons containing
the same number of carbon atoms, the critical solution temperature
decreases in the order--normal paraffin, isomer of normal paraffin,
cyclic hydrocarbon and unsaturated hydrocarbon. These generalities

suggested the possibility that some of the lower nitroparaffins such
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as nitromethane and nitroethane, can be used tc separate hydrocarbons
of different structure and/or mclecular weight. Based upon the above
analysis, nitroethane and hydrocarbons including normal paraffins,
monolefins and isomeric paraffins were chosen to be studied in this
work.

The prediction of phase equilibria in a multicomponent systen is
theoretically possible if the data, such as activity coefficient, of
the binery pairs involved in that system are known. Therefore, only
binary systems were studied in this work. The mutual solubilities of
these systems at various temperature intervels up to the critical solu-
tion temperature was determined by using beth the analytical method and
synthetic (cloud point) method. The uncertainty of the solubility data
was estimated to be X 0.002 weight fraction for most of the analytical
data and 20.1°%. for most of the synthetic data. The binary systems and
termperature range for which mutual solubility have been determined are

tebulated in Table 1.

Table 1. The Binary Systems and Temperature Range

of Mutual Sclubility Determination

Svstems Temperature Range, °C.
n-Hexane = Nitrcethane 2.9 to 29.3 (C. S. T.)*
2-Methylpentane - Nitroethane 2.05 to 26.7 (C. S. T.)*
1-Hexene - Nitroethane =43 to -28.5 (C. S. T.)*
n-Octane - Nitroethane L.2 to 41,3 {(C. S. T.)*

2,2,k-Trimethylpentane - Nitroethane 1.8 to 29,5 (C. 8. T.)#*
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Table 1. (cont.)

Svetems Temperature Range, Oex.
1-Octene - Nitroethane =27.5 to =i4,6 {C. S. T.)*
n-Decane - Nitroethane 2.33 te 52.6 {C. 8. T.)*

*#Critical Soluticn Temperature.

These quantitative studies confirmed the gualitative tests and
indicated that nitroethane might be useful as an extraction solvent
in the separation of the hydrocarbens studied.

Mutual solubility data were used to calculate activity coefficients
based on the van Laar, Margules and Scatchard-Hamer equations. The
difference between the activity ccefficients calculated by the van Laar
and the Margules equaticns was negligible. BHewever, in the dilute
region, the activity coefficients calculated by the Scatchard-Hamer
equations differed considerably from these calculated from the cther
twe egquations. The ratios of the constants A by B were in all instances
less than two indicating that the van Laar eguations should be appli-
cable to these systems.

The plots of the van Laar constants A and B of each system versus
the reciprocal of the absolute temperature gave straight lines at temp-
eratures below the region of the critical point. Both plots started to
deviate from the straight lines st three or four Centigrade degrees
below the critical sciution temperature. Thermodynamic conditions at

the critical solution temperature were applied to examine the magnitude
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of the deviation of the van Laar constants from the linear relation
at that temperature.

The linear relationship between the van Laar constants and the
reciprocal of absolute temperature permit the extrapolation of the van
Laar constants beyond the experimental temperature range. Therefore,
for the seven systems studied in this work,; linear extrgpolation to
obtain the van Lasr constants below experimental temperature should
provide a good estimation. Since deviation from linearity has been
found near the region of the critical temperature, the linear extrapo-
lation up to critical temperature will intrcduce a slight error in the
estimated constants.

Linear extrapolation of the van Lasr constants into the temperature
region above the critical solution temperature is somewhat more uncer-
tain. However, in the absence of experimental vapor-liquid egquilibrium
data such extrapolation permits the estimation of the vapor-liquid

equilibrium data for these seven systems.



CHAPTER I
INTRODUCTION

The process of solvent extraction has been extensively used in
the petroleum industry. Among the organic solvents commercially used
for this purpose are furfural, £, 8 -dichloroethyl ether, nitrobenzene,
and phenol. These polar solvents exhibit different miscibilities with
hydrocarbons, depending on the chemical characteristics of the hydro-
carbons {1)*. Nitro-derivatives of lower paraffins, known as highly
polar substances, have aiso been considered as potentisl solwents in
this field. The use of nitromethane in the extraction of hydrocarbons
has been studied by Trinh (2) and Kimura, et al. (3), and several
ternary systems involving nitromethane and hydrocarbons have been in=-
vestigated by Hunt, et al, (4) (5) and Francis (6}, but data on nitro-
ethane or higher nitroparaffins are lacking in the literature.

In order %o obtain some knowledge of the miscibility of hydro-
carbons and nitroparaffins, a test for this purpose including thirteen
hydrocarbons and four lower nitroparaffins (a total of fifty-two
binaries) has been made by H. Godbee ani this author. From the re-
sults, tabulated in Tebie 8 in Appendix I, certain generalities can
be observed: (z) the upper critical solution temperature of a
nitroparaffin hydrocarbon system will increase as the number of carbon

atoms in the hydrocarbon increases; but it will decrease as the number

FNumbers in parentheses refer to refersences listed in the Biblio-
graphy.



of carbon atoms in the nitroparaffin increases; (b) for hydrocarbons
containing the ssme number of carbon atoms; the critical solution
temperature decreases following the order: normal parsffin; isomer of
the normal paraffin, cyclic hydrocarbon and unsaturated hydrocarbon.
Similar generalities can be found in the data of Francis (7), where the
critical solution temperature has been determined for hydrocarbons in
over a hundred solvents, including most of the type used in petroleum
extraction as mentioned in the first of this chapter. It seems that
the difference in critical solution temperature between isomers and
normal paraffins is larger in nitroparaffin solutions than in other
solvents. The difference in critical solution temperature msy not
necessarily mean a difference in selectivity, as stated by Francis (7);
it suggests, however, the possibility that nitroparaffins may be used
to separate an isomer or an unsaturated paraffin from a normal paraffin.
It was this possibility that initiated the interest in this study.

Since the prediction of phase equilibria in multicomponent systems
are theoreticelly possible using data, such ss activity coefficients,
of binary pairs involved in that system (8), only binary systems of
n~hexane - nitroethane, 2-methylpentane - nitroethane, l-hexens -
nitroethane, n-octane - nitroethane, 2,2,k-trimethylpentane - nitro-
ethane, l=octene - nitroethane; and n-decane - nitroethans were studied
in this work,

The mutual solubility data for the seven systems were determined
at various temperature intervals up to the critical solution tempera-
ture., The van Laar, Margules, and Scatchard-Hamer equations were used

in the caleulation of the activity coefficients from the mutuwal



solubilities. The activity coefficients at temperatures beyond the
experimental temperature range can be estimated by extrapolation if the
linear relationship between the constants of the activity coefficient
equations and the reciprocal of absolute temperature is valid. This
relationship, which had been studied by Benedict, et &l. (9), Mertes,
et al. (10), and Bethea {11), was also studied for these seven systems.
The determination of mmtual solubility data at temperatures lower
than room temperature was done mostly by means of gas chromatographic
analysis. Synthetic (cloud point) method was used at temperatures
sbove room temperature and also at some lower temperatures in order to
check the agreement of two methods. The commonly used refractive index
analysis was not applied to these systems because nitroethane and the
seven hydrocarbons did not have a sufficiently large difference in

their refractive index walues.



CHAPTER II

THEORETICAL BACKZROUND

Calculation of activity coefficient.=--The most freguently used equations

relating activity coefficient with mole fraction are those developed
by van Lear (12), Margules (13), and Scatchard and Hamer (14). These
equations, after rearrangement by Carlson and Colburn (15), each con-
tain two constants which are equal to the logarithm of the activity
coefficients at infinite dilution. As an example, the van ILaar equa~
tions relating the activity coefficients of the hydrocarbon and nitro-

ethane with mole fractions are

AyXg 2
log ¥ g = Ay/(L+ =—=) (1)
= By Xy
& By Xy o)
log ¥y = By/(1+ K}}fﬁ) (2)
where Ay = log¥ g at Xg = O
By = 1log¥ at Xy = O

Scatchard and Hamer (1%) have shown that for a partially miscible solu-
tion; constants A and B can be calculated from the knowledge of mutual
solubilities. The equations derived by Carlson and Colburn {i5) to

calculate the van Laar constants from mutual solubilities are



Xy, T, _ﬁ{_@é"ﬂ}lo - - 2
Ay | Tpm Tog(Xyw/nm (3)
By (xﬂ . _{@) _ XpXpm log(Xmp/Xmy)

Inv - Xnm Xnne 1og(Xyw/Xvm

AV = IOQ(XHH/ XHIQ')
—awg” " ar? w
1+ -V HN 1.4 2V SR
By Xyy By Xyg

Effect of temperature on activity coefficient.--Hougen and Watson {16)

have derived an expression for the effect of temperature on activity co-

efficient as follows:

(21¥sy . - E - BO (5)
2T P RT2

where f%_a H@? is the partial molal enthalpy relative to the pure
components at the temperature of the solution or the differential heat

of solution. If data on heats of solution are available over the tempera-
ture range involved, the effect of temperature on activity coefficients
can readily be shown by Equation 5. For meny organic solutions the
differential heat of solution at a constant composition are found to be
only slightly affected by varying tempersture (17), and Equation 5 can

be integrated as follows:
In¥; = (B - BPYRT + C; (6)

where Cq is a function of pressure and composition. Benedict, et al. (9)
have used a relation similar to Equation 6 to represent their data.

Bethee (11) found that the activity coefficients calculated from the



mutual solubility data obtained in his work could be expressed by
Equation 6. He also extrapolated Equation 6 from the partially miscible
region to the temperatures above critical solution temperature in order
to estimate the activity coefficients in the homogeneous region.

At infinite dilution (i.e. Xy = 0 or Xg = 0)
log¥ = AorB

From Equation 6, it can be shown that

A Co/T + ¢y (7

B = Cp/T +Cy (8)

where Cy, Cp, Cy and C, are functions of composition and pressure.
Mertes and Colburn {10) found that Equations 7 and 8 agreed well with
experimental data.

The velidity of Equations 7 and 8 was studied for the seven systems
investigated in this study. For temperatures below the critical solu-
tion temperature where mutual solubilities could be used to calculate
A and B, a direct check of Equations 7 and 8 was possible. For tempera-
tures close to or at the critical solution temperature, the method in
the following section of this chapter was used. Above the critical
solution temperature,; experimental activity coefficient data at some
particular temperature are necessary to show the validity of Equations
7 and 8. These data are not available for the nitroparaffin hydro-

carbon systems studied in this work.



Activity coefficients at critical solution temperature.-=-At critical

solution temperature, Prigogine (18) derived the necessary and suffi-

cient condition that

Applying the sbove conditions to Equations 1 and 2 (van Laar

equation) gives the following results (19):

Aye . (1 -Xgo) (1 + Xgp)
Bye Xge (2 - Xge)

. 5862 (1 - Xg))
o 2 Xg)? (L + Xgo)

(9)

{10)

Equations 9 and 10 can be combined into one equation by eliminating

the parameter Xpco

$lAygs Byc) = O

(11)

By eliminating T from Equations 7 and 8, the following relation

is obtained:

Ca Colq
_ By = c
o= gt Ta

(12)

Equations 11 and 12 when plotted using Ay as abscissa and BV as

ordinate will intersect at a point (A%Cs B%C) which will be equal to the



value A;C and B%C obtaine@ by substituting the experimental critical
solution temperature in Equations 7 and 8, provided that the linear re-
lations hold at temperatures up to the critical solution temperature.
Dauphin (20) found that the relation of the Ay and By at critical solu-
tion temperature, which he obtalned by extrapolating Ay and By calculated
from mutﬁal solubilities, was in good agreement with Equation 11. How=~
ever, this agreement is actually a consequence of using Equations 3 and
L to calculate Ay and By. Therefore, if the linear relation holds up
to critical solution temperature, the using of Equations 3 and 4 will
lead to the consequence that A%c and B%C is identical to A;C and B;C!
respectively. |

The above analysis is based on the assumption that the activity
coefficients of the system do agree with the van Laar equations. The
same procedure can also be applied to the system represented by the

Margules or Scatchard-Hamer equations.



CHAPTER III
EXPERIMENTAL APPARATUS AND MATERTIALS

Apparatus.--The mutual solubilities were determined by two methods,
the analyticel method and the synthetic (cloud point) method (21).
The analytical method requires that equilibrium be attained between
the two phases of the binary system. The mutual solubilities are_then
determined by analyzing the samples taken from each of the two liquid
phases. The synthetic method determines the temperature at which
phase separation occurred and disappeared in a binary system of known
composition. The apparatus for the two methods are described as fol-
lowss

1. Analytical Method.

The essential features of the constant temperature bath and the
equilibrium cylinder are shown in Figure 1. The bath--manufactured

by Wilkins-Anderson Company, Chicago, Illinois--consisted of a pyrex

Jjar of ten gallon volume, a stirrer, a refrigerator and a heater both
controlled by a mercury thermo-regulator. Agueous propylene glycol
solution containing 60 per cent by weight of glycol was used as bath
fluid. The bath was insulated with plexigias and cotton. This unit
was able to maintain a fixed temperature within one tenth of a centi-
grade degree. A thermogeter with 0.1°C. subinterval, claimed by
supplier to meet the reguirements of National Buresu of Standards
Circular 8, was used to obtain the bath temperature.

The equilibrium cylinder--z modified graduated cylinder of about
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350 ml. volume--had a ground glass top, which was tightly fitted to a
Teflon seal stirrer driven by a variable speed motor and also inter-
changeably fitted to & ground glass seat for the sampling pipette. When
the top end was closed by the stirrer or the sampling pipette, the
pressure inside the cylinder was balanced with atmospheric pressure
through a drying tube which reduced the evaporation rate in the cylinder.
A Model 154-B Vapor Fractometer, manufactured by the Perkin-Elmer
Corporation, Norwalk, Connecticut, was used for analysis; its operation
was based on the principles of gas chromatography (22). Helium was
used as carrier gas. Two two=-meter pgrtition columns¥*, filled with
diisodecyl phthalate as stationary liquid, gave complete resolutions
to all of the binary systems studied in this thesis except the n~octane =
nitroethane and the l=-octene = nitroethane systems. A silver nitrate

column®¥ was found to give complete resolution to these two systems.

¥This column was designated as A-column by the supplier, Perkin-
Elmer Corporation. The characteristics of this column for separating
hydrocarbons were studied in & number of preliminary experiments. It
was found that the group of hydrocarbons which could not be separated
from each other by this column usually contained a monolefin, its satu~
rated paraffin and a few isomeric paraffins. For example, normal
heptane, l-heptene, 2,2,h-trimethylpentane and cyciohexane constituted
one of the groups. For hydrocarbons of different groups; the hydro-
carbon of higher boiling point generally had longer retention time than
the hydrocarbon of lower boiling point.

#¥This column, made by Olin M. Fuller, was a quarter inch copper
tube with a length of six feet filled with 20.5 gram of a mixture con-
taining T1.29 weight per cent of insulating brick powder, 26.33 weight
per cent of triethylene glycol and 2.38 weight per cent of silver
nitrate. The brick powder was prepared by grinding a Johns-Manville,
C-22, insulating brick to a size between 40 to 60 mesh. The silver
nitrate was dissolved in triethylene glycol before being mixed with
brick powder. The characteristic of this column was mentioned in "Gas
Chromatography,” by Keulemans (23).



In order to obtain a sufficiently high peak from nitroethane, the
column had to operate at least above 80°C. which was much above the
proper column temperature for hydrocarbons that the retention time of
hydrocarbon was too short to give a reproducible pesk. Therefore, one
of the phthalate columns mentioned above was used at 80°C. in series
with the silver nitrate column (the phthalate column was connected
after the silver nitrate column) for the analyses of n-octane - nitro-
ethane and l-octene - nitroethane systems. The detector of the Veapor
Fractometer was & thermister thermal conductivity cell. The voltage
change of this cell was plotted by a potentiometer recorder manufac-
tured by Leeds & Northrup Company, Philadelphia. The sample was intro-
duced into the Fractometer by the Micro-dipper, a capillary pipette,
supplied by the manufacturer of Fractometer.

2. Synthetic (Cloud Point) Method

A 10.0 ml. volumetric cylinder suspended in the constent tempera-
ture bath was fitted with a cork with a thermometer inserted through
the cork into the cylinder. The thermometer used here was the same as
the one used in the constant temperature bath.

3. Refractive Index Determination

A Bausch & Lomb precision sugar refractometer (range 1.30 to 1.50)
was used with a Precision "Temp-Trol" Water Bath which circulated con-
stant temperature water through the Refractometer.
Materials.~--All the hydrocarbons used in this study were donated by
Phillips Petroleum Company, and the nitroparaffins were donated by

Commercial Solvents Corporation. The materials were used as received
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without further purification. In order to estimate the purity of the
materials the refractive index of these materials were determined at
20°, 25° and 30°C. The refractive index values found and the corres-
ponding values from literature are tabulated in Table 2. These materials
were also analyzed by Vapor Fractometer at several temperatures, The
diisodecyl phthalate column mentioned on page 1l was used for these
analyses. The results of the analyses showed that n-octane, 2,2,4-
trimethylpentane, l-octene and n-decane gave no minor peak on the
Fractogram*, but n-hexane, 2-methylpentane and nitroethane each had one
minor peak, and l-hexene had two minor peaks. The single minor peak
which appeared with the nitroethane peak had the same retention time
as 2-nitropropane, suggesting that 2-nitropropane might be the impurity
in the nitroethane (24). The minor peaks of hydrocarbons were not
identified. However, the areas of the minor pesks were in all instances
less than 0.5 per cent of the area of the main peak which approximately
represented the mole per cent of impurities in the material (22).

From the above analyses and the comparison of refractive index
values with literature data, it was concluded that the materials used

had a high purity.

*¥The plot on the recorder chart showed the variation of voltage
in the detector of the Fractometer.



Table 2. The Comparison of Refractive Index of the Starting Materials.

Refractive Index Ny

Refractive Index Np

(Data determined bg this author) gData from literature)

Material Supplier Grade 20°¢ 25°¢ 30°%C 20°c 25% 30%
n-Hexane Phillips Pure* 1.37491 1.37240 1.36988 1.37486 1.37226 (25)

_ Petroleum Co.
2-Me££y1- Ditto. Technical** 1.37156 1.36897 1.36631 1.37145 1.36873 (25)
pentane
1-Hexene Ditto. Technical** 1.38824 1.38540 1.38272 1.38788 1.38502 (25)
n-Octane Ditto. Pure¥ 1.39746 1.39515 1.39288 1.39743 1.39505 (25)
2,2,4-Tri- Ditto. Pure* 1.39148 1.38918 1.38671 1.39145 1.38901 (25)
methyl- -
pentane
1-Octene Ditto. Pure* 1.40872 1.40638 1.40389 1.40870 1.40620 (25)
n-Decane Ditto. Pure* 1.41185 1.%0977 1.40756 1.41189 1.40967 (25)
Nitroethane Commercial Redistilled 1.39195 1.3897F 1.38739 1.39193 1.38973 1.38754 (26)

Solvents Co.

* 99 mole per cent minimum, claimed by the supplier.

¥¥% 05 mole per cent minimum, claimed by the supplier.

7T



15

CHAPTER IV

EXPERIMENTAL PROCEDURE

Anglytical method.--This method was used to obtain mutual solubilities

of a partially miscible solution by analyzing the samples taken from
the two liquid layers.

The desired amount of hydrocarbon and nitroparaffin was poured into
the equilibrium cylinder to prepare a solution of about 200 ml. total
volume—-appqoximately 100 ml. of‘volume of each phase in equilibrium.
The time required to establish equilibrium in the solution at the bath
temperature was determined by analyzing samples taken from the solu-
tion at different time intervals. It was found that the composition of
both layers remained constant after eight minutes of stirring. Sixteen
minutes of stirring was used in all experiments in this work.

After the solution was brought to equilibrium, the stirrer was
abruptly stopped and removed. In place of the stirrer, the pipette
seat and a sampling pipette for the lower layer was placed in position.
In order to avoid contamination of the lower layer sample with solu~-
tion from the upper layer, the above steps were executed so that the
pipette was inserted into the solution when the solution was still
swirling by the inertia from the stirring action. Also, a slight
pressure was maintained in the pipette to keep the solution from enter-
ing the pipette until the two layers were clearly separated. The
sample was then forced into the pipette by spplying air pressure through

the drying tube. The sample, with a volume of approximately eight
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milliliters, was kept for analysis in a ten milliliter volumetric flask
tightly closed by a ground glass stopper lubricated with stop-cock
grease. The solution disturbed by the withdrawal of the pipette was
then allowed to settle for fifteen minutes before the sampling of
the upper layer. Since, at this time, the pipette only touched the
upper layer, the measures to prevent contamination were not necessary.
In order to determine the composition of the collected samples,
several calibration samples of known composition containing the same
components as the unknown sample were analyzed by the Fractometer. The
peak heights which appeared on the recorder (after correction for base
line) were plotted against the composition of the known samples %o ob-
tain a calibration curve. Since the peak height was directly proportional
to the concentration of the component (22), the calibration curve
obtained was essentially a straight line which could be extrapolated to
the origin as shown in Fig. 2. The peak height of the unknown sample
gave a composition on the calibration curve; this composition was used
as the composition of the unknown sample. It was decided tc use the
peak height of the minor component since the peak height of the minor
component was more sensitive to the change of composition than the major
componient for the calibration curve. The accuracy of this method
depended primarily upon a stable operating condition of the Fractometer
Guring analysis. A small change in column temperature, flow rate or
other operating conditions usually gave a significant change in peak
height. Therefore, a known sample was introduced into the Fractometer
from time to time to check the reproducibility of the coperating condi-
tions. The operating conditions of the Fractometer are tabulated in

Table 16, Appendix II.
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Figure 2. Calibration Curve. rn-Hexane - Nitroethane System.



The mutual solubility at temperatures above room temperature could
not be obtained by this analytical method because of phase separation
vhich occurred in the sample after withdrawal from the solution. The
following synthetic method was used for this temperature range.

Synthetic (Cloud Point) Method

Known weights of hydrocarbon and nitroparaffin were added to a 10 ml.
graduated cylinder to make a solution of about six ml. of volume. The
cylinder, closed by the cork and the thermometer, was then submerged
into the bath. By repeated heating and cooling of the solution in the
bath, the temperature at which the sclution became turbid due to the
forming of a second phase and the temperature at which the turbid
solution became homogeneous were determined to such an accuracy that both
temperatures agreed to within one tenth of a Centigrade degree. The
average value of these two temperatures and the composition of the homo-
geneous solution gave a point on the curve of the mutual solubility wvs.

temperature plot.
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CEAPTER V

EXPERIMENTAL DATA AND RESULTS

In order to check the analytical method against literature data
and data from refractive index determinations, the nitromethane-

cyclohexane system was studied. The results are tabulated in Table 3.

Table 3. Comparison of Mutual Solubility of

Nitromethane-Cyclohexane System

Source of VHH YHN

Data 15 25 30 (°¢) 15 25 30 (°c)
Analytical Method 0.043 0.053 0.065
weck & Hunt (5) 0.978 0.051
Refractive Index 0.978 0.972 0.966 0.043 0.05% 0.066

Vreeland and Dunlap (27) have determined the mutual solubility
in the 2,2,4-trimethylpentane - nitroethane system from 25°C. up to
critical solution temperature. The critical solution temperature
(29.8°C.) reported by them agreed with the value of 29.5°C. obtained
in thic work. However, the mutual solubility data estimated from
their plotted data (no tabulsted data given) show sericus discrep-
ancies when compared with the values obtained in the present work, as

is shown in Table L.
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Table 4. Comparison of Mutual Solubility of

Nitroethane - 2,2,4-Trimethylpentane System

Source of VWHR VHN

Data 25 27 28 (°c) 25 27 28 (°¢)
Vreeland & Dunlap 0.875 0.846 0.812 0.315 0.262 0.396
This Work 0.776 0.730 O.T70k 0.283 0.320 0.340

Discrepancies were also noted between their mutual solubility plot
and ternary plot. At 25°C. and zero concentration of the third compon-
ent (perfluorctri-n-butylamine), the ternary plot gave an estimated value
of 0.78 for Wy and 0.32 for VHN. Therefore, it is possible that their
mutual solubility data were misplotted.

An estimation of the uncertainty in the experimental data was
based on: (1) the agreement between the data obtained by the analyti-
cal and synthetic methods, (2) the smoothness of the curve in the mutual
solubility vs. temperature plot, (3) the reproducibility of the equi-
librium composition of the phases, (4) the reproducibility of Vapor
Fractometer analysis.

For most systems, the uncertainty was about £0.002 weight fraction
for the analytical data and £0.1°C. for the synthetic data, except for
the l-hexene - nitrcethane system which had low reproducibility in the
equilibrium cylinder,

The mutual solubility data for the seven systems are tabulated
in Table 9 through Table 15 in the Appendix. Plots of these data are
shown in Figure 3 through Figure 9. The binary systems and temperature

range for which mutual solubility has been determined are tabulated in
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Table 1, page X. The mutual solubility datum determined by the syn-
thetic method is reported in the tables as a single value of compositicn
with an average value of two temperatures, because the appearance and
disappearance of turbidity in the solution can not be attained at

the same temperature, as mentioned previcusly. The mutual solubility
date determined by the analytical method had a variation of £0.05°C,

in temperature as mentioned in page 9. However, the effect of this
temperature variation on composition has been estimated and is expressed
as the uncertainty in the composition. Therefore, the temperatures

of the mutual solubility data are presented as single values. The
coemposition in the analytical datum was an average value of three or
more analyses in the Fractometer for each equilibrium sample; the
duplication of analyses was for the purpese of checking the reproduci-
bility of Fractometer. In some cases when more than one sample are
drawn from the same layer at the same temperature in order to check

the reproducibility of the equilibrium composition, the average value

of the samples is presented. The variation of composition from differ-
ent analyses mentioned above is expressed as the uncertainty of the

compositicn in the tables.
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